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Chapter 1
Introduction

1.1 Background

The South Carolina Water Resources Planning and Coordination Act mandates that the South Carolina
Department of Natural Resources (SCDNR) develop a comprehensive water resources policy for the state
of South Carolina. SCDNR developed the first state water plan—the South Carolina Water Plan—in 1998. In
2004, the plan was updated following what is recognized as one of the worst multi-year droughts on
record, which ended in 2002. One of the recommendations from the South Carolina Water Plan, Second
Edition was forming advisory committees to develop comprehensive water resource plans for each of the
state’s four major river basins: Ashepoo-Combahee-Edisto (ACE), Pee Dee, Santee, and Savannah. In
2014, when the development of surface water quantity models to support the planning process began,
SCDNR and the South Carolina
Department of Health and Environmental
Control (SCDHEC) decided to further :
subdivide the basins based on SCDHEC's &
delineations used for the Water Quality : '
Assessments. The eight planning basins
were the Broad, Catawba, Edisto, Pee Dee,
Salkehatchie, Saluda, Santee, and
Savannah. In 2022, SCDNR made two
adjustments to the planning basins. In the
Saluda basin, the drainage area just below

e \L st fuala C ._.m,

'\nww \

B 8road

B Catawba
the confluence of the Broad and Saluda tapec)
Rivers, which is generally below the Fall L edsomiges
Line, was added to the Santee basin. The o S
Savannah basin was subdivided into two €3 Upper Savannah
planning basins and the portion below
Lake Thurmond was combined with the o
Salkehatchie basin to form the Lower
Savannah-Salkehatchie basin, as shown in Figure 1-1. Planning basins of South Carolina.

Figure 1-1.

Each of these water resource plans is called a River Basin Plan, which is defined in the South Carolina
State Water Planning Framework (SCDNR 2019a; referred to hereafter as the Planning Framework) as “a
collection of water management strategies supported by a summary of data and analyses designed to
ensure the surface water and groundwater resources of a river basin will be available for all uses for years
to come, even under drought conditions.” The next update to the State Water Plan will build on the
analyses and recommendations developed in the eight River Basin Plans.
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River basins are seen as a natural planning unit for water resources since surface water in each basin is
relatively isolated from water in other basins by natural boundaries. Each River Basin Plan will include
data, analysis, and water management strategies to guide water resource development in the basin for a
planning horizon of 50 years. Specifically, a River Basin Plan answers four questions:

1. Whatis the basin’s current available water supply and demand?

2. What are the current permitted and registered water uses within the basin?

3. What will be the water demand in the basin throughout the planning horizon, and will the
available water supply be adequate to meet that demand?

4. What water management strategies will be employed in the basin to ensure the available
supply meets or exceeds the projected demand throughout the planning horizon?

In each river basin, a River Basin Council (RBC) is established and tasked with developing a plan that fairly
and adequately addresses the needs and concerns of all water users following a cooperative, consensus-
driven approach. The Upper Savannah River basin is the fifth of the eight river basins to begin and
complete the process that culminated in developing this plan. River basin planning is expected to be an
ongoing, long-term process, and this plan will be updated every 5 years.

1.2 Planning Process

The river basin planning process in South Carolina formally began with the development of the eight
surface water quantity models starting in 2014 and the update of the Coastal Plain Groundwater Model in
2016. In March 2018, SCDNR convened the Planning Process Advisory Committee (PPAC). Over the next
year and a half, SCDNR and the PPAC collaboratively developed the Planning Framework, which defines
river basin planning as the collective effort of the numerous organizations and agencies performing
various essential responsibilities, as described in the bullets that follow. A more complete description of
the duties of each entity are provided in Chapter 3 of the Planning Framework.

RBC: A group of approximately 25 members representing
diverse stakeholder interests in the basin. Each RBC
includes at least one representative from each of the eight
broadly defined stakeholder interest categories shown in
Figure 1-2. The RBC is responsible for developing and
implementing the River Basin Plan; communicating with
stakeholders; and identifying recommendations for
policy, legislative, regulatory, or process changes. Interest

Categories

PPAC and WaterSC: The PPAC was a diverse group of
water resource experts established to develop and help
implement the Planning Framework for state and river
basin water planning. The PPAC was dissolved in 2024
and the WaterSC Water Resources Working Group
(WaterSC) was established by Executive Order 2024-22 to
advise the South Carolina Department of Environmental
Services (SCDES) on developing the new State Water Plan  Figure 1-2. RBC water-interest categories.
and facilitate additional collaboration with ongoing water

planning efforts and existing initiatives.
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State and Federal Agencies:

SCDNR was the primary oversight agency for the river basin planning processes until July 1, 2024
when the Water Division of SCDNR moved to the newly formed SCDES. Key duties of SCDNR, which
now fall to SCDES, include appointing members to the RBCs; educating RBC members on critical
background information; providing RBCs and contractors with data, surface water models, and
groundwater models; hiring contractors; and reviewing and approving the final River Basin Plans.

SCDES (formerly SCDHEC) is the regulatory agency that administers laws regarding water quality
and use within the state and now oversees water planning activities. Key duties of SCDES include
ensuring recommendations are consistent with existing laws and regulations, serving as an advisor
for recommended changes to existing laws and regulations, directing the river basin planning effort,
and developing the State Water Plan.

Other State Agencies: Representatives from other state agencies, such as the Department of
Agriculture, Department of Commerce, Forestry Commission, Rural Infrastructure Authority, and the
Energy Office, may be asked to attend RBC meetings in an advisory role.

Federal Agencies: Representatives from federal agencies, such as the U.S. Geological Survey (USGS),
U.S. Army Corps of Engineers (USACE), and Southeastern Power Administration (SEPA), may be
asked to attend RBC meetings as formal advisors. Representatives from other federal agencies may
be asked to attend RBC meetings in an advisory role.

Contractors: SCDES hired contractors to perform administrative, facilitative, technical, authorship,
and public outreach functions. Specific roles included:

Coordinator: Performs administrative functions. Coordination of RBC meetings and other activities
has been shared by representatives from CDM Smith and Clemson University, with assistance from
SCDES (collectively, the Planning Team). The Planning Team met at least monthly in between RBC
meetings.

Facilitator and Author: Guides RBC meetings in a neutral manner to encourage participation and
provides River Basin Plan authorship services. CDM Smith served in these roles for the Upper
Savannah RBC.

Public Outreach Coordinator: Engages stakeholders and the public in the planning process.
Clemson University served in this role for the Upper Savannah RBC.

Groundwater and Surface Water Technical Advisory Committees: SCDES-appointed groups with
specific technical expertise intended to enhance the scientific and engineering aspects of the
planning process.

Subcommittees and Ad Hoc Groups: The Upper Savannah RBC elected not to form any
subcommittees during the initial, 2-year process of developing this plan.

The Public and Stakeholders: The public was invited to attend and provide comments at RBC
meetings and designated public meetings. Additional detail on public participation is described in
Chapter 1.4.

The creation of the Upper Savannah RBC began with two public meetings organized by SCDNR on April
10 and 11, 2023, in Anderson and McCormick, respectively. The goal of these meetings was to describe
the need and process for river basin planning to stakeholders and solicit applications to join the Upper
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Savannah RBC. SCDNR accepted applications through May 2023 and selected RBC appointees in June

2023, based on their credentials, knowledge of their interest category, and their connection to the basin
(i.e., RBC members must live, work, or represent a significant interest in the water resources of the basin).
The diverse membership of the RBC is intended to allow for a variety of perspectives during
development of the River Basin Plan. Table 1-1 lists the Upper Savannah RBC members (at the time the
Final River Basin Plan was issued) and their affiliations, appointment dates, and term lengths. Term

lengths are staggered to ensure continuity in the planning process. After serving an initial term, RBC
members may be reappointed to serve additional terms subject to SCDES approval, not to exceed three
consecutive terms total.

Table 1-1. Upper Savannah RBC members and affiliations.

Jon Batson

Organization

Anderson County

Position

Stormwater Manager

Interest Category

Local Governments

Appointment
Date and Term
Length (Years)

July 2023 (4)

Mack Beaty, IV

Beaty Farms

Owner

Agriculture, Forestry, and
Irrigation

July 2023 (4)

Tonya
Bonitatibus

Savannah Riverkeeper

Riverkeeper

Environmental

July 2023 (3)

Cheryl Daniels

McCormick
Commission of Public
Works (CPW)

General Manager

Water and Sewer Utilities

July 2023 (4)

Friends of Lake

Irrigation

John Hains . Board Member Environmental July 2023 (3)
Keowee Society
Katie Hottel Upstate Forever SIIS/CIean Water Environmental July 2023 (2)
anager
Daniel Milam Milam Farms Owner Agriculture, Forestry, and July 2023 (2)

SC Rural Water

Jill Miller Association Executive Director At-Large July 2023 (2)
Dan Murph E/I[Lgph Investments, President At-Large July 2023 (3)

Reagan Osbon

City of Westminster

Assistant to City
Administrator

Local Governments

July 2023 (4)

Billy Owens

Lake Hartwell Sail and
Power Squadron

Executive Officer

Water-based Recreational

July 2023 (2)

Jeff Phillips

Greenville Water

Director of Water
Resources

Water and Sewer Utilities

July 2023 (2)

Melisa Ramey

Seneca Light and
Water

Water Treatment Plant
Operator

Water and Sewer Utilities

July 2023 (2)

Cole Rogers

Delux Construction,
Inc.

Superintendent

Industry and Economic
Development

July 2023 (2)

Harold Shelley

Friends of the
Savannah River Basin

Facilitator

At-Large

July 2023 (2)

Alan Stuart

Duke Energy

Senior Project
Manager

Electric-Power Utilities

July 2023 (4)

Mark Warner

McCormick and
Abbeville County
Economic
Development

Director

Industry and Economic
Development

July 2023 (4)
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Table 1-1. Upper Savannah RBC members and affiliations (Continued).
Appointment

Organization Position Interest Category Date and Term
Length (Years)

Anderson Regional

Scott Willett Joint Water System Executive Director Water and Sewer Utilities July 2023 (4)
(ARJWS)
Western SC Economic Industry and Economic

Will Williams Development President/CEO Y July 2023 (4)

Partnership Development

. Veterans of Foreign
Tonya Winbush Wars/Adopt-A-Stream Member At-Large July 2023 (3)

The Upper Savannah RBC began meeting in July 2023, and continued meeting monthly using a hybrid
format that allowed for virtual participation when needed. Meetings were held at different locations in the
basin in Starr, Anderson, Seneca, and North Augusta.

The planning process was completed in four phases, as specified in the Planning Framework. During the
mostly informational phase (Phase 1), RBC members heard presentations from subject matter experts
representing SCDNR, SCDES, USGS, Clemson University, The Nature Conservancy, and CDM Smith.
Presentation topics included water legislation and permitting; hydrology, monitoring, and low-flow
characteristics; climatology; the South Carolina Drought Response Act; freshwater aquatic resources;
State Scenic Rivers; Federal Energy Regulatory Commission (FERC) licensing; and the relationships
between streamflow and ecologic health.

Phase 2 of the planning process focused on assessing past, current, and future surface water availability.
The RBC reviewed historical and current water use, and 50-year planning scenario results from the
surface water quantity model (referred to as the Simplified Water Allocation Model or SWAM). Potential
water shortages and issues were identified and discussed.

During Phase 3, water management strategies to address water availability issues were identified,
evaluated, selected, and prioritized by the RBC based on their effectiveness, as determined by modeling
and feasibility criteria such as cost, environmental impact, and socioeconomic impact.

Legislative, policy, technical, and planning process recommendations were considered during Phase 4 of
the planning process, which culminated in developing this River Basin Plan.

Upper Savannah RBC members participated in two field trips in fall 2023 to better understand the water
resources of the basin, how water is withdrawn and used to support agriculture and public water supply
needs, and its importance in energy production. In October 2023, the RBC visited the Simpson Station to
learn about agriculture and irrigation research at the Clemson Research Education Centers. In December
2023, the RBC toured the Lake Jocassee Dam and Hydro Facility. Photos from the field trips are shown in
Figure 1-3. Prior to their meeting in March 2024, the RBC also witnessed the Lake Hartwell Dam spillway
test performed by the USACE.
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1.3 Vision and Goals

During Phase 1 of the planning process, the Upper Savannah RBC developed a vision statement
establishing the desired outcome of the planning process, and actionable goals supporting their vision
for the Upper Savannah River basin. The vision statement and goals are listed in Table 1-2.

Table 1-2. Upper Savannah RBC Vision Statement and Goals.

Vision Statement

A resilient Upper Savannah River Basin that collaboratively, sustainably, and equitably manages
and balances human and ecological needs.

1 Within 24 months, develop water use strategies, policies, and legislative recommendations for
the Upper Savannah River Basin in order to:

a. Ensure water resources are maintained to support current and future human and ecosystem
needs.

b. Improve the resiliency of the water resources and help minimize disruptions within the
basin.

c. Promote balance between development, industry, and economic growth in areas with
adequate water resources.

d. Advocate for responsible land use practices.
e. Identify funding sources.

2 Develop and implement an education and communication plan to promote the strategies,
policies, and recommendations developed for the Upper Savannah River Basin.

3 Enhance collaboration between all stakeholders and water interest groups, including Georgia
and the Lower Savannah-Salkehatchie River Basin.

1.4 Public Participation

Public participation is a vital component of the river basin planning process. All RBC meetings are open
to the public. To promote visibility and encourage participation, meeting notices are posted on the
SCDES Water Planning web page (https://des.sc.gov/programs/bureau-water/hydrology/water-planning)
and are distributed to an email list. Meeting agendas, minutes, summaries, presentations, and recordings
are posted on the SCDES website and are available to the public.

In addition to the RBC meetings, dedicated public meetings were also held to distribute information and
solicit feedback.

The first two public meetings were held on April 10 and 11, 2023, in Anderson and McCormick,
respectively. At these meetings, the public was informed of the basin planning process and the
plan for public participation. RBC membership applications were solicited at this meeting.
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The third public meeting was held on April 21, 2025, in Anderson. A summary of the plan was
provided to attendees and a public comment period was opened, which included a verbal
comment period at the meeting followed by a 30-day written comment period. Written comments
received from the public and the RBC's responses to those comments are included in Appendix D.

1.5 Previous Water Planning Efforts
1.5.1 Drought Planning

The South Carolina State Climatology Office is responsible for drought planning in the state. The South
Carolina Drought Response Act and supporting regulations establish the South Carolina Drought
Response Committee (DRC) as the drought decision-making entity in the state. The DRC is composed of
state agencies and local members representing various stakeholder interests. To help prevent overly
broad response to drought, SCDNR split the state into four drought management areas (DMAs). The
Upper Savannah River basin is largely within the West (Savannah Basin) DMA but has portions of its
eastern area in the Central (Santee Basin) DMA. The DRC monitors drought indicators, issues drought
status updates, determines nonessential water use, and issues declarations for water curtailment as
needed. In addition to establishing the DRC, the South Carolina Drought Response Act also requires all
public water suppliers to develop and implement their own drought plans and ordinances. Drought
management plans developed by the public water suppliers in the Upper Savannah River basin are
further discussed in Chapter 8.

In the Savannah River basin, the USACE also has responsibility for drought planning, and has developed
and implemented drought strategies and contingency plans over the years. In 1986, the Savannah
District USACE developed a Short-Range Drought Water Management Strategy to address the water
shortage conditions in basin. The short-range strategy served as a prelude to the development of a long-
term drought strategy, the Savannah River Basin Drought Contingency Plan (DCP) in March 1989. The
DCP was developed to address the effects of the Savannah District water control management activities
on the managed impoundments and the downstream portion of the river, and to assist Georgia and
South Carolina in drought contingency planning in their water management responsibilities for the
Savannah River Basin. That DCP was modified in 2006 by revising the management actions that would be
taken at various lake levels. The intent of the updated DCP was to respond earlier in a drought to
preserve additional water in the lakes, thereby delaying the time when the conservation pools would be
depleted.

Water management during droughts has been a major issue and the USACE was requested to examine
the DCP as part of the second interim of the Savannah River Basin Comprehensive Study. The draft of the
study report tentatively recommended having no seasonal variation in drought trigger levels, raising the
trigger levels by 3 to 6 feet, and further restricting the flow of water from Thurmond Dam earlier during
drought; however, the recommendation was not implemented since the second interim Comprehensive
Study ended prior to completion.

1.5.2 Watershed-Based Plans

Watershed-based plans have been developed for various watersheds throughout South Carolina to
document sources of pollution and present a course of action to protect and improve water quality within
a watershed. While this first iteration of the Upper Savannah River Basin Plan focuses on water quantity



Chapter 1 ¢ Introduction . ” : | \

issues, previous planning efforts within the Upper Savannah River basin that addressed water quality are
worth noting. Water quality considerations may be more fully developed in future updates to the Upper
Savannah River Basin Plan. In addition to the watershed-based plans described below, Upstate Forever is
developing a watershed-based plan for the Rocky River watershed, with an estimated completion date of
Spring 2026 (Hottel 2025).

In 1992, SCDHEC initiated its Watershed Water Quality Management program to better coordinate river
basin planning and water quality management. Watershed-based management allows SCDES to address
congressional and legislative mandates and improve communication with stakeholders on existing and
future water quality issues. In the Savannah River basin, Watershed Water Quality Assessments (WWQAs)
were completed in 1993, 1997, 2003, and 2010. The WWQAs of the Savannah River basin describe, at
the watershed level, water-quality-related activities that may potentially have an adverse impact on water
quality. As of 2016, the WWQAs have been replaced by the SC Watershed Atlas
(https://gis.dhec.sc.gov/watersheds/), which allows users to view watershed information and even add
data, create layers from selected features, and export data for use outside of the application. Chapter 3
presents more information on current water quality impairments in the basin.

Lower Twelve Mile, Eighteen Mile, and Golden Creek
Watershed Based Plan

In 2016, a watershed-based plan was developed for the 69,165-
acre watershed containing Lower Twelve Mile, Eighteen Mile,
and Golden Creek (Pickens County Beautification &
Environmental Advisory Committee 2016). The plan identifies
stormwater runoff as the primary source of pollution impacting
water quality, with contributions from point sources permitted to
discharge bacteria and malfunctioning septic systems. A total of
32.4 stream miles within the three sub-watersheds have been
declared impaired for their designated use resulting from
bacterial loading. Elevated levels of E.coli have contributed to
the degradation of sub-watersheds, and ten bacteria total
maximum daily loads (TMDLs) were written to correspond with
reaches associated with each of the SCDES monitoring stations.
At the time of publication, eight of the TMDLs were “not
supported” and two had achieved water quality standards and
deemed “fully supported.” The watershed plan identifies septic system, agricultural, urban, and wildlife
best management practices (BMPs) as steps for reducing bacteria pollution.

Lower Twelve Mile,
Eighteen Mile, and
Golden Creek

Watershed Based Plan

Developed by
Pickens County Beautilication &
Eminarenentsl Advisory Commites

Submithed o

South Carina Department of Health and
Ermronmental Control
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Cane Creek and Little Cane Creek Watershed Management
Plan to Address E. Coli Impairment, Oconee County, SC

In 2020, a watershed-based plan was developed by Clemson
University to address impairments caused by bacteria loadings
to the Cane and Little Cane Creek Watershed, which is the
largest and most urban drainage basin to Lake Keowee
(Clemson Center for Watershed Excellence and the Friends of
Lake Keowee Society 2020). This area includes downtown
Walhalla in Oconee County. The primary recommendation is an
overhaul of how water is management around Sertoma Field,
including replacement of sewer infrastructure as well as tributary
naturalization. The plan encourages landowners to stabilize
riparian corridors, especially in lower parts of the watershed.
Other recommended projects to address existing sources of
bacteria loading include repairing septic systems and sewer tie-
ins, improving grease handling, catch basin maintenance, wild
pig management, improving buffers around pastures and

paddocks, and stormwater conveyance retrofits. Best education practices are also included to engage

stakeholders.

Watershed-Based Plan for the Three and Twenty Creek
Watershed

In 2019, a watershed-based plan was developed by Upstate
Forever to address sources of sediment, bacteria, and nutrient
pollution in the 105,765-acre watershed located in Anderson
and Pickens Counties, which drains to Lake Hartwell and serves
as a drinking water supply for ARJWS (Upstate Forever 2019).
Primary sources of bacteria were identified as faulty septic
systems, agricultural activities, pet waste, and wildlife. Nutrient
and sediment impairments were associated with development
and urban activities, agricultural activities, wastewater, and
industrial discharges. The plan recommends implementation of
land protection, septic system repair/replacements, agricultural
BMPs, stormwater BMPs, shoreline management, voluntary dam
removal, pet waste stations, and wildlife BMPs. The plan also
identified land that should be protected or improved to provide
the most benefit to water quality and developed a targeted
public outreach and education strategy.

Cane Creek and Little Cane Creek
‘Watershed Management Plan to Address
E. Coli Impairment, Oconee County, SC

September 2018 (Rev. January 20ac)

s

W

Watershed-Based Plan
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Watershed-Based Plan for the Little River-Lake Keowee and
Keowee River-Lake Keowee Watershed

In 2020, a watershed-based plan was developed for 184,000- zen
acre watershed located in Oconee and Pickens Counties, which LAKE KEOWEE

drains to Lake Keowee and serves as a drinking water source for
Greenville Water and Seneca Light & Water (The Lake Keowee
Source Water Protection Team 2020). Three TMDLs have been
developed in the focus area, with primary sources of bacteria
identified as faulty septic systems, agricultural activities, pet
waste, and wildlife. The plan also states that while no monitoring
stations indicate elevated nutrients or sediment, the watershed is
prime for significant development over the next 20 years, so the

Watershed-Hased Man

plan proactively also addresses potential sources of nutrients P AKE KW SO WA HOTOC TN TN
and sediments such as urbanization, agricultural activities, S i
shoreline erosion, and inadequate riparian buffers. Pollutant

mitigation strategies identified for bacteria, sediment, and/or
nutrient load reduction include septic repair/restoration,
agricultural BMPs, pet waste stations, land protection, and riparian buffer restoration. The plan also
identified land that should be protected or improved to provide the most benefit to water quality and
developed a targeted public outreach and education strategy.

Twelvemile Creek Watershed Plan to Address E. coli
Pollution, Pickens County, SC

In 2024, a watershed-based plan was developed for the 154-
square mile watershed in Pickens County which drains to Lake
Hartwell (Upstate Forever and Clemson Center for Watershed
Excellence 2024). The predominantly rural watershed has
struggled with bacteria impairments dating back to 1998.
Excessive sediment and nutrient loading also affect the ecology, :

flow, and water quality of Twelvemile Creek. Minimizing Tw::'::::g::’;t:;a;:ﬁ:;::'a"
sediment into the waterways was identified as a critical measure Pickens County, SC

to controlling bacteria. The plan recommends an integrated
watershed and wastewater plan be developed for Pickens
County, which would bring together stakeholders to study area lf A
growth and drinking and wastewater utility needs, in balance FOREVER
with conservation goals. The plan identified specific projects in
the categories of implementing riparian buffer zoning
ordinances, septic system repair/replacement cost-share
programs, land protection, agricultural BMPs and establishing an agritourism district, wetlands
assessment and restoration, park infrastructure and stormwater improvement projects, trash reporting
outreach and engagement, and feral hog management.

MAY 2024

1.6 Organization of this Plan

The Planning Framework outlines a standard format that all river basin plans are intended to follow,
providing consistency in the organization and content. Consistency between river basin plans will
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facilitate the eventual update of the State Water Plan. Following the format outlined in the Planning
Framework, the Upper Savannah River Basin Plan is divided into 10 chapters, described as follows:

Chapter 1: Introduction - Chapter 1 provides an overview of the river basin planning purpose
and process. Background on the basin-specific history and vision for the future is presented. The
planning process is described, including the appointment of RBC members and the roles of the
RBC, technical advisory committees, subcommittees, ad hoc groups, state and federal agencies,
and contractors.

Chapter 2: Description of the Basin - Chapter 2 presents a physical and socioeconomic
description of the basin. The physical description includes a discussion of the basin’s land cover,
geography, geology, climate, natural resources, and agricultural resources. The socioeconomic
section describes the basin’s population, demographics, land use, and economic activity, as these
factors influence the use and development of water resources in the basin.

Chapter 3: Water Resources of the Basin - Chapter 3 describes the surface and groundwater
resources of the basin and the modeling tools used to evaluate their availability. Monitoring
programs, current projects, issues of concern, and trends are noted.

Chapter 4: Current and Projected Water Demand - Chapter 4 summarizes the current and
projected water demands within the basin. Demands for public water supply, thermoelectric
power, industry, agriculture, and other uses are presented along with their permitted and
registered withdrawals. The chapter outlines the methodology used to develop demand
projections and the results of those projections.

Chapter 5: Comparison of Water Resource Availability - Chapter 5 describes the methodology
and results of the basin’s surface water availability analysis. This chapter presents planning
scenarios that were developed, and the performance measures used to evaluate them. Any water
shortages or reaches of interest identified through this analysis are described. The projected water
shortages identified in this chapter serve as the basis for the water management strategies
presented in Chapter 6.

Chapter 6: Water Management Strategies - Chapter 6 presents the water management
strategies developed to address potential water shortages, increase water availability, extend the
water supply, and build resilience. For each water management strategy considered, Chapter 6
includes a description of the measure, results from a technical evaluation (as simulated in the
surface water quantity model, if applicable), feasibility for implementation, and a cost-benefit
analysis.

Chapter 7: Water Management Strategy Recommendations - Chapter 7 presents the final
recommendations for water management strategies based on the analysis and results presented in
Chapter 6. The chapter discusses the selection, prioritization, and justification for each of the
recommended strategies. Any remaining shortages or concerns are also discussed in this chapter.

Chapter 8: Drought Response -The first part of the chapter discusses existing drought
management plans, ordinances, and drought management advisory groups. The second part
presents drought response initiatives and recommendations developed by the RBC.
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Chapter 9: Policy, Legislative, Regulatory, Technical, and Planning Process
Recommendations - Chapter 9 presents overall recommendations intended to improve the
planning process and/or the results of the planning process. Recommendations to address data
gaps encountered during the planning process are presented along with recommendations for
revisions to the state’s water resources policies, legislation, and agency structure.

Chapter 10: River Basin Plan Implementation - Chapter 10 presents a 5-year implementation
plan and long-term planning objectives. The 5-year plan includes specific objectives, action items
to reach those objectives, detailed budgets, and funding sources. The long-term planning
objectives include other recommendations from the RBC that are less urgent than those in the
implementation plan. There will be a chapter in future iterations of this plan that details progress
made on planning objectives outlined in previous plan iterations.

T =




Chapter 2
Description of the Basin

2.1 Physical Environment

2.1.1 Geography

The Upper Savannah River basin covers nearly 7,000 square miles (sq mi) across the states of North
Carolina, South Carolina, and Georgia. The basin is split predominantly between South Carolina and
Georgia, covering approximately 3,200 sq mi in South Carolina and 3,700 sq mi of land area in Georgia.
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Figure 2-1. The Upper Savannéh River basin and surrounding

counties.

The South Carolina portion
accounts for 10 percent of the
state’s total area. The basin
extends over 140 miles from the
central Blue Ridge Mountains to
the confluence of the Savannah
River and Stevens Creek, 12 miles
downstream of the Lake Thurmond
dam (SCDNR 2009; Georgia River
Network 2018). Beyond the
Stevens Creek confluence, the
Upper Savannah River basin flows
into the Lower Savannah-
Salkehatchie River basin, which
outlets into the Atlantic Ocean
near the city of Savannah, Georgia.
In South Carolina, the river basin
spans approximately 40 miles at its
widest point and consists of
significant portions of Abbeville,
Anderson, Edgefield, Greenwood,
and Pickens Counties. Oconee and
McCormick Counties lie entirely
within the basin. A small portion of
Saluda County is also present in
the river basin, as shown in Figure
2-1 and Table 2-1. Unless
otherwise mentioned, this chapter
of the Upper Savannah River Basin
Plan covers only the South
Carolina portion of the basin.
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Table 2-1. Counties of the Upper Savannah River basin.

County’ Percentage of County in Upper Percentage of Upper Savannah
Savannah River Basin River Basin by County

Abbeville 92.4% 14.8%
Anderson 82.7% 19.7%
Edgefield 80.9% 12.8%
Greenwood 47.3% 6.9%
McCormick 100.0% 12.3%
Oconee 100.0% 21.1%
Pickens 69.3% 11.1%
Saluda 7.9% 1.1%

! Less than 0.01 percent of Aiken County is also located in the Upper Savannah River basin.

The character of the water bodies within the Upper Savannah River basin changes, moving from the
upper reaches to the lower reaches of the basin. In the upper reaches of the basin, the Tallulah and
Chattooga River systems are primarily mountainous and characterized by periodic rapids and high-
velocity flows. Since 1950, the middle and lower reaches of the basin, consisting of the Seneca and
Savannah Rivers, have been almost entirely impounded. These reaches, therefore, possess the
hydrological characteristics of reservoir submergence and low-velocity flows (SCDNR 2013). The Upper
Savannah River basin is the most regulated in South Carolina, and five of the largest reservoirs by volume
in South Carolina (Lake Jocassee, Lake Keowee, Lake Hartwell, Lake Russell, and Lake Thurmond)
dominate its hydrology (SCDNR 2013). These reservoirs are important for recreation, drinking water,
flood control, both conventional and pumped-storage hydroelectric/nuclear power generation, and
thermoelectric generation.

Five major subbasins divide the Upper Savannah River planning basin: the Tugaloo, Seneca, Upper
Savannah, Middle Savannah, and Stevens Creek subbasins. Following are descriptions of each of these
subbasins.

Tugaloo Subbasin

The Tugaloo subbasin forms the northwestern part of the Upper Savanah watershed and supplies many
of its headwaters. The Tugaloo River is the main water body within the Tugaloo subbasin, which spans
parts of Georgia, South Carolina, and North Carolina. The river is fed by the Tallulah River in Georgia and
the Chattooga River in South Carolina, and several major reservoirs exist along these rivers. In Georgia,
the Tallulah River forms Lake Burton and Lake Rabun. Along the border of Georgia and South Carolina,
the Tugaloo River forms Lake Tugaloo, Lake Yonah, and eventually combines with the Seneca River to
form the western branch of Lake Hartwell. The Chattooga River is one of the longest free-flowing
mountain rivers in the southeastern United States, and its steep incline gives the river some of the
region’s most remarkable whitewater rafting and trout fishing. The Chattooga was designated a Wild and
Scenic River by the United States Congress in 1974 (United States Department of Agriculture [USDA]
Forest Service 2023).

Seneca Subbasin

The Seneca subbasin forms the northeastern part of the Upper Savannah watershed and is one of its most
mountainous and regulated regions. The subbasin spans the mountains and foothills of the Blue Ridge in
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South Carolina’s Anderson, Oconee, and Pickens Counties, with a small portion also occurring in North
Carolina. The Seneca River system feeds the subbasin, which is almost entirely impounded, forming the
major reservoirs of Lake Jocassee, Lake Keowee, and, after merging with the Tugaloo River, Lake

Hartwell.

Upper Savannah Subbasin

Forming the central part of the Upper Savannah watershed and spanning both South Carolina and
Georgia, the Savannah River feeds this subbasin. The confluence of the Tugaloo and Seneca Rivers forms
the Savannah River, which flows to the outfall of the Lake Hartwell dam. Farther downstream, the
Savannah River is dammed to create Lake Russell and again dammed to create Lake Thurmond. The

subbasin ends at the Lake Thurmond dam.

Middle Savannah Subbasin

Only a small part of the Middle Savannah subbasin contributes to the Upper Savannah planning
watershed within South Carolina. This part is the Upper Savannah basin’s southern extreme. This
watershed consists of the 12-mile reach of the Savannah River that lies between the Lake Thurmond dam
and the confluence of the Savannah River and Stevens Creek.

Stevens Creek Subbasin

The Stevens subbasin is enclosed entirely within the state of South Carolina and is fed by Stevens Creek.
The creek drains into the Savannah River approximately 12 miles south of the Lake Thurmond dam, just
north of the city of Augusta, Georgia. The Upper Savannah watershed ends at the confluence of the
Savannah River and Stevens Creek, where the Lower Savannah-Salkehatchie watershed begins. This is

also the location of Stevens Creek dam.

2.1.2 Land Cover

Land use and land cover in the Upper
Savannah River basin varies from rural
farmland and forested areas to small- and
moderate-sized urban areas. As a result,
woodland is the dominant land cover in the
basin, as shown in Figure 2-2 (Multi-
Resolution Land Characteristics Consortium
[MRLC] 2024a). The basin is predominantly
rural, and its main population centers are the
small-to-moderately sized cities of Anderson,
Greenwood, Clemson, Seneca, and
Abbeville.

Table 2-2, derived from MRLC's National
Land Cover Database (NLCD), provides a
more detailed summary of land cover types
in the basin, and includes changes in land
cover area from 2001 to 2023 (MRLC 20243,
2024b). In that time, developed land

Wetland
Shrubland/ 2% Open
Grassland Water

7% o 5%

Developed
Land
12%

Figure 2-2. 2023 Upper Savannah River Basin land
cover (MRLC 2024a).
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increased by more than 58 sq mi, while agricultural land (composed of hay/pasture and cultivated crops)
collectively decreased by more than 28 sq mi. Nearly all of the net agricultural losses were driven by a
more than 27 sq mi loss in hay/pastureland. Woodland areas (represented by deciduous, evergreen, and
mixed forests) likewise collectively decreased by almost 49 sq mi. In this case, an increase in deciduous
forest was overcome by a 66 sq mi loss in evergreen and mixed forests. A less significant compositional
change can be seen in shrubland (represented by shrub and herbaceous grassland), as shrub land cover
increased by 14 sq mi in the basin. Often, shrublands are temporarily created through silvicultural
practices, such as clearing standing timber and replanting new trees, as well as through fire. The extent of
these shrublands can vary each year depending on the amount of timber harvested and the intensity of
the forest fires (USGS 2020). Wetlands remained stable or possessed slight decreases, and a minor
increase in open water is likely the product of the water level in the existing reservoirs at the time of the
survey, as well as the production of new water retention ponds and dams from land development.

Table 2-2. Upper Savannah River basin land cover and trends (MRLC 2024a, 2024b).

2001 2023 fr?:;gg,l (:::;:t; ?:n Percentage
NLCD Land Cover Class Area. Area to 2023 2001 to of Total
(sq mi) (sq mi) o) 2023 Land (2023)
Open Water 149.3 160.0 10.7 7.2% 5.0%
Developed, Open Space 235.0 257.2 22.1 9.4% 8.0%
Developed, Low Intensity 78.7 104.3 25.5 32.4% 3.3%
Developed, Medium Intensity 17.1 25.1 8.0 46.9% 0.8%
Developed, High Intensity 5.5 7.9 2.5 44.6% 0.2%
Barren Land 8.4 4.1 -4.3 -51.2% 0.1%
Deciduous Forest 691.0 708.7 17.7 2.6% 22.2%
Evergreen Forest 858.2 826.9 -31.4 -3.7% 25.9%
Mixed Forest 350.1 315.0 -35.1 -10.0% 9.9%
Shrub/Scrub 83.0 90.4 7.3 8.8% 2.8%
Herbaceous 112.7 119.6 6.9 6.1% 3.7%
Hay/Pasture 540.4 512.8 -27.6 -5.1% 16.1%
Cultivated Crops 12.6 11.8 0.8 -6.3% 0.4%
Woody Wetlands 51.7 50.1 -1.6 -3.0% 1.6%
Emergent Herbaceous 0.9 1.0 0.1 16.3% <0.1%
Total Land Area 3,195 3,195 0.0 - 100.0%

2.1.3 Geology

South Carolina is divided into three major physiographic provinces based on geologic characteristics: the
Blue Ridge, the Piedmont, and the Coastal Plain. The Upper Savannah River basin lies within the Blue
Ridge and Piedmont provinces. As the basin flows from its headwaters to its outlet, high hills and

2-4
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mountains in the north give way to rolling hills in the south. Figure 2-3 depicts a generalized geologic
map of the Upper Savannah River basin.

Upper Savannah River I Biue Ridge
= Basin B
revard zone
Intrusive Igneous Rock B Carchina terrane
B Gabbro B Chariotte terrane
B Granite Chauga belt
Coastal Plain B Gold Hill/Silver Hill
Holocene B Kings Mountain terrane
B Faleccene, Eocene Laurens thrust stack
Pleistocene I Lowndesvilie
I Pliocene I Modoc
Triassic basin 00 Savannah River terrane
B Upper Cretaceous B Sixmile Thrust sheet
Blue Ridge and Pledmont B Waihalla Thrust sheet
Auvgusta terrane

AL

Figure 2-3. Generalized geological map of the Upper Savannah River Basin (SCDNR 2023a).

The Piedmont province consists mostly of saprolite, weathered bedrock, and overlying crystalline rock.
The saprolite layer can range from 10 to 150 feet in thickness and possesses a high porosity but low
permeability. These characteristics mean saprolite typically absorbs and slowly releases rainwater into
fractures within the underlying rock that can be tapped by wells. However, in the Piedmont province,
these fractures are small; therefore, the underlying bedrock cannot form aquifers. Wells within this region
typically yield less than 50 gallons per minute (gpm) (SCDNR 2009). Well yields can be far higher locally,
and wells in topographically high places generally yield less than those in valleys where water recharge
and rock fractures are more common. Because of these relatively low yields, groundwater is not a
significant source of water in the Upper Savannah River basin. Total groundwater withdrawals reported to
SCDES account for less than 1 percent of the entire water usage of the basin (SCDHEC 2022a; SCDNR
2023b). Groundwater discharges into surface water are more common in the upper parts of the basin
where rainfall is higher.

2-5
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2.2 Climate
2.2.1 General Climate

Much like the rest of the Carolinas, the South Carolina part of the Upper Savannah River basin's climate is
humid subtropical, with hot summers and mild winters. Figure 2-4 shows the average annual temperature
and the annual average precipitation for the Upper Savannah River basin, based on the current climate
normals (1991 through 2020). The South Carolina State Climatology Office (SCO) “Climate” webpage
provides current climate normals maps for South Carolina for the parameters of temperature (average,
maximum, and minimum) and precipitation at annual, seasonal, and monthly time steps (SCDNR SCO
2021).

Figure 2-4. Normal annual average temperature and precipitation (1991 through 2020) for the Upper
Savannah River basin.

The average annual temperature in Upper Savannah River basin ranges from 48 to 65 degrees
Fahrenheit (°F), with temperatures increasing from the upper basin to the lower basin. In the South
Carolina part of the basin, average annual temperature ranges from 54°F to 65°F. The annual average
precipitation for the entire basin, including the South Carolina part of the basin, ranges from 42 to over
63 inches (in.), with precipitation totals decreasing from the upper basin to the lower basin. Parts of the
basin with the highest annual average rainfall are in areas with higher elevations.

Temperature and precipitation values are not constant throughout the basin, and they are not consistent
for a given location throughout the year. Figure 2-5 and Figure 2-6 show the monthly variation in
temperature and precipitation at two meteorological stations: Walhalla station in Oconee County and
Anderson Regional Airport station in Anderson County. These two stations were selected because of
their long-term records (data have been collected at Walhalla since 1896 and at Anderson Regional
Airport since 1949). The Walhalla station is missing data for 2000 for both temperature and precipitation.
Anderson Regional Airport is missing one year of temperature data (1987) and six years of precipitation
data (1959 through 1961, 1986 through 1987, and 1989). The missing annual values are because of one
or more months of missing data during each of those years, which affects the annual average for that
specific year. The annual average values of temperature and precipitation for each station presented may
not match their locations on the basin climatology images of Figure 2-4 because of the differences in the
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periods of record of the data. The long-term station data range from 1949 through 2023, while the data
used for Figure 2-4 are based on the current climate normals (1991 through 2020).

At both stations, temperature oscillates throughout the year, with July generally being the warmest
month for both stations (average monthly temperatures of 77.2°F at Walhalla and 80.0°F at Anderson
Regional Airport) and January being the coldest month (average monthly temperatures of 41.8°F at
Walhalla and 42.8°F at Anderson Regional Airport). When comparing the climographs for Walhalla and
Anderson Regional Airport as shown in Figures 2-5 and 2-6), the average monthly temperatures at
Walhalla are 1.5°F to 3°F cooler than Anderson Regional Airport.

At both stations, precipitation varies throughout the year. The wettest climatological month for both
stations is March. Walhalla’s average precipitation in March is 5.97 in. while Anderson Regional Airport’s
average precipitation is 4.71 in. Walhalla’s driest month is November (average monthly precipitation of
4.32 in.) while Anderson Regional Airport’s driest month is October (average monthly precipitation of
3.04 in.). Generally, Walhalla receives more rainfall, with monthly totals 1.00 to 1.70 in. higher than
Anderson Regional Airport.
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Figure 2-5. Monthly climate averages for Walhalla, from 1949 through 2023 (SCDNR SCO 2023a).
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Figure 2-6. Monthly climate averages for Anderson Regional Airport, 1949 through 2023 (SCDNR SCO
2023a).

The annual average temperature and precipitation for the Carolinas and the Upper Savannah River basin
have varied (National Oceanic and Atmospheric Administration [NOAA] 2023a; SCNDR SCO 2023a).
Figure 2-7 shows the annual average temperature time series for Walhalla and Figure 2-8 shows the same
for Anderson Regional Airport. Figures 2-7 and 2-8 show years with annual average temperatures above
the 1949 through 2023 average annual temperatures. Through this period, Walhalla has an annual
average temperature of 59.6°F (Figure 2-7) and Anderson Regional Airport has an annual average
temperature of 61.8°F (Figure 2-8). Table 2-3 shows the warmest and coldest five years for both stations.
The two stations share 1990 and 2016 as two of their top five warmest years, and share 1966 and 1976 as
two of their top five coldest years. Other than Anderson Regional Airport’'s warmest year (1975), these
two stations’ warmest years all took place after 1990. Contrastingly, each of these station’s top five
coldest years took place prior to 1990.
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Figure 2-7. Annual average temperature for Wahalla, 1949 through 2023 (SCDNR SCO 2023a).
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Figure 2-8. Annual average temperature for Anderson Regional Airport, 1949 through 2023 (SCDNR
SCO 2023a).
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Table 2-3. Five warmest and coldest years for Walhalla and Anderson Regional Airport from 1948
through 2023 (SCNDR SCO 2023a).

Warmest Coldest
Anderson Anderson
Walhalla Regional Airport Walhalla Regional Airport
1 1998 (62.0°F) 1975 (64.6°F) 1981 (56.8°F) 1968 (59.4°F)
2 2016 (61.9°F) 1990 (64.3°F) 1976 (57.7°F) 1958 (59.9°F)
3 2012 (61.6°F) 2016 (64.2°F) 1966 (57.8°F) 1966 (59.9°F)
4 1999 (61.4°F) 2019 (64.1°F) 1988 (57.8°F) 1963 (60.1°F)
5 1990 (61.2°F) 2017 (63.8°F) 1983 (57.9°F) 1976 (60.1°F)

Figure 2-9 shows the annual precipitation time series for Walhalla and Figure 2-10 shows the same for
Anderson Regional Airport. Through this period, Walhalla had an average annual precipitation of 60.74
in. (Figure 2-9) and Anderson Regional Airport had an average annual precipitation of 45.81 in. (Figure 2-
10).

Table 2-4 shows the driest and wettest five years for both stations. Walhalla and Anderson Regional
Airport share three of their top five driest years on record (2016, 2007, and 1988). Both 2016 and 2007
are the driest and second driest years (respectively) for both stations. Both years were part of notable
droughts in South Carolina history, the 2015 to 2016 drought and 2007 to 2009 drought. Walhalla and
Anderson Regional Airport also share three of their top five wettest years on record (2018, 2013, and
1964). Anderson'’s wettest year on record is 1964, which matches the wettest year on record for the state
of South Carolina. However, this is only the fourth wettest year on record for Walhalla.
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Figure 2-9. Annual precipitation for Wahalla, 1949 through 2023 (SCDNR SCO 2023a).
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Figure 2-10. Annual precipitation for Anderson Regional Airport, 1949 through 2023 (SCDNR SCO
2023a).

Table 2-4. Five wettest and driest years Walhalla and Anderson Regional Airport from 1949 through
2023 (SCNDR SCO 2023).

Driest Wettest
Anderson Anderson
Walhalla Regional Airport Walhalla Regional Airport
1 2016 (34.60in.) 2016 (25.07 in.) 2013 (91.36in.) 1964 (67.79in.)
2 2007 (38.4%in.) 2007 (31.80in.) 2018 (84.27 in.) 2013 (66.5%in.)
3 1981 (39.67in.) 1954 (31.95in.) 2020 (82.37 in.) 2018 (62.74in.)
4 2001 (39.8%in.) 1988 (32.25in.) 1964 (82.26in.) 1973 (61.91in.)
5 1970 (40.23in.) 1981 (32.321in.) 1992 (79.95in.) 1975(61.401in.)

2.2.2 Severe Weather

Severe weather, including thunderstorms, tornadoes, and tropical cyclones, can impact some or all
portions of the Upper Savannah River basin.

Severe Thunderstorms and Tornadoes

There are between 45 and 63 thunderstorm days across the Upper Savannah River basin annually, with
typically more thunderstorm days occurring in the upper and lower sections of the basin than the middle
section (NOAA 2023b). Although the number of thunderstorm days varies across the basin, the potential
impact from each storm is equal across the basin. While thunderstorms occur throughout the year, severe
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thunderstorms are more common during climatological spring (March, April, May) and summer (June,
July, and August). For a thunderstorm to be considered severe, it must produce wind gusts of at least
58 miles per hour (mph), hailstones of 1 in. diameter or larger, or a tornado. Tornadoes are violently
rotating columns of air that descend from thunderstorms and contact the ground.

Most of South Carolina’s tornadoes are short-lived EF-0 and EF-1 tornadoes, the lowest strengths on the
Enhanced Fujita (EF) Scale, with winds between 65 and 110 mph. However, even a tornado with the
lowest intensity rating is dangerous and poses a significant risk to lives and property. Table 2-5 shows the
number of tornadoes by intensity ranking, confirmed within the basin between 1950 and 2023. (For
reference, the EF Scale became operational in 2007, replacing the original Fujita [F] Scale used since
1971; historical data are referenced to the EF Scale for simplicity). Most of the basin's tornadoes are rated
EF-0 and EF-1. Since 1950, the basin has experienced 141 tornadoes, with 31 of them being of significant
strength (EF-2 or higher). The strongest tornado to affect the basin was an EF-4 tornado in 1973 that
started in Abbeville County and ended in Greenwood County. No part of the Upper Savannah basin nor
South Carolina has experienced an EF-5 tornado. The South Carolina SCO collected the tornado figures
from NOAA National Centers for Environmental Information Storm Events Database (NOAA 2023c) and
from the National Weather Service (NWS) Greenville-Spartanburg’s Historic Tornadoes in the Carolinas
and Northeast Georgia Database (NWS 2023).

Table 2-5. Count of Tornadoes in the Upper Savannah basin by intensity ranking 1950 through 2023
(SCDNR SCO 2023a).

EF Scale Wind Speed Count
EF-0 65-85 mph 58
EF-1 86-110 mph 52
EF-2 111-135 mph 23
EF-3 136-165 mph 7
EF-4 166-200 mph 1
EF-5 200+ mph 0

Total Number of Tornadoes in the Basin 141

Tropical Cyclones

South Carolina has an 86 percent chance of being impacted by tropical cyclones each year. Tropical
cyclones are warm-core, non-frontal synoptic-scale cyclones, originating over tropical or subtropical
waters with organized deep convection and a closed surface wind circulation about a well-defined
center. Tropical cyclones include tropical depression, tropical storm, and hurricanes. Tropical cyclones
can cause storm surge, damaging wind, precipitation-induced flooding (flash flooding and riverine
flooding), and tornadoes. These impacts can occur near and far from the storm’s center, because tropical
cyclones have an average size of 300 miles in diameter. For example, tornadoes produced by tropical
cyclones form in the outer rainbands, which can be hundreds of miles from the storm'’s center.

In 2024, Tropical Cyclone Helene's wind field extended over 200 miles from the center of circulation,
nearly 400 miles wide. Tropical storm-force gusts were reported across much of the state, including most
of the Midlands and Lowcountry; a 75-mph hurricane-strength gust occurred at Beaufort Marine Corps
Air Station. Many Upstate stations reported gusts over 60 mph, with estimated wind gusts over 80 mph in
the region. Helene's preliminary peak rainfall in South Carolina of 19.69 inches near Jocassee in Oconee
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County ranks third among rainfall from tropical
cyclones in South Carolina's history. This total
ranks behind the 22.02 inches of rain recorded in
Moncks Corner (Berkeley County) in August 2024
from Tropical Storm Debby and ahead of the
17.45 inches reported at the same Jocassee

Tropical Storm Fred

ion i i August 10-19, 2021
station in August 1994 from Tropical Storm Beryl. 93944 olte’
In 2021, the remnants of Tropical Storm Fred 1-2.99"
passed through Georgia and North Carolina with — 3:4:99"
the sttength of a tropical depression. While the ER— g‘_'ggg:
storm'’s center did not pass through South 1 (0)-14.99"

Carolina, as shown in Figure 2-11, it produced 10
tornadoes in South Carolina, three of which were
in the Upper Savannah River basin (all at EF-0
strength). Tornadoes produced by tropical
cyclones form in the outer rainbands, which can
be hundreds of miles from the storm'’s center. The
remnants of Hurricane Nate (2017) produced
seven tornadoes across the basin as it moved
across Tennessee and the Ohio River Valley.

Maximum: 10.78"
Mt. Mitchell, NC

Since 1851 and prior to Hurricane Helene in 2024,
31 tropical cyclones have tracked through the
Upper Savannah River basin, meaning the storm'’s
center crossed through part of the basin. Courtesy of NOAA's Weather Prediction Center.
Seventeen of these storms were unnamed storms

(pre-1951) and 14 were named storms (the naming of tropical storms and hurricanes started in 1951). Of
these 31 cyclones, 14 were of tropical depression strength (maximum wind of 38 mph) and eight were of
tropical storm strength (maximum wind of 39 to 73 mph). There have not been any tropical cyclones that
have tracked through the basin at hurricane strength (maximum wind of 74 mph or greater). Because of
the spatial extent of tropical cyclones, there have been multiple storms of various strength that have
affected the Upper Savannah River basin that did not actually track through it.

Figure 2-11. Track and precipitation from
Tropical Storm Fred 2021.

For more information on tropical cyclones that have affected South Carolina, visit the SCDNR SCO
Hurricane and Tropical Storms Database (SCDNR SCO 2023b).

Winter Storms

Multiple winter weather events, such as winter precipitation (snow, sleet, ice accumulation, and freezing
rain accretion [accumulation]) and extreme cold, have impacted the Upper Savannah River basin. The
basin has a 30 to 90 percent probability of a snow event each year, with mean annual snow
accumulations ranging from 1 to 8 inches, depending on location within the basin. Annual snow
probability and mean annual snowfall both decrease from the upper to the lower basins. The mountains
have the highest chance for snow each year and generally the highest snow accumulations compared to
the rest of the basin. The largest snowfall total in the Upper Savannah River basin is 15.00 inches at Long
Creek in Oconee County, occurring on January 7, 1988 (SCDNR SCO 2023c). While other portions of the
basin have not received snow accumulation that large, there have been other snow events that have
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affected some or the entire basin. In February 1979, all stations within the basin received snow, with totals
ranging from 4 inches at Calhoun Falls (Abbeville County) to 8.1 inches at Long Creek (Oconee County).
Another event where all the stations in the basin received snow was in February 2004, where totals
ranged from 1.6 inches at Abbeville 1.2 NW (Abbeville County) to 7.00 inches at Jocassee WNW
(Oconee County).

Winter weather events are usually high-impact situations in South Carolina because of their infrequent
sub-seasonal, seasonal, and annual occurrence. Winter precipitation mainly impacts travel and
transportation; however, heavy snow accumulations and ice accretions have caused impacts to trees,
power lines, and built structures. Since 1990, there have been seven freezing rain and ice events that
have each caused more than $100,000 in property damage to South Carolina, including impacts within
the Upper Savannah basin. Impacts from these events are mainly from ice accretions over half an inch.
Damage to powerlines, leading to power outages, as well as damage to roofs and trees, were the most
common impacts. However, during some of these events, ice accretions on roads led to car accidents
and fatalities. Table 2-6 provides the dated of notable winter storms and the estimated damage in dollars
to the entire state (SCDNR SCO 2023d).

Table 2-6. Winter storms that have caused significant ice accretion and damage in South Carolina since
1990.

Event Date \ Estimated Damage in Dollars*
$500,000-5 million

$500,000-5 million (crop)

$45 million

$38 million (crop)

December 27-28, 1992

March 13, 1993

January 2-3, 1999 $1.45 million
December 4-5, 2002 $100 million
January 25-27, 2004 $54 million
January 29-30, 2010 $180,000
January 9-11, 2011 $716,000

*Amounts refer to property damage unless otherwise stated.

Extreme cold or freeze events can have significant impacts as well. Since 1958, 91 cold or freeze events
have affected at least some part of the state, with over half of those events impacting at least a portion of
the Upper Savannah River basin. Generally, these events cause impacts to water lines that are close to or
above the ground that are more susceptible to freezing. Water lines that freeze typically burst, which can
cause water loss and flooding inside structures. While these types of events have occurred on a more
localized scale often, these types of impacts occurred on a large scale in the Upper Savannah River basin
during cold events in January 1986, January 1994, January 2003, and more recently in December 2022.
During each one of these events, minimum temperatures across the basin dropped below 15°F, with
multiple stations in the upper portion of the basin experiencing minimum temperatures of below 10°F
(not accounting for windchill). The most recent extreme cold event, December 23 to 26, 2022, caused
many water lines to freeze and burst as minimum temperatures in the basin ranged from -1°F to 9°F.
Beyond the internal water damage to homes and buildings, the amount of line breaks caused some water
systems to experience a significant drop in water supplies. This extreme cold event highlights how other
natural hazards besides drought can cause issues to water supplies, infrastructure, and delivery.

For more information about winter weather events that have affected South Carolina, visit the SCO's
South Carolina Winter Weather Database (SCDNR SCO 2023d).
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Flooding

The general definition of a flood is the temporary condition of a partial or complete inundation of
typically dry land. There are three common types of flooding: fluvial, pluvial, and coastal. Fluvial flooding,
also known as riverine flooding, is the flooding of typically dry areas caused by an increased water level
of an established lake, river, or stream when the water overflows its banks. The damage from fluvial
flooding can be widespread, extending miles away from the original body of water. This type of flooding
is caused by excessive freshwater from a severe or prolonged rain event. Pluvial flooding occurs when
rainfall events cause flooding in an area independent of an overflowing body of water. This can occur
when drainage systems are overwhelmed or as flash floods caused by heavy rainfall or from a sudden
release of water upstream or uphill. Coastal flooding occurs when seawater inundates land; this can be

caused by wind-driven storm surge or tsunamis.

August 13-18, 199

Figure 2-12. Track and precipitation from
Tropical Storm Beryl 1994.
Courtesy of NOAA's Weather Prediction Center.
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Two examples of significant flooding in the basin
are from Tropical Storm Beryl (1994) and Tropical
Storm Jerry (1995). Both storms caused
significant flooding in the Upper Savannah basin,
as well as other parts of the state. The entire
Upper Savannah River basin received rain from
Beryl (1994), with totals ranging from 3.00 inches
to over 15.00 inches across the basin between
August 16 and 18, as shown on Figure 2-12. The
high precipitation caused an increase in
streamflow throughout the basin. Many streams
that normally have a daily median flow of less
than 100 cubic feet per second (cfs) had peak
daily flows above 1,000 cfs. Streamflow on the
Chattooga River near Clayton, Georgia (USGS
Gage 02177000) peaked at 17,500 cfs on
August 17 (roughly 50 times greater than the
median daily statistic, 350 cfs), as shown on
Figure 2-13 (USGS 2023a). Although Hurricane
Beryl caused significant flooding in the Upper
Savannah River basin, it also caused significant
impacts to other portions of the state.

More information on historical riverine flooding
events across the state can be found in the
Keystone Riverine Flooding Events in South
Carolina report produced by the SCO (SCDNR
SCO 2023e).
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USGS 82177000 CHATTOOGA RIVER NEAR CLAYTON, GA
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Figure 2-13. Chattooga River near Clayton, Georgia, daily discharge between August 1 and 31, 1994
(USGS 2023a).

2.2.3 Drought

Drought is a normal part of climate variability that occurs in every climate. Drought results from a lack of
precipitation over an extended period, often resulting in a water shortage for some activity, sector, or the
environment. In contrast to other environmental hazards, droughts often develop slowly over weeks,
months, or years. Three main categories physically define drought: meteorological, agricultural, and
hydrological. These categories help determine the economic, ecological, and societal impacts of
droughts in communities.

Figures 2-14 and 2-15 show the annual Standard Precipitation Index (SPI) value for the Walhalla and
Anderson Regional Airport stations from 1945 to 2022 (the latest SPI data available for these stations).
The SPIis a drought index that compares accumulated rainfall over a given period (here, 12 months) to
the historical average, where the index values are standard deviations from the mean. Anything equal to
or less than -1.0 is considered a drought. The lower the index value, the more severe the drought. The
lowest SPI value was -2.41 for Walhalla and -2.31 for Anderson Regional Airport, occurring in 2016 for
both stations. This matches each station’s driest year on record. In the last decade (2013 through 2022),
both stations have had a mix of both dry and wet years. Annual SPI values do not show short-term
conditions, such as monthly or seasonal conditions. During a year with a negative annual SPI value, there
can be months or seasons with positive SPI values, and vice versa. While the annual SPI time series is
provided here for reference, it is not the only method for looking at wet and dry periods over time.
Furthermore, the SPI only accounts for precipitation accumulation and does not consider wetness or
dryness in terms of evapotranspiration, soil moisture, streamflow, or groundwater.
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Figure 2-14. Annual Standard Precipitation Index values for Walhalla 1949 through 2022 (SCDNR SCO
2023f).
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Figure 2-15. Annual Standard Precipitation Index values for Anderson Regional Airport 1949 through
2022 (SCDNR SCO 2023f).

The impact of drought on streamflow in the basin was analyzed using two USGS streamflow gaging
stations at different locations in the basin. The gage at Chattooga River near Clayton, Georgia, is near the
top of the basin, while the gage at Stevens Creek near Modoc is at the bottom of the basin. These two
gages were selected for their long-term, continuous data records. Other gages in the basin have shorter
periods of record and/or less continuous data than the locations selected. Table 2-7 provides the lowest
monthly average flow, which year it occurred, and the long-term average monthly flow for each month at
the two selected stream gages. Table 2-7 also shows the year with the lowest annual average flow and
the long-term average annual flow.
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Table 2-7. Year of lowest monthly and annual average flow compared to the long-term average for the
Chattooga near Clayton, Georgia, and Stevens Creek near Modoc from 1941 through 2023.

Chattooga River near Clayton, Georgia (02177000)

Jan Feb Mar Apr May Jun Jul Sep Oct Nov Annual

Year of
Minimum | 1956 | 2017 | 2017 | 1986 | 2001 | 2008 | 2008 | 2007 | 1954 | 1954 | 2016 | 1955 2001
Flow

Lowest
Average 155 198 252 349 261 202 143 152 118 99 133 183 323
Flow (cfs)

Long-
Term
Average
Flow (cfs)

794 | 868 911 865 717 593 518 473 460 454 514 689 657

Stevens Creek near Modoc (02196000)

Apr May | Jun Jul Aug Sep Oct Nov Dec Annual

Year of
Minimum | 1956 | 2012 | 2012 | 2012 | 2012 | 2008 | 2008 | 2011 | 1954 | 1954 | 2012 | 2001 2012
Flow

Lowest
Average 25 88 48 23 9 5 2 3 1 0 0 8 308
Flow (cfs)

Long-
Term
Average
Flow (cfs)

665 803 924 545 262 182 161 133 82 168 192 385 4,483

Figures 2-14 and 2-15 and Table 2-7 show that the drought is a normal part of climate and hydrology in
the Upper Savannah River basin. Because of the nature of drought, one type of indicator cannot fully
encapsulate the intensity of drought impacts, regarding variation in impacts among sectors and location
within a river basin. While 2016 was the driest years for both Walhalla and Anderson Regional Airport
(Figures 2-14 and 2-15), Chattooga River near Clayton, Georgia, experienced its lowest annual average
flow in 2001 while Stevens Creek near Modoc experienced its lowest annual average flow in 2012.
Although dry climatological years do affect flows, there is not a perfect relationship between lack of
rainfall and diminished stream flows. Furthermore, because the Upper Savannah River basin is a
managed system with multiple reservoirs (Jocassee, Keowee, Hartwell, Russell, and Thurmond), reservoir
levels need to be included in evaluating drought periods as well as climatological and streamflow data.

Although South Carolina typically receives adequate precipitation, droughts can occur at any time of the
year and last for several months to several years. While precipitation is the main driver for water
availability in the Upper Savannah River basin, multiple factors such as temperature, evapotranspiration,
and water demands also need to be considered when evaluating how drought periods will impact stream
and river flows in the basin. Severe drought conditions can contribute to diminished water and air quality,
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increased public health and safety risks, and reduced quality of life and social well-being. Because
drought causes a lack of expected water across multiple sectors at different time frames, it is essential to
plan for drought so water demands can be adequately met and managed before and during a severe
drought period.

The following paragraphs describe notable drought events in the past 30 years that have impacted the
Upper Savannah Basin. Some of these droughts were statewide events, while others were more impactful
to the Upstate Region. More information on historical drought events across the state, some of which
have affected the Upper Savannah River Basin, can be found in the following document produced by the
SCQO'’s Keystone Drought Events in South Carolina publication (SCDNR SCO 2023g).

1998 to 2002 Drought

The 1998 to 2002 drought was a statewide event, and it attributed to severe impacts across multiple
sectors, including agriculture, recreation, forestry, and public water supply. Agricultural impacts included
reduction of crop yields or yield loss, cost for digging new wells for irrigation, ponds going dry, as well as
decreases in pasture ability to adequately feed livestock. Low flows exposed hazards to boats as well as
negatively affected businesses that rely on river recreation for income. The potential for fire grew, leading
to outdoor burn bans, while the reduced water availability stressed trees. This stress allowed for
increased susceptibility to the southern pine beetle, which caused billions in losses to the timber industry.

The summer and early fall of 2002 were hydrologically the most intense portion of the 1998 to 2002
drought for the Upper Savannah River basin. From June 2002 to November 2002, the South Carolina
DRC placed the entire basin in severe to extreme drought status, with the entire basin being in extreme
drought from July 2002 to September 2002. Multiple water systems called for voluntary water use
reductions, with some implementing mandatory water restrictions. Conditions improved by November
2002 and the entire state returned to normal drought status by spring 2003.

2007 to 2009 Drought

The 2007 to 2009 drought was a statewide event; however, the driest conditions were north of the Fall
Line, particularly the Upper Savannah and Saluda River basins. Impacts spanned multiple sectors over
two years, including agriculture, recreation, forestry, and public water supplies. Agricultural impacts
included reduction of corn and soybean yields; however, hay production had the greatest losses, leading
to decreased ability to adequately feed livestock (Carolinas Precipitation Patterns & Probabilities 2023).

The recreation industry experienced impacts from low flows that exposed hazards to boats and
negatively affected businesses that rely on river recreation for income. Statewide, the forestry industry felt
impacts because of increased fires from low soil moisture content and tree stress from reduced water
availability. Early in the drought, in July and August 2007, wildfire numbers were above normal, with 518
fires and 2,730 acres burned. By April 2008, wildfire numbers were above normal, with 2,800 fires and
17,000 acres burned (SCDNR SCO 2008a). By September 2008, the state had a 66 percent increase in
the number of acres burned compared to the five-year average (SCDNR SCO 2008b). It would not be
until April 2009 that the risk of wildfires would start to wane from improved conditions.

The intensity and duration of the 2007 to 2009 drought also impacted public water supplies. By
January 2008, 191 water systems across the state had implemented some level of water conservation,
with 146 systems implementing voluntary restrictions and 45 systems implementing mandatory
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restrictions (SCDNR SCO 2008c). Of the water systems within the basin discussed later in this plan
(Chapter 8), 10 reported voluntary restrictions and two reported mandatory restrictions. In July 2008, the
Governor, along with the SCDNR, released a statement encouraging water conservation. Although this
was targeted for counties in severe and extreme drought status, specifically in Upstate South Carolina, it
was a message for everyone across the state on how to conserve water inside and outside the home
(SCDNR SCO 2008d). While this message only encouraged water conservation, the Governor has seldom
needed to use his executive authority in South Carolina to encourage water conservation, indicating how
severe the situation had become in the Upstate area. It was not until June 2009 that conditions returned
to normal.

2010 to 2013 Drought

Similarly to the 2007 to 2009 drought, the 2010 to 2013 drought was also a statewide event where the
driest conditions impacted the Upper Savannah and Saluda River basins. All 46 counties in the state were
placed into incipient drought status in summer 2010. However, conditions did not worsen until summer
2011, when most areas south of the Fall Line were placed in moderate drought status. It was not until fall
2011 when the Upper Savannah entered moderate drought status. By November 2011, the basin entered
into severe drought status, because of the continued dry conditions from the summer into the fall that
caused hydrologic conditions to decline (streamflows, reservoir levels, and groundwater). The basin
remained in drought status until April 2014, spending 28 months in at least moderate drought status.
While the dry conditions impacted agriculture production and increased fire potential, the largest
impacts were to water systems and water recreation. The drop in lake levels limited boat ramp access and
exposed water hazards. Several water systems that purchase water from the lakes enacted water
conservation policies, to follow the water conservation practices from their suppliers.

2015 to 2016 Drought

Throughout 2015, dry conditions affected the entire state, with most of the state being in moderate
drought status in July 2015. Below normal rainfall through the spring and early summer led to below
normal streamflows and affected lake levels, particularly in the Catawba-Wateree basin. It also caused
agricultural impacts. Dry conditions remained through early fall; however, in October 2015, the South

Carolina DRC removed all drought conditions (statewide) because of the extreme rainfall event in early
October (SCDNR SCO 2023h).

By July 2016, dry conditions had returned and the DRC had placed 28 counties in incipient drought
conditions and four counties in moderate drought conditions (all in Oconee, Pickens, Anderson, and
Abbeville Counties). These four counties went from normal to moderate drought status because of the
lack of rainfall and high temperatures, leading to agricultural impacts, increased fire activity, and
reduction in streamflows. By October 2016, dry conditions intensified in the Upstate region, and the DRC
placed all counties in the Upstate region in moderate drought status, while putting Oconee, Pickens, and
Anderson Counties in severe drought status. In the Upstate region, the severity and duration of the dry
conditions reduced agricultural yields by 50 to 70 percent. Fires were harder to respond to because they
required more resources and time for containment. Streamflows continued to stay below normal, causing
reservoirs to fall below their target elevations. Water systems that purchased supplies from reservoirs
followed their suppliers’ plans for water conservation. It was not until June 2017 that the entire Upper
Savannah River basin was not in moderate (or worse) drought conditions.
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2.3 Natural Resources
2.3.1 Soils, Minerals, and Vegetation

The Natural Resources Conservation Service (NRCS) divides South Carolina into six land resource areas
based on soil conditions, climate, and land use, as shown in Figure 2-16. These areas generally follow the
boundaries of the state physiographic provinces (Section 2.1.3) but are defined based on soil
characteristics and their supported land use types. The Upper Savannah River basin is primarily in the
Southern Piedmont major land resource area, with additional portions extending into the Blue Ridge
Mountains area. The extreme southern tip of the basin extends into the Carolina-Georgia Sandhills area.
The following land resource area descriptions were originally presented in the South Carolina State
Water Assessment (SCDNR 2009).

The Blue Ridge Mountains land resource area consists of dissected, rugged mountains with narrow
valleys. Most soils are moderately deep to deep on sloping-to-steep ridges and side slopes. The
underlying material consists mainly of weathered schist, gneiss, and phyllite. The area is
predominantly forested with a mixture of oak, hickory, and pine. Small farms within the area
produce truck crops, hay, and corn.

The Southern Piedmont land resource area is a region of gentle to moderately steep slopes with
broad-to-narrow ridge tops and narrow stream valleys. The area is covered with strongly acidic,
firm clayey soils formed mainly from gneiss, schist, phyllite, and Carolina slate. The area is forested
with mixed hardwoods and various pines. Cotton, corn, and soybeans are the major crops grown
in the area.

The Carolina-Georgia Sandhills land resource area consists of strongly sloping, sandy soils
underlain by sandy and loamy sediments. Approximately two-thirds of the region is covered by
forest types dominated by mixed pine and scrub oaks. With well-drained to excessively drained
soils, the region supports cotton, corn, and soybean growth.
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Figure 2-16. Generalized land resource and soils map of South Carolina.

There are currently 16 active mines within the Upper Savannah River basin: two in Oconee County, three
in Pickens County, four in Anderson County, two in Abbeville County, one in McCormick County, and four
in Edgefield County. The most common mined materials are sand (7) and granite (5). Two gold mines
exist in the basin, one within the Blue Ridge Mountains of Oconee County and another within the Sumter
National Forest of Abbeville County, as well as two shale mines (SCDHEC 2023a). According to the most
recently published USGS Minerals Yearbook, South Carolina produced $1.15 billion in nonfuel minerals
in 2019 (USGS 2022), consisting primarily of cement, gold, sand and gravel, and crushed stone. Because
16 of the state’s 494 active mines, or approximately 3.2 percent, are in the Upper Savannah River basin, a
rough percentage-based estimate of the annual value of minerals produced from the basin is $37.2
million.

2.3.2 Fish and Wildlife

The Upper Savannah River basin is home to an exceptionally diverse array of plants and animals. Across
both the Upper and Lower Savannah River basins, there are 13 federally endangered and five federally
threatened species. Fifty-five species in the combined basins are state-listed or of special concern
(Georgia River Network 2018). The Upper and Lower basins are home to a total of 118 native fish species,
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which is more than the total richness of some states (Marcy et al. 2005). Many amphibians and reptiles
also live within the Upper and Lower Savannah basins, including endangered salamanders and newts.

The Middle Savannah River subbasin is home to the robust redhorse (Moxostoma robustum), a fish once
thought to be extinct but rediscovered in the 1980s (U.S. Fish and Wildlife Service [USFWS] 2011). In the
Middle Savannah River subbasin, a further 15 fish species have been introduced. These include the
yellow perch (Perca flavescens) and rainbow trout (Oncorhynchus mykiss), which were introduced for
recreational fisheries purposes (Marcy et al. 2005).

The Walhalla State Fish Hatchery, one of five hatcheries within the state of South Carolina, is located
within the upper reaches of the Upper Savannah River basin (SCDNR 2007a). The Walhalla hatchery was
constructed in the 1930s and is the only cold-water hatchery operated by the SCDNR. This hatchery
raises more than 500,000 brown, brook, and rainbow trout annually to stock South Carolina waters
(SCDNR 2007b). These trout are stocked in various waters within the basin, including rivers and lakes
within Oconee, Pickens, and Greenville Counties (SCDNR 2023c). The Georgia Department of Natural
Resources (GDNR) also stocks more than 200,000 trout within 14 rivers in the basin (GDNR 2023). Figure
2-17 shows some representative species within the Upper Savannah River basin.
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Figure 2-17. Representative species within the Upper Savannah River basin.

The Upper Savannah River basin provides habitat for numerous rare, threatened, and endangered
species. Nine federally endangered and four federally threatened species are present, along with five
state-listed endangered and five state-listed threatened species. The bald eagle, protected by the Bald
and Golden Eagle Protection Act, has been noted in all eight Upper Savannah River basin counties. The
tri-colored bat, which as of 2023 has been placed on the proposed federally endangered list, has likewise
been noted in all eight counties. The Upper Savannah River basin is also one of only a handful of
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locations in the southeastern United States where populations of the shoals spider-lily (Hymenocallis
coronaria) exist (Chattahoochee River Conservancy 2023). Table 2-8 provides a list of all threatened and
endangered species within the eight Upper Savannah River basin counties.

Table 2-8. Federal- and state-listed endangered and threatened species in Upper Savannah River basin
counties (SCDNR 2023d).

Federally Federally Threatened State Endangered State Threatened
Endangered

Carolina Heelsplitter Black Rail Bewick's Wren American Peregrine
Falcon

Gray Bat Miccosukee Gooseberry | Indiana Bat Bald Eagle

Harperella Pool-Sprite, Snorkelwort | Red-Cockaded Bog Turtle

Woodpecker
Indiana Bat Small Whorled Pogonia, | Rafinesque’s Big-Eared | Coal Skink
Little Five-Leaves Bat

Mountain Sweet Smooth Purple Webster's Salamander Eastern Small-Footed

Pitcherplant Coneflower Bat

Northern Long-Eared Southern Hog-Nosed

Bat Snake

Persistent Trillium

Red-Cockaded

Woodpecker

Relict Trillium

Rusty-Patched Bumble

Bee

Despite its high diversity and importance for species conservation in the American southeast, the
Savannah River is listed as one of the most polluted rivers in the United States, with more than 90 303(d)
impaired sites listed within the upper portion of the South Carolina side of the basin alone (SCDHEC
2022b). Several lakes, including Jocassee, Hartwell, Russell, and Thurmond, possess fish consumption
advisories because of mercury and/or polychlorinated biphenyl (PCB) contamination (SCDHEC 2023b).

2.3.3 Natural and Cultural Preserves

The Upper Savannah River basin is well known for its natural and cultural resources. The South Carolina
Heritage Trust program was founded in 1974 to protect critical natural habitats that monitored species
depend on and significant cultural sites. There are seven natural preserves designated by the South
Carolina Heritage Trust program within the Upper Savannah River basin (SCDNR 2019b):

Laurel Fork Heritage Preserve/Wildlife Management Area - The Laurel Fork Heritage Preserve
covers 1,361 acres in Pickens County and is on the northeastern edge of the Upper Savannah River
basin. The area preserves the headwaters of Laurel Fork Creek, protects six species of regional or
state concern, and features pristine upland pine and hardwood forest. The preserve lies within the
Jocassee Gorges Wilderness Area and is bisected by the 72-mile Foothills Trail.

Eastatoe Creek Heritage Preserve/Wildlife Management Area - The Eastatoe Creek Heritage
Preserve covers 374 acres in Pickens County and is on the northeastern edge of the Upper
Savannah River basin. The area preserves a steep mountain gorge, upland hardwood forests, and
rare plant species supported by the fine spray emitted from the gorge. One species, the

2-25




Chapter 2 ¢ Description of the Basin - | ER E \

Tunbridge fern (Hymenophyllum tunbridgense) exists nowhere else in North America. The
preserve lies within the Jocassee Gorges Wilderness Area and is managed by the SCDNR.

Wadakoe Mountain Heritage Preserve/Wildlife Management Area - The Wadakoe Mountain
Heritage Preserve covers 37 acres in Pickens County and is on the northeastern edge of the Upper
Savannah River basin. The area lies on the edge of the Jocassee Gorges Wilderness Area and
protects various rare plant species including whorled horsebalm (Collinsonia verticillata), faded
trillium (Trillium discolor), and plantain-leaved sedge (Carex plantaginea).

Stumphouse Mountain Heritage Preserve/Wildlife Management Area - The Stumphouse Mountain
Heritage Preserve covers 442 acres under an assortment of conservation easements and trusts and
lies within the northern center of the Upper Savannah River basin. The preserve works in tandem
with the City of Walhalla to protect Issaqueena Falls, historic railroad tunnels, and a pristine
forested mountainside. The preserve contains the Stumphouse Tunnels, excavated in 1850 by the
Blue Ridge Railroad as part of a plan to connect Charleston, South Carolina, with Knoxville,
Tennessee, but never completed, and today are a popular tourist destination. The preserve
protects an impressive array of bird, bat, and plant diversity.

Buzzard Roost Heritage Preserve/Wildlife Management Area - The Buzzard Roost Heritage
Preserve covers 501 acres of mountain habitat near the base of the Blue Ridge Mountains and
within the northern center of the Upper Savannah River basin. The preserve protects numerous
rare plant and animal species, including the federally endangered smooth coneflower (Echinacea
laevigata).

Brasstown Creek Heritage Preserve/Wildlife Management Area - The Brasstown Creek Heritage
Preserve covers 3,170 acres and bounds the Sumter National Forest near the westernmost edge of
Oconee County. The preserve protects a unique fire-dependent plant community called the pitch
pine heath, as well as rare species such as Piedmont strawberry (Waldsteinia lobata), turkey beard
(Xerophyllum asphodeloides), and purple sweet pinesap (Monotropsis odorata).

Stevens Creek Heritage Preserve - The Stevens Creek Heritage Preserve covers 434 acres of a bluff
along Stevens Creek in the southern extent of the Upper Savannah River basin and protects a
“relict plant community” believed to have existed in the same spot since the last Ice Age. The
preserve protects the endemic Miccosukee gooseberry (Ribes echinellum), Webster's salamander
(Polydora websteri), and other rare species.

Representative plant species protected by South Carolina Hertiage Trust preserves in the Upper
Savannah basin are shown in Figure 2-18.
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Figure 2-18. Representative species protected by South Carolina Heritage Trust preserves.

Additionally, there are 10 state parks within the Upper Savannah River basin: Devils Fork State Park,
Keowee-Toxaway State Park, Oconee State Park, Oconee Station State Historic Site, Lake Hartwell State
Park, Sadlers Creek State Park, Calhoun Falls State Park, Hickory Knob State Resort Park, Baker Creek
State Park, and Hamilton Branch State Park (South Carolina State Parks 2023).

Approximately 24 percent, or approximately 780 sq mi, of the Upper Savannah River basin is conserved
land (The Nature Conservancy 2024). Land within the basin is primarily conserved through federal and
state government entities, as well as other agencies such as the USACE, as shown in Figure 2-19.
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Figure 2-19. Conserved land within the Upper Savannah River basin.
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2.4 Agricultural Resources
2.4.1 Agriculture and Livestock

Farming, including the production of both crops and livestock, is prevalent in the non-mountainous
regions of the Upper Savannah River basin. While agricultural land has been gradually replaced with
urban development outside cities such as Anderson and Seneca, crop and pasturelands cover
approximately 16 percent of the basin (MRLC 2024a).

Total crop and livestock sales for the eight counties within the basin totaled $461 million according to the
USDA Agricultural Census (USDA National Agricultural Statistics Service [NASS] 2017). Top agricultural
products include hay, soybeans, and peaches. Peaches are a beloved crop in South Carolina, which
produces the second most of any state, behind California. The peach industry contributes $80 million to
South Carolina agriculture sales, and 60 percent of all peaches in the state are grown within the Upper
Savannah River basin region, including Abbeville, Edgefield, Greenfield, and McCormick Counties. The
largest peach farm in the state is located in Edgefield County (SC Peach Council 2023).

The USDA NRCS, which inventories land that can be used to produce the nation’s food supply, has
categorized 28 percent of the basin as prime farmland and 22 percent as farmland of statewide
importance, as shown in Table 2-9 (USDA NRCS 2017). Prime farmland is land that contains the best
combination of physical and chemical characteristics for producing food, feed, forage, fiber, and oilseed
crops and is available for these uses. Prime farmland has an adequate and dependable supply of
moisture from precipitation or irrigation, a favorable temperature and growing season, and a water
supply that is dependable and of adequate quality. It is also not excessively erodible or saturated with
water for long periods and has slopes ranging from 0 to 6 percent. Farmland of statewide importance is
land that nearly meets the requirements of prime farmland and can economically produce high-yield
crops when treated and managed with acceptable farming methods. Both farmland types can be found
throughout the basin and their distribution is depicted in Figure 2-20.

Table 2-9. Area of NRCS-categorized farmland in the Upper Savannah River basin.
Percentage of

Farmland Type Area (sq mi) Basin
Prime Farmland 1,293 28%
Farmland of Statewide Importance 1,037 22%
Farmland of Local Importance <0.1 <0.01%
Not Prime Farmland 2,370 50%
Total 4,700 100%
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Figure 2-20. Location of NRCS-categorized farmland in the Upper Savannah River basin.

Most agricultural output in the Upper Savannah River basin is derived from the lower and eastern
portions of the basin, centered around Anderson and Edgefield Counties. Based on the locations of
prime farmland within the basin (Figure 2-20), these counties are among those with the greatest
proportion of choice agricultural land. Counties in the north of the basin, such as Oconee and Pickens,
are largely mountainous, steeply sloped, and possess less productive land. The extensive land area
submerged under reservoirs within the basin, which would otherwise be fertile river valleys, also limits its
overall amount of arable land.

As of October 2023, there were 1,648 livestock operations in the Upper Savannah River basin, and their
locations are displayed in Figure 2-21 (SCDHEC 2023c). Raising poultry accounts for almost 90% of active
operations and is followed by cattle, which makes up most of the remainder. Livestock operations
dominate in the northern and western portions of the basin, where prime farmland, which could be used
otherwise to grow crops, is scarce.
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Figure 2-21. Active livestock operations in the Upper Savannah River basin.

Data from the Census of Agriculture, gathered by voluntary reporting, suggests that both the number of
farm operations and irrigated acreage roughly doubled in the Upper Savannah River basin during the
25 years between 1992 and 2017, as seen in Figure 2-22. Most of this growth occurred at the turn of the
20th century, when reported irrigated acreage within the basin increased by 187 percent between the
years of 1997 and 2002. Since 2002, increases in irrigated acreage have been more modest, with only a
25 percent increase since that time. Statewide, irrigated acreage has expanded more rapidly, and since
2002 has more than doubled. The more modest increase seen within the Upper Savannah River basin
may reflect its low availability of groundwater because of the absence of large aquifers (Section 2.1.3,
Geology). In 2017, the Upper Savannah River basin possessed a reported total of 338 farms using
irrigation and 15,951 total irrigated acres, or 16 percent and 8 percent of the statewide totals,
respectively (USDA NASS 2017).
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Figure 2-22. Number of farm operations and irrigated acreage for counties within the Upper Savannah
River basin and statewide, 1992 to 2017 (USDA NASS 1997, 2007, 2017).

Additional 2017 Census of Agriculture data for the eight counties within the Upper Savannah River basin
is provided in Table 2-10 and Table 2-11 (USDA NASS 2017). For the purposes of the census, a farm is
any place from which $1,000 or more of agricultural products were produced and sold, or normally
would have been sold, during the census year. Top commodities within the Upper Savannah basin
include hay, soybeans, and peaches. A column with basinwide totals is also included.
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Table 2-10. Summary of 2017 Census of Agriculture for counties in the Upper Savannah River basin,
cropland (USDA NASS 2017).

All Values in Total All

Abbeville Anderson Edgefield| Greenwood McCormick Oconee Pickens| Saluda

Acres Counties
IR 685,070  88,504| 183,718 78,545 72,274 40,704 62,499 39,331| 119,495
Operations
Cropland 195,302]  18,796| 69,888] 23,223 15,078 3,857| 18,908 12,245 33,307
rhiesize 140,875 11,586| 49,162| 17,744 10,701 2,040 14,683 9,136 25,823
Cropland
'Lra”r?jted 15,951 278 612| 8852 237 o) 390 183 5399
Hay and
Haylage 98,334 10,773 37,860 5,513 10,304 1,440 11,240 7.477| 13,727
Harvested
Soybeans 11,279 254 7,228 1,058 - (D) 1,892 253 594
Harvested
Corn (Grain) 5,070 (D) 1,268 754 64 (D) 601 462 1,921
Harvested
Cotton
Harvested 0 (D) (D) (D) B B B B B
Vegetables 620 81 346 (D) 33 5 85 70 (D)
Harvested
Wheat

5,248 219 2,705 536 (D) (D) 1,344 (D) 444
Harvested
Corn (Silage) 1,429 _ (D) (D) (D) - - (D) 1,429
Harvested
Orchards 13,090 50 250 7,328 59 36 133 167| 5,067
Harvested
Peanuts 3 3 3 3 3 3 a 3 a
Harvested
Oats 682 (D) 326 (D) 38 - 76 o)l 242
Harvested

D = Not shown to avoid disclosure of confidential information; estimates are included in higher-level totals
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Table 2-11. Summary of 2017 Census of Agriculture for counties in the Upper Savannah River basin,
livestock (USDA NASS 2017).

Total{\ll Abbeville Anderson Edgefield Greenwood McCormick Oconee| Pickens Saluda
Counties
Cattle 2,471 326 833 102 226 40 394 | 247 303
Operations
Cows/Beef |, 504 306 711 90 205 37 354 218 285
Operations
Cows/Milk 48 4 17 7 1 2 9 3 5
Operations
Hogs 200 25 38 10 23 2 45 28 29
Operations
Sheep 193 20 43 21 28 - 35 36 10
Operations
Chicken
Layers (Egg) 828 91 298 79 47 9 120 141 43
Operations
Chicken
Broilers 151 9 27 3 3 2 58 6 43
(Meat)
Operations

The amount of water needed annually by the major row crops grown within the Upper Savannah River
basin varies. Corn requires roughly one million gallons per acre over the course of a season, while mature
peach trees may require as much as 35 to 45 gallons per day (Clemson Cooperative Extension 2021).
This usage data, when combined with the Farm Service Agency (FSA)-reported irrigated acres of each
crop type, provides a picture of how crop irrigation influences water usage within the basin. For instance,
the approximately 5,000 acres of corn within the basin use an estimated 5 billion gallons in a season. If
the 13,000 acres of reported orchards are assumed to be peach trees at a density of 120 trees per acre,
they would consume upward of 60 million gallons per day. Although these numbers appear quite large,
this amounts to less than 0.5 percent of the total volume of the Lake Hartwell reservoir, which is
comparable to the entire water withdrawn from the basin in a day (SCDNR 2023b).

An agricultural water use survey conducted by Clemson University in 2018 found that surface drip
irrigation is the most used irrigation technique in counties within the Upper Savannah River basin,
followed by hand watering (Sawyer et al. 2018). The water use survey represented a limited sample of
statewide irrigation practices and was based on responses from 167 participants representing practices
used on 75,000 acres of irrigated land in South Carolina. Statewide, most respondents noted
groundwater as their main source of irrigation water (141), with other sources being lake/pond (29),
river/stream (14), municipal (7), and recycled (2). Table 2-12 lists the irrigation techniques used by survey
respondents who own farming operations in the Upper Savannah River basin.
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Table 2-12. Irrigation techniques used in the Upper Savannah River basin (Sawyer 2018).!

High Efficiency Precision

Traveling Gun Drip - Surface Hand Watering

Solid Set Micro-irrigation Hydroponics

' Center Pivot - Fixed Rate with best nozzle technology (a high-efficiency type) may also be used; however, this category was not included
in the survey.

2.4.2 Silviculture

While not as prominent as other industries, silviculture plays a significant role in the Upper Savannah
River basin. South Carolina Forestry Commission (SCFC) timber production values for 2021 are
summarized in Table 2-13 (SCFC 2022). Harvested timber values are categorized as both “stumpage,”
which is the value of standing trees “on the stump,” and “delivered,” which is the value of the logs when
they are delivered to the mill. The latter considers all costs associated with cutting, preparing, and
hauling timber to the plant.

While the Upper Savannah is among the most forested river basins in South Carolina, possessing an
average land cover of 79 percent forested land, it is one of the lowest in terms of timber value. Three of
its eight counties rank in the bottom five statewide in delivered value, and only two counties (Edgefield
and Greenwood) rank in the top half. In total, just over $100 million in timber value was generated in
2021 within the Upper Savannah River basin, or roughly 9 percent of the statewide total. The low value of
timber within the basin is largely because of its mountainous nature and the costs associated with harvest
in such conditions. In general, the timber harvest grows in value as one moves from the north to the south
of the basin, as shown in Figure 2-23.

Table 2-13. Value of timber for counties in the Upper Savannah River basin and state total.

Harvest Timber Value

County Acres of Percent (in millions) Delivered

Forestland Forest Value Rank

H H | Stumpage Delivered \

Abbeville 262,549 76% 7.1 14.9 32
Anderson 195,015 44% 2.4 5.4 43
Edgefield 228,527 75% 11.5 23.4 19
Greenwood 212,656 70% 11.0 23.2 21
McCormick 212,442 91% 5.0 11.5 37
Oconee 247,728 65% 1.3 3.1 45
Pickens 227,860 68% 1.0 2.3 46
Saluda 208,498 74% 10.0 20.6 26
Statewide 12,849,182 66% 573.7 1,162.3 -
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Figure 2-23. South Carolina delivered timber value rating by county (SCFC 2022).

2.4.3 Aquaculture

Limited data are available on aquaculture in the basin. However, the 2017 Census of Agriculture lists a
handful of farms in the Upper Savannah River basin that possess reported aquaculture sales, shown in
Table 2-14. Reported commercial aquaculture is concentrated in Anderson, Edgefield, Oconee, and
Pickens Counties, with Pickens representing the greatest number and diversity of commodities. For the
most part, sales data have not been disclosed for these farms (USDA NASS 2017).

Table 2-14. Number of aquaculture farms in counties of the Upper Savannah River basin (USDA NASS
2017).
Aquaculture
Type

Catfish - - - - - - 2 -
Trout - - - - - 1 - -
Other Food Fish - - - - - 2 - -

Crustaceans - 2 - - - - - -

Abbeville Anderson Edgefield| Greenwood McCormick Oconee Pickens Saluda

Ornamental Fish - - - - - — ) _

Sport or Game
Fish

Other Aquaculture
Products
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2.5 Socioeconomic Environment
2.5.1 Population and Demographics

The Upper Savannah River basin is overall the seventh most populous basin in South Carolina, possessing
approximately 8 percent of the state’s population in 10 percent of its area. The estimated Upper
Savannah River basin population as of the 2020 census was approximately 404,000, which increased by
approximately 9 percent since 2010. Figure 2-24 displays a population density map using data from the
2020 census (U.S. Census Bureau 2020). This map also contains parts of the North Carolina and Georgia
portions of the basin.
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Figure 2-24. Population density of the Upper Savannah River basin by census block group (U.S. Census
Bureau 2020).
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The Upper Savannah River basin is predominantly rural but also contains a diverse mix of urban areas.
Most major urban areas are found along the |-85 corridor, which runs east to west along the northern
third of the basin. The City of Anderson, with 28,000 residents, is the largest urban area within the basin.
It, along with smaller municipalities such as Seneca (about 9,000 residents) and Pendleton (about 4,000
residents), make up some of the largest population centers in the north. Many of the smaller towns, cities,
and suburban areas in the north of the basin are also included in the large, over 900,000-person
metropolitan area of Greenville. The smaller urban and suburban portions of Greenwood (about 22,000
residents) and Abbeville (about 5,000 residents) make up the most significant population centers in the
middle of the basin. In the extreme south of the basin, a small portion of the suburban areas outside of
Augusta, Georgia (about 615,000 residents) and North Augusta, South Carolina (about 24,000 residents)
are present. Patterns of high and low population density within the South Carolina portion of the basin
are also reflected in its North Carolina and Georgia portions. Along the North Carolina border, the rural
Blue Ridge Mountains dominate on either side. In Georgia, the population is likewise highest in the
basin’s northern and southern swathes and least in its rural center (U.S. Census Bureau 2020).

Population changes within the Upper Savannah River basin from 2010 to 2020 are displayed in

Figure 2-25 (U.S. Census Bureau 2020). In general, the population is growing or stagnant in most of the
basin, with the exception of some, mostly rural, census blocks. The most rapidly growing areas are
concentrated in places where population density is already high, such as the -85 corridor in the north of
the basin and the suburban areas surrounding Augusta, Georgia, in the south. Most of the mountainous
areas along the North Carolina and South Carolina borders are also rapidly growing.
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Figure 2-25. Change in Upper Savannah River basin population from 2010 to 2020 by census block
group (U.S. Census Bureau 2020).

When the population projections of each major county within the basin are averaged, the Upper
Savannah River basin population as a whole is projected to grow by just 0.8 percent by 2035 (South
Carolina Revenue and Fiscal Affairs Office 2019). This slow growth is because of the significant estimated
population decreases in Abbeville and McCormick Counties, which continue long trends of decline, and
slow growth in Edgefield, Greenwood, and Saluda Counties. Most of the growth is centered in the basin’s
north, within Anderson, Oconee, and Pickens Counties. The estimated change in population through
2035 for counties in the Upper Savannah basin is provided in Table 2-15.
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Table 2-15. Estimated change in population from 2020 to 2035 by county (SC Revenue and Fiscal
Affairs Office 2019).

Estimated 2020 | Estimated 2035 | Percentage

Population Population Change
Abbeville 24,300 22,195 -8.7
Anderson 204,570 234,420 14.6
Edgefield 27,150 27,425 1.0
Greenwood 70,960 71,430 0.7
McCormick 9,180 7,135 -22.3
Oconee 79,595 86,380 8.5
Pickens 126,595 139,525 10.2
Saluda 20,680 21,220 2.1

The 2021 per capita income of counties within the basin is provided from the U.S. Bureau of Labor
Statistics and presented in Table 2-16. The 2021 per capita income for the eight counties within the basin
ranges from $40,596 (Abbeville County) to $52,336 (Oconee County). The average income across the
basin is $45,323, which is below the statewide average of $52,467. The counties of the Upper Savannah
River basin predominantly fall within the middle percentiles of per capita income rankings when
compared to all 46 counties statewide. Six out of eight counties fall within 20th to 28th place. Abbeville
and Oconee Counties are outliers, falling within the lowest and highest quartiles of rankings, respectively.
The percentage of the population below the poverty line for the counties of the basin ranges from 15.9
percent (Anderson and Greenwood Counties) to 19.5 percent (McCormick County), with a basinwide
average of 16.7 percent. In total, an estimated 90,000 people in the basin live below the poverty line (SC
Revenue and Fiscal Affairs Office 2021).

Table 2-16. Per capita income for counties within the Upper Savannah River basin (U.S. Bureau of Labor
Statistics 2021).

2021 Per Capita Percentage Change

County Personal Income Rank in State from 2020
Abbeville $40,596 42 6.60%
Anderson $46,894 20 6.70%
Edgefield $45,299 23 5.40%
Greenwood $44,723 25 7.10%
McCormick $44,391 27 5.20%
Oconee $52,336 9 6.90%
Pickens $43,842 28 6.60%
Saluda $44,503 26 10.10%
Basin Average $45,323

Statewide Average $52,467
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2.5.2 Economic Activity

The U.S. Bureau of Economic Analysis (USBEA) tracks real gross domestic product (GDP) by county. Table
2-17 presents the 2021 GDP from the eight counties of the Upper Savannah River basin (USBEA 2021a).
Data from the top three counties within the basin are included individually. Several industries, including
agriculture and manufacturing, rely heavily on the water resources of the basin. Table 2-18 provides the
distribution of employment by industry sector for these counties (USBEA 2021b).

Table 2-17. 2021 GDP of select counties in the Upper Savannah River basin (in thousands of dollars).

Combined .
Industry Type Counties Anderson Oconee Pickens
All industry total 22,579,672 8,171,537 4,174,810 4,638,169
Private industries 18,703,043 6,935,640 3,789,284 3,431,502
Agriculture, forestry, fishing, and hunting 157,025 5,041 24,786 2,149
Mining., quarrying, and oil and gas 51656 43,771 (D) (D)
extraction
Utilities 1,716,679 516,467 1,151,926 (D)
Construction 904,153 339,433 160,204 203,308
Manufacturing 5,501,402 1,989,418 899,509 1,027,551
Durable goods manufacturing 3,350,325 1,247,774 783,793 646,785
Nondurable goods manufacturing 2,151,077 741,645 115,716 380,765
Wholesale trade 1,002,671 483,358 124,518 71,587
Retail trade 1,642,554 641,906 267,599 391,623
Transportation and warehousing 279,434 203,489 (D) 22,980
Information 278,495 87,433 70,374 64,191
llzei;\:r;;e, insurance, real estate, rental, and 3,416,353 1182279 587,967 776,048
Finance and insurance 389,744 142,238 76,358 96,792
Real estate and rental and leasing 2,826,486 1,040,041 511,610 679,256
Professional and business services 972,431 422,775 164,088 193,615
Professional, scientific, and technical 487,117 214,682 80,352 125,954
services
I\/Ianaggment of companies and 58,002 30,533 1818 3,700
enterprises
Administrative and supp(.)rt'and waste 443,682 177,560 81.918 63,961
management and remediation services
Edu.catlor.\al services, health care, and 1242 892 497.079 152,155 269,488
social assistance
Educational services 120,732 76,177 12,554 25,134
Health care and social assistance 1,096,222 420,902 139,600 244,354
Arts, entertair.1ment, recreation,' 776,503 310,065 88,044 255,526
accommodation, and food services
Arts, entertainment, and recreation 103,852 34,456 19,945 37,915
Accommodation and food services 660,186 275,608 68,099 217,611
Other services(except government and 540,756 213,125 85913 115,835
government enterprises)
Government and government enterprises 3,876,630 1,235,898 385,526 1,206,667
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Table 2-18. Percentage of employment by sector for all counties in the Upper Savannah River basin
combined, 2021.

Upper Savannah River Basin
Average Percentage of

Industry Sector
Employment

Farm employment 4.1%
Forestry, fishing, and related activities 1.2%
Mining, quarrying, and oil and gas extraction <1.0%
Utilities <1.0%
Construction 6.4%
Manufacturing 16.5%
Wholesale trade 2.1%
Retail trade 10.3%
Transportation and warehousing 2.3%
Information <1.0%
Finance and insurance 3.0%
Real estate and rental and leasing 4.1%
Professional, scientific, and technical services 3.7%
Management of companies and enterprises <1.0%
Administrative and support and waste management and remediation services 6.4%
Educational services 1.3%
Health care and social assistance 8.4%
Arts, entertainment, and recreation 1.9%
Accommodation and food services 7.8%
Other services (except government and government enterprises) 8.1%
Government and government enterprises 18.4%

2.6 Conclusion

The Upper Savannah River basin is an important piece of South Carolina’s heritage. Located within this
basin, from the high Blue Ridge Mountains of the north to the rolling sandhills of the south, are many of
the great natural and human-made wonders of South Carolina. The basin boasts seven Heritage
Preserves, 10 state parks, and remarkable biodiversity. With more than 14 percent of the basin utilized for
agriculture and more than 28 percent classified as prime farmland, the Upper Savannah River basin also
constitutes an important agricultural center. This wealth of land and resources has attracted thousands to
live within the basin’s borders. Featuring many of the largest water reservoirs in the state, with a river
system that feeds directly into the Lower Savannah-Salkehatchie River basin to the south, proper
management of the water resources within the Upper Savannah River basin has never been more critical.




Chapter 3
Water Resources of the Upper Savannah
River Basin

3.1 Surface Water Resources
3.1.1 Major Rivers and Lakes

The Upper Savannah River basin, as defined for South Carolina’s river basin planning process, extends
from the North Carolina state line down to the Savannah River confluence with Stevens Creek in
Edgefield County. The Savannah River headwaters originate in the Blue Ridge physiographic provinces of
North Carolina and Georgia, including the Tugaloo and the Seneca Rivers. Major tributaries of the
Savannah River include the Chattooga River, Twelvemile Creek, Rocky River, Little River, and Stevens
Creek. The Broad River tributary in Georgia also drains to the Savannah River and is used to modify flows
from Lake Thurmond during drought conditions. The Upper Savannah River basin has a drainage area of
approximately 3,200 sg mi in South Carolina (SCDNR 2009).

Five large reservoirs have been built on the Savannah River and its tributaries: Lake Thurmond, Lake
Hartwell, and Lake Russell on the Savannah River mainstem, and Lake Keowee and Lake Jocassee on the
Keowee River. Controlled releases from hydroelectric power facilities on these and additional smaller
reservoirs greatly impact streamflow in the mainstem of the river. Development has eliminated most of
the free-flowing streams in the basin (SCDNR 2009). Section 3.1.3 details the surface water development
in the subbasin. Unregulated streams depend on direct precipitation, surface runoff, and groundwater
discharge to maintain flows. Tributary flows in the upper Blue Ridge region of the basin are more reliable,
as compared to the flashier tributaries in the lower portion of the basin, because of the higher rainfall and
groundwater storage capabilities (SCDNR 2009).

Figure 3-1 shows the location of the five major subbasins, the major riverine wetland types, reservoirs,
and small lakes and ponds within the Upper Savannah River basin. Freshwater forested/shrub wetlands
lie along tributary streams throughout the basin.
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Figure 3-1. Wetland types of the Upper Savannah River basin (USFWS 2023).

3.1.2 Surface Water Monitoring

At the end of the 2023 water year (September 30, 2023), there were 16 active gaging stations operated
by the USGS in the Upper Savannah River basin in South Carolina or on water bodies that run along state
boundaries which report daily streamflow, stage, or lake elevation data (USGS 2024). Nine of the active
stations’ datasets include daily mean discharge (flow) data, while the remaining seven active stations
report daily mean stage or reservoir elevation data.

An additional 24 gaging stations are no longer active but previously collected streamflow, stage, or
reservoir elevation data. Table 3-1 lists all gaging stations in the basin and provides the first and last years
in their periods of record, drainage areas, and select daily streamflow statistics through September 30,
2023 (where available and with USGS provisional data included) (USGS 2024). Stations are grouped by
subbasin, as defined by the 8-digit hydrologic unit code (HUC). Gaging stations that do not record daily
mean discharge data are included in Table 3-1, but streamflow statistics are not available (NA) for these
sites. Figure 3-2 shows the locations of all the active and inactive gaging stations. The lowest recorded
daily mean streamflow in the Savannah River in the Upper Savannah basin was 10 cfs, which was

3-2




Chapter 3 « Water Resources of the Upper Savannah River Basin \

observed in 1996 below Hartwell Lake near Hartwell, Georgia. This low flow is likely due to a period of
non-generation at the dam upstream and not caused by natural conditions. The highest streamflow in the
Upper Savannah River was 185,000 cfs, recorded near Clarks Hill in 1940.

Table 3-1. Streamflow characteristics at USGS gaging stations in the Upper Savannah River basin.

q Average 90% Minimum Maximum
Map Gaging Station Station Drainage Daily Exceeds Daily Daily Flow
Identifier Name Number Record (sq mi) Flow Flow? Flow (cfs) (cfs) and
(cfs) (cfs) and Year Year
Seneca River Subbasin - HUC 03060101
Howard Creek 1988- 1.4 (1988,
1 near Jocassee 02184475 1996 2.2 7.9 2.8 1993) 135(1989)
Whitewater River 1951- 3,140
2 at Jocassee 02184500 1968 50 176 56 24 (1954) (1964)
Keowee River 1950- 10,600
3 near Jocassee 02185000 1968 148 494 162 57 (1954) (1964)
Eastatoee Creek
4 on Cleo 02185010 | 2920- 22 61 29 19(2023) | 628(2023)
Chapman Hwy present
near Sunset
Lake Keowee 1988-
5 near Six Mile? 02185145 2000 272 NA NA NA NA
Little River near 1967- 10,000
6 Walhalla 02185200 2003 72 174 61 8.0 (2002) (1967)
Keowee River 1939- 152 19,600
/ near Newry 02185500 1961 455 1,151 382 (1954) (1940)
Twelvemile
8 Creek near 02186000 | 174 106 183 59 | 122008 | 2410
. present (2020)
Liberty
Golden Creek 1998- 0.42
9 near Easley 02186090 2000 1.5 2.0 0.97 (2000) 18 (2000)
2,800
10 Coneross Creek | 5164645 | 1989 65 114 38 3.1(2002) | (1990,
near Seneca present
1994)
Eighteenmile
11 Creek above 02186699 | 1998 47 55 18 | 3.3(002) | 2780
2008 (2003)
Pendleton
Eighteenmile
12 Creek below 02186702 2012 ) 49 74 25 (120(557) (12'822)
Pendleton presen
Seneca River 1928- 170 76,000
13 near Anderson 02187000 1959 1,026 2,034 /37 (1931) (1928)
Tugaloo River Subbasin - HUC 03060102
Chattooga River
at Burrells Ford, 2009- 3,200
14 near Pine Mtn, 02176930 present 47 197 54 24.(2016) (2015)
Georgia
Chattooga River
15 near Clayton, | 02177000 | 173%- 207 651 216 | 68(2008) | 1800
. present (2004)
Georgia
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Table 3-1 (continued). Streamflow characteristics at USGS gaging stations in the Upper Savannah River
basin.

Chapter 3 « Water Resources of the Upper Savannah River Basin

90%
Exceeds
Flow?

Maximum
Daily Flow
(cfs) and

Minimum
Daily
Flow (cfs)

Average
Daily
Flow

Station
Number

Map

Gaging Station
Name

Drainage

Identifier (sq mi)

(cfs)

(cfs)

and Year

Year

Tugaloo River Subbasin - HUC 03060102 (continued)
Chattooga River
16 | near Tallulah 02178000 | 17217 256 854 355 | 96(1925) | 12400
. 1929 (1918)
Falls, Georgia
Tugaloo River
1925- 188 23,700
17 near H‘artwell, 02184000 1960 909 1,919 550 (1954) (1940)
Georgia
Chauga River
18 above 34410808 | 2020- 67 NA NA NA NA
. 3090600 present
Westminster
Upper Savannah River Subbasin - HUC 03060103
19 Hartwell Lake 02187010 | 299> 2,088 NA NA NA NA
near Anderson present
Hartwell Lake 1976
20 near Hartwell, 02187250 ) 2,088 NA NA NA NA
. 2001
Georgia
Hartwell Lake
Tailrace near 1984-
21 Hartwell, 02187251 2000 2,088 NA NA NA NA
Georgia
Savannah River
below Hartwell
22 Lake near 02187252 1984- 2,090 3,445 102 10 (1996) 21,000
1999 (1998)
Hartwell,
Georgia
Savannah River 1950- 47,200
23 near lva 02187500 1981 2,231 4,469 574 78 (1961) (1952)
Rocky River near 1989- 5,340
24 Starr 02187910 present 11 125 28 4.9 (2008) (2020)
Rocky River near 1950- 8,440
25 Calhoun Falls 02188000 1966 267 303 104 9 (1954) (1964)
Russell Lake 2004-
26 above Calhoun 02188100 2,900 NA NA NA NA
Falls present
Savannah River
1896- 300 75,200
27 2:|a|sr Calhoun 02189000 1979 2,876 5,272 1,720 (1961) (1900)
RB Russell Lake
near Calhoun 1984-
28 Falls, South 02189004 2001 2,900 NA NA NA NA
Carolina
RB Russell 1996
29 Tailrace near 02189005 B 2,900 NA NA NA NA
2000
Calhoun Falls
Little River near 1940- 15,200
30 Mt. Carmel 02192500 present 217 192 24 0(2011) (1940)
Blue Hill Creek at 1998-
31 Abbeville 02192830 2008 3.2 3.0 0.47 | 0(2007) 111(2003)
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Table 3-1 (continued). Streamflow characteristics at USGS gaging stations in the Upper Savannah River
basin.

Chapter 3 « Water Resources of the Upper Savannah River Basin

90%
Exceeds
Flow?

(cfs)

Maximum
Daily Flow
(cfs) and
Year

Minimum
Daily
Flow (cfs)
and Year

Average
Daily
Flow

(cfs)

Station
Number

Drainag
e (sq mi)

Map

Gaging Station

Identifier Name

Upper Savannah River Subbasin - HUC 03060103 (continued)
Thurmond Lake 2005-
32 near Plum 02193900 0.5 NA NA NA NA
Branch? present
Lake Thurmond 1983-
33 near Clarks Hill 02194500 2001 6,150 NA NA NA NA
Lake Thurmond 1988
34 Tailrace near 02194501 - 6,150 NA NA NA NA
X 2000
Clarks Hill
Savannah River
35 near Clarks Hill, | 02195000 | 1749 [ 4150 | 8427 3130 | 120 185,000
. 1954 (1941) (1940)
South Carolina
Stevens Creek Subbasin - HUC 03060107
June
36 | JurkeyCreek 02195665 | 2023- 113 NA NA | NA NA
below Johnston
present
Stevens Creek 1929- 0 (1954, 31,700
37 near Modoc 02196000 present 545 378 1 2014) (1940)
Horn Creek near
38 | Colliers 02196250 ]Zf’)g‘ 14 14 3.4 (01';;2) 530 (1981)
(Edgefield)
Stevens Creek at
39 Woodlawn Road | 51943494 [ 2019- 721 NA NA NA NA
near Murphy present
Village?®
Middle Savannah River Subbasin - HUC 03060106
Savannah River 2005
40 near Evans, 02195520 3 6,360 NA NA NA NA
Georgia present

" "Present” indicates that the gage was active at the end of water year 2023 (September 30, 2023).
2"90% exceeds flow" is the flow for which 90% of daily flows are higher and 10% are lower.
3 The drainage area for this gage was not reported by USGS, and the value in the table is estimated.
NA = not available.
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Figure 3-2. USGS gaging stations.

Figure 3-3 presents duration hydrographs showing average daily streamflow throughout the year at
select gaging stations on the Savannah River and its tributaries in the Upper Savannah basin. The
tributary gaging stations shown are on unregulated streams and depend upon precipitation,
groundwater discharge, and surface runoff to maintain flows. In the northwestern-most Blue Ridge region
of the basin, flows are generally uniform year-round because of the well-sustained base flows resulting
from high rainfall and groundwater storage (SCDNR 2009). Streamflow becomes more variable with
distance from the mountains; for example, Little River near Mt. Carmel and Stevens Creek exhibit highly
variable flow, including recorded periods of zero flow. The Savannah River mainstem at the now-
discontinued gaging station near Iva (below Lake Hartwell) has well-sustained flows because of reservoir
releases. At all stations selected, median flows are lower than mean flows, with the greatest differences
occurring at tributary stream gaging stations lower in the basin.
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Note: The Little River near Walhalla and Little River near Mt. Carmel gaging stations are on different waterbodies. Little River near Walhalla is
located on the Little River that drains into Lake Keowee, while Little River near Mt. Carmel is on the Little River that drains into Lake Hartwell.

Figure 3-3. Duration hydrographs for select gaging stations on the Upper Savannah River and its

tributaries.

Aggregated monthly flows provide a smoother, larger timescale depiction of flow variability over the
recorded period, which is useful for identifying low and high flow periods of the recent past. As
examples, Figure 3-4 shows plots of mean monthly flows at the Chattooga River near Clayton, Georgia,
and the Little River near Mt. Carmel gaging stations, averaged over the previous 30 water years (October
1993 through September 2023). The fifth percentile of the mean monthly flows over the nearly 84-year
period beginning in 1939 is 204 cfs at the Chattooga River near Clayton, Georgia station. The fifth
percentile of the mean monthly flows over the nearly 67-year period of record (January 1940 to
September 1970, August 1986 to October 2003, and October 2004 to present) is 18 cfs at the Little River
near Mt. Carmel station. Mean monthly flows at both stations exhibit similar patterns, with higher
sustained flow at the Chattooga River station and more variable flows at the Little River station. The fifth
percentile flows at the Little River station are used in the graph to distinguish the periods of drought,
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most of which occurred during the periods of 2007 to 2008 and 2010 to 2012. The historical minimum
flow at the Little River station occurred from August 2011 to October 2011, when zero flow was observed;
this appears as a gap in the data in Figure 3-4.
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Figure 3-4. Mean monthly flows at gaging stations on the Chattooga River near Clayton and the Little
River near Mt. Carmel.

Several of the USGS gages in the Upper Savannah basin monitor reservoir elevations. Figure 3-5 presents
the historical water levels in the USACE reservoirs (Lake Thurmond, Lake Russell, and Lake Hartwell) since
2005 (including the drought period of 2007 to 2008). These lakes are controlled by complex operating
rules, which aim to balance filling and drawdowns. Lake Hartwell and Lake Thurmond operate on
seasonal guide curves, with higher water levels in the summer months and lower water levels in the
winter months. Several times during the last 20 years, including during the historic drought of 2007 to
2008, water levels dropped below guide curve elevations (Figure 3-5). Lake Russell reached its maximum
drawdown level of 5 feet during the 2007-2008 drought event.
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Figure 3-5. Historical water levels in Lake Hartwell, Lake Russell, and Lake Thurmond.

In addition to the USGS gaging stations that measure stage and flow, there are numerous sites
throughout the basin where SCDES collects water quality data as part of their ongoing Ambient Surface
Water Physical and Chemical Monitoring program to assess the water’s suitability for aquatic life and
recreational use. The program includes ongoing fixed-location monitoring and statewide statistical
survey monitoring. The fixed-location monitoring includes monthly collection and analysis of water from
Base Sites in a uniform manner to provide solid baseline water quality data. The Statistical Survey Sites
are sampled once per month for one year and moved from year to year (SCDHEC 2022c).
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3.1.3 Surface Water Development

The Upper Savannah River basin has been developed with numerous flood-control and hydroelectric
power projects, many of which also serve as water supply sources. Five of South Carolina’s largest
reservoirs are located in the basin. Table 3-2 shows the lakes in the Upper Savannah River subbasin and
along its borders that are larger than 200 acres. Figure 3-1 shows the reservoirs with storage capacities
above 1 million acre-feet. All of the hydroelectric generating facilities in the Upper Savannah basin are
peaking power systems and are not relied upon for base electrical demands.

The USACE constructed Lake Hartwell, Lake Russell, and Lake Thurmond on the Savannah River (SCDNR
2009). Previously named Clarks Hill Lake, J. Strom Thurmond Lake is the largest reservoir in the basin in
terms of surface area and it is the second largest in both surface area and volume of all lakes in South
Carolina. Lake Thurmond was completed in 1954 and was the first USACE reservoir on the Savannah
River. The lake was initially built to provide hydropower, flood control, and navigation. Water supply and
recreation became important uses in later years. Lake Thurmond's releases control the flow regime in the
lower Savannah River. Lake Russell and Lake Hartwell are located above Lake Thurmond. Lake Hartwell,
completed in 1963, is the largest lake in South Carolina by volume and extends up the Savannah,
Tugaloo, and Seneca Rivers. Lake Hartwell provides both flood control and hydroelectric power, and has
a greater drawdown potential than the other reservoirs in this system. Lake Russell was constructed in
1985 for hydroelectric power production and flood control and later became an important recreation and
water supply resource.

On the Keowee River, Lake Jocassee is the site of the Jocassee Pumped Storage Facility, which is a
pumped-storage hydroelectric facility owned and operated by Duke Energy (SCDNR 2009). The lake is
also a popular recreation area. Just downstream, Lake Keowee was created in 1971 by damming the
Keowee and Little Rivers. It serves several purposes, its primary purpose being to supply cooling water
for the adjacent Oconee Nuclear Station. Lake Keowee also provides water for Duke Energy’s Keowee
Hydro Facility, serves as a reservoir for the Jocassee Pumped Storage Facility, and is a source of water
supply for the city of Greenville. During periods of low electricity demand, energy is spent to pump water
from Lake Keowee to the higher-elevation Lake Jocassee, where it may be released again to generate
potential energy from gravity as it flows back into Lake Keowee. The Keowee Hydro Facility and the
Jocassee Pumped Storage Facility, known together as the Keowee-Toxaway Hydroelectric Project,
generates 868 megawatts of power (Duke Energy 2023). Lake Keowee is also a popular recreation site.
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Table 3-2. Characteristics of lakes 200 acres or larger in the Upper Savannah River subbasin.

Surface Storage

area’ capacity’

Purpose

(acres) (acre-feet)

Power, navigation, flood
control, water supply,

Lake Thurmond Savannah River 70,250 2,460,000 | water quality, recreation,
and fish and wildlife
management
Power, navigation, flood
control, water supply,

Lake Hartwell Savannah River 55,950 2,190,000 | water quality, recreation,
and fish and wildlife
management
Power, flood control, water

Lake Russell Savannah River 25,653 910,000 supp!y, water gua.||ty, recreation,
and fish and wildlife
management
Power, recreation, and water

Lake Keowee Keowee-Little River 17,660 1,000,000 [
supply
Power and recreation

Lake Jocassee Whitewater-Toxaway 7,980 1,185,000

Stevens Creek savannah River and 2,400 23,600 | Power

Stevens Creek
) ) Power, recreation, and

Lake Secession Rocky River 1,362 31,200 water supply

Lake Tugaloo Chattooga River 597 43,000 | Power and recreation

Bad Creek Reservoir Bad Creek 363 35,513 | Power

Broadway Lake Rocky River 300 1,800 | Recreation

Lake Yonah Tugaloo River 293 10,200 | Power and recreation

Source: Adapted from Table 8-2 in SCDNR (2009), and SCDNR (2023b) and USACE (2024).

! Storage capacities and surface areas listed for Lake Thurmond, Lake Hartwell, and Lake Russell are at the top of the
designated summer conservation pool (330 feet for Lake Thurmond, 660 feet for Lake Hartwell, and 475 feet for Lake
Russell). These storage capacities are based on surveys conducted by USACE between 2015 and 2023.

Additionally, numerous regulated and unregulated small dams create small impoundments on many of
the Upper Savannah River tributaries. Dams that are less than 25 feet in height or that impound less than
50 acre-feet are generally exempt from regulation in South Carolina. There are 230 SCDES-regulated
dams in the Upper Savannah River basin, most of which are classified as Low Hazard, Class 3 dams as
shown in Table 3-3. Most of the regulated dams, particularly those designated as High Hazard dams, are
on the upper reaches of the basin, as shown in Figure 3-6. Primarily Low Hazard regulated dams are also
clustered at the southeastern end of the basin, north of Augusta, Georgia.
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Table 3-3. Regulated dams in the Upper Savannah River basin.

Number o
Dam Type of Dams Description
High Hazard, Class 1 83 Structure where failure will likely cause loss of life and/or

serious damage to infrastructure

20 Structure where failure will not likely cause loss of life but

Significant Hazard, Class 2 infrastructure may be damaged

Low Hazard, Class 3 127 | Structure where failure may cause limited property damage

Total 230
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© Dam - Class 2 (20)
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Figure 3-6. Regulated dams in the Upper Savannah River basin.
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Table 3-4 details the major hydroelectric power-generating facilities in the Upper Savannah River basin.
The facility with the largest generating capacity is Duke Energy’s Bad Creek pump-storage project above
Lake Jocassee. The smaller Stevens Creek project helps mitigate the downstream impacts of variable
releases from Lake Thurmond (SCDNR 2009).

Table 3-4. Major hydroelectric power-generating facilities in the Upper Savannah River basin.

Generating

Facility Name and Owner Impounded Stream Reservoir Capacity
(megawatts)

Bad Creek P d St
ad Lresk rumpe orage Bad Creek Bad Creek Reservoir 1,400
Duke Energy
Jocassee Pumped Storage Whitewater-Toxaway Lake Jocassee 710
Duke Energy
Keowee Hydro Facility ) )
Keowee-Little River Lake Keowee 157.5
Duke Energy
Tugalo ;
G . Tallulah River Lake Tugaloo 68.2
eorgia Power
Yonah .
G . Tugaloo River Lake Yonah 22.5
eorgia Power
Hartwell s hRi Lake Hartwell 428
USACE avanna ver ake nartwe
Richard B. Russell S hRi Lake R I 44
USACE avannah River ake Russe 6
J. St Th d
USAr((j)lgn urmon Savannah River Lake Thurmond 402.5
St Creek iver-
eve'n's ree pavannan RIVEESIEVERS Stevens Creek Reservoir 17.3
Dominion Energy Creek

Source: Adapted from Table 8-3 in SCDNR (2009) and SCDNR (2023b).

There are no navigation projects in the Upper Savannah River basin (SCDNR 2009). The USACE reservoirs
provide flood control because of their large storage capacities. The NRCS has constructed other smaller
flood-control projects, mainly in the upper reaches of the basin. The first flood-retarding project in South
Carolina, on Twelvemile Creek, was completed in 1954 as a pilot program and prompted other projects
to follow (SCDNR 2009).

More than 99.9% of the total water withdrawals in the Upper Savannah basin in 2022 were surface water
withdrawals (SCDNR 2023b). By far, the greatest user of surface water that year was the thermoelectric
power industry, which reported withdrawals totaling 7.4 percent of surface water withdrawals that year.
The majority of that water is returned to the system after being used as cooling water. Public water
suppliers made up 2.3 percent of the surface water withdrawals, and agricultural irrigation, golf courses,
mining, and industrial use each accounted for less than 1 percent of surface water usage.
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3.1.4 Surface Water Concerns

The headwaters of the Savannah River and several of its tributaries drain North Carolina, South Carolina,
and Georgia watersheds. Stretches of the Savannah River and its tributaries, the Chattooga and Tugaloo
Rivers, run along the South Carolina and Georgia state line. Known surface water users in the Georgia
portion of the Upper Savannah River planning basin include at least 24 public water suppliers, 12
industrial water users, four hydroelectric power facilities, and one thermoelectric power facility (SCDNR
2023b; CDM Smith 2017).

Most lakes and streams in the Upper Savannah River basin are designated as “Freshwater” (Class FW)
water bodies, meaning they are suitable for aquatic life, primary- and secondary-contact recreation,
drinking-water supply, fishing, and industrial and agricultural uses. Eastatoe Creek, Rocky Bottom Creek,
and parts of the Chauga and Chattooga Rivers are designated as “Outstanding Resource Waters” (Class
ORW) (SCDES 2024a). This designation indicates an outstanding recreational or ecological resource that
is suitable as a drinking-water source with minimal treatment. Lake Jocassee is designated as a “Trout Put,
Grow, and Take Water” (Class TPGT), meaning it is a freshwater body that specifically supports the
growth of stocked-trout populations. Lake Jocassee is also listed as one of the least eutrophic lakes in
South Carolina, along with Lake Keowee and Lake Yonah (SCDNR 2009). Table 3-5 provides a summary
of stream classifications in the Upper Savannah basin.

Table 3-5. Stream classifications in the Upper Savannah River basin.

Stream Classification Length (miles) Percentage of Upper
Savannah Streams
Freshwater (FW) 5,240 89.5%
Outstanding Resource Waters (ORW) 302 5.2%
Trout Natural (TN) & Trout Put, Grow, and Take (TPGT) 310 5.3%

Water quality concerns have been associated with stream and river reaches in the basin that do not meet
water quality standards and do not support designated uses. Water quality monitoring conducted by
SCDHEC (now named SCDES) from 2002 to 2006 demonstrated that aquatic life uses were fully
supported at 83 percent of sites (133 out of 161) (SCDHEC 2010). Approximately 46 percent (13 out of
28) of sites that were not fully supportive of aquatic life uses were biologically impaired with respect to
macroinvertebrate community assessments. Recreational use was fully supported at 56 percent (77 out of
138) of sampled sites. Sites not supportive of recreational use were all impaired by high levels of fecal
coliform bacteria.

More recently, the 2022 Section §303(d) Clean Water Act list of impaired waters documented
impairments at 91 sampling stations located on 59 different streams and lakes in the basin, including
portions of Twelvemile Creek, the Rocky River, the Little River, Stevens Creek, Lake Hartwell, Lake Russell,
and Lake Thurmond (SCDHEC 2022b). Table 3-6 provides a summary of the impairments and the
associated non-supported designated uses.
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Table 3-6. 2022 §303(d) Upper Savannah River basin impairment summary.

Designated Use Number of Stations Nature of Impairments
with Impairments (number of impairments)

Macroinvertebrate (19)
Cadmium (4)
Chlorophyll-a (2)
Copper (1)
Dissolved Oxygen (3)

Aquatic Life 55 Lead (1)
pH (15)

Total Nitrogen (6)
Total Phosphorus (2)
Turbidity (9)

Zinc (2)

Mercury (17)
Polychlorinated biphenyls (5)

Fish Consumption 19

Recreational Use 20 Escherichia coli (E. coli)' (20)

" Fecal coliform bacteria was the indicator for bacterial impairments until 2013, when the
indicator was changed to E. coli.

As of fall 2023, fish-consumption advisories for mercury have been issued for Lake Thurmond, Lake
Russell, Lake Keowee, Lake Jocassee, Lake Yonah, and Lake Tugaloo (SCDHEC 2023b). Fish-
consumption advisories for PCBs have been issued for Lake Hartwell and its Seneca River and Twelvemile
Creek arms.

The RBC members raised other surface water-related concerns during the planning process. At the first
RBC meeting held on July 26, 2023, RBC members identified their initial concerns and priorities, which
included the following:

Various demands on water resources in the basin, including protection of natural resources and
economic growth, must be balanced. Resource use should be fair and equitable.

Infrastructure vulnerabilities and potential catastrophic failures related to water resources in the
basin need to be identified and planned for.

The Upper Savannah River basin is shared between North Carolina, Georgia, and South Carolina.
Water supply planning should be a collaborative process, especially regarding water use from
Georgia.

Impact of droughts on low flows in streams should be minimized.

Recreational fishing opportunities need to be protected and preserved for future generations.

3.2 Surface Water Assessment Tools
3.2.1 Surface Water Assessment Model

Surface water allocation and supply planning models were previously constructed for each of the eight
major river basins in South Carolina, including the Savannah River basin (CDM Smith 2017). The models
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were constructed using the SWAM software. For this study, the Savannah River basin SWAM model was
used to assess current and future surface water availability and to evaluate the effectiveness of proposed
water management strategies within the Upper Savannah River planning basin. Note that the Savannah
basin SWAM model was updated in 2023 and 2024. Updates included extending the period of record to
2021, adding new permits and registrations, removing inactive users, and updating reservoir
characteristics including stage-storage curves based on available data. Both the Upper and Lower
Savannah planning basins are included in the SWAM model, but modeling efforts and results presented
here represent only the Upper Savannah portion of the basin.

SWAM simulates a network of river reaches, impoundments, withdrawals, and returns, in which water is
routed hydrologically between nodes. The model focuses principally on mainstem rivers, along with
primary and secondary tributaries. The model simulates basin hydrology, water use, and complex
reservoir operations at a daily or monthly timestep, including calculations of physically and legally
available water, withdrawals, storage, consumption, and return flows at each spatial node.

Key inputs to the model include:

Calculated and estimated unimpaired “boundary” flows for the headwaters of the mainstem and
tributaries included in the model. Boundary flows were calculated using standard statistical
techniques to transpose downstream USGS stream gage data to upstream locations, unimpaired by
storage, withdrawals, or return flows. CDM Smith (2017) details these calculations.

Reach Gain/Loss Factors. These factors are used to augment, or deplete, streamflows, with distance
downstream, to account for local drainage and/or groundwater interactions. These factors are
assigned in the model based on either site-specific calibration (using USGS-observed data) or
mapped drainage area changes.

Reservoir characteristics, such as capacity, bathymetry, constraints, and flexible operating rules, are
often conditioned on specific calculated hydrologic conditions.

Model variables, which users can modify to explore future conditions, include:

Water demands (municipal, industrial, thermoelectric, agricultural, golf courses, and fish hatcheries)
Water user withdrawal permits (new or changes to existing)

Interbasin transfers

Reservoir operating rules and storage characteristics

Environmental flow targets

Patterns of underlying unimpaired hydrologic and climate variability (global changes to headwater
flow magnitudes and/or sequences)

Using this information, the SWAM model calculates available water (physically available based on full
simulated flows and legally available based on permit conditions and other uses), withdrawals, storage,
consumption, and return flows at user-defined nodes. Figure 3-7 shows the Savannah River basin SWAM
model framework. The model was calibrated using extended periods of USGS-gaged flow data, as
described in CDM Smith (2017). Figure 3-8 provides example calibration plots. As noted, the primary
calibration (adjusted) parameters for this exercise were the reach flow factors. The model can be used to
simulate current and future demands based on defined scenarios and to identify potential shortages in
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water availability when compared to demands for withdrawals or instream flow targets. The scenarios that
were evaluated specifically for the Upper Savannah River basin are discussed in further detail in Section 4
(Current and Projected Water Demand) and Chapter 5 (Comparison of Water Resource Availability and

Water Demand).

The model, as well as its Users Guide and the full report on the Savannah Basin Model development and
calibration, are publicly available for download at SCDES'’s website. The models and associated
documentation can be found at https://des.sc.gov/programs/bureau-water/hydrology/surface-water-

program/surface-water-models.
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Figure 3-7. SWAM Model interface for the Savannah River basin.
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Figure 3-8. Example Savannah River basin SWAM model calibration plots (CDM Smith 2017).

3.2.2 Other Surface Water Analyses

While the SWAM models focus on the hydrology of larger mainstem rivers and primary tributaries in the
Savannah River basin and other South Carolina basins, other work has focused on the hydrology and flow
characteristics in smaller headwater streams, specifically those that are classified as “wadeable.” To
formulate relationships between hydrologic metrics (such as flow patterns, statistics, and variability in
these streams) with ecological suitability metrics, daily rainfall-runoff modeling of small headwater
streams throughout the state was performed using the WaterFALL® model (Watershed Flow ALLocation
model), as described in Eddy et al. (2022) and Bower et al. (2022). Separately, as discussed in Bower et al.
(2022), biological response metrics were developed and combined with the hydrologic metrics from
WaterFALL® to identify statistically significant correlations between flow characteristics and ecological
suitability for fish and macroinvertebrates. The results are intended to help guide scientific decisions on
maintaining natural hydrologic variations while also supporting consumptive water withdrawals. As a
component in the analysis, the WaterFALL® hydrologic modeling results augment the SWAM modeling
results by providing similar hydrologic understanding of the smaller headwater streams not simulated
explicitly or individually in SWAM. Chapter 5 further discusses the use of the ecological flow metrics as
performance measures in the Upper Savannah RBC planning process.

3.3 Groundwater Resources
3.3.1 Groundwater Aquifers

Groundwater in the Upper Savannah River basin is primarily stored in saprolite rock, which stores rainfall
and recharges water to underlying rock fractures (SCDNR 2009). The Upper Savannah River lies in both
the Blue Ridge and Piedmont physiographic provinces. Within the Blue Ridge provinces, the following
geologic units exist, from northwest to southeast: the Toxaway Gneiss, the Tallulah Falls Formation, and
the Brevard zone, which separates the Blue Ridge and Piedmont. To the southeast in the Piedmont
province lie the Chauga belt, the Walhalla thrust sheet, the Sixmile thrust sheet, the Laurens thrust stack,
the Lowndesville shear zone, the Charlotte terrane, the Carolina terrane, the Modoc shear zone, the
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Savannah River terrane, and the Augusta terrane. Gabbro and granite rock intrusions are also present in
the basin.

The saprolite layer is as thick as 150 feet within the basin (SCDNR 2009). Roughly a quarter of the wells
within the basin serve domestic purposes and are bored into the saprolite. The quantity and size of the
bedrock fractures beneath the saprolite diminish with depth. Most wells in the basin are less than

300 feet deep, and the maximum well is 1,100 feet deep. Well yields from fractured rock are reliable but
are typically limited to less than 50 gpm. Wells located in valleys tend to have larger yields than those in
topographically high areas because of low areas, providing larger areas for recharge and being areas of
weak, more fractured rock. Groundwater supply potential is not known in much of the basin, and aquifer
or hydrogeologic units have not been delineated.

3.3.2 Groundwater Monitoring

The USGS and SCDES perform groundwater monitoring. Groundwater monitoring wells are used to
identify short- and long-term trends in groundwater levels and aquifer storage, and to monitor drought
conditions. Statewide, the groundwater monitoring network operated by SCDES has more than 180 wells
(SCDES 2024b). Most wells have hourly data automatically recorded while some are measured manually
four to six times per year. Most wells have water-level records dating to the 1990s, with the earliest well
dating back to 1955. Only 15 SCDES wells are located in the Piedmont and Blue Ridge physiographic
provinces, with the majority of the monitoring wells in the Coastal Plain province. None of the SCDES
monitoring wells are in the Upper Savannah River basin (SCDES 2024b).

USGS maintains a groundwater-level monitoring network of an additional 21 wells in South Carolina
(USGS 2023b). Two active USGS wells are located in the Upper Savannah basin: MCK-52 in McCormick
County and OC-233 in Oconee County. Figure 3-9 shows the USGS groundwater monitoring wells in the
Upper Savannah River basin.

Groundwater use in the basin is limited, and no areas are known to experience groundwater-level
declines due to overpumping. The OC-233 USGS monitoring well, located in Oconee County and toward
the northern end in the basin, has limited influence from area pumping, making it suitable for use in
examining the relationship between precipitation, recharge, and groundwater levels. Figure 3-10 shows
groundwater levels in this well with precipitation trends recorded at the nearby Walhalla, South Carolina,
weather station (NOAA 2023a). The bottom graph compares precipitation trends to the average annual
precipitation from 1999 through 2022. The figure illustrates how the lower-than-average precipitation
from 2010 through 2012 correlates to declining water levels over this same period. Levels increased
sharply in response to greater-than-average rainfall in both 2009 and 2013. Precipitation trends have
been gradually increasing since 2008, with groundwater levels following the same general trend over this
time period.

Potentiometric maps, which illustrate the levels to which groundwater will rise in wells and indicate
general directions of flow, have not been drawn for areas northwest of the Fall Line, including the Upper
Savannah River basin. Unlike the Coastal Plain region where water levels slope toward the coast,
groundwater levels in the Upper Savannah basin are expected to generally follow topographic patterns.
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3.3.3 Groundwater Development

In 2022, the Upper Savannah River basin had the second lowest volume of groundwater withdrawals of
the eight basins in the state, with only the Saluda reporting less groundwater usage (SCDNR 2023e).
Reported groundwater withdrawals in the Upper Savannah River basin are typically less than 0.5 million
gallons per day (MGD), and withdrawals were reported to total 0.4 MGD in 2022 (SCDNR 2023e). That
year, 24 percent of the reported withdrawals were for water supply, 28 percent of withdrawals were for
agricultural irrigation, and 48 percent of withdrawals were for golf courses (SCDNR 2023e).

The largest user of groundwater in the basin in 2022 was Mt. Vintage Gold Club, which withdrew

0.2 MGD from eight wells (SCDNR 2023e). The next largest user was Layman Wholesale Nursery, an
agricultural user that withdrew 0.1 MGD from two wells. All other permitted groundwater withdrawers in
the basin reported uses of less than 0.1 MGD in 2022. An industrial facility, Michelin, has a groundwater
well in the basin but did not report any groundwater use in 2022.

The overall average well depth in the basin is 277 feet and the average well yield is 24 gpm, which is low
but high enough to support most domestic uses as well as small irrigation and agricultural use.
Groundwater is the water source for rural homes in the Upper Savannah River basin (SCDNR 2023e).

3.3.4 Capacity Use Areas

SCDES regulates groundwater use in South Carolina in areas designated as Capacity Use Areas (CUAs).
Under South Carolina’s Groundwater Use and Reporting Act (Chapter 5, Section 49-5-60), a CUA is
designated where excessive groundwater withdrawals present potential adverse effects to natural
resources, public health, safety, or economic welfare. SCDES then coordinates with affected governing
bodies and groundwater withdrawers to develop a groundwater management plan for the CUA.

Groundwater withdrawals in the Upper Savannah River basin are minimal, and none of the Upper
Savannah basin lies within a CUA.

3.3.5 Groundwater Concerns

Groundwater use within the basin is limited; consequently, there are no areas experiencing significant
water level declines because of over-pumping (SCDNR 2009). Several wells with higher total dissolved
solids levels are in the Carolina terrane, especially in McCormick County (SCDNR 2009). Alkalinity
concentrations are also greater in the Carolina terrane. Lower pH values (less than 6.0) have been
observed in the northernmost areas of the basin, in the Blue Ridge belt, and in the Walhalla and Sixmile
thrust sheets.
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Chapter 4
Current and Projected Water Demand

This chapter summarizes current and projected water demands over the 50-year planning horizon from
2020 to 2070 in the Upper Savannah River basin. Demand projections are based on historical demands
and published projection datasets for variables that influence water demand including population,
economic development, and irrigated acreage. A statistical model was built to project demands for each
major water use category using the current demands and driver variables. Two demand projections were
developed: a Moderate Demand Scenario using median rates of water use and moderate growth, and a
High Demand Scenario using high rates of water use and high growth. The demand projections were
used in the surface water model to assess future water availability as summarized in Chapters 5 and 6.

4.1 Current Water Demand

Current water demands reflect the most recent withdrawal data, as reported to SCDES, that were
available at the time of the analysis. Current surface water demands are based on data available through
2019 and were developed to reflect average withdrawals over the last 10 years (in most cases). Current
groundwater demands are based on withdrawals reported for 2014 to 2021 and were developed to
reflect average withdrawals over that 8-year period.

The withdrawals used for this demand characterization were reported to SCDES by permitted and
registered water users in the Upper Savannah River basin as required by state regulation. All users
withdrawing more than 3 million gallons of surface water or groundwater in any month must either obtain
a permit or register their use and report withdrawals to SCDES annually. Users withdrawing less than this
threshold are not required to report their withdrawals; however, they may choose to report voluntarily.
For surface water withdrawals over the threshold, agricultural water users must register their use while all
other users must permit their use in accordance with SCDES'’s Regulation 61-119, Surface Water
Withdrawal, Permitting, Use and Reporting. For groundwater withdrawals over the threshold, users
withdrawing within a CUA must permit their use, while those withdrawing outside of a CUA must only
register their use. All groundwater users in the Upper Savannah River basin are outside of CUAs and
therefore register their use.

Current withdrawals from permitted and registered users in the Upper Savannah River basin total
approximately 2,917.4 MGD on average, with 2,917.0 MGD from surface water and 0.4 MGD from
groundwater. Of this total withdrawal, only an estimated 2 percent (62 MGD) of the water is
consumptively used and 98 percent (2,855 MGD) is returned to streams and rivers after use.

Current water use is summarized in Table 4-1. Withdrawals are dominated by the thermoelectric water
use category. One user, Oconee Nuclear Station, alone withdraws 2,847 MGD from Lake Keowee;
however, only 1 percent of total withdrawal is consumed, and 99 percent is returned downstream. The
next largest use categories are public supply, with 59.3 MGD of withdrawals (2 percent of basin
withdrawals), then manufacturing, with 8.0 MGD of withdrawals (0.3 percent). Minimal water withdrawals
are associated with agriculture (0.01 percent), golf course irrigation (0.04 percent), and mining (0.01
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percent). Figure 4-1 illustrates the distribution by sector for all sectors and Figure 4-2 illustrates the
distribution by sector excluding thermoelectric use to better illustrate the remaining use categories.
Appendix A includes a table of all water users along with the user’s source (surface water or
groundwater), withdrawals, and discharges. For surface water modeling purposes, consumptive use
percentages (i.e., the amount of water withdrawn that is not returned to surface water or groundwater) for
each water user were calculated by comparing withdrawal and discharge amounts as reported to SCDES.
It is assumed that all groundwater is used consumptively or returned to the groundwater system through
septic tanks.

Table 4-1. Current water demand in the Upper Savannah River basin.

Water Use Category Groundwater (MGD) Surface Water (MGD) ‘ Total (MGD)
Thermoelectric - 2,848.5" 2,848.5
Public Supply 0.1 59.2 59.3
Manufacturing - 8.0 8.0
Golf Course 0.2 0.8 1.1
Agriculture 0.1 0.2 0.3
Mining - 0.3 0.3
Total 0.4 2,917.0 2,917.4

T Only about 1 percent is consumed and 99 percent is returned to surface water downstream

Manufacturing, 0.3% Mining, 0.01%
Agriculture, 0.01% Public Supply, 2% Agriculture, 0.2%
Golf Course, 0.04%

Golf Course, 1.2%

Mining, 0.2%
Thermoelectric,
98%
Figure 4-1. Current water use category Figure 4-2. Current water use categories
percentages of total demand. percentages of total demand without

thermoelectric.

To evaluate surface water availability in the Upper Savannah basin in South Carolina, it was necessary to
include withdrawals and discharges in the Upper Savannah River basin for Georgia users. The withdrawal
and return data used for the demands calculations were obtained from Georgia Environmental Protection
Division’s (GAEPD) Consumptive Use Database. Facilities that withdraw or discharge in Georgia are
required to report relevant data to GAEPD on a monthly basis. Current demands and consumptive use
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amounts for Georgia surface water users in the Upper Savannah River basin are summarized in Table 4-2,
aggregated by location into four water user groups. The total surface water demand in the Upper
Savannah River basin is 2,938.8 MGD with 2,917.0 MGD withdrawal for South Carolina users and 21.8

MGD withdrawal for Georgia users.

Table 4-2. Georgia surface water demands in the Upper Savannah River basin.

Wgtrirul;fer Wl(tllslczla)\;val Constmztllj\;e Use Return (MGD)
Tugaloo-Hartwell 11.4 9.7 1.7
Russell 1.5 0.3 1.2
Broad River 3.1 1.5 1.6
Thurmond 5.8 4.7 1.1
Total 21.8 16.2 5.6

! Georgia-side water users were aggregated into groups based on their general location within the basin.

4.2 Permitted and Registered Water Use

As of September 2024, 3,491.7 MGD has been permitted or registered by South Carolina users in the
Upper Savannah River basin. Of this total, 3,491.0 MGD has been permitted and 0.7 MGD has been
registered. Currently, 83.6 percent (2,917.4 MGD) of the total permitted and registered surface water
amount is withdrawn and only 2 percent (62.0 MGD) is used consumptively within the basin.

For groundwater, there are no permitted users. Use by registered groundwater users in the basin is 0.4
MGD. Groundwater users are required to register and report their use to SCDES if they exceed 3 million
gallons per month (MGM), but the registrations do not include a withdrawal limit.

Figure 4-3 shows the location of all permitted and registered surface water intakes and groundwater
wells in the South Carolina portion of the basin. Table 4-3 summarizes permitted and registered surface
water and groundwater withdrawals by water use category. Appendix A includes a table of all permitted
or registered withdrawals for each user.
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Figure 4-3. Locations of permitted and registered water intakes and groundwater wells with
registrations in the Upper Savannah River basin.
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Table 4-3. Permitted and registered surface water totals by category in the Upper Savannah River basin.

Water Use Surface Water (MGD) Groundwater (MGD) Total (MGD)

Category Permitted Registered Total Permitted Registered" Total Permitted Registered
Thermoelectric 3,138.0 - 3,138.0 - - - 3,138.0 - 3,138.0
Public Supply 286.7 - 286.7 - 0.1 0.1 286.7 0.1 286.8
Manufacturing 53.7 - 53.7 - - - 53.7 - 53.7
Golf Course 11.6 - 11.6 - 0.23 0.23 11.6 0.23 11.8
Agriculture - 0.3 0.3 - 0.1 0.1 - 0.4 0.4
Mining 1.0 - 1.0 - - - 1.0 - 1.0
Total 3,491.0 0.3 | 3,491.3 - 0.4 0.4 1,341.0 0.7 | 3,491.7

Water Use Percenta.ge of Total Permitted and Percenta?e of Total Permitted and Percentage ?f Total Permitted and

T Registered Sur.face Water Registered Gr?undwater Reglstered. Water

Currently in Use Currently in Use Currently in Use
Thermoelectric 90.8% - 90.8%
Public Supply 20.7% 100% 16.0%
Manufacturing 14.8% - 14.8%
Golf Course 7.1% 100% 8.9%
Agriculture 66.3% 100% 73.0%
Mining 28.5% - 28.5%
Total 83.6% 100% 83.6%

" Groundwater registrations do not include limits and were assumed to be equal to current use.
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4.3 Projection Methodology

The methodology to calculate demand projections followed the guidance in Projection Methods for
Off-Stream Water Demand in South Carolina (SCDNR 2019c). SCDNR developed this document over
several years in collaboration with the South Carolina Water Resources Center at Clemson University and
the U.S. Army Corps of Engineers, with additional input from stakeholders including:

South Carolina Water Works Association Water Utility Council
South Carolina Farm Bureau Water Committee

South Carolina Chamber of Commerce Environmental Committee
South Carolina Water Quality Association

PPAC

Following the guidance in the statewide projections report, SCDNR developed demands for the Upper
Savannah River basin with only minor deviations from the framework, as presented in this section. In the
Upper Savannah River basin, demands were projected to increase for the public water supply,
manufacturing, and agriculture sectors. Nearly all water used for hydroelectric power generation is
returned directly to the river and was assumed to remain constant. Water use for mining accounts for less
than 0.1 percent of total withdrawals and was projected to remain stable over the planning horizon. All
groundwater withdrawals, which also account for less than 1 percent of total withdrawals, were also
assumed to remain at current levels over the planning horizon.

For the three water use categories with projected increases in demands, the projection methodology
varies by water use category. Each water use category has an associated driver variable that influences
demand growth, as shown in Table 4-4. Projections for these driver variables come from a variety of
published sources. Published values were extrapolated to 2070 to match the planning horizon of the
River Basin Plan.

Two demand projections were developed: (1) the Moderate Water Demand Scenario (Moderate
Demand Scenario) and (2) the High Water Demand Scenario (High Demand Scenario). The Moderate
Demand Scenario was originally referred to as the Business-as-Usual Scenario in the Planning Framework.
The Moderate Demand Scenario is based on median rates of water use and moderate growth
projections, while the High Demand Scenario is based on the maximum monthly rates of water use in
recent reporting and high-growth projections. While it is unlikely that the conditions of the High Demand
Scenario would occur for an extended time or universally across the basin, the scenario is useful for
establishing an upper bound for the projected demand. The subchapters present additional details on
the calculation of demand for each water use category.
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Table 4-4. Driver variables for each water use category.

Water Use
Category

Driver
Variable

Driver Variable Data
Source

Moderate Demand
Scenario

High Demand Scenario

South Carolina Office

SC ORFA projection to
2035; extend straight-line

Project using statewide or

Public Supply Population | of Revenue and Fiscal | growth or assume constant | countywide growth rate,
Affairs (SC ORFA) population if the population | increased by 10%
projection is negative
Subsector growth . .
. Manufacturing subsector Manufacturing subsector
. Economic rates from the U.S. . - . .
Manufacturing ) ) growth with the minimum growth with the minimum
production | Energy Information . o ) o
adjusted to 0% adjusted to 2.1%
Agency (EIA)
Thermoelectric NA NA Assumed constant Assumed constant
National-scale studies: . .
. Assume irrigated acreage Assume irrigated acreage
. Irrigated Brown et al. (2013) . - . -
Agriculture acreage Crane-Droesch ot a|. | mcreases with an annual increases with an annual
9 (2019) " | growth rate of 0.65% growth rate of 0.73%
Golf Course NA NA Assumed constant Assumed constant
Mining NA NA Assumed constant Assumed constant

NA - not applicable

12.1% is the total overall EIA economic growth projection increased by 10% (1.9% + 10% x 1.9% = 2.1%)

4.3.1 Public Supply Demand Projections Methodology

Public supply is the second largest water use sector in the Upper Savannah River basin. Demand
projections for public supply were developed based on county-level populations and water use
projections. Population projections for the Moderate Demand Scenario were obtained from SC ORFA.
These projections, which end in 2035, were extended to 2070. For the Moderate Demand Scenario,
projections are extended linearly. If SC ORFA projections indicate a decline in population, then the
extension to 2070 is flatlined at 2035 levels. For the High Demand Scenario, populations are projected to
grow exponentially. If SC ORFA projected growth, then the exponential growth rate was increased by 10
percent. If the SC ORFA projection for a county was less than the state average, then the high-scenario
population projection is set at the state average plus 10 percent. As shown in Figure 4-4, some counties
are projected to experience population declines while others may experience substantial growth in both
the Moderate and High Demand Scenarios. Nearly all public supply water use in the Upper Savannah
River basin is from surface water, with only the Town of Salem withdrawing 0.09 MGD from groundwater.
This minimal groundwater use for public supply was assumed to remain constant.
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Figure 4-4. Population projections for counties withdrawing water from the Upper Savannah River basin
(Pellett 2023). (Note: The y-axis is scaled differently for each county.)

4.3.2 Manufacturing Demand Projections Methodology

Water is used for manufacturing in the Upper Savannah River basin for producing products such as
flooring, textiles, construction materials, and chemicals. Manufacturing demand projections were based
on projected subsector growth rates from EIA, which ranged from 0.3 to 2.1 percent for the sectors
present in the Upper Savannah River basin (EIA 2023). The Moderate Demand Scenario used EIA
projected growth rates, while the High Demand Scenario adjusted the growth rates to a minimum of 2.1
percent, representing the overall EIA economic growth projection increased by 10 percent. All
manufacturing water use in the Upper Savannah River basin is from surface water.

48
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4.3.3 Agriculture Demand Projections Methodology

Water demand projections for agriculture were developed using existing unit use rates and projections
of increases in irrigated area. Moderate Demand Scenario projections were based on regional
projections of irrigation in the southeast growing 0.65 percent per year (Brown et al. 2013). For the High
Demand Scenario, the growth rate was increased to 0.73 percent per year, based on projections of
climate change impacts on agricultural irrigation (Crane-Droesch et al. 2019).

For input to the SWAM model, projected growth of irrigation water use was assigned to subbasin outlets
in the model. This method represents a relatively robust assumption that irrigation will expand
somewhere in each subbasin where irrigation currently occurs but might underrepresent expansion of
irrigation withdrawals on small tributaries within each subbasin.

4.3.4 Other Demand Projections Methodology

Other water withdrawals in the Upper Savannah River basin support thermoelectric energy production,
golf course irrigation, and mining. Water use for golf courses and mining operations is low, and was held
constant into the future. Water use for thermoelectric energy production was held constant as there are
not public plans for expansion in the future. While there are plans for expansion of a hydro facility, there
are not currently plans for new energy-producing facilities with consumptive water demands in the Upper
Savannah River basin over the planning horizon. For the Moderate Demand Scenario, demands were
held constant based on median rates of recent historic use. For the High Demand Scenario, demands
were held constant based on maximum rates of recent historic use.

4.3.5 Georgia Demand Projections Methodology

Future withdrawals from Georgia-side of the Upper Savannah River basin were also considered. Growth
projections over the planning horizon of 2020 to 2060 for Georgia water users were used to estimate the
percent demand growth between 2021 and 2070 (CDM Smith 2024a; CDM Smith 2024b, CDM Smith
2024c ). To support surface water modeling for this river basin planning effort, Georgia-side water
demands were grouped into nine consolidated users based on geography and/or source water. Growth
factors were calculated for each consolidated water user group based on the percent growth and the
current withdrawal amounts reported for individual water users within that group. Future 2070 demands
for the nine consolidated Georgia water users were calculated by multiplying the monthly current
demands by the growth factors, which were assumed to be the same through the 2070 planning horizon,
as for the 2060 planning horizon used by Georgia.

4.4 Projected Water Demand

From 2025 to 2070, total withdrawals by South Carolina permitted and registered users are projected to
increase by 2 percent from 2,676 MGD to 2,740 MGD under the Moderate Demand Scenario and by 4
percent from 2,927 MGD to 3,041.7 MGD under the High Demand Scenario. Included in these
projections is 0.4 MGD of groundwater withdrawals, which are projected to remain constant over the
planning horizon. The Moderate and High Demand Scenarios have different starting points from one
another and differ from the current use because the Moderate Demand Scenario is based on each user’s
median recent use, the High Demand Scenario is based on each user's maximum recent use, and the
Current Use Scenario is based on each user’s average recent use. Surface water demand is expected to
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reach 78 to 87 percent of currently permitted and registered surface water withdrawals by 2070 for the
Moderate and High Demand Scenarios, respectively. Surface water demands in the Upper Savannah
River Basin for Georgia users are projected to increase from 22.3 MGD in 2025 to 29.9 MGD in 2070.
Total Upper Savannah River Basin demands from both South Carolina and Georgia users are projected to
reach 2,769.9 MGD under the Moderate Demand Scenario and 3,071.6 MGD under the High Demand
Scenario by 2070.

Table 4-5 shows and Figure 4-5 summarizes projected surface water and groundwater demands over the
planning horizon. The figure includes stacked area graphs, with total demand shown as thick black lines
and shaded areas showing which portion of total demand comes from groundwater or surface water. For
example, in 2025, the Moderate Demand Scenario total demand is 2,740 MGD. Of that, 0.4 MGD is from
groundwater and 2,739.6 MGD is from surface water. Groundwater demands are too small to be visible
on the figure. Figure 4-6 shows projected demands by water use category, which are further described in
the subchapters that follow.

Table 4-5. Projected surface water and groundwater demands.

Moderate Demand Scenario (MGD) High Demand Scenario (MGD)
Surface Water Groundwater Total Surface Water Groundwater Total
2025 2,675.3 0.4 2,675.5 2,927.0 0.4 2,927.1
2030 2,682.3 0.4 2,682.5 2,938.9 0.4 2,938.9
2035 2,689.2 0.4 2,689.4 2,950.9 0.4 2,950.9
2040 2,690.8 0.4 2,690.9 2,956.2 0.4 2,956.1
2050 2,710.7 0.4 2,710.7 2,988.3 0.4 2,988.1
2060 2,719.7 0.4 2,719.5 3,006.5 0.4 3,007.7
2070 2,739.6 0.4 2,740.0 3,040.4 0.4 3,041.7
- -
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Figure 4-5. Demand projections by water source. (Note: Groundwater demands projected at a constant
average annual demand of 0.4 MGD are too small to be seen on this chart.)
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Figure 4-6. Demand projections by water use category. (Note: Agriculture, golf course, manufacturing,
and mining demands make up less than 1 percent of the total 2070 demands and are too small to be
seen on this chart.)
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4.4.1 Public Supply Demand Projections

Most of the water demand growth in the Upper Savannah River basin is expected to come from

N

increasing demand for public water supply. Table 4-6 presents projected population increases. In the
Moderate Demand Scenario, public supply demands are projected to increase 105 percent between
2025 and 2070 (57.7 to 118.4 MGD). In the High Demand Scenario, public supply demands are projected
to increase by 169 percent (63.0 to 169.5 MGD). Most of the public supply demand increase will be met
by surface water, which will serve over 99 percent of demand. The minimal groundwater use for the Town
of Salem was assumed to remain constant at 0.09 MGD. Projected 2070 public supply surface water
withdrawals for the Moderate and High Demand Scenarios are approximately 41 and 59 percent of the
total permitted amount for public supplies from surface water, respectively. Figure 4-7 shows and Table
4-7 summarizes public supply demand projections by water source.

Table 4-6. Projected population increases (in thousands) (provided by SCDES).

Scenario County 2025 2030 2035 2040 2050 2060 2070
Abbeville 235 22.7 21.7 21.0 21.0 21.0 21.0

° Anderson 214.2 224.3 234.0 243.6 263.4 283.1 302.9
g o Greenville 562.5 597.8 632.2 666.5 736.2 805.9 875.6
3 g Laurens 68.5 69.2 69.6 69.8 70.9 72.1 73.2
.§ @ McCormick 9.3 8.9 8.4 8.1 8.1 8.1 8.1
Eo Oconee 81.1 83.2 84.8 86.1 89.8 93.5 97.2
Pickens 142.5 154.4 166.4 178.6 202.2 225.9 2495

Abbeville 25.0 26.1 27.3 28.6 31.3 34.3 37.6

Anderson 214.3 225.0 236.3 248.1 273.5 301.6 332.6

'% o Greenville 562.5 600.1 640.3 683.2 777.7 885.3 1,007.7
§ g Laurens 70.2 73.5 76.9 80.5 88.2 96.6 105.8
%8 McCormick 9.8 10.3 10.8 11.3 12.3 13.5 14.8
Oconee 82.1 85.9 89.9 94.1 103.1 112.9 123.6

Pickens 143.2 155.8 169.6 184.7 218.8 259.3 307.2
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Figure 4-7. Projected public supply water demands. (Note: Groundwater demands projected at a
constant average annual demand of less than 1 MGD are too small to be seen on this chart.)

Table 4-7. Projected public supply water demands.

Moderate Demand Scenario (MGD) ‘ High Demand Scenario (MGD)
Svl:’r:::f Groundwater  Total Svl:’r:::f Groundwater Total
2025 57.7 0.1 57.8 63.0 0.1 63.1
2030 64.3 0.1 64.4 74.2 0.1 74.3
2035 70.9 0.1 71.0 85.6 0.1 85.7
2040 77.5 0.1 77.6 97.2 0.1 97.3
2050 91.1 0.1 91.2 120.6 0.1 120.7
2060 104.8 0.1 104.9 144.7 0.1 144.8
2070 118.4 0.1 118.5 169.5 0.1 169.6
Percent
Increase 105% - 105% 169% - 169%
2025-2070
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4.4.2 Manufacturing Demand Projections

Manufacturing demands are projected to increase 48 percent between 2025 and 2070 (7.3 to 10.8 MGD)
in the Moderate Demand Scenario. In the High Demand Scenario, manufacturing demands are projected
to increase 61 percent between 2025 and 2070 (12.7 to 20.4 MGD). Projected 2070 manufacturing
surface water withdrawals for the Moderate and High Demand Scenarios are approximately 20 and 38
percent of currently permitted manufacturing surface water withdrawals, respectively. Figure 4-8 shows
and Table 4-8 summarizes manufacturing demand projections.
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25.0 25.0

20.0

N}
©
o

15.0

[
U
=}

10.0

[
o
=}

5.0

Annual Average Demand (MGD)
(9]
o

Annual Average Demand (MGD)

0.0 0.0
n o wn o wn o wn o n o wn o wn o n o wn o n o
o o o < < wn wn (Vo] Vo] ~ o~ o o < < n wn (o] Vo] ~
o o o o o o o o o o o o o o o o o o o o
o~ o~ o~ o~ o~ o~ o~ o~ (o] (o] o~ [a\] o~ o~ [a\] [a\] o~ o~ o~ o~
Year Year

mmmm Surface Water Total

Figure 4-8. Projected manufacturing water demands.

Table 4-8. Projected manufacturing water demands.

Moderate Demand Scenario (MGD) High Demand Scenario (MGD)
Svl:’r:::f Groundwater | Total Svl\‘,r:::f Groundwater | Total
2025 7.3 0.0 7.3 12.7 0.0 12.7
2030 7.6 0.0 7.6 13.3 0.0 13.3
2035 8.0 0.0 8.0 14.0 0.0 14.0
2040 8.3 0.0 8.3 14.6 0.0 14.6
2050 9.1 0.0 9.1 16.3 0.0 16.3
2060 9.9 0.0 9.9 18.1 0.0 18.1
2070 10.8 0.0 10.8 20.4 0.0 20.4
Percent
Increase 48% - 48% 61% - 61%
2025-2070
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4.4.3 Agriculture Demand Projections

Agriculture demands are projected to increase 23 percent between 2025 and 2070 (0.26 to 0.32 MGD) in
the Moderate Demand Scenario. In the High Demand Scenario, agriculture demands are projected to
increase 31 percent between 2025 and 2070 (0.41 to 0.53 MGD). Projected 2070 agriculture surface
water withdrawals for the Moderate and High Demand Scenarios are approximately 75 and 143 percent
of currently permitted agriculture surface water withdrawals, respectively. Figure 4-9 shows and Table 4-9
summarizes agriculture demand projections.
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Figure 4-9. Projected agriculture water demands.

Table 4-9. Projected agriculture water demands.

Moderate Demand Scenario (MGD) High Demand Scenario (MGD)
Svt&r:::f Groundwater | Total S‘x,r:::f Groundwater | Total
2025 0.18 0.08 0.26 0.33 0.08 0.41
2030 0.18 0.08 0.26 0.34 0.08 0.42
2035 0.19 0.08 0.27 0.35 0.08 0.43
2040 0.19 0.08 0.27 0.36 0.08 0.44
2050 0.21 0.08 0.29 0.39 0.08 0.47
2060 0.22 0.08 0.30 0.42 0.08 0.50
2070 0.24 0.08 0.32 0.45 0.08 0.53
Percent
Increase 34% - 23% 39% - 31%
2025-2070
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4.4.4 Georgia Demands

Projected water demands for Georgia water users from the portion of the Upper Savannah River basin
are expected to increase 34 percent by 2070. The same demand growth was assumed for both the
Moderate and High Demand Scenarios. Figure 4-10 shows and Table 4-10 summarizes Georgia demand
projections.

Georgia Demands - Moderate and High Demand
Scenarios

5.0

Annual Average Demand (MGD)

0.0
2025 2030 2035 2040 2045 2050 2055 2060 2065 2070

Year

Total

Surface Water

Figure 4-10. Projected Georgia water demands.

Table 4-10. Projected Georgia water demands.

Year Georgia Demands (MGD)

2025 22.3
2030 23.0
2035 23.7
2040 24.5
2050 26.1
2060 27.9
2070 29.9
% Increase o
2025-2070 34%
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4.4.5 Other Demand Projections

Other demands, which include demands for golf courses, mining operations, and thermoelectic energy
use were held constant into the future. For the Moderate Demand Scenario, demands were held constant
based on median rates of recent historic use. For the High Demand Scenario, demands were held
constant based on maximum rates of recent historic use. Golf course demands across the planning
horizon were held at 0.9 MGD in the Moderate Demand Scenario and 1.8 MGD in the High Demand
Scenario. Of this demand, 0.2 MGD is from groundwater for both Moderate and High Demand Scenarios.
Mining demands were assumed to be 0.16 MGD from surface water in both the Moderate and High
Demand Scenarios. Thermoelectric demands were held constant at 2,609.3 MGD in the Moderate
Demand Scenario and at 2,849.0 MGD in the High Demand Scenario.




Chapter 5
Comparison of Water Resource
Availability and Water Demand

This chapter describes the methods used to assess surface water availability in the Upper Savannah River
basin. A surface water quantity model was used to evaluate water availability using current and projected
water demands. Water availability was also assessed assuming surface water withdrawals at permitted
and registered amounts. The results of these assessments are presented and compared, and potential
water shortages and issues are identified.

5.1 Methodology
5.1.1 Surface Water

Surface water planning scenarios were constructed and simulated using the previously developed
Savannah River basin surface water quantity model (CDM Smith 2017). This model was developed with
CDM Smith's SWAM software. It simulates river basin hydrology, water availability, and water use across a
dendritic network and over an extended timeseries.

SWAM provides efficient planning-level analyses of surface water supply systems. Beginning with
naturally occurring water flowing in the river reaches, it calculates physically and permitted or allowable
water, diversions, storage, consumption, and return flows at user-defined nodes in a networked river
system. A range of water user types can be represented in the model, including municipal water
suppliers, agricultural irrigators, and industrial water users, with time-variable demands either prescribed
by the user or, in some cases, calculated internally. Multiple layers of complexity are available as options
in SWAM to allow for easy development of a range of systems, from the very simple to the more complex.
As an example, SWAM's reservoir object can include only basic hydrology-dependent calculations
(storage as a function of inflow, outflow, and evaporation) or can include operational rules of varying
complexity: prescribed monthly releases, a set of prioritized monthly releases or storage targets, or a set
of conditional release rules (dependent on hydrology). Municipal water conservation programs similarly
can be simulated with sets of rules of varying complexity. The model user chooses the appropriate level
of complexity given the modeling objectives and data availability.

The Savannah River basin SWAM model simulates 82 years of variable historic hydrology (October 1939
through December 2021) with either a monthly or daily user-specified calculation timestep (the surface
water scenarios presented in this chapter represent monthly analyses, unless noted otherwise). It is
designed for three primary purposes:

Accounting of current and past basin inflows, outflows, and consumptive uses

Simulating streamflow and lake storage across a range of observed historical climate and
hydrologic conditions, given current water use and operations
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Simulating future “what if” scenarios associated with changes in basin water use, management,
and/or operations

The Savannah River basin model extends from the upstream headwaters to Savannah, Georgia. The
portion of the Savannah River basin model that represents the Upper Savannah basin includes 11
municipal, eight golf course, six industrial, five agricultural (irrigation), one mining, and two
thermoelectric water users. There are four additional water user objects that represent consolidated
water withdrawals from Georgia water users. Hydroelectric projects, which are not operated as strictly
run-of-river model, are represented through operating rules incorporated into reservoir objects. All water
users with permitted withdrawals greater than 0.1 MGD are represented, either explicitly or implicitly. In
the model version that represents current conditions, monthly water use is set equal to the average of a
recent 10-year period (2012 through 2021) of reported use, with several exceptions. Exceptions include
new surface water users and surface water users with recent demands that are significantly different from
demands in the early part of the 10-year period. Model users also can adjust water use patterns to
explore future water management scenarios, as discussed in this chapter.

A total of 27 “tributary objects” (rivers and streams) are represented discretely in the Upper Savannah
portion of the model, including the mainstem Savannah River. Boundary condition (headwater) flows for
each tributary object are prescribed in the model based on external analyses (CDM Smith 2017), which
estimated naturally occurring historical flows “unimpaired” by human uses. Historical, current, and/or
future uses then can be simulated against the same natural hydrology of the basin. Hydrologic flow gains
(or losses) for each tributary are simulated in SWAM using lumped gain (or loss) factors, which are set
based on a model calibration exercise, using gaged flow data, and/or guided by changes in reach
drainage area. SWAM implicitly accounts for interaction between groundwater and surface water through
the assignment of the gain/loss factors.

The Savannah River basin SWAM model was used to simulate current and potential future scenarios to
evaluate surface water availability. Chapter 5.3 provides detailed descriptions of the surface water
scenarios and their results.

Following are several key terms of the surface water modeling, introduced in the Planning Framework,
used throughout this chapter.

Physically Available Surface Water Supply - The maximum amount of water that occurs 100
percent of the time at a location on a surface water body with no defined Surface Water Conditions
applied on the surface water body.

Reach of Interest - A stream reach defined by the RBC that experiences undesired impacts,
environmental or otherwise, determined from current or future water demand scenarios or
proposed water management strategies. Such reaches may or may not have identified Surface
Water Shortages. The Upper Savannah RBC did not identify any Reaches of Interest in the Upper
Savannah River basin.

Reservoir Safe Yield - The Surface Water Supply for a reservoir or system of reservoirs over the
simulated hydrologic period of record.

Strategic Node - A |ocation on a surface water body or aquifer designated to evaluate the
cumulative impacts of water management strategies for a given model scenario and that serves as
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a primary point of interest from which to evaluate a model scenario’s performance measures. The
RBC selected the Strategic Nodes.

Surface Water Condition - A limitation, defined by the RBC, on the amount of water that can be
withdrawn from a surface water source and that can be applied to evaluate Surface Water Supply
for planning purposes. The Upper Savannah RBC did not establish a Surface Water Condition for
any location in the Upper Savannah River basin.

Surface Water Shortage - A situation in which water demand exceeds the Surface Water Supply
for any water user in the basin.

Surface Water Supply - The maximum amount of water available for withdrawal 100 percent of
the time at a location on a surface water body without violating any applied Surface Water
Conditions on the surface water source and considering upstream demands.

5.1.2 Groundwater

The Upper Savannah River basin is almost entirely in the Piedmont physiographic province where
groundwater occurs in bedrock fractures and in the overlying saprolite. Groundwater use is limited in the
basin; as such, no modeling or other analysis was performed to assess groundwater availability. In South
Carolina, groundwater modeling is being used to assess current and future availability in the river basins
that extend into the Coastal Plain. These include the Pee Dee, Santee, Edisto, and Lower Savannah-
Salkehatchie.

5.2 Performance Measures

Performance measures were developed as a means for comparing water resource impacts (negative and
positive) of each scenario. A performance measure is a quantitative measure of change in a user-defined
condition from an established baseline, used to assess the performance of a proposed water
management strategy or combination of strategies. Performance measures establish an objective means
with which to compare scenarios. Performance measures were selected in collaboration with the RBC.

5.2.1 Hydrologic-Based Performance Measures

Table 5-1 presents the hydrologic surface water performance measures used to evaluate and compare
simulation results. For each simulated scenario, performance measures were calculated as a post-
processing step in the modeling. All metrics were calculated for the entire simulation period. Changes in
performance measures between scenarios were particularly useful for the planning process. The first set
of performance metrics were calculated for model output nodes that were identified by the RBC as
Strategic Nodes. These Strategic Nodes are distributed throughout the river basin. Strategic Nodes are
defined at four of the USGS streamflow gaging stations in the Upper Savannah basin and on the Keowee
River, on Twelvemile Creek, on the Savannah River upstream of Lake Hartwell, and downstream of Lake
Russell and Lake Thurmond. Figure 5-1 shows all Strategic Node locations.
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Table 5-1. Surface water performance measures.

Strategic Node Metrics
(generated for each Strategic Node)

Mean flow (cfs)

Median flow (cfs)

25th percentile flow (cfs)

10th percentile flow (cfs)

5th percentile flow (cfs)

Comparison to minimum instream flows (MIFs)

Basinwide Metrics

(generated in aggregate for the entire modeled river basin)

Total basin annual mean shortage (MGD)
- Sum of the average shortage for all users over the simulation period

Maximum water user shortage (MGD)
- Maximum monthly shortage experienced by any single user over the simulation period

Total basin annual mean shortage (% of demand)
- Sum of the average shortage for all users over the simulation period divided by the sum of the average demand for
all users over the simulation period

Average frequency of shortage (%)
- Average frequency of shortage of all users who experience a shortage, where each user’s frequency of shortage is
calculated as the number of months with a shortage divided by the total months in the simulation (for a monthly
timestep simulation)
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Figure 5-1. Strategic node locations.

5.2.2 Biological Response Metrics

As referenced in Chapter 3.2.2 and discussed in Bower et al. (2022) and The Nature Conservancy et al.
(2024), biological response metrics were developed and combined with hydrologic metrics to identify
statistically significant correlations between flow characteristics and ecological suitability for fish and
macroinvertebrates. Select flow-ecology metrics (hydrologic metrics found to be most correlated to
biological diversity) were used then as performance measures to help guide RBC discussions and
recommendations for the Upper Savannah River basin. This section provides discussion of the relevant,
selected biological response metrics and related hydrologic metrics (sometimes referred to as the “flow-
ecology metrics”), and Chapter 5.3.9 presents their values and interpretation in the context of the Upper
Savannah River basin.

The metrics were calculated at three of the Strategic Node locations shown in Figure 5-1 (Twelvemile
Creek, Eighteenmile Creek below Pendleton, and Stevens Creek near Modoc), as well as at the USGS
gage location on the Little River near Walhalla. These represent a general assessment of how aquatic life
will be impacted by changes in flow based on SWAM scenarios. Results should not be considered as
necessarily uniform throughout each subbasin. Local conditions may vary along the length of streams.
Metrics were based on flow-ecology relationships calculated using data from streams and small rivers
with watershed areas less than or equal to 2,715 sg mi. Because streams of this size comprise 86 percent
of all surface water in South Carolina, results are broadly applicable across the basin. However, the results
should not be extrapolated to large rivers or reservoirs.

Of the 14 biological response metrics identified in Bower et al. (2022), the following two biological
response metrics were used in the Upper Savannah River basin because of the relevance and strong
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correlation to hydrologic statistics that could be readily extracted from the SWAM model (descriptions
from The Nature Conservancy et al. 2024):

Species richness: number of species found at a given site

Shannon diversity: index of biodiversity that accounts for both species richness and proportional
representation of each species

Hydrologic statistics that correlated well to these biological metrics included mean daily flow, a metric
that could be easily extracted from SWAM model results (The Nature Conservancy et al. 2024). Mean
daily flow is the mean (average) daily flow of the stream in cfs over the period of record. This flow metric,
intended to support flow-ecology relationships, expands on the hydrologic metrics discussed in Chapter
5.2.1, which were used specifically for hydrologic comparisons.

Mapped together, these hydrologic metrics were used to estimate changes in the biological response
metrics, which character