WATER STRATEGY AND HYDRO LICENSING

DU KE Duke Energy Corporation
Regulated and Renewable Energy

T ENERGY. 526 South Church Street / EC12Q
Charlotte, NC 28202

September 27, 2023

Electronically Filed

The Honorable Kimberly D. Bose, Secretary
Federal Energy Regulatory Commission
888 First Street N.E.

Washington, DC 20426

Subject: Bad Creek Pumped Storage Project (P-2740-053)
Relicensing Study Progress Report No. 3

Dear Secretary Bose:

Duke Energy Carolinas, LLC (Duke Energy or Licensee) is the Licensee, owner, and operator of the
1,400-megawatt (MW) Bad Creek Pumped Storage Project (FERC Project No. 2740) (Project), located
in Oconee County, South Carolina, approximately eight miles north of Salem. The Bad Creek
Reservoir (or upper reservoir) was formed from the damming of Bad Creek and West Bad Creek and
serves as the Project’s upper reservoir. Lake Jocassee serves as the lower reservoir and is licensed
separately as part of Duke Energy’s Keowee-Toxaway Hydroelectric Project (FERC Project No. 2503).

The existing (original) license for the Project was issued on August 1, 1977 by the Federal Energy
Regulatory Commission (FERC or Commission) and expires on July 31, 2027. Accordingly, Duke
Energy is pursuing a new license for the Project pursuant to the Commission’s Integrated Licensing
Process (ILP), as described at 18 Code of Federal Regulations (CFR) Part 5.

Relicensing Studies

Duke Energy developed a Proposed Study Plan (PSP) in consultation with agencies and stakeholders
and filed it on August 5, 2022. After the filing of the PSP, Duke Energy held a site visit and Project tour
on August 16, 2022, and the PSP meeting on September 7, 2022. Duke Energy also continued to
consult with agencies and other stakeholders regarding its proposed studies.

Duke Energy evaluated the comments submitted by the Commission and stakeholders in response to
the PSP. Based on Duke Energy’s review of these comments, FERC criteria for study requests under
the ILP, and readily available information (i.e., associated with the previous licensing effort or resulting
from ongoing monitoring activities), Duke Energy proposed six resource studies in the Revised Study
Plan (RSP) filed with FERC on December 5, 2022. The Commission approved the RSP with
modifications on January 4, 2023.
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The six studies in the RSP will support evaluation of the potential effects of continued operation of the
Project as well as potential effects of construction and operation of the proposed Bad Creek I
Complex. These studies are:

o Water Resources Study;

e Aquatic Resources Study;

¢ Visual Resources Study;

e Recreational Resources Study;
e Cultural Resources Study; and

e Environmental Justice Study.

Duke Energy is filing this Study Progress report with the Commission electronically and is distributing
this letter to the parties listed on the attached distribution list. For parties listed on the attached
distribution list who have provided an email address, Duke Energy is distributing this letter via email;
otherwise, it will be distributed via U.S. mail.

Duke Energy looks forward to continuing to work with Commission staff, resource agencies, Indian
Tribes, local governments, non-governmental organizations, and interested members of the public
throughout the relicensing process. If there are questions regarding this filing, please contact me at
Alan.Stuart@duke-energy.com or via phone at 980-373-2079.

Sincerely,

Alan Stuart

Senior Project Manager

Water Strategy, Hydro Licensing & Lake Services
Duke Energy Carolinas, LLC

Enclosure

cc (w/enclosure): Jeff Lineberger, Duke Energy
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Ste 308

Washington, D.C. 20001-2637
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Federal Energy Regulatory Commission
888 First St, N.E.

Washington, D.C. 20426

Recreation and Land Use Coordinator
Federal Energy Regulatory Commission
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Washington, D.C. 20426
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Washington, D.C. 20426

Federal Energy Regulatory Commission, Office
of General Council - Energy
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Room 101-56

Washington, D.C. 20426
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Ste 207

Chattanooga, TN 37402-4930
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National Park Service
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Atlanta, GA 30303
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NOAA — National Marine Fisheries Service
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Beaufort, NC 28518-9722
Fritz.-rohnde@noaa.gov

David Berhnart

NOAA — National Marine Fisheries Service
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david.bernhart@noaa.gov
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Elberton, GA 30635-6711
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National Hydropower Program Coordinator
U.S Bureau of Indian Affairs
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Hermitage, TN 37076
harold.peterson@bia.gov

Leonard Rawlings

U.S Bureau of Indian Affairs, Eastern Regional
Office

545 Marriott Dr

Ste 700

Nashville, TN 37214
Leonard.Rawlings@bia.gov

U.S Bureau of Indian Affairs, Office of the
Solicitor

1849 C St N.W.

MS6557

Washington, D.C. 20240

Lisa Hreha

U.S. Army Corps of Engineers
1835 Assembly St

Room 8658-1

Columbia, SC 29201
lisa.l.Lhreha@usace.army.mil

Howard Mindel

U.S. Army Corps of Engineers

60 Forsyth St, S.W.

Room IOM-15

Atlanta, GA 30303-8801
howard.p.mindel@usace.army.mil

U.S. Army Corps of Engineers
69A Hagood Ave
Charleston, SC 29403-0919

Kristin Andrade

U.S. Army Corps of Engineers, Greenville Office
Project Number SAC 2022-00413
SAC.RD.Greenville@usace.army.mil
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Chief of Engineers

20 Massachusetts Ave N.W.

Washington, D.C. 20314-0001
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U.S. Army Corps of Engineers, Savannah
District

100 W. Olgethorpe Ave

Savannah, GA 31401-3640
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U.S. Army Corps of Engineers, Savannah
District
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U.S. Bureau of Indian Affairs, Natural Resources
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Portland, OR 97232-4169
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U.S. Bureau of Land Management
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Flowood, MS 39232
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U.S. Department of Agriculture, Office of Chief
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Washington, D.C. 20250-0001

U.S. Department of Interior
75 Spring St S.W.

Ste 304

Atlanta, GA 30303

U.S. Department of Interior, Office of
Environmental Policy & Compliance
1849 C St N.W.

MS 2430

Washington, D.C. 20240

U.S. Environmental Protection Agency, Region
v

61 Forsyth St S.W.

Atlanta, GA 30303-8931

Chief of the NEPA Program Office

U.S. Environmental Protection Agency, Region
v

kajumba.ntale@epa.gov

Melanie Olds

SC Ecological Services Field Office, FERC
Coordinator

U.S. Fish and Wildlife Service

176 Croghan Spur Rd

Ste 200

Charleston, SC 29407-7558
melanie_olds@fws.gov

U.S. Fish and Wildlife Service
187S Century Blvd N.E.

Ste 400

Atlanta, GA 30345

U.S. Fish and Wildlife Service
1849 C St N.W.

Room 3238

Washington, D.C. 20240

Jen Barnhart

U.S. Forest Service — Sumter National Forest
112 Andrew Pickens Cir

Mountain Rest, SC 29664
jenniferjbarnhart@fs.fed.us

Derrick Miller

Special Uses Program Manager

U.S. Forest Service — Sumter National Forest
112 Andrew Pickens Cir

Mountain Rest, SC 29664
Derrick.Miller@usda.gov

U.S. Forest Service, Nantahala National Forest
160A Zillicoa St
Asheville, NC 28802

U.S. Forest Service, Southern Region
5645 Riggins Mill Rd
Dry Branch, GA 31020

Office of William Timmons

U.S. House of Representatives (CD4)
1237 Longworth House Office Building
Washington, D.C. 20515

Office of James E. Clyburn

U.S. House of Representatives (CDG6)
2135 Rayburn House Office Building
Washington, D.C. 20515
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Office of Russell Fry

U.S. House of Representatives (CD7)
1626 Longworth House Office Building
Washington, D.C. 20515

Office of Ralph Norman

U.S. House of Representatives (CDS)
1004 Longworth House Office Building
Washington, D.C. 20515

Office of Joe Wilson

U.S. House of Representatives (CO2)
2229 Rayburn House Office Building
Washington, D.C. 20515

Office of Jeff Duncan

U.S. House of Representatives (CO2)
116 Cannon House Office Building
Washington, D.C. 20515

Matt Rimkunas

Office of Senator Burr

U.S. Senate

290 Russell Senate Office Building
Washington, D.C. 20510
matt_rimkunas@lgraham.senate.gov

Office of Senator Budd

U.S. Senate

217 Russell Senate Office Building
Washington, D.C. 20510

Office of Senator Scott

U.S. Senate

520 Hart Senate Office Building
Washington, D.C. 20510

Office of Senator Tillis

U.S. Senate

185 Dirksen Senate Office Building
Washington, D.C. 20510

U.S. Senator Lindsey Graham
U.S. Senate

2 W Washinton St

Ste 800

Greenville, SC 29601-4897

Van Cato

U.S. Senate, Upstate Regional Office
130 South Main St

Ste 700

Greenville, SC 29601
Van_Cato@Igraham.senate.gov

State Agenc

North Carolina Department of Agriculture and
Consumer Services

Division of Soil and Water Conservation
1614 Mail Service Center

Raleigh, NC 27699-1614

Fred Tarver

North Carolina Department of Environmental
Quality, Division of Water Resources

1611 Mail Service Center

Raleigh, NC 29699-1611
fred.tarver@ncdenr.gov

North Carolina Department of Environmental
Quality, Division of Land Resources

1611 Mail Service Center

Raleigh, NC 27699-1611

North Carolina Department of Environmental
Quality, Environmental Management
Commission

1617 Mail Service Center

Raleigh, NC 29699-1617

North Carolina Department of Environmental
Quality, Office of the Secretary

1601 Mail Service Center

Raleigh, NC 27699-1601

Elizabeth Weese

North Carolina Department of Justice
114 West Edenton St

Raleigh, NC 27602
jweese@ncdoj.gov

Amin Davis

North Carolina Division of Parks and Recreation
1615 Mail Service Center

Raleigh, NC 27699-1615
amin.davis@ncdenr.gov

Mike Clampitt

North Carolina House of Representatives,
District 119

300 N. Salisbury Street

Room 633

Raleigh, NC 27603
Mike.Clampitt@ncleg.gov

North Carolina State Environmental Review
Clearinghouse

NC Department of Administration

116 West Jones St

Ste 5106

Raleigh, NC 27603
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Environmental Review Coordinator

North Carolina State Historic Preservation Office
4617 Mail Service Center

Raleigh, NC 27699-4617
renee.gledhill-earley@ncdcr.gov

Christine Farrell

Environmental Review Coordinator
North Carolina State Parks
christine.farrell@ncparks.gov

Brian Strong
North Carolina State Parks
brian.strong@ncparks.gov

North Carolina Utilities Commission
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Dobbs Building, 5th Floor
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Hydropower Special Projects Coordinator
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chris.goudreau@ncwildlife.org

Office of the Attorney General of South Carolina
P.O. Box 11549

Rembert C. Dennis Office Building

Columbia, SC 29211-1549

Office of the Governor of North Carolina
20301 Mail Service Center
Raleigh, NC 27699-0301

Office of the Governor of South Carolina
1205 Pendleton St
Columbia, SC 29201

Public Service Commission of South Carolina
Office

101 Executive Center Drive

Suite 100

Columbia, SC 29210

Jeffrey Gordon
S. C. Office of Regulatory Staff
jgordon@ors.sc.gov

Findlay Salter
S. C. Office of Regulatory Staff
fsalter@ors.sc.gov

Andy Douglas
S.C. Wildlife Federation
adoug41@att.net

Elizabeth Johnson

Director

South Carolina Department of Archives and
History

8301 Parklane Rd

Columbia, SC 29223
EMJOHNSON@scdah.sc.gov

Morgan Amedee

South Carolina Department of Health and
Environmental Control

2600 Bull St

Columbia, SC 29201-1708
amedeemd@dhec.sc.gov

Charles Hightower

Water Quality Standards & Wetlands Section,
Manager

South Carolina Department of Health and
Environmental Control

2600 Bull St

Columbia, SC 29201-1708
hightoCW@dhec.sc.gov

Jennifer Hughes

South Carolina Department of Health and
Environmental Control

2600 Bull St

Columbia, SC 29201-1708
hughesjr@dhec.sc.gov

Shannon Bobertz

South Carolina Department of Natural
Resources

326 Little Brooke Lane

West Columbia, SC 29172
bobertzs@dnr.sc.gov

Elizabeth Miller

FERC Coordinator

South Carolina Department of Natural
Resources

P.O. Box 167

Columbia, SC 29202-0167
millere@dnr.sc.gov

Lorrianne Riggin

South Carolina Department of Natural
Resources

P.O. Box 167

Columbia, SC 29202-0167
rigginl@dnr.sc.gov
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Aiden Fell

South Carolina Department of Parks, Recreation
& Tourism

1205 Pendleton St

Columbia, SC 29211

afell@scprt.com

Rowdy Harris

South Carolina Department of Parks, Recreation
& Tourism

charris@scprt.com

Kelly Howell

South Carolina Department of Parks, Recreation
& Tourism

Khowell@scprt.com

Paul McCormack

Director

South Carolina Department of Parks, Recreation
& Tourism

1205 Pendleton St

Columbia, SC 29201

pmccormack@scprt.com

Jerry Carter

South Carolina House of Representatives
P.O. Box 11867

Room 418C

Columbia, SC 29211
Jerrycarter@schouse.gov

Neal Collins

South Carolina House of Representatives
P.O. Box 11867

Room 429

Columbia, SC 29211
nealcollins@schouse.gov

David Hiott

South Carolina House of Representatives
P.O. Box 11867

Room 4188

Columbia, SC 29211
davidhiott@schouse.gov

Bill Sandifer

South Carolina House of Representatives
P.O. Box 11867

Room 407

Columbia, SC 29211
billsandifer@schouse.gov

Anne Thayer

South Carolina House of Representatives
P.O. Box 11867

Room 306C

Columbia, SC 29211
Annethayer@schouse.gov

Bill Whitmire

South Carolina House of Representatives
P.O. Box 11867
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Columbia, SC 29211
billwhitmire@schouse.gov

Thomas Alexander

South Carolina State Senate
P.O. Box 142

Room 313

Columbia, SC 29202-0142
thomasalexander@scsenate.gov

Rex Rice

South Carolina State Senate
P.O.Box 142

Room 101

Columbia, SC 29202-0142
rexrice@scsenate.gov

Nanette Edwards

Executive Director

State of South Carolina, Office of Regulatory
Staff

1401 Main Street

Suite 900

Columbia, SC 29201

Local Government

Scott Willett
Anderson Regional Joint Water System
swillett@arjwater.com

Maureen Copelof

Mayor

City of Brevard, NC

95 W. Main St

Brevard, NC 28712
maureen.copelof@cityofbrevard.com

J.C. Cook

City of Clemson, SC

1250 Tiger Blvd

Ste 1

Clemson, SC 29631
Mayor@cityofclemson.org
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City of Pickens, SC

219 Pendleton Street

P.O. Box 217

Pickens, SC 29671
donnaowen@pickenscity.com

Gregory Dietterick
City of Seneca, SC
P.O. Box 4773
Seneca, SC 29679

Bob Faires

City of Seneca, Seneca Light & Water
P.O. Box 4773

Seneca, SC 29676

Danny Edwards

City of Walhalla, SC

P.O. Box 1099
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dannyedwards@pbellsouth.net
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Greenville Water
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bereskind@greenvillewater.com
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County Administrator
Oconee County
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abrock@oconeesc.com
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Pickens County

222 McDaniel Ave
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kenr@co.pickens.sc.us
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Pickens County Water Authority
222 McDaniel Ave
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Pickens, SC 29671
gilstrap4@gmail.com
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Pickens County Water Authority
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Pickens, SC 29671
sjewsburyjr@bellsouth.net
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jaime.laughter@transylvaniacounty.org
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Rock Hill, SC 29730
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Catawba Indian Nation
996 Avenue of the Nations
Rock Hill, SC 29730
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Tribal Historic Preservation Officer
Cherokee Nation
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elizabeth-toombs@cherokee.org

Chief Richard Sneed
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Cherokee, NC 28719
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Cherokee, NC 28719
syerka@nc-cherokee.com
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P.O . Box 802

Seneca, SC 29679
growens@gmail.com
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Bonneville Power Administration, Pacific NW
Hydrosite Database & Analysis Section

905 N.E. 11th Ave

Ste7

Portland, OR 97232-4169
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Garry Rice

Duke Energy

4720 Piedmont Row Dr

Mail Code PNG04C
Charlotte, NC 28210
garry.rice@duke-energy.com
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Bad Creek Pumped Storage Project
Relicensing Study Progress Report No. 3
September 27, 2023

1.0 BACKGROUND

Duke Energy Carolinas, LLC (Duke Energy or Licensee) is the Licensee, owner, and operator of
the 1,400-megawatt (MW) Bad Creek Pumped Storage Project (FERC Project No. 2740) (Project),
located in Oconee County, South Carolina, approximately eight miles north of Salem. The Bad
Creek Reservoir (or upper reservoir) was formed from the damming of Bad Creek and West Bad
Creek and serves as the Project’s upper reservoir. Lake Jocassee serves as the lower reservoir and
is licensed separately as part of Duke Energy’s Keowee-Toxaway Hydroelectric Project (FERC
Project No. 2503).

The existing (original) license for the Project was issued on August 1, 1977, by the Federal Energy
Regulatory Commission (FERC or Commission) and expires on July 31, 2027. Accordingly, Duke
Energy is pursuing a new license for the Project pursuant to the Commission’s Integrated

Licensing Process (ILP), as described at 18 Code of Federal Regulations (CFR) Part 5.

2.0 STUDY PLAN DEVELOPMENT

In accordance with 18 CFR §5.11, Duke Energy developed a Proposed Study Plan (PSP) in
consultation with agencies and stakeholders and filed it on August 5, 2022. After the filing of the
PSP, Duke Energy held a site visit and Project tour on August 16, 2022, and the PSP meeting on
September 7, 2022. Duke Energy also continued to consult with agencies and other stakeholders

regarding its proposed studies.

Duke Energy evaluated the comments submitted by the Commission and stakeholders in response
to the PSP. Based on Duke Energy’s review of these comments, FERC criteria for study requests
under the ILP, and readily available information (e.g., associated with the previous licensing effort
or resulting from ongoing monitoring activities), Duke Energy proposed six resource studies in the
Revised Study Plan (RSP) filed with FERC on December 5, 2022. The RSP includes copies of and

summarizes comments received and Duke Energy’s responses.
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The six studies in the RSP will support evaluation of the potential effects of continued operation
of the Project as well as potential effects of construction and operation of the proposed Bad Creek

II complex. These studies are:

e Water Resources Study;

e Aquatic Resources Study;

e Visual Resources Study;

e Recreational Resources Study;
e Cultural Resources Study; and

e Environmental Justice Study.

In FERC’s Study Plan Determination (SPD) letter on January 4, 2023, FERC approved the
proposed studies as submitted in the RSP except the Recreational Resources Study which was
approved with modifications. The Recreational Resources Study was modified to include the
following:

e An additional traffic counter was added at the Laurel Valley Trail Access.!

e Revisions to the Recreation Site Inventory Form to include the number and height of bear

cables and number of latrines.

In addition, Duke Energy provided the following clarifications regarding the Discussion and Staff
Recommendations included in the SPD in Study Progress Report No. 1:

e FERC recommended that Duke Energy modify the Recreation Study Plan to include the
additional counties that will be used during the future recreation use analysis. Duke Energy
will include Oconee and Pickens counties, SC and Jackson and Transylvania counties, NC
and additional counties in SC, NC, and GA that are reported on the recreation user surveys.
Since recreation user surveys had not yet been completed yet, Duke Energy was unable to
list what counties would be reported at that time.

e FERC recommended that Duke Energy include the 14.8 miles of trail that follows logging
and access roads in the Conditions Assessment. Duke Energy is evaluating the entire 43
miles of trail, including 28.2 miles of single-track trail segments and 14.8 miles of trail that

follow logging and access roads in the Conditions Assessment.

! Although the SPD referenced “Laurel Fork Gap”, Duke Energy assumes the Foothills Trail Conservancy and
FERC meant to reference the Laurel Valley Trail Access.
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FERC recommended that the Recreation Use and Needs (RUN) Study include detail boxes
and labels for all spur trails within the 43-mile portion of trail to be studied by
Duke Energy. Duke Energy will prepare detailed maps of the Duke Energy-
maintained, 43-mile portion of the Foothills Trail that identify parcel boundaries,
current property owner(s), access locations, spur trails, structures, and facilities/amentities.
Two traffic counters have been installed at the Bad Creek Hydro Project Trail Access (i.e.,
Bad Creek Parking Access Area and Bad Creek Road) and user surveys are being collected
at this site.

FERC requested additional details on the standards used to define the minimum acceptable
values of the indicator variables used to estimate the trail’s carrying capacity. Duke Energy
held a Recreational Resources Study Resource Committee (RC) meeting on March 28,

2023, to discuss the carrying capacity methodology.

In its Study Progress Report No. 2, Duke Energy provided information on a potential temporary

access road to the Fisher Knob community. The study areas for the Water Resources, Aquatic

Resources, Visual Resources, and Cultural Resources studies were expanded to incorporate the

areas potentially affected by the temporary road.

The following sections summarize progress implementing the relicensing studies since Study

Progress Report No. 2 was filed.

3.0

WATER RESOURCES STUDY

The Water Resources RC and Aquatics Resources RC met jointly on July 27, 2023.

The components of the Water Resources Study and status of each are provided below:

Summary of Existing Water Quality Data and Standards: Historical Lake Jocassee and
Howard Creek water quality data collected by Duke Energy and Clemson University have
been compiled and summarized. The draft report was distributed to Water Resources RC
members for their review on June 28, 2023, with comments due by August 28, 2023.
Organizations that provided comments on the draft report include Friends of Lake Keowee
Society (FOLKS) and Upstate Forever; U.S. Fish and Wildlife Service (USFWS).
Advocates for Quality Development (AQD) reviewed the report but had no comments.
Duke Energy addressed stakeholder comments in the final study report, which is provided
in Attachment A.
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e Water Quality Monitoring in the Whitewater River Arm: Water quality
instrumentation was deployed at three locations in the Whitewater River arm of Lake
Jocassee, May 22-23, 2023. Data collection began in June 2023 and will extend through
September 2023. Duke Energy has made nine field visits to download dataloggers and
collect water quality profile data (DO and temperature) since initial deployment. During
three of these trips, water velocity at depth was measured with an acoustic Doppler current
profiler (ADCP) across several transects in the Whitewater River arm to collect verification
data for CFD model results.

e Computational Fluid Dynamics (CFD) Modeling of Velocity Effects and Vertical
Mixing in Lake Jocassee Due to a Second Powerhouse: Development of the CFD model
and model runs under various Lake Jocassee water level elevations and Project operational
scenarios is complete. Model results were presented and discussed at the July 27, 2023,
joint RC meeting; the draft report was provided to the Water Resources RC for review on
September 11, 2023. Comments are due by October 11, 2023.

e CHEOPS Modeling of Water Exchange Rates and Lake Jocassee Reservoir Levels:
The CHEOPS model will be used to evaluate potential effects of Bad Creek II on the
frequency, timing, and range of Lake Jocassee reservoir level fluctuations. The Water
Resources and Aquatics Resources RCs reviewed performance measures that will be used
to evaluate model output at the joint RC meeting on July 27; a follow-up meeting (virtual)
with the South Carolina Department of Natural Resources (SCDNR) was held on August
17 to further discuss performance measures. Duke Energy expects to schedule a follow-up
meeting in October 2023 with the Joint RC to review model results. Following the meeting,
Duke Energy will provide the report to the Water Resources and Operations RCs for a 30-
day comment period.

e Future Water Quality Management Plan (WQMP) Development: Work to develop the
WQMP will begin in 2024.

Variance from Approved Study Plan
The study is proceeding in accordance with the approved study plan except the study area has
expanded to incorporate a temporary access road. Potential water quality effects associated with

the temporary access road would be addressed in the WQMP.
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AQUATIC RESOURCES STUDY

The Water Resources RC and Aquatics Resources RC met jointly on July 27, 2023.

The components of the Aquatic Resources Study and status of each are provided below:

Entrainment: The desktop entrainment study report has been revised to include historical
operations data, an assessment of the influence of operations with the increase of renewable
energy production, pumping periods (2, 4, 6, 8, 10, and 12 hours), diurnal periods (day
versus night), lake levels, and water temperature. The final report will be provided to the
RC members during the fourth quarter of 2023.

Desktop Studies on Pelagic and Littoral Habitat Effects: This effort will use results of
the CFD and CHEOPS modeling from the Water Resources Study. CFD modeling results
will be used to qualitatively evaluate potential effects to Lake Jocassee stratification,
dissolved oxygen, and temperatures throughout the water column. CHEOPS modeling
results will be used to assess potential effects within the littoral zone with a focus on lake
level fluctuation effects. See Section 3.0 for an update on the CFD and CHEOPS modeling.
Mussel Surveys and Stream Habitat Quality Surveys: Mussel surveys were completed
the week of July 24, 2023. In consultation with the SCDNR per their request, Duke Energy
has refined the methodology for evaluating stream habitat and potential effects to stream
function resulting from construction of a temporary access road by implementing the
SCDNR Stream Quantification Tool (SQT). This tool includes assessments of stream
hydrology, hydraulics, geomorphology, and biology. A summary of the approach to field
studies related to the temporary access road and upland spoil locations is described in
Attachment B. Stream habitat surveys at uplands spoil locations were completed
September 11-13, 2023. Fish surveys in support of the SQT were completed in July and
September 2023. A third and final fish survey will occur in October 2023. Habitat surveys
for streams crossed by the temporary access road using the SCDNR SQT methodology will
be completed in October 2023. Results of the mussel, fish, and stream habitat surveys will

be summarized in a report to be shared with the Aquatic Resources RC in Q4 2023.

Variance from Approved Study Plan

The study is proceeding in accordance with the approved study plan except the study area has

been expanded to include the temporary access road.
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5.0 VISUAL RESOURCES STUDY

The Recreational Resources RC met on July 27, 2023, to discuss the Visual Resources Study and

hear an update on the Recreational Resources Study.

The viewshed model has been developed. The Recreational Resources RC identified six potential
Key Views during the July 27, 2023, meeting. Photographs will be taken from the Key Views in
November 2023 during leaf-off conditions. The Recreational Resources RC will review the

resulting photos and select four for use with the remaining visual resources study tasks.

Variance from Approved Study Plan
The study is proceeding in accordance with the approved study plan. The temporary access road

route has been incorporated into the viewshed model.

6.0 RECREATIONAL RESOURCES STUDY

The Recreational Resources RC met on July 27, 2023, to discuss the Visual Resources Study and

hear an update on the Recreational Resources Study.

The components of the Recreational Resources Study and status of each are provided below:

e Foothills Trail Recreation Use and Needs (RUN) Study: Data were collected at
Musterground Road between September 2022 and mid-January 2023, and again between
March 20 and May 10, 2023. A traffic counter was reinstalled at Musterground Road in
early September 2023 and will continue to collect data through mid-January 2024. Data
collection at the other access areas began in March 2023 and is scheduled to continue
through November 2023.

e Foothills Trail Condition Assessment: Fieldwork began in May 2023. Duke Energy
anticipates distributing a draft study report for Recreation RC review in the fourth quarter
of 2023.

e Whitewater River Cove Existing Recreational Use Evaluation: Drone flights to capture
recreational boating in the Whitewater River cove began Memorial Day weekend and
ended Labor Day. Duke Energy anticipates distributing a draft study report to Recreational
Resources RC members in the fourth quarter of 2023.

e Whitewater River Cove Recreation Public Safety Evaluation: This effort will integrate

the CFD modeling velocity data developed in the Water Resources Study with the
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Whitewater River cove recreational use data captured during the 2023 boating season. The

draft report will be distributed to Recreational Resources RC members in the spring 2024.

Variance from Approved Study Plan
The study is proceeding in accordance with the study plan as modified by FERC.

7.0 CULTURAL RESOURCES STUDY

The archaeological survey began in March and was completed in August 2023. Duke Energy
consulted with the South Carolina State Historic Preservation Office (SCSHPO) and Tribes to
modify the Area of Potential Effect (APE) to incorporate the temporary access road on September
25, 2023; concurrence from SCSHPO was received September 26, 2023.

Duke Energy anticipates the draft survey report will be distributed to the South Carolina State
Historic Preservation Office, federally recognized Indian Tribes, and other consulting parties in

the fourth quarter of 2023.

Variance from Approved Study Plan
The study is proceeding in accordance with the approved study plan except the geographic scope

of the study area has been expanded to encompass the proposed temporary access road.

8.0 ENVIRONMENTAL JUSTICE STUDY

Duke Energy distributed the draft study report to the Operations RC on June 6, 2023, with
comments due by July 6, 2023. The report identified Environmental Justice (EJ) communities
within the 5-mile buffer area. Results indicate there would be no adverse effects to EJ communities
associated with the relicensing of Bad Creek or construction of Bad Creek 11, so the public outreach
meeting included in the study plan is not warranted. No substantive comments were provided on
the draft EJ report, so the report has been finalized and is included in Attachment C. No additional

work is anticipated in association with the study.

Variance from Approved Study Plan

The study has been completed in accordance with the approved study plan.
9.0 WILDLIFE AND BOTANICAL UPDATE

The Wildlife and Botanical RC met (virtually) on July 31, 2023, to discuss updates regarding

endangered species, the potential temporary access road, avian protection along the transmission
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line corridor, and Clean Water Act permitting. A meeting summary was provided to the Wildlife

and Botanical RC on August 14, 2023.

In consultation with the SCDNR, and in anticipation of information needed to support Clean Water
Act permitting for Bad Creek II construction, Duke Energy also conducted herpetological surveys
at potential spoil areas from September 11 to 13, 2023. Results will be summarized and shared

with the Wildlife and Botanical RC.
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1 Project Introduction and Background

Duke Energy Carolinas, LLC (Duke Energy or Licensee) is the owner and operator of the 1,400-
megawatt Bad Creek Pumped Storage Project (Project) (FERC Project No. 2740) located in
Oconee County, South Carolina, approximately eight miles north of Salem. The Project utilizes
the Bad Creek Reservoir as the upper reservoir (Upper Reservoir) and Lake Jocassee, which is
licensed as part of the Keowee-Toxaway (KT) Hydroelectric Project (FERC Project No. 2503),

as the lower reservoir.

The existing (original) license for the Project was issued by the Federal Energy Regulatory
Commission (FERC or Commission) for a 50-year term, with an effective date of August 1, 1977
and expiration date of July 31, 2027. The license has been subsequently and substantively
amended, with the most recent amendment on August 6, 2018 for authorization to upgrade and
rehabilitate the four pump-turbines in the powerhouse and increase the Authorized Installed and
Maximum Hydraulic capacities for the Project.! Duke Energy is pursuing a new license for the
Project pursuant to the Commission’s Integrated Licensing Process, as described at 18 Code of

Federal Regulations (CFR) Part 5.

In accordance with 18 CFR §5.11 of the Commission’s regulations, Duke Energy developed a
Revised Study Plan (RSP) for the Project and proposed six studies for Project relicensing. The
RSP was filed with the Commission and made available to stakeholders on December 5, 2022.
FERC issued the Study Plan Determination on January 4, 2023, which included modifications to

one of the six proposed studies (Recreational Resources Study).

This report includes the findings for Task 1 (Summary of Existing Water Quality and Standards)
of the Water Resources Study. The Water Resources Study is ongoing in support of preparing an
application for a new license for the Project in accordance with 18 CFR §5.15, as provided in the

RSP.

1 Duke Energy Carolinas LLC, 164 FERC { 62,066 (2018)
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2 Study Goals and Objectives

Tasks carried out for the Bad Creek Water Resources Study employ standard methodologies that
are consistent with the scope and level of effort described in the RSP filed with the Commission
on December 5, 2022. This report was developed in support of Task 1 of the Water Resources
Study (Summary of Existing Water Quality Data and Standards) and is intended to provide
sufficient information to support an analysis of the potential Project-related effects on water

resources with clear nexus to the Project.

The main goal of this desktop review is to compile previously collected water quality data and
provide a summary of existing data from Lake Jocassee and Howard Creek under current Project

operations and prior to Project operations, while addressing stakeholder concerns.

3 Study Area

The study area for the desktop review of existing water quality data includes Lake Jocassee (i.e.,
the lower reservoir) and Howard Creek (Figure 3-1), a tributary to Lake Jocassee that flows in a
southeasterly direction along the downstream side of the Project dams. These are the waterbodies

potentially impacted by the Project2.

2 Note that water quality monitoring in the Bad Creek Reservoir is not safe (due to rapid, large fluctuations in water
level elevation and typically continuous Project operation) nor is it considered meaningful, given the short retention
time of Bad Creek Reservoir. Due to pumping and generating cycles, retention time is approximately 3 days if only
a single pump-turbine unit is operating. There are no existing water quality data in the Upper Reservoir; it is used
only for Project operations and there is no public access.
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Note: NHD = U.S. Geological Survey (USGS) National Hydrology Database

Figure 3-1. Study Area for Desktop Review of Lake Jocassee and Howard Creek
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4 Description of Project Waters

4.1 Overview
The Project is located in the Blue Ridge physiographic province in the headwaters of the
Savannah River basin. The Savannah River basin has an area of approximately 10,577 square

miles (mi®) and drains portions of the Blue Ridge, Piedmont, and Coastal Plain regions.

The Project uses the Bad Creek Reservoir as its upper reservoir, which has a drainage area of
approximately 1.5 mi®. Construction of the Project began in December 1985 and major work was
completed by December 1990 (see Table 4-1); initial filling of the Bad Creek Reservoir began in
January 1991. Prior to impoundment, Bad Creek and West Bad Creek were tributaries of Howard
Creek (a tributary to Lake Jocassee) located near the toe of the Main Dam and West Dam,
respectively. Howard Creek flows from its headwaters (northwest of the Project) and through the
southern border of the Project Boundary with a drainage area of approximately 4.3 mi? at its
downstream confluence with Limber Pole Creek. Seepage through the two earthen dams now
flows into Howard Creek near the toe of each dam. Average seepage flows from the Main Dam
and the West Dam are approximately 5.0 cubic feet (ft) per second (cfs) combined. Water from
Bad Creek Reservoir is exchanged directly with Lake Jocassee. Due to the small drainage area of
Bad Creek Reservoir, inflows are minimal and have limited to no effect on water quality or

Project operations.

Lake Jocassee, which operates as the lower reservoir for the Project, was formed by impounding
the Keowee River at river mile 343.6, just downstream of the confluence of the Whitewater and
Toxaway rivers. Lake Jocassee has a drainage area of 145 mi?, a surface area of approximately
7,980 acres, and approximately 92 miles of shoreline at full pond (1,110 ft above mean sea level
[msl]). Water from Lake Jocassee flows directly into Lake Keowee, which was formed by
impounding the Keowee River and the Little River, and the two impoundments are connected
through an excavated canal creating one large impoundment. Duke Energy has monitored water

quality conditions in Lake Jocassee in some capacity since the reservoir’s formation in 1973.

During Project construction, excavated rockfill was hauled to the western shore of Whitewater
River cove (also called Whitewater River arm), transported out into the lake on barges, and

placed in the water to construct an underwater weir approximately 1,800 ft downstream of the
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Project inlet/outlet (I/O) structure (weir midpoint coordinates 35.0015, -82.991509). The existing
submerged weir is approximately 567 ft wide and 455 ft long with a crest elevation of

approximately 1,060 ft msl. It was installed to help minimize the effects of Project operations on
the natural stratification of Lake Jocassee and dissipate the energy of the discharging water from

the Project’s I/O structure.
For reference, Table 4-1 includes a list of significant construction (or other) events at the Project.

Table 4-1. Bad Creek Project Construction or other Significant Events

Date Event
October 30, 1984 Project access road construction begins
December 12, 1985 Begin tunnel excavation construction
April 18, 1986 Begin main cofferdam construction
Spring 1986 Begin construction of West Abutment of Main Dam
December 6, 1986 Complete intake channel excavation
April 17, 1987 Complete main access shaft
September 14, 1987 Complete Powerhouse cavern
September 25, 1987 Complete excavation of tunnels
February 24, 1989 Complete reservoir grouting

June 11, 1990 Complete West Dam construction

July 23, 1990 Complete East Dike construction
October 10, 1990 Complete Main Dam construction
December 27, 1990 Water up power tunnel

March 15, 1991 Initial reservoir filling

March 1991 Commercial operation — Unit 1 and 2
September 1991 Commercial operation — Unit 3 and 4
August 16-17, 1994 Tropical Storm Beryl

4.2  Water Quality Standards and Use Classifications

North Carolina and South Carolina have assigned state water quality standards commensurate
with a designated use of a waterbody and both states have similar categories of designated use.
Some of the tributaries flowing into Lake Jocassee are wholly within North Carolina, some are
wholly within South Carolina, and some flow through both states. Variations of sub-sets of
general classifications between the two states exist; however, both states have recognized and
distinguished between general use to maintain and support aquatic life and general contact

recreation, trout habitats, and high value resource areas.
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Under the authority of the South Carolina Pollution Control Act, the South Carolina Department
of Health and Environmental Control (SCDHEC) Water Classification & Standards establishes
appropriate water uses and protection classifications, as well as general rules and specific water
quality criteria to protect existing water uses, establish anti-degradation rules, protect public
welfare, and maintain and enhance water quality. Streams with the following Water
Classifications are found in the Project vicinity: Outstanding Resources Waters (ORW); Trout
Natural (TN); and Trout Put, Grow, and Take (TPGT). The Whitewater River is classified as
ORW, Howard Creek is classified as TN, and Whitewater River tributaries are classified as
ORW and TPGT (SCDHEC 2021; NCDEQ 2021). Lake Jocassee is designated as TPGT. TPGT
waters are freshwaters suitable for supporting growth of stocked trout populations and a balanced
indigenous aquatic community of fauna and flora. These waters are also suitable for contact
recreation and as a drinking water supply source after conventional treatment. A summary of the

designated use classifications for the Lake Jocassee watershed is provided in Table 4-2. Note the

only waterbodies considered in this report are Lake Jocassee and the portion of Howard Creek

downstream of the Project dams.

Table 4-2. Surface Water Classifications of Waterbodies within Lake Jocassee Watershed

Name State Description S(ljll;f;cigcwm?zf
Bear Camp Creek NC From source to state line C; TR
Bear Creek NC From source to state line C; TR
Bear Creek SC Portion of the creek from state line to Lake Jocassee TN
Corbin Creek SC The entire creek tributary to Devils Fork ORW (TPGT)
Horsepasture River NC grv(;l;; Sﬁo(i]gt)izl;;(:;ir}?g;etlg s(1a6tg Elnl ie downstream of N.C. B; TR, ORW
Portion of the creek from its headwaters to 0.3 mile below
Howard Creek SC Hwy 130 upstream of the flow augmentation system at the ORW (TPGT)
Bad Creek Bad Creek Main Dam.
Howard Creek* SC The portion below Bad Creek Dam to Lake Jocassee TN
Lake Jocassee* SC The entire lake TPGT
Laurel Fork Creek SC The entire creek tributary to Lake Jocassee TN
Limber Pole Creek SC The entire creek tributary to Devils Fork TN
Rock Creek SC Portion of the creek within South Carolina TN
Thompson River NC From source to state line C, TR
Thompson River SC Portion of the river from state line to Lake Jocassee TN
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Name State Description S(ljll;t:‘scigc‘vﬁ?zf
Toxaway River NC From dam at Lake Toxaway Estates, Inc. to state line C
Whitewater River NC From Little Whitewater Creek to state line C, TR, HWQ
Whitewater River SC Portion of the river from state line to Lake Jocassee ORW (TPGT)
Write Creek SC The entire creek tributary to Lake Jocassee ORW (TPGT)
Coley Creek SC The portion of the creek in SC TPGT
Devils Hole Creek SC The entire creek tributary to Lake Jocassee TPGT
Jackie’s Branch SC The entire creek tributary to Lake Jocassee TN

Mill Creek SC The entire creek tributary to Lake Jocassee TPGT

* Evaluated in this report

B- Primary Recreation, Fresh Water; C- Aquatic Life, Secondary Recreation, Fresh Water; HQW- High Quality Waters; ORW-
Outstanding Resource Waters; TN- Trout-Natural; TPGT- Trout-Put, Grow, and Take; TR- Trout Waters

Sources: SCDHEC 2020, 2021; NCDEQ 2021

A summary of water quality standards for South Carolina applicable to Project waters (i.e., Blue
Ridge; trout waters) is included in Table 4-3. Note that nutrient criteria (i.e., phosphorous,
nitrogen, chlorophyll a) in the state of South Carolina apply only to lakes and reservoirs, not
rivers and streams. Numeric nutrient criteria are based on an ecoregional approach which takes
into account the geographic location of the lake and are applicable to lakes of 40 acres or more
(SCDHEC 2020). In evaluating the effects of nutrients on the quality of lakes and other waters of
the state, SCDHEC may consider, but not be limited to, such factors as the hydrology and
morphometry of the waterbody, the existing and projected trophic state, characteristics of the
loadings, and other control mechanisms to protect the existing and classified uses of the waters
(SCDHEC 2020).

Table 4-3. South Carolina Numeric State Water Quality Standards for Parameters
Assessed in Project Waters

Parameter South Carolina Water Quality Standard
Temperature (applies to Not to exceed 2.8°C (5°F) above natural temperatures up to 32.2°C (90°F)
heated effluents only) Trout Waters: Not to vary from levels existing under natural conditions, unless

determined some other temperature shall protect the classified uses

Dissolved Oxygen Daily average not less than 5.0 milligrams per liter (mg/L)
Instantaneous low of 4.0 mg/L
Trout Waters: Not less than 6.0 mg/L

pH Between 6.0 and 8.5
Trout Waters: between 6.0 and 8.0

Turbidity Freshwater Lakes Only: Not to exceed 25 NTUs provided existing uses are
maintained.
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Parameter South Carolina Water Quality Standard

Trout Waters: Not to exceed 10 NTUs or 10% above natural conditions, provided
existing uses are maintained.

Phosphorus Blue Ridge — Shall not exceed 0.02 mg/L.
Piedmont — Shall not exceed 0.06 mg/L.

Nitrogen Blue Ridge — Shall not exceed 0.35 mg/L.
Piedmont — Shall not exceed 1.5 mg/L.

Chlorophyll a Blue Ridge — Shall not exceed 10 pg/L.

Piedmont — Shall not exceed 40 pg/L.

Source: SCDHEC 2020

4.3 Compliance with SCDHEC State Standards

One important goal of the Clean Water Act, the South Carolina Pollution Control Act, and the
State Water Quality Classifications and Standards is to maintain the quality of surface waters to
provide for the survival and propagation of a balanced indigenous aquatic community of fauna
and flora (SCDHEC n.d.). The degree to which aquatic life is protected is assessed by comparing
important water quality characteristics and the concentrations of potentially toxic pollutants with
numeric criteria. Support of aquatic life uses is determined based on the percentage of numeric
criteria excursions and, where data are available, the composition and functional integrity of the

biological community (SCDHEC n.d.).

South Carolina water quality standards and thresholds are listed above in Table 4-3. The
SCDHEC assessment methodology (SCDHEC n.d.) states that grab samples or samples collected
at a depth of 0.3 meters are considered to be a surface measurement; this is consistent with Duke
Energy’s surface measurement methods. For the purpose of assessment, only surface samples are
used in standards comparisons and trend assessments (SCDHEC n.d.). Note that the SCDHEC
and U.S. Environmental Protection Agency (USEPA) do not define the sampling method or
frequency of sampling for water quality to compare to criteria, other than indicating it should be

“representative” (SCDHEC n.d.).

For temperature and dissolved oxygen (DO) standards, if the percentage of criterion excursions
is greater than 10 percent, but less than or equal to 25 percent, the criterion is partially supported.
If the percentage of criterion excursions is 10 percent or less across the dataset, the criterion is

said to be fully supported (SCDHEC n.d.).
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For turbidity, phosphorus, total nitrogen, and chlorophyll a, if the individual criterion is exceeded
in more than 25 percent of the samples, the criterion is considered not supported. If the criterion
is exceeded in more than 10 but less than 25 percent, sites are evaluated on a case-by-case basis
to determine if local conditions indicate that classified uses are impaired. If the criterion is
exceeded in less than 10 percent of the samples, the criterion is considered fully supported

(SCDHEC n.d.).?

5 Lake Jocassee

Lake Jocassee is classified as an oligotrophic waterbody exhibiting low productivity, low
nutrient concentrations, and high clarity. Generally, DO concentrations (as well as percent DO
saturation) remain relatively high due to the low productivity (slow consumption of oxygen due
to limited biological activity and benthic decomposition rates) (Dobson and Frid 2009). It is a
monomictic lake experiencing seasonal thermal stratification (summer) and mixing (winter);
however, the lake’s geomorphological characteristics sometimes result in minor mixing between
the upper and lower levels of the water column, allowing for thermal stratification to persist for

several years without turn-over (Duke Power Company 1995).

Lake Jocassee is included in the highest water quality classification (i.e., excellent rating) as
designated by SCDHEC and preservation of existing conditions is recommended, with most
tributaries within the watershed fully supporting their designated use. It is one of only a few
reservoirs in South Carolina possessing the necessary aquatic habitat (water temperature and
DO) to support both warmwater and coldwater (salmonid [trout]) fisheries year-round (USACE
2014). SCDHEC has consistently identified Lake Jocassee, as well as downstream Lake Keowee,
among the cleanest South Carolina reservoirs based on previous data and recent data continue to
indicate Lake Jocassee fully supports aquatic life and recreational designated uses (USACE
2014).

3 Note that the goal of the standards for aquatic life uses is the protection of a balanced indigenous aquatic
community; therefore, biological data are the ultimate deciding factor, regardless of chemical conditions. If
biological data show a healthy, balanced community, the use is considered supported even if chemical parameters
do not meet the applicable criteria (SCDHEC n.d).
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5.1 Data Analysis Methods

Water quality datasets for Lake Jocassee were received directly from Duke Energy’s
Environmental Science Group in July 2022 (Microsoft Excel®). Methods for water quality data
collection, calibration, data entry, and quality control have followed Duke Energy standard
operating procedures (SOPs) and guidelines, which have been reviewed and updated periodically
since inception of the environmental monitoring program. Duke Energy’s most recent water
quality monitoring SOPs are the Duke Energy Water Quality Field Procedure (ESFP-SW-0503,
Revl) and the Duke Energy Water Chemistry Sample Collection ESFP-SW-0504, Rev0), which

are included for reference in Appendix A.

To satisfy the objective of summarizing existing water quality conditions and comparing them to
conditions that existed prior to Project construction, Lake Jocassee water quality data were
pooled and separated into two time periods: pre operations and post operations. Because Units 1
and 2 began commercial operation in March 1991 (see Table 4-1), the post operation period (also
called post construction period) is 1991-2020. The start year for data from the pre operation/pre
construction period is not consistent between monitoring stations but on average, data
measurements began in the late 1970’s. The pre operation period is considered any year prior to

1991.

Vertical water column measurements were averaged for every 15-foot interval for each month of

the year* to show average seasonal trends for each of the following water quality parameters:

Temperature (degrees Celsius [°C])

Dissolved oxygen (mg/L)

Dissolved oxygen percent saturation (%)

pH (Standard units)

Phosphorus (mg/L)

Nitrogen (mg/L)

Chlorophyll a (mg/L)

Conductivity (microsiemens per centimeter [pS/cm])

4 Winter months include December through February, spring is March through May, summer is June through
August, and fall is September through November.
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Water quality data are summarized in Section 5.3 and accompanying detailed data tables are
provided in Appendix B for depth and surface-averaged measurements for individual monitoring

stations shown on Figure 3-1.

Because water in the Whitewater River arm is directly exchanged with waters of the Upper
Reservoir, a separate water quality analysis was carried out for three existing monitoring stations
in the Whitewater River cove since those stations are most impacted by Project operations
(Stations 564.1, 564.0, and 560.0 shown on Figure 5-1). For the Whitewater River cove analysis,
a third time period covering the years during Project construction (1985-1991) was evaluated in

addition to pre and post construction.

Turbidity values (vertical profiles) were also assessed at the three Whitewater River cove
locations to identify; (1) potential relationships between past project construction activities (or
other external drivers such as major storms) and increased turbidity, (2) downstream extent of
turbidity impacts in Whitewater River cove, and (3) approximate length of time for elevated
turbidity levels to recover. Turbidity data are compiled and presented in a format that shows pre
construction, construction, and post construction conditions. This information can be used to
help inform future potential water quality/turbidity impacts due to the potential construction of

Bad Creek 11.
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Figure 5-1. Water Quality Monitoring Stations in the Whitewater River Arm of Lake
Jocassee
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5.2 Water Quality Monitoring Stations

Twelve water quality monitoring stations have been routinely measured by Duke Energy over
the last 40 years (Figure 3-1). Depth-averaged and surface data are included in Appendix B for
each station. Periods of record for each monitoring station are provided in Table 5-1. Minimum
reading elevations® (ft msl) at each monitoring station are also presented in Table 5-1. Normal

maximum pond elevation is 1,110 ft msl and normal minimum pond elevation is 1,080 ft msl.

Table 5-1. Water Quality Monitoring Station Periods of Record

Monitoring station Start Year End Year Mlgllr:vl:goﬁeégmg
558.7 1987 2015 763
558.0 1975 2020 757
559.0 1987 2015 793
560.0* 1975 2015 826
562.0 1980 2015 965
565.4 1987 1994 918
551.0 1975 2011 1083
564.0* 1976 2015 865
564.1* 1987 2017 960
557.0 1975 2015 820
554.8 1986 2015 945
556.0 1975 2015 918

*Whitewater River arm

As stated previously, water quality at Stations 564.1, 564.0, and 560.0 in the Whitewater River
arm were assessed separately over three periods since those locations are most impacted by
Project construction and operation due to proximity. The data from these stations also provide
information on the function of the submerged weir. Additionally, turbidity values are
summarized at the three monitoring stations in the Whitewater River arm (discussed in Section

5.3.8).

5.3  Water Quality Summary Results
5.3.1 Temperature

Water temperature dictates the types of biota that can survive in a waterbody, affects metabolic

rates and photosynthesis, influences the rates of chemical reactions, and impacts the physical

5 Minimum reading elevations are at or near the reservoir bottom for each monitoring station.
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capacity of water to hold DO. Water temperature is also important because of its influence on
water chemistry; the rate of chemical reactions generally increases at higher temperatures (USGS
2018a). Thermal stratification in a lake is a seasonal phenomenon that occurs from late spring to
late fall in temperate regions. In the summer, the uppermost layer of water is warmed by the sun
and cooler water in the lower water column begins to separate from the top, resulting in a
warmer layer of water at the top (i.e., epilimnion) and a heavier/denser layer of water at the
bottom (i.e., hypolimnion). The thinner layer that separates the warmer upper waters from the
cooler bottom waters is the metalimnion or thermocline, which acts as a barrier that prevents
mixing and heat exchange between the epilimnion and hypolimnion. During winter, there is
usually little temperature stratification as the entire lake cools. In Lake Jocassee, the depth of the
thermocline varies between locations in the lake (based on depth and geomorphology) as well as

between seasons.

Because temperatures at depth determine patterns of stratification (i.e., warmer water in the
upper water column, cooler water at depth), depth-averaged temperatures were assessed during
this desktop review as well as surface water temperatures. Over the entire reservoir at all depths,
Lake Jocassee winter temperatures range between 0 and 17°C, with an average of 10°C. Thermal
stratification is not prevalent in the winter months (December — February) and at some stations,
February temperatures vary by less than one degree between surface and bottom waters. Spring
temperatures range from 5 to 25°C with an average of 11°C. Stratification begins to form in the
upper third of the water column as temperatures continue to warm towards late spring. Summer
temperatures range from 7 to 30°C with an average of 15°C. Stratification continues to develop
through summer and extends further down into the water column. Fall temperatures range from 7
to 28°C with an average of 15°C. Stratification peaks in early fall and begins to wane as
temperatures cool. All data tables showing temperatures and patterns of stratification for each

monitoring station are included in Appendix B.

Bad Creek operational impacts to temperature are limited to monitoring Station 564.1 in the
Whitewater River cove, which is between the I/O structure and submerged weir (see Figure 5-1).
Monthly average temperatures within the water column at this location are nearly uniform after
1991 (post Bad Creek operation) (Figure 5-2). Vertical mixing from Bad Creek operations

eliminates any stratification at this monitoring station regardless of season. The pre construction
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depth-averaged temperature at Station 564.1 is 13.9°C, and the post construction average

temperature at Station 564.1 (through 2017) is 17.2°C, a difference of 3.3°C.

Monitoring Station 564.0 (see Figure 5-3) is located downstream of the submerged weir and in
contrast to Station 564.1, stratification is prevalent at this location after 1991. There is very little
difference in temperature profiles between pre and post Bad Creek operations at Station 564.0.
This is primarily due to the presence of the submerged weir, which limits mixing downstream of
the weir structure (i.e., mixing is confined to the portion of the Whitewater River cove upstream

of the submerged weir).

Tables of monthly averaged temperature profiles for pre and post Bad Creek operational
conditions at each of the 12 monitoring locations are provided in Appendix B. Additionally,
tables of data showing depth-averaged temperatures for pre construction, construction, and post
construction in the Whitewater River arm indicating changing stratification trends are included in

Appendix B.
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Figure 5-2. Station 564.1 Pre Bad Creek Operation (top) Showing Temperature
Stratification vs. Post Operation (bottom) Showing Mixing in the Water Column

Figure 5-3. Station 564.0 Downstream of the Weir Showing Temperature Stratification for
Pre and Post Operations
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Surface water temperature minimum, average, and maximum values for all stations over the
entire dataset are included in Table 5-2. Discrete water quality data assessed in Lake Jocassee
consistently met South Carolina water quality standards for trout waters for temperature. There is
no numeric threshold for temperature, however, for trout waters, narrative criteria indicate water
temperatures should not vary from levels existing under natural conditions (unless determined

some other temperature shall protect the classified uses), which is supported by study findings.

A comparison of pre vs. post operations for surface water at each station is provided in Table 5-3
and average surface water data are included in Appendix B. There is no clear trend in warming
from pre to post operations in surface waters and temperature differences are mostly within one
degree. It is important to note that surface waters are affected by ambient air temperature,
therefore, any elevated temperatures under present-day conditions may be impacted by climate
warming over the last three decades.® It is noteworthy that surface waters at Station 564.1 do not
indicate the warmer temperatures noted at depth between pre and post operation periods (i.e., -

0.8°C change at the surface but +3.3°C change at depth, indicative of the I/O structure at depth).

Table 5-2. Water Temperature in Surface Waters of Lake Jocassee

Lake Jocassee Surface Temperature (degrees C)
Station Minimum Average Maximum
558.7 8.20 18.59 29.02
558.0 7.10 18.44 28.22
559.0 8.10 18.81 28.90
560.0 7.10 18.87 28.47
562.0 8.10 19.23 29.20
565.4 8.50 18.84 28.50
551.0 0.20 13.48 27.24
564.0 7.40 19.15 28.61
564.1 8.50 18.99 28.40
557.0 7.10 18.81 29.23
554.8 7.70 19.24 29.15
556.0 7.30 19.04 29.12

6 A climate assessment is beyond the scope of this desktop study, however, a summary of climate trends in the
region will be assessed and reported in the license application.
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Table 5-3. Average and Standard Deviation of Surface Temperatures, Pre vs. Post

Operations
Monitoring Temperature (°C)
Station Pre operations Post operations Difference of
Average Standard Average Standard Averages
Deviation Deviation

558.7 18.3 6.1 18.6 6.1 0.3
558.0 18.1 6.4 18.6 6.1 0.5
559.0 18.4 6.3 18.9 6.1 0.5
560.0 18.5 6.4 19.1 6.1 0.6
562.0 18.6 6.5 19.4 6.3 0.8
565.4 18.9 6.6 18.8 6.2 -0.1
551.0 133 6.0 14.7 7.2 1.4
564.0 19.0 6.6 19.2 6.0 0.2
564.1 19.7 6.2 18.9 5.8 -0.8
557.0 18.2 6.4 19.1 6.2 0.9
554.8 19.3 6.5 19.2 6.4 -0.1
556.0 18.7 6.5 19.2 6.3 0.5

53.2 Dissolved Oxygen

5.3.2.1 Dissolved Oxygen Concentration

Dissolved oxygen is a measure of how much oxygen is dissolved in the water and is the amount
of oxygen available to living aquatic organisms. The concentration of DO in surface water is
affected by temperature and has both a seasonal and a daily cycle. In winter and early spring,
when water temperature is low, DO concentrations are typically higher as cold water can hold
more DO than warm water. In summer and fall, when the water temperature is high, the DO
concentration is often lower (USGS 2018b). Similar to temperature, DO typically shows patterns
of stratification in large, deep reservoirs like Lake Jocassee. Just after summer stratification is
established, the hypolimnion is rich in DO from the early spring mixing of the lake. However,
because the metalimnion acts as a barrier between the epilimnion and hypolimnion, the
hypolimnion is essentially cut off from oxygen exchange with the atmosphere and the deepest
parts of the lake can become hypoxic (i.e., DO concentrations less than 2 mg/L) to anoxic (i.e.,
depleted of oxygen). Lake Jocassee is very deep in some places, and it is not unusual for DO to
be depleted at depth. Because near-surface waters are used by most forms of aquatic life, DO
concentrations measured at the water surface or in near-surface waters are used to assess the

health of a waterbody (instead of DO at depth). Because depth-averaged values are not
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considered when determining the health of the waterbody (i.e., SCDHEC standards only apply to
water at the surface as explained in Section 4.3), these data are provided for context, however,
average surface water values are also provided below for each season and as minimum,
maximum, and average for each station in Table 5-4. All data (depth and surface) are included in

Appendix B.

The position of the thermocline varies from location to location and between seasons, as is
typical for large, deep reservoirs, therefore, an overall trend of DO values are provided herein.
Lake Jocassee winter DO concentrations (throughout the water column) are between 0 and 14
mg/L, with an average of 7 mg/L. In deeper portions of Lake Jocassee, winter DO stratification
is characterized by a rapid decline in DO in the lower half of the water column, with the upper
half generally at constant values. The average winter surface (i.e., measurement depth 0.3 meter)
DO over the entire dataset is 9.4 mg/L. Winter stratification is less prevalent in shallower

portions of the lake.

Spring DO concentrations range from 0 to 13 mg/L with an average of 8 mg/L. DO
concentrations remain consistent throughout the spring months and some stratification is present

in the deepest sections of the lake. Average spring surface DO (0.3 m) is 9.7 mg/L.

Summer DO concentrations range from 0 to 13 mg/L with an average of 7 mg/L. Stratification
becomes more pronounced throughout the lake with the transition from spring into summer. This
stratification is generally limited to the lower half of the lake in both deep and shallow areas.

Average summer surface DO is 8.2 mg/L.

Fall DO concentrations range from 0 to 11 mg/L with an average of 6 mg/L. The most notable
stratification pattern is seen in the fall where the bottom of the lake can reach anoxic levels. DO
concentrations remain constant in the top third of the water column, however, significant

stratification is observed in the lower water column. Average fall surface DO is 8.1 mg/L.

Tables of monthly averaged DO profiles for pre and post Bad Creek operational conditions at
each of the 12 monitoring locations are provided in Appendix B. Additionally, tables of data
showing depth-averaged DO values for pre construction, construction, and post construction in
the Whitewater River arm to show changing stratification trends over time are included in

Appendix B.
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Similar to trends in temperature data, Bad Creek operational impacts to DO are limited to
monitoring Station 564.1 between the I/O structure and submerged weir. Monthly average DO
concentrations within the water column at this location are nearly uniform after 1991 (post Bad
Creek operation) (Figure 5-4). Vertical mixing from Bad Creek operations does not allow for

stratification at this monitoring location regardless of season.

DO stratification does occur at monitoring Station 564.0 (downstream of the weir), and there is
very little difference in DO profiles between pre and post Bad Creek operation indicating the

submerged weir is functioning as intended (Figure 5-5).

In general, DO concentrations in Lake Jocassee are a function of the extent of the previous
winter mixing — colder winter temperatures result in deeper mixing within the reservoir, which
results in higher DO concentrations the following year (USACE 2014). Multiple droughts over
the reservoir’s history have resulted in maximum drawdowns up to 29 ft (USACE 2014);
however, the overall thermal structure of the reservoir helped to maintain DO concentrations
throughout the water column and were not impacted by the drawdown events (i.e., reduced water
elevation), indicating even under extreme drought conditions, DO remains above state threshold

levels throughout Lake Jocassee (i.e., 6.0 mg/L) (USACE 2014).

Page | 20



Duke Energy Carolinas, LL.C | Bad Creek Pumped Storage Project I_)?
Water Resources Study — Summary of Existing Water Quality Data and Standards

Figure 5-4. Station 564.1 Pre Bad Creek Operation (top) Showing DO Stratification vs.
Post Operation (bottom) Showing Mixing in the Water Column

Figure 5-5. Station 564.0 Downstream of the Weir Showing Stratification for Pre and Post
Operations
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The state standard for DO in trout waters is > 6.0 mg/L (instantaneous minimum). Before 1991
there were two instances of surface DO less than 6.0 mg/L: 4.6 mg/L at monitoring Station 558.0
in 1973 and 5.4 mg/L at monitoring Station 556.0 in 1976, which correspond to the first few
years after the reservoir was filled in 1973. There were no instances of surface DO values less

than 6.0 mg/L after 1991. Average surface water data are included in Appendix B.

Over the entire dataset, there were 4,241 surface measurements assessed; a total of five
measurements were below the state standard, which accounts for 0.12 percent of the dataset
(Table 5-4). Therefore, surface water DO concentrations in Lake Jocassee fully support the

designated use classification (i.e., less than 10 percent criterion excursions).

Table 5-4. Dissolved Oxygen in Surface Waters of Lake Jocassee

Lake Jocassee Surface DO (mg/L)

Station Minimum Average Maximum
558.7 6.8 8.7 11.2
558.0 4.6 8.7 11.2
559.0 6.9 8.7 11.1
560.0 6.1 8.7 11.8
562.0 6.9 8.8 11.3
565.4 7.4 8.8 11.2
551.0 7.2 9.9 14.4
564.0 6.6 8.8 12.2
564.1 6.6 8.6 11.1
557.0 6.7 8.9 11.6
554.8 6.7 8.9 11.2
556.0 5.4 9.0 11.6

5.3.2.2 Dissolved Oxygen Saturation

Dissolved oxygen saturation is reported in units of percent and represents the percent of oxygen
that has dissolved into water (a value typical of a given temperature). Percent saturation is
indicative of the percentage of oxygen dissolved in water at a given temperature and gas
pressure. Equilibrium is indicated by 100 percent saturation with higher temperatures decreasing
oxygen solubility)”. Supersaturation, or saturation greater than 100 percent, may be observed in

a reservoir as a result of the photosynthetic process by phytoplankton and other aquatic plants

7 https://www.waterboards.ca.gov/water_issues/programs/swamp/docs/cwt/guidance/3110en.pdf
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that may be present. Conversely, saturation less than 100 percent in a reservoir can be a function

of microbial respiration from decomposition of organic matter.

Lake Jocassee winter DO saturation ranges from 100 percent at the surface to 0 percent at the
bottom of the water column. The average winter surface (measured at 0.3 m) DO saturation is
87.2 percent. DO saturation remains constant in the upper top half of the lake and decreases from

about 80 percent saturation to near anoxic levels at the reservoir bottom.

The average lake-wide spring surface DO saturation is 98.6 percent. Spring has the highest
average DO saturation; spring DO saturation decreases relatively uniformly with depth, with the
deepest sections of the lake generally dropping from 100 percent at the surface to 50 percent

saturation at the lake bottom.

The average lake-wide summer surface DO saturation is 101.3 percent. Similar to spring values,
DO saturation decreases uniformly with depth, but more sharply, generally decreasing from 100

percent at the surface to 35 percent at the lake bottom.

The average lake-wide fall surface DO saturation is 91.5 percent. As expected, fall continues the
trend of decreased saturation in the lower portions of the water column, becoming anoxic near

the lake bottom.

Dissolved oxygen saturation depth profile tables are provided in Appendix B (DO saturation
sampling began in 1998, i.e., post Bad Creek operations) at each of the 12 monitoring stations.
Additionally, depth-averaged DO percentages for pre construction, construction, and post
construction in the Whitewater River arm are included in Appendix B. While no data exist prior

to operations, stratification between the stations in Whitewater River cove is apparent.

Dissolved oxygen percentage in surface samples are shown in Table 5-5. There is no state
standard for DO saturation, however, since Lake Jocassee supports a diverse, healthy fish

community, it is assumed percentage of DO saturation is suitable for aquatic resources.
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Table 5-5. DO Saturation in Surface Waters of Lake Jocassee

DO Saturation (%)

Station Minimum Average Maximum
558.7 65.80 93.98 108.50
558.0 68.20 93.63 106.00
559.0 62.70 94.30 109.80
560.0 53.30 93.75 107.70
562.0 66.50 96.59 112.70
565.4 -- -- -
551.0 85.80 95.51 100.80
564.0 58.30 93.84 107.20
564.1 63.00 92.27 108.20
557.0 67.80 95.99 109.60
554.8 74.80 97.26 111.90
556.0 74.00 97.04 110.80

Note: (--) indicates no DO saturation data were collected at Station 565.4

533 pH

R

The pH level of a waterbody is a measure of hydrogen ion concentration and is ranked on a scale

of 1 (acidic) to 14 (basic). This water quality parameter affects many chemical and biological

processes in the water and different organisms have different ranges of pH within which they

flourish (USGS 2019). The relationship between phytoplankton and daily pH cycles is well

established. Photosynthesis by phytoplankton consumes carbon dioxide during the day, which

results in a rise in pH. In the dark, phytoplankton respiration releases carbon dioxide. In

productive lakes, carbon dioxide decreases to very low levels, causing the pH to rise (SCDHEC

n.d.). Note that the pH of a given waterbody is predominantly determined by the soil and rock

type in the area. Surface waters in mountain streams in the vicinity of Lake Jocassee are typically

poorly buffered and tend to have low pH values (Abernathy et al. 1994).

Typical Lake Jocassee pH values range between 5 and 10 (averaged throughout the water

column) with an average of 6.2, which is considered neutral and indicative of a system with low

production (i.e., little potential for algal growth). There is very little difference in pH between

seasons and while there is some variation in the water column, there is very little to no pH

stratification. Similar to temperature and DO trends, pH concentrations at monitoring station

564.1 are well mixed as a result of Bad Creek operations. Just downstream of the submerged
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weir at monitoring Station 564.0, there is some pH variation in the water column post 1991 as
the submerged weir limits vertical mixing at this location. pH profiles at this monitoring location
are similar pre and post Bad Creek operations. Tables of monthly averaged pH depth profiles for
pre and post Bad Creek operational conditions at each of the 12 monitoring locations are

provided in Appendix B.

Surface pH values for all stations are included in Table 5-6 and average surface water data are
included in Appendix B. Instantaneous pH surface readings were compared against the pH state
standard for trout waters (6.0-8.0 Standard Units). Over the entire dataset, there were 4,253
samples assessed; a total of 2 samples were above the state standard (i.e., less than 1 percent of
the dataset) and 255 samples were below the state standard (i.e., 6 percent of the dataset).
Therefore, surface water pH levels in Lake Jocassee fully support the designated use

classification (i.e., within 10 percent criterion excursions).

Table 5-6. pH in Surface Waters of Lake Jocassee

Surface Phosphorous (Standard Units)
Station | Minimum | Average | Maximum

558.7 5.50 6.67 7.60
558.0 5.20 6.56 8.00
559.0 5.30 6.67 7.71
560.0 5.60 6.69 7.80
562.0 5.60 6.76 7.90
565.4 5.60 6.50 8.10
551.0 5.50 6.53 7.90
564.0 5.60 6.78 7.90
564.1 5.60 6.73 7.90
557.0 5.50 6.73 7.80
554.8 5.60 6.84 8.10
556.0 5.63 6.80 7.90

534 Phosphorus

Phosphorus is a common constituent of agricultural fertilizers, manure, and organic wastes in
sewage and industrial effluent; too much phosphorus in a waterbody can speed up eutrophication
(a reduction in dissolved oxygen in water bodies caused by an increase of mineral and organic
nutrients) (USGS 2018c). Because Lake Jocassee is not in a predominantly agricultural or

industrial setting, phosphorus values are typically low.
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Lake Jocassee phosphorus concentrations at depth range from 0.002 to 0.68 mg/L with an
average of 0.01 mg/L. Tables of monthly averaged depth profiles for pre and post Bad Creek
operational conditions at each of the 12 monitoring locations are provided in Appendix B. As
with other water quality parameters, mixing due to Bad Creek operations creates relatively

constant profiles of phosphorus in the water column at monitoring station 564.1.

Table 5-7 below shows a summary of phosphorus for the surface waters of Lake Jocassee over
the entire dataset and surface water data tables are included in Appendix B. The state standard
for total phosphorous in lakes and reservoirs in the Blue Ridge region of South Carolina shall not

exceed 0.02 mg/L.

Over the entire dataset, there were 2,228 surface samples assessed; a total of 228 samples were
above the state standard, which accounts for 9.8 percent of the dataset (Table 5-7). Therefore,
surface water phosphorus concentrations in Lake Jocassee fully support the designated use

classification (i.e., less than 10 percent criterion excursions).

Table 5-7. Phosphorus in Surface Waters of Lake Jocassee

Surface Phosphorous (mg/L)
Station | Minimum | Average | Maximum
558.7 0.002 0.007 0.100
558.0 0.002 0.011 0.650
559.0 0.002 0.008 0.056
560.0 0.002 0.009 0.081
562.0 0.002 0.009 0.037
565.4 0.002 0.012 0.082
551.0 0.005 0.015 0.100
564.0 0.002 0.009 0.057
564.1 0.002 0.011 0.165
557.0 0.002 0.010 0.087
554.8 0.002 0.010 0.057
556.0 0.002 0.009 0.061

5.3.5 Nitrogen

Similar to phosphorus, too much nitrogen (in the forms of nitrate, nitrite, or ammonium) can
cause a number of adverse effects. Excess nitrogen can cause overstimulation of growth and
aquatic plant and algae. Total Kjeldahl Nitrogen (TKN) is a measure of organic nitrogen (i.e.,

naturally occurring) and ammonia in a water sample and provides a way to quantify the amount
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of nitrogen contained in organic form (USGS 2018e). Nitrate (NO3) is the product of aerobic
transformation of ammonia and is the most common form of nitrogen used by aquatic plants
while nitrite (NO3) is usually not present in significant amounts (SCDHEC n.d.). Total nitrogen
is the sum of TKN and NO>+ NOs.

The dataset for total nitrogen is limited in Lake Jocassee relative to other water quality
parameters. Of the nearly 2,000 measurements recorded for NO; and NOs3, there are only 545
readings where TKN was measured, therefore, the dataset for total nitrogen includes 545
datapoints. Tables of monthly averaged total nitrogen depth profiles for pre and post Bad Creek

operational conditions at each of the 12 monitoring locations are provided in Appendix B.

Table 5-8 below shows a summary of total nitrogen for the surface waters of Lake Jocassee over
the entire dataset and surface water data tables are included in Appendix B. The state standard
for total nitrogen for lakes and reservoirs in the Blue Ridge region of South Carolina shall not
exceed 0.35 mg/L. Over the entire dataset, there were 545 surface samples assessed; a total of 33
samples were above the state standard, which accounts for 6.1 percent of the dataset® (Table 5-8).
Therefore, surface water total nitrogen concentrations in Lake Jocassee fully support the

designated use classification (i.e., less than 10 percent criterion excursions).

Table 5-8. Total Nitrogen in Surface Waters of Lake Jocassee

Lake Jocassee Surface Total Nitrogen (mg/L)
Station Minimum Average Maximum
558.7 0.11 0.23 0.56
558 0.11 0.23 0.59
559 0.14 0.26 0.78
560 0.11 0.23 0.55
562 0.13 0.24 0.56
565.4 0.13 0.21 0.47
551 0.12 0.16 0.20
564 0.11 0.22 0.51
564.1 0.18 0.22 0.34
557 0.11 0.21 0.54
554.8 0.12 0.21 0.48
556 0.11 0.22 0.53

8 Note that of the 33 total nitrogen excursions, only one excursion was caused by elevated inorganic nitrogen; the
remaining excursions were due to elevated organic nitrogen (i.e., TKN), which is naturally occurring.
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5.3.6 Chlorophyll a

Chlorophyll allows plants (including phytoplankton [algae]) to photosynthesize, i.e., use sunlight
to convert simple molecules into organic compounds. Chlorophyll a is the predominant type of
chlorophyll found in green plants and is a surrogate for the amount of algae growing in a
waterbody; it can be used to classify the trophic condition of a waterbody (USEPA 2022b). One
of the symptoms of degraded water quality condition is the increase of algae biomass as
measured by the concentration of chlorophyll a. Typically, increased chlorophyll a is a result of
external nutrient inputs from surface runoff from agricultural areas with fertilizers, septic
systems, sewage treatment plants, and urban runoff (USEPA 2022a). However, the Lake
Jocassee watershed is largely undisturbed (i.e., forested), therefore, does not have these input
sources. Rather, chlorophyll a concentrations in Lake Jocassee stem from internal loading of
phosphorus from inside the lake. As stratification develops during the summer months, cooler
oxygenated water settles to the bottom of the reservoir. The oxygen is consumed over the
summer and fall months due to the decomposition of organic matter and uptake from fish. When
this happens, it triggers the release of phosphorous from the organic matter and sediments at the
bottom of the reservoir. Because Lake Jocassee is oligotrophic (i.e., high dissolved oxygen,
lower amounts of organic matter, and low levels of phosphorus), phosphorus input from internal
loading does not significantly increase the total phosphorus levels (or chlorophyll a
concentrations) in Lake Jocassee. Tables of monthly averaged chlorophyll a depth profiles for
pre and post Bad Creek operational conditions at each of the 12 monitoring locations are

provided in Appendix B.

Table 5-9 below shows a summary of cholorphyll a for the surface waters of Lake Jocassee over
the entire dataset and surface water data tables are included in Appendix B. The state standard
for chlorophyll a for lakes and reservoirs in the Blue Ridge region of South Carolina Shall not
exceed 10 pg/L. Over the entire dataset, there were 1,753 surface samples assessed; all samples
were below the state standard, which accounts for 100 percent of the dataset (Table 5-9).
Therefore, surface water chlorophyll a concentrations in Lake Jocassee fully support the

designated use classification (i.e., less than 10 percent criterion excursions).

Page | 28



Duke Energy Carolinas, LL.C | Bad Creek Pumped Storage Project I_)?
Water Resources Study — Summary of Existing Water Quality Data and Standards

Table 5-9. Chlorophyll a in Surface Waters of Lake Jocassee

Lake Jocassee Surface Chlorophyll (ug/L)
Station Minimum Average Maximum
558.7 0.46 2.06 5.67
558.0 0.50 2.05 5.44
559.0 0.49 1.92 4.46
560.0 0.28 2.07 5.61
562.0 0.63 2.76 7.53
565.4 0.55 2.38 6.64
551.0 0.25 1.01 1.86
564.0 0.53 2.13 6.54
564.1 0.65 2.06 4.63
557.0 0.36 2.00 5.17
554.8 0.65 2.86 6.61
556.0 0.04 2.46 7.46

5.3.7 Conductivity

Conductivity is a measure of the ability of water to pass an electrical current; because dissolved
salts and other inorganic chemicals conduct electrical current, conductivity increases as salinity
increases, therefore it is an indirect measure of the saltiness of the water (USEPA 2022b).
Conductivity is also directly related to rainfall runoff events as tributary inflows to Lake Jocassee
carry these dissolved salts and inorganic chemicals from the watershed into the reservoir. Since
rainfall is consistent through the year in the region, conductivity values in Lake Jocassee do not
vary seasonally but do increase during periods of higher rainfall runoff. For example, during
drier periods, conductivity in Lake Jocassee is very low ranging from 2.0 to 5.0 uS/cm. During
wetter periods, conductivity ranges from 85.5 to 275 uS/cm. The overall annual average

conductivity in the reservoir was approximately 18.1 pS/cm.

Similar to the other water quality parameters, conductivity values at monitoring station 564.1 on
the upstream side of the submerged weir are well mixed due to Bad Creek operations.
Downstream of the submerged weir at monitoring station 564.0, there is some variability in
conductivity throughout the water column but the conductivity profiles at this location are
similar pre and post Bad Creek operations indicating limited vertical mixing due to the

submerged weir.
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Tables of monthly averaged conductivity profiles for pre and post Bad Creek operational

conditions at each of the 12 monitoring locations are provided in Appendix B¢®.

Table 5-10 below shows a summary of conductivity for the surface waters of Lake Jocassee over
the entire dataset and surface water data tables are included in Appendix B. While there is no
state standard for specific conductivity, concentrations less than 500 uS/cm are generally
considered to be suitable for aquatic species in southern Appalachian waters (USEPA 2020). The
maximum surface conductivity measured was 34 uS/cm and the minimum was 2.0 uS/cm (Table
5-10); since Lake Jocassee supports a diverse, healthy fish community, it is assumed this range

of conductivity is suitable for aquatic resources.

Table 5-10. Conductivity in Surface Waters of Lake Jocassee

Lake Jocassee Conductivity (uS/cm)
Station Minimum Average Maximum
558.7 9.10 18.33 24.00
558.0 4.70 18.16 32.00
559.0 9.00 18.23 24.00
560.0 8.00 17.58 34.00
562.0 9.10 18.29 34.00
565.4 12.00 18.05 24.00
551.0 2.00 10.65 34.00
564.0 8.00 17.90 34.00
564.1 9.00 18.41 26.00
557.0 9.00 17.80 34.00
554.8 8.50 17.85 24.00
556.0 8.50 17.38 24.00

5.3.8 Turbidity

Turbidity is a measure of the amount of suspended particles in water (quantified by the amount
of light scattered) and is typically measured in Nephelometric Turbidity Units (NTU). While
turbidity is not an inherent property of water like temperature and DO, it is recognized as an
indicator of environmental health of a waterbody (USGS 2018d). Turbidity levels in a waterbody

are typically episodic in nature and are not spatially or temporally consistent. Generally, turbidity

9 Erroneously high conductivity readings at or near the lakebed were removed from the dataset as the conductivity
measuring device likely impacted the lakebed, stirring up sediment leading to false readings.
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values in a river or lake increase proportionally with increased suspended sediment in the water
column. Under natural conditions, suspended sediment load contribution to a receiving
waterbody increases during a rainstorm/runoff event where sediment is eroded from upland areas
or stream banks and flows into surface waters. Another major contributor to upland soil/sediment
erosion is construction activities; these activities are often short-lived but can result in large
amounts of soil released from the land that is subsequently transported to adjacent waterbodies.
Depending on the magnitude of the rain event, amount and grainsize of sediment, proximity to
the point of entry, and character of a waterbody, sediment can settle out quickly after the event or
may remain suspended in the water column for some time after the event, resulting in prolonged
elevated turbidity, which can be detrimental to aquatic habitat. Because turbidity is simply the
amount of light that can pass through water, turbidity values can increase due to any solid

particles in the water, including organic material and microscopic organisms.

During original Project construction, waters of the Whitewater River cove were directly
impacted by construction activities. Historical turbidity data in the Whitewater River cove at
three monitoring stations (see Figure 5-1) were evaluated to determine if original construction
activities resulted in a noticeable increase in turbidity values and if so, estimate how far
downstream impacts extended and for how long turbidity was elevated; this was done by
comparing turbidity values from (1) pre construction (<1985), construction (1985-1991)1°, and

post construction (1992-2015) (see Table 5-11).

In general, turbidity data were collected once per month, however, there are notable gaps in
datasets (several months or years at a time) depending on the station. Measurements were taken
at varying depths along the vertical profile (i.e., varied between collection events). Data gaps and
vertical depth measurement locations are shown on the turbidity data plots provided in Appendix
C. Note that turbidity does not show spatial trends or patterns of stratification such as
temperature and DO; turbidity measurements represent a snapshot in time and are typically
driven by external factors, therefore, data points do not need to be contiguous in space or time

for confidence in interpretation. Where it was obvious that a dataset had a falsely elevated

10 Duke Energy is considering expanding the existing submerged weir with newly excavated rockfill from the proposed Bad
Creek IT Complex in part to help mitigate the impacts of a second I/O structure in Whitewater River cove. Assessing pre
construction turbidity data and estimating impacts to turbidity during original construction may help inform water quality
conditions during proposed construction of the Bad Creek 11 Complex.
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bottom reading (due to resuspension of bed sediment) or an erroneously high measurement in the
water column when compared with data above and below it, values were removed from the
dataset. Of 6,682 data points, 28 data values were removed, representing less than 1.0 percent of

the dataset.

Table 5-11. Monitoring Stations and Years of Data

Station Pre construction During construction Post construction

564.1 N/A Jan 1988 — Dec 1991 Jan 1992—Jan 2015
564.0 Aug 1976 — Oct 1985 Feb 1986 — Dec 1991 Jan 1992 — Jan 2015
560.0 Sept 1973 — Oct 1985 Feb 1986 — Dec 1991 Jan 1992 — Jan 2015

5.3.8.1 Results

Turbidity results are summarized by monitoring station in the sections below. To evaluate
turbidity impacts at depth, this parameter was evaluated throughout the water column. Three sets
of turbidity figures are provided in Appendix C for each of the three monitoring stations and

include;

e Turbidity values vs. lake elevation and year for pre construction, construction, and
post construction periods (three separate figures);

e Turbidity values vs. lake elevation and year for the full dataset;

e Depth-averaged turbidity values compared to the 10 NTU state standard.

5.3.8.1.1 Station 564.1

As mentioned previously, Station 564.1 is located just downstream of the Project I/O structure
and immediately upstream of the submerged weir. This station receives direct inflow from the
Whitewater River and is approximately 45 meters (148 ft) deep. Details of data from Station
564.1 are provided in Table 5-12. Turbidity was not measured at Station 564.1 until January
1988, therefore, there is no pre construction dataset. During the construction period, when
elevated turbidity values were observed, they were elevated consistently in the water column on
the same days (i.e., rather than randomly in the water column or across many different days); this
likely indicates episodic events contributing increased sediment to the area (e.g., construction
activities). In general, turbidity values were elevated lower in the water column vs. near the
surface on all days where elevated turbidity values were observed. The depth-averaged turbidity

reading at this station during the construction period was 18.5 NTU with a standard deviation
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[stdev] of 51 NTU, indicating significant variance in the dataset. The dataset from Station 564.1
contains the highest turbidity values from any period or monitoring station. There were three

notable instances where turbidity was elevated for several readings in a row:

e January — September 1988 (average 65 NTU); the first two readings at this station
(January and February 1988) had the highest values at 476 NTU (Jan) and 202 NTU
(February). Consistently elevated readings over a nine-month period are likely the
results of construction activities. These values continued to decrease each month from
March through September.

e July — December 1990 — Nine consecutive readings with an average of 26 NTU over
the nine readings.

e April — August 1989 (average 25 NTU).

Additionally, there was one measurement on February 21, 1990, with elevated turbidity;
however, because elevated turbidity values were not noted in the measurements before or after

this day, this was likely due to a rain event or very short-lived construction event.

Under post construction conditions, turbidity values at all depths averaged 0.8 NTU (stdev 2.0).

The maximum turbidity level measured during this time was 28 NTU.

e There were seven measurements that exceeded the state standard of 10 NTU over the
post construction dataset. Six of those seven measurements occurred on the same day
- August 17, 1994. This event was correlated with Tropical Storm Beryl, which made
landfall in the southeastern U.S. on August 16", The state of South Carolina suffered
more damage than any other state'".

Overall, turbidity was consistently lower when compared to values from the construction period

(see Table 5-12).

Table 5-12. Monitoring Station 564.1 Data Collection Details

Period Ma’;g)epth A;‘ETr;‘jge Stdev NTU | Max NTU Count
Pre construction N/A N/A N/A N/A N/A
Construction 45 18.5 51.0 476 480
Post construction 44 0.8 2.0 28 890

" https://en.wikipedia.org/wiki/Tropical_Storm_Beryl (1994)
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5.3.8.1.2 Station 564.0

Pre construction values were measured on average once per month, however, there are several
periods without recorded data; the depth-averaged turbidity at Station 564.0 over the dataset was
6.6 NTU (stdev 10) and the maximum was 71 NTU (July 26, 1983). Details of data from Station
564.1 are provided in Table 5-13. Note that Project construction had not yet begun, therefore,
these episodes of higher turbidity in the water column were likely due to rainfall events resulting
in high inflows from Whitewater River. Elevated values were episodic and specific to the day the
measurement was taken (i.e., high NTU values did not carry over to the following measurement).
Higher turbidity values were associated with the same six days, listed below (all maximum

values were recorded near the bottom of the lake'?).

e 8/10/1976 (max 50 NTU)
e 3/15/1977 (max 48 NTU)
e 5/16/1978 (max 60 NTU)
e 9/12/1978 (max 38 NTU)
e 7/26/1983 (max 71 NTU)
e 8/27/1985 (max 40 NTU)

During the construction period, the average turbidity was lower than during the pre construction
period with an average of 2.9 NTU (stdev 5.2) and a maximum measurement of 57 NTU. All
higher NTU readings (within the water column) were associated with the same days and it is
noteworthy that all elevated NTU values were at the bottom depth. The elevated turbidity values
noted for Station 564.1 (extended periods of time in 1988 and 1990) were not observed at Station

564.0, indicating that elevated turbidity did not extend downstream into Whitewater River cove.

Post construction values at Station 564.0 were lower than pre construction and construction
periods (see Table 5-13) with an average of 0.7 NTU (stdev 1.0) and a maximum reading of 14.0
NTU on February 20, 2012. (Note that this elevated turbidity value was from a surface

measurement and decreased to <1.0 NTU just below the surface measurement).

12 Continued decomposition of organic material early in the life of Lake Jocassee also likely contributed to elevated
turbidity values
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Table 5-13. Monitoring Station 564.0 Data Collection Details

Period Ma)zllz)e pth A\l;e;%ge Stdev NTU | Max NTU Count
Pre construction 40 6.6 10 71 382
Construction 74 2.9 52 57 545
Post construction 74 0.5 1.2 14 1353

5.3.8.1.3 Station 560.0

During the pre construction period, the depth-averaged turbidity was 3.0 NTU (stdev 2.9) and the
maximum turbidity value was 19 NTU. Note that half of the elevated turbidity values (i.e., those
exceeding 10 NTU) were from a single day on September 12, 1978 (average 13.25 NTU) and
includes the maximum reading. During the construction period, there was only one value that
exceeded 10 NTU (bottom reading) on February 17, 1988, and during the post construction
period, the average NTU was 0.7 (stdev 1.0) with a maximum NTU of 11.6, which was also a

bottom reading. Details for monitoring Station 560.0 are included in Table 5-14.

Table 5-14. Monitoring Station 560.0 Data Collection Details

Period Ma;;llz)e pth Awl;eTr%ge Stdev NTU | Max NTU Count
Pre construction 60 3 2.9 19 593
Construction 82 1.5 1.0 13 462
Post construction 78 0.7 1.0 11.6 621

53.8.1.4 Surface Turbidity

In addition to values at depth, surface turbidity values were assessed and are provided in Table
5-15 and surface water data tables are included in Appendix B. A boxplot of surface turbidity
data over all time periods is provided in Figure 5-6 to show a general summary and distribution
of surface turbidity at the three stations. A boxplot is a standardized way of displaying the
distribution of a dataset; it provides a five number summary, which includes the minimum, first
quartile, median, third quartile, and maximum value of a dataset; the box itself extends from the
first to the third quartile and a line is drawn within the box to indicate the median value of the
dataset. The whiskers extend to the minimum and maximum numbers in the dataset that are not

considered outliers, while outliers are plotted individually above and below the box.
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Table 5-15. Turbidity in Surface Waters of Lake Jocassee

Lake Jocassee Turbidity (NTU)

Station Minimum Average Maximum
560.0 0.00 1.90 17.00
564.0 0.00 1.96 47.00
564.1 0.00 1.61 19.00

construction). Therefore, surface water turbidity levels in Lake Jocassee fully support the

designated use classification (i.e., less than 10 percent criterion excursions).

R

In freshwater lakes in South Carolina, turbidity is not to exceed 25 NTU provided existing uses
are maintained; however, for trout waters, the threshold is not to exceed 10 NTU or 10 percent
above natural conditions, provided existing uses are maintained. Over the entire dataset, there
were 550 surface samples assessed; a total of 9 samples were above the state standard (i.e., 10

NTU), which accounts for 0.02 percent of the dataset (this also includes data collected during

Figure 5-6. Surface Turbidity in the Whitewater River Arm Over Construction Periods
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54  Summary Pre construction vs. Post Construction
Comparison

Overall, the effect of Bad Creek operations on Lake Jocassee water quality is negligible except

for the effects seen at the monitoring station upstream of the submerged weir in Whitewater

River cove. Tables of water quality data at the three stations in the Whitewater River cove over

the three construction periods are included in Appendix B to show trends in stratification patterns

upstream and downstream of the weir and turbidity data are included in Appendix C.

Upstream of the submerged weir, data from monitoring Station 564.1 indicate mixing (from Bad
Creek operations), which eliminates all stratification. Temperature and DO values have a
uniform profile within the water column at Station 564.1. Immediately downstream of the
submerged weir at location 564.0, post Bad Creek operation condition datasets show
stratification and trends that follow trends at monitoring locations in other portions of the lake;
therefore, based on this desktop review, results indicate that the submerged weir confines mixing
to the upstream portion of the Whitewater River cove upstream of the submerged weir and

effects of operations are not noted downstream of the weir.

Temperature - Prior to 1991 (pre operations), temperatures averaged throughout the water
column in Lake Jocassee averaged between 11.7 and 15.3°C with a standard deviation around
5°C. After 1991, average temperatures in Lake Jocassee averaged between 12.1 and 17.2 °C with
a standard deviation around 5°C as shown in Table 5-16. There is little difference between the
pre and post operation temperature of Lake Jocassee. The variance in temperature is also
reasonably consistent at each station between pre and post operations. As discussed previously,
outside of Station 564.1, there are no discernable patterns that would suggest Lake Jocassee
temperatures are affected by Bad Creek operations or outside the range of natural conditions and
there is no pattern of warming or cooling between time periods (variation between time periods
on average is less than one degree); therefore, Project operations have not impacted water
temperatures in Lake Jocassee. The notable exception is the average temperature change from
pre to post operations at monitoring Station 564.1; this station shows an increase of

approximately 3.3°C (see Table 5-16).
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Table 5-16. Average and Standard Deviation of Depth-Averaged Temperatures, Pre vs.
Post Operations

Temperature (°C)

Mor{itoring Pre operations Post operations Difference
Station A Standard AT Standard

Deviation Deviation
558.7 12.5 4.9 12.1 4.8 -0.4
558.0 12.9 52 13.5 54 0.6
559.0 12.5 5.0 12.1 4.9 -0.4
560.0 11.7 4.6 12.3 4.9 0.6
562.0 15.3 5.6 16.0 53 0.7
565.4 14.1 5.4 13.1 4.7 -1.0
551.0 13.5 5.8 14.8 7.3 1.3
564.0 12.1 4.7 12.7 4.9 0.6
564.1 13.9 5.6 17.2 5.5 33
557.0 11.7 4.5 12.2 4.8 0.5
554.8 14.6 55 14.2 53 -0.4
556.0 12.8 4.9 13.4 52 0.6

Dissolved Oxygen - There is little difference between the pre and post operation conditions of
Lake Jocassee. The variance in DO at each station is also reasonably consistent between pre and
post operations. As discussed previously, outside of Station 564.1, there are no discernable
patterns that would suggest Lake Jocassee DO values are affected by Bad Creek operations or
outside the range of natural conditions and there is no pattern of increasing or decreasing DO
between time periods (variation between time periods on average is less than 0.5 mg/L);
therefore, Project operations have not impacted water temperatures in Lake Jocassee. The
notable exception is the average change from pre to post operations at monitoring Station 564.1,
which is immediately downstream of the Project I/O structure; this station shows an increase of
approximately 1.1 mg/L and the standard deviation dropped from 3.2 to 0.8, indicating there is
little variation in DO at that station due to mixing (Table 5-17).

Table 5-17. Average and Standard Deviation of Surface Dissolved Oxygen, Pre vs. Post

Operation
Dissolved Oxygen (mg/L)

Mm{ltormg Pre operations Post operations Difference
Station Average Standard Average Standard

Deviation Deviation
558.7 6.9 2.4 6.9 1.9 0
558.0 6.5 2.8 7.0 1.8 0.5
559.0 6.5 2.7 6.5 2.2 0
560.0 6.7 2.5 6.4 2.3 -0.3
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Dissolved Oxygen (mg/L)

Morgitoring Pre operations Post operations Difference
Station Average Standard Average Standard

Deviation Deviation
562.0 7.8 2.7 7.9 2.0 0.1
565.4 7.3 2.9 7.1 2.5 -0.2
551.0 9.9 1.3 9.6 1.6 -0.3
564.0 6.4 3.0 6.2 2.6 -0.2
564.1 7.4 3.2 8.5 0.8 1.1
557.0 6.8 2.9 6.8 23 0
554.8 7.7 3.1 7.4 2.8 -0.3
556.0 7.4 2.9 7.3 2.6 -0.1

Turbidity - Where data are available, NTU values are higher during pre construction periods than
during construction and post construction periods. This is true for depth-averaged turbidity
(Table 5-18) as well as surface water turbidity (Table 5-19). Pre construction data show episodic
elevated turbidity values likely associated with high surface water inflows during storm events
from surface runoff. Additionally, turbidity would have been naturally elevated during that time
as organic material decomposed in the years following initial reservoir filling. Over the three
stations monitored, the highest values of turbidity are associated with monitoring Station 564.1
immediately downstream of the Project (closest to the Whitewater River mouth) during Project
construction; however, these elevated turbidity values are not noted at monitoring Station 564.0,

indicating that elevated turbidity does not extend downstream into Whitewater River cove.

Additionally, data indicate that elevated turbidity values typically returned to baseline for the
following measurement, indicating rapid recovery from elevated values back to normal values
(i.e., within one month conservatively, based on sampling frequency). There were several
periods of prolonged elevated turbidity values noted at Station 564.1 during the construction
period, therefore, these data are assumed to be associated with construction activities. Future
construction activities at Bad Creek could increase turbidity in the Whitewater River cove;
however, these events would likely be short-lived and based on previous data, recovery in the

water column is expected to be rapid.
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Table 5-18. Depth-Averaged Turbidity Values (NTU) over Construction Periods

Period Station 564.1 Station 564.0 Station 560.0
Pre construction N/A 6.6 3.0
Construction 18.5 2.9 1.5
Post construction 0.8 0.5 0.7

Table 5-19. Average and Standard Deviation of Surface Turbidity, Pre vs. Post Operation

Temperature (°C)
Monitoring Pre operations Post operations
Station Average Standard Average Standard
Deviation Deviation
560 2.5 2.7 1.0 1.6
564 2.6 4.4 1.0 1.6
564.1 2.8 3.1 1.0 0.9

6 Howard Creek

Howard Creek is a high-gradient, third-order, headwater mountain stream. It flows from about
3,200 ft msl to 2,000 ft msl at its confluence with Limber Pole Creek and Lake Jocassee. It is
typically less than 30 ft wide and 1.65 ft deep, consists mostly of pools and riffles with steep
sections of chutes and waterfalls, and has an average gradient of 8.6 percent (Miller et al. 1997).

Howard Creek is a popular recreation stream known for Brook Trout and Rainbow Trout fishing.

6.1 Data Analysis Methods

Pursuant to Article 34 of the original license for the Project (issued to Duke Power Company in
1977) water quality sampling studies in Howard Creek have been carried out, mainly by
Clemson University, to assess impacts to Howard Creek associated with construction and

operation of the Project.

This section provides an overview of 1993 data presented in Abernathy et al. (1994), which are

considered representative of existing (baseline) conditions. While a comparison of water quality
between pre and post construction conditions is provided herein (see Section 6.4), water quality
data from previous years are documented elsewhere. The body of literature for Howard Creek

water quality monitoring is relatively large and there are many notable reports describing water

Page | 40



Duke Energy Carolinas, LL.C | Bad Creek Pumped Storage Project I_)?
Water Resources Study — Summary of Existing Water Quality Data and Standards

quality for pre construction, construction, and post construction conditions. References for these

germane reports are listed below in Table 6-1.

This report provides a summary of: (1) results from January — December 1993, which represent
water quality data for Howard Creek under existing (i.e., operational) conditions and (2) changes
observed in water quality between pre construction and post construction data, as presented by
Abernathy et al. (1994). While baseflow water quality in Howard Creek and major tributaries
was monitored from near Howard Creek’s confluence with Lake Jocassee to its headwaters
upstream of the Project, this data summary only considers water quality downstream of the

Project as upstream waters are not considered impacted by the Project.

Table 6-1. Previous Water Quality Reports for Howard Creek

Period Reference

Dysart, B.C. III, C.S. Peralta, A.D. Ranson, A.R. Abernathy & J.B. Atkins, Howard Creek Pre construction
Water Quality Monitoring: 1980, Rept. No. DPC/HC-TCR-02-0481 by Clemson University for Duke
Power Co. (1981 ).

Dysart, B.C. III & A.R. Abernathy, Howard Creek Pre- and Early-Construction Water Quality Monitoring:
1981, Rept. No. DPC/HC-TCR-04-0782 by Clemson University for Duke Power Co. (1982).

Iseman, W.E., A.R. Abernathy, B.C. Dysart III & K.B. Chandler, Water Quality Investigation for the
Howard Creek Basin: January 1974-June 1975, Rept. No. DPC/BC-SPR-07-0675 by Clemson University
for Duke Power Co. (1975).

Langdon, C.H. IlI, B.C. Dysart III, R.C. Roberts, R.D. Hatcher Jr. & R.C. Richards, Bottom Sediment and
Discharge Studies for the Howard Creek Basin: January-June 1974, Rept. No. DPC/BC-SPR-06-0575 by
Clemson University for Duke Power Co. (1975).

Sigmon, E.B. & B.C. Dysart III, Hydrological Investigations for the Howard Creek Basin from July 1974-
September 1975: Analysis of Baseflow and Storm Response, Rept. No. DPC/BC-SPR-09-1275 by Clemson
University for Duke Power Co. (1975).

Pre Construction

Swit, F.J., B.C. Dysart III, R.D. Hatcher Jr. & C.H. Langdon Ill, Hydrological and Fluvial Sediment
Investigations tor the Howard Creek Basin: April-December 1973, Rept. No. DPC/BC-SPR-01-1273 by
Clemson University for Duke Power Co. (1973).

Abernathy, A.R. & B.C. Dysart III, "Water Quality Investigation," Application for License for Bad Creek
Pumped Storage Project, Vol. II, Exhibit W, App. C, Ch. IV, Duke Power Co., Charlotte (1974).

Dysart, B.C. 11, "Stream Flow and Hydrologic Analysis," Application for License for Bad Creek Pumped
Storage Project, Vol. 11, Exhibit W, App. C, Ch. Ill, Duke Power Co., Charlotte (1974).

Dysart, B.C. III & A.R. Abernathy, Howard Creek Early-Construction Water Quality Monitoring: 1982,
Rept. No. DPC/HC-TCR-07-0683 by Clemson University for Duke Power Co. (1983).

Dysart, B.C. III & A.R. Abernathy, Howard Creek Early-Construction Water Quality Monitoring: 1983,
Rept. No. DPC/HC-TCR-09-0684 by Clemson University for Duke Power Co. (1984).

Construction

Dysart, B.C. III & A.R. Abernathy, Howard Creek Early-Construction Water Quality Monitoring: 1984,
Rept. No. DPC/HC-TCR-11-0785 by Clemson University for Duke Power Co. (1985).

Page | 41




Duke Energy Carolinas, LL.C | Bad Creek Pumped Storage Project I_)?
Water Resources Study — Summary of Existing Water Quality Data and Standards

Period

Reference

Dysart, B.C. III, A.R. Abernathy & D.R. Kosik, Howard Creek Early-Construction Water Quality
Monitoring: 1985, Rept. No. DPC/HC-TCR-14-0286 by Clemson University for Duke Power Co. (1986).

Dysart, B.C. III, A.R. Abernathy & M.T. Ruane, Howard Creek Major-Construction-Phase Water Quality
Monitoring: 1986, Rept. No. DPC/HC-TCR- 19-0687 by Clemson University for Duke Power Co. (1987).

Dysart, B.C. III, A.R. Abernathy & M.A. Lancaster, Howard Creek Major-Construction-Phase Water
Quality Monitoring: 1987, Rept. No. DPC/HC-TCR-22-0588 by Clemson University for Duke Power Co.
(1988).

Dysart, B.C. III, A.R. Abernathy & T.K. Ziegler, Howard Creek Major-Construction-Phase Water Quality
Monitoring: 1988, Rept. No. DPC/HC-TCR-26-0889 by Clemson University for Duke Power Co. (1989).

Dysart, B.C. I1l, A.R. Abernathy & B.S. West. Howard Creek Major-Construction-Phase Water Quality
Monitoring: 1989, Rept. No. DPC/HC-TCR-30-0890 by Clemson University for Duke Power Co. (1990).

Abernathy, A.R., B. C. Dysart 11l & W.H. Jenkins, Howard Creek Construction-Phase Water Quality
Monitoring: 1990, Rept. No. DPC/HC-TCR-35-0391 by Clemson University for Duke Power Co. (1991 ).

Abernathy, A.R., B. C. Dysart 11l & B.S. Rudolph, Howard Creek Construction-Phase Water Quality
Monitoring: 1991, Rept. No. DPC/HC-TCR-43-0692 by Clemson University for Duke Power Co. (1992).

Post Construction

Abernathy, A.R., P.A. Augspurger & B.C. Dysart III, Howard Creek Post-construction Water Quality
Monitoring: 1993, Rept. No. DPC/HC-TCR-46-0793 by Clemson University for Duke Power Co. (1993).

Ward, A. B., Stream Water Quality Changes Associated with Construction of the Bad Creek Project Dams,
Special Project Rept. for the College of Engineering, Clemson University, Clemson, S.C. (1991).

Wood, T. H., The Environmental Significance of Elevated Concentrations of Iron, Aluminum and Calcium
in the Bad Creek Project Dam Seepage Flows, M.S. thesis, Clemson University, Clemson, S.C. (1993).

Ziegler, T.K. & B.C. Dysart 11, Investigation of Hydrology and Sediment Yield at a Major Construction
Site In Steep Mountain Terrain, Rept. No. DPC/HC-MTH-34-1290 by Clemson University for Duke Power
Co. (1990).

6.2

Water Quality Monitoring Stations

As described in Abernathy et al. (1994), water quality parameters were measured at several

points along the length of Howard Creek; locations and specific parameters measured were

determined in coordination and agreement with FERC, SCDHEC, and the South Carolina

Department of Natural Resources (SCDNR) (formerly SC Wildlife and Marine Resources

Department). During sampling, agency personnel were kept apprised of water quality monitoring

activities and annual reports were submitted (Abernathy et al. 1994). The following five stations

(shown on Figure 6-1) were monitored (listed from downstream to upstream) during the study:

e H/1: Between Corbin Creek and Lake Jocassee
e H/2: Between Limber Pole Creek and Corbin Creek
e H/6: Downstream from the Old Schoolhouse Road and an unnamed tributary entering

from the east and upstream from Limber Pole Creek

e H/7: Just downstream from Bad Creek

Page | 42




Duke Energy Carolinas, LL.C | Bad Creek Pumped Storage Project I_)?
Water Resources Study — Summary of Existing Water Quality Data and Standards

e H/9%: Just upstream of Highway 130
Water quality parameters that were measured on a monthly basis include the following: water
temperature, DO, pH, specific conductance, total alkalinity, total suspended solids (TSS),
turbidity, flow rate/discharge, 5-day biochemical oxygen demand (BOD:s), fecal coliform, and
total hardness. Water quality parameters that were measured on a quarterly basis include:
ammonia nitrogen, nitrate/nitrite nitrogen, orthophosphate, and total phosphorus. Details on

methodology used to collect water quality parameters are included in Abernathy et al. (1994).

13 Because Station H/9 is upstream of the Project, it is not considered in this study; however, results are included for
completeness.
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Note: red star indicates location of USGS 02184475 retired gage on Howard Creek.

Figure 6-1. Howard Creek Monitoring Sites (Abernathy et al. 1994)

6.3 Present-day Water Quality Summary Results

Flow data from the now-retired USGS gage on Howard Creek (USGS 02184475 HOWARD
CREEK NEAR JOCASSEE, SC), which drains an area of approximately 2.16 mi?, for the
available period of record (1989-1996) are provided Table 6-2. The location of the retired gage is
shown on Figure 6-1 indicated by a red star symbol. USGS 02184475 is located between H/6 and
H/2; data from the retired gage are comparable to flows measured during the Abernathy et al.

(1994) study as indicated in Table 6-3 below (from 1993). Water quality information from each
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month of the year (1993) at each location is included in Table 6-4 through Table 6-8. A

description and numerical range of all water quality parameters is included in Table 6-9.

Table 6-2. Annual Flow Data for Howard Creek (1989-1996)

Water Year Discharge (cfs)
1989 10.9
1990 12.9
1991 6.85
1992 7.08
1993 7.79
1994 6.08
1995 6.06
1996 7.4

Source: USGS 02184475 HOWARD CREEK NEAR JOCASSEE, SC

https://waterdata.usgs.gov/nwis/inventory/?site_no=02184475&agency cd=USGS

R
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Table 6-3. Baseflow Discharge (cfs) for Howard Creek (1993)

Station Date H/1 H/2 H/6 H/7 H/9
1 15 JAN 50.53 32.05 16.89 12.65 9.34
2 08 FEB 38.71 19.81 11.11 10.32 5.63
3 01 MAR 36.85 26.02 9.53 9.29 6.27
4 07 APR 48.35 32.55 16.86 11.36 8.70
5 06 MAY 45.17 33.97 17.87 13.83 9.97
6 01 JUN 28.42 15.96 8.20 8.68 3.99
7 07 JUL 16.21 12.06 5.05 5.45 2.07
8 05 AUG 15.59 9.56 6.19 4.97 1.60
9 08 SEP 12.52 10.08 4.92 4.09 1.36
10 06 OCT 9.26 9.98 3.56 3.09 0.86
11 03 NOV 98.26 8.89 3.05 3.25 0.86
12 16 DEC 13.33 12.69 6.15 15.85 2.19

Notes:

(1) Discharge values obtained for Stations H/1, H/6, and H/9 are considered to be of good quality and reliable due to cross-sections which are reasonably
well suited for discharge measurements.

(2) Discharge values obtained for Station H/2 are believed to be higher than actual discharge at times due to cross-section conditions which are not well
suited for obtaining accurate velocity measurements. Station H/2 has a significant amount of lateral flow. Since early 1981, special care was exercised to

minimize the deviations at this Station by noting the angle of flow at each vertical.

(3) Discharge values obtained for Station H/7 are believed to be higher than actual discharge due to a large proportion of the flow being concentrated in a
relatively narrow chute. Special care was exercised to minimize deviations by increasing the number of verticals.
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Table 6-4. Water Quality Baseflow Conditions for Howard Creek H/1, 1993

OBS Date ATEMP | WTEMP | SC DO | BODs | pH | TA | TH | TSS | TUR | FC | NOsN | NO;N | NH;N | OP TP
1 15 JAN 7.0 8.5 133 | 11.0 0.7 6.1 | 13.0 | 7.0 5.1 | 2.75 -- -- -- -- --
2 08 FEB 12.0 11.0 15.0 | 11.7 1.0 62 | 135 | 75 1.9 | 290 2 0.08 | <0.01 | 0.070 | 0.002 | 0.001
3 01 MAR 8.0 7.0 142 | 128 0.7 6.1 | 135 | 4.0 26 | 1.90 | <2 -- -- -- -- --
4 07 APR 16.0 11.0 164 | 11.2 1.1 6.0 | 155 | 3.0 6.5 | 4.00 7 -- -- -- -- --
5 06 MAY 15.0 14.0 162 | 9.8 0.5 6.1 | 13.0 | 3.5 9.5 | 5.20 10 0.10 | <0.01 | 0.072 | 0.005 | 0.021
6 01 JUN 15.5 16.0 17.4 | 10.2 0.8 62 | 19.0 | 65 8.6 | 5.85 11 -- -- -- -- --
7 07 JUL 23.0 20.0 235 | 9.1 1.1 60 | 212 | 7.0 59 | 5.30 7 -- -- -- -- --
8 05 AUG 19.0 18.5 27.0 | 83 0.9 59 1205 | 8.0 52 | 4.05 11 0.20 | <0.01 | 0.045 | 0.006 | 0.021
9 08 SEP 23.0 19.0 245 | 9.1 1.0 62 | 214 ] 70 5.8 | 3.35 19 -- -- -- -- --
10 06 OCT 13.0 14.0 260 | 94 0.8 5.8 | 180 | 10.0 | 8.0 | 3.25 13 -- -- -- -- --
11 03 NOV 8.0 7.5 24.0 | 12.6 0.3 6.3 | 20.1 | 6.0 34 | 1.70 11 0.17 | <0.01 | 0.069 | 0.006 | 0.021
12 16 DEC 4.0 7.0 235 | 114 0.8 64 | 180 | 5.0 0.7 | 1.50 8 -- -- -- -- --

NOTE: ATEMP = Air Temperature (°C), WTEMP = Water Temperature (°C), SC = Specific Conductance (pmho/cm), DO = Dissolved Oxygen (mg/L), BODs
= Biochemical Oxygen Demand (mg/L), TA = Total Alkalinity (mg CaCOs/L), TH = Total Hardness (mg CaCOs/L), TSS = total Suspended Solids (mg/L), TUR
= Turbidity (NTU), FC = Fecal Coliforms (# / 100 mL), NOsN = Nitrate (mg/L), NO,N = Nitrite (mg/L), NH3N = Ammonia (mg/L), OP = Orthophosphate
(mg/L), TP = Total Phosphorus (mg/L)

Table 6-5. Water Quality Baseflow Conditions for Howard Creek H/2, 1993

OBS Date ATEMP | WTEMP | SC DO | BODs | pH | TA | TH | TSS | TUR | FC | NOsN | NOoN | NH;N | OP TP
1 15 JAN 7.0 8.5 140 | 11.3 0.7 62 | 150 | 6.0 49 | 2.55 -- -- -- -- --
2 08 FEB 13.5 11.0 153 | 104 1.1 62 | 145 | 65 55 | 3.55 2 0.12 | <0.01 | 0.046 | 0.003 | 0.008
3 01 MAR 8.0 7.5 16.1 | 10.8 0.7 6.1 | 12.0 | 4.0 27 1295 | <2 -- -- -- -- --
4 07 APR 14.5 12.0 158 | 12.8 1.3 6.0 | 145 | 4.0 58 | 3.65| <2 -- -- -- -- --

5 06 MAY 17.0 14.5 162 | 9.4 0.4 6.0 | 115 | 3.5 | 11.8 | 4.35 11 0.12 | <0.01 | 0.055 | 0.007 | 0.018
6 01 JUN 19.0 16.5 177 | 9.6 0.9 6.0 | 17.0 | 5.0 6.7 | 5.30 12 -- -- -- -- --
7 07 JUL 27.0 20.5 260 | 9.2 1.0 59 | 17.0 | 95 53 | 5.00 14 -- -- -- -- --
8 05 AUG 21.0 19.0 28.0 | 9.0 0.8 57 | 215 | 8.0 5.0 | 4.00 12 0.28 | <0.01 | 0.079 | 0.004 | 0.011
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R

OBS Date ATEMP | WTEMP | SC DO | BODs | pH | TA | TH | TSS | TUR | FC | NOsN | NO:N | NH;N | OP TP
9 08 SEP 22.5 19.0 265 | 9.2 0.9 6.0 | 234 | 8.0 52 | 465 | 20 -- -- -- -- --
10 06 OCT 15.0 14.0 28.0 | 95 0.5 59 | 200 | 11.0 | 41 | 2.35 11 -- -- -- -- --
11 03 NOV 9.5 8.0 26.0 | 12.0 0.2 63 | 273 | 13.0 | 34 | 245 | <2 0.32 | <0.01 | 0.077 | 0.002 | 0.024
12 16 DEC 7.0 7.0 255 | 124 0.2 63 | 250 | 8.0 0.7 | 255 | ** -- -- -- -- --

NOTE: ATEMP = Air Temperature (°C), WTEMP = Water Temperature (°C), SC = Specific Conductance (umho/cm), DO = Dissolved Oxygen (mg/L), BODs
= Biochemical Oxygen Demand (mg/L), TA = Total Alkalinity (mg CaCOs/L), TH = Total Hardness (mg CaCOs/L), TSS = total Suspended Solids (mg/L), TUR
= Turbidity (NTU), FC = Fecal Coliforms (# / 100 mL), NOsN = Nitrate (mg/L), NO,N = Nitrite (mg/L), NH3N = Ammonia (mg/L), OP = Orthophosphate

(mg/L), TP = Total Phosphorus (mg/L); **Sample not taken due to lack of proper sampling bottles

Table 6-6. Water Quality Baseflow Conditions for Howard Creek H/6, 1993

OBS Date ATEMP | WTEMP | SC DO | BODs | pH | TA | TH | TSS | TUR | FC | NOsN | NO:N | NH;N | OP TP
1 15 JAN 6.0 9.0 19.5 | 10.7 1.0 64 | 21.0 | 9.0 3.8 | 2.20 2 -- -- -- -- --
2 08 FEB 12.5 11.5 215 | 9.8 1.4 6.1 | 175 | 93 54 | 275 | 20 0.30 | <0.01 | 0.095 | 0.002 | 0.010
3 01 MAR 10.0 8.0 22.0 | 12.0 0.5 6.1 | 16.0 | 7.5 29 | 2.05 4 -- -- -- -- --
4 07 APR 15.5 12.0 215 | 94 0.9 6.1 | 17.0 | 5.0 43 | 3.00 6 -- -- -- -- --
5 06 MAY 23.0 15.0 21.8 | 103 0.5 62 | 16.0 | 6.0 7.5 | 3.35 8 0.23 | <0.01 | 0.089 | 0.006 | 0.022
6 01 JUN 22.5 17.0 26.0 | 8.6 0.8 6.0 | 21.0 | 8.1 6.0 | 4.00 12 -- -- -- -- --
7 07 JUL 31.0 19.0 38.0 | 84 0.9 6.0 | 240 | 140 | 6.0 | 485 | 20 -- -- -- -- --
8 05 AUG 25.0 18.0 39.5 8.5 0.8 58 | 267 | 135 | 53 | 3.85 8 0.57 | <0.01 | 0.062 | 0.002 | 0.005
9 08 SEP 23.0 19.0 37.0 | 8.9 1.0 6.0 | 27.7 | 120 | 6.3 | 4.65 18 -- -- -- -- --
10 06 OCT 17.5 15.0 40.0 | 8.4 0.5 6.1 | 264 | 140 | 7.1 | 3.25 5 -- -- -- -- --
11 03 NOV 9.0 10.0 37.5 | 11.0 0.2 64 | 273 | 13.0 | 34 | 245 | <2 0.63 | <0.01 | 0.077 | 0.005 | 0.010
12 16 DEC 8.5 10.0 36.0 | 12.1 0.3 64 | 250 | 140 | 33 | 255 | ** -- -- -- -- --

NOTE: ATEMP = Air Temperature (°C), WTEMP = Water Temperature (°C), SC = Specific Conductance (umho/cm), DO = Dissolved Oxygen (mg/L), BODs
= Biochemical Oxygen Demand (mg/L), TA = Total Alkalinity (mg CaCOs/L), TH = Total Hardness (mg CaCOs/L), TSS = total Suspended Solids (mg/L), TUR
= Turbidity (NTU), FC = Fecal Coliforms (# / 100 mL), NO3N = Nitrate (mg/L), NO,N = Nitrite (mg/L), NH3;N = Ammonia (mg/L), OP = Orthophosphate

(mg/L), TP = Total Phosphorus (mg/L); **Sample not taken due to lack of proper sampling bottles
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Table 6-7. Water Quality Baseflow Conditions for Howard Creek H/7, 1993

OBS Date ATEMP | WTEMP | SC DO | BODs | pH | TA | TH | TSS | TUR | FC | NOsN | NO;N | NH;N | OP TP
1 15 JAN 6.0 10.0 250 | 114 0.6 64 | 195 | 135 | 46 | 2.00 | <2 -- -- -- -- --
2 08 FEB 10.5 12.0 28.0 | 11.4 0.8 6.2 | 23.0| 120 | 52 | 220 | <2 0.52 | <0.01 | 0.046 | 0.002 | 0.013
3 01 MAR 6.5 9.5 283 | 11.8 0.5 64 | 21.0 | 100 | 2.8 | 1.70 4 -- -- -- -- --
4 07 APR 13.5 12.5 275 | 9.8 0.9 62 | 225|100 | 6.7 | 295 | <2 -- -- -- -- --
5 06 MAY 18.0 14.0 240 | 9.2 0.4 63 | 185 | 85 9.0 | 3.30 8 0.38 | <0.01 | 0.072 | 0.009 | 0.020
6 01 JUN 18.5 15.5 31.5 | 9.7 0.9 6.1 | 225 | 95 5.7 | 3.75 -- -- -- -- --
7 07 JUL 25.0 18.0 42.5 8.6 0.8 6.1 | 262 | 155 | 16.7 | 5.60 4 -- -- -- -- --
8 05 AUG 22.5 17.5 445 | 9.0 0.9 6.0 | 284 | 13.0 | 7.1 4.0 10 0.80 | <0.01 | 0.062 0 0.033
9 08 SEP 21.0 18.0 40.5 8.8 0.7 59 | 324|140 | 73 | 335 | <2 -- -- -- -- --
10 06 OCT 17.0 15.5 44.5 8.9 0.4 6.1 | 30.1 | 17.0 | 3.4 | 2.35 4 -- -- -- -- --
11 03 NOV 9.0 11.0 39.0 | 9.9 0.0 6.5 | 30.0 | 120 | 29 | 1.35 3 0.71 | <0.01 | 0.094 | 0.004 | 0.041
12 16 DEC 7.5 11.5 425 | 10.8 0.3 64 | 28.0 | 16.0 | 1.4 | 2.55 6 -- -- -- -- --

NOTE: ATEMP = Air Temperature (°C), WTEMP = Water Temperature (°C), SC = Specific Conductance (pmho/cm), DO = Dissolved Oxygen (mg/L), BODs
= Biochemical Oxygen Demand (mg/L), TA = Total Alkalinity (mg CaCOs/L), TH = Total Hardness (mg CaCOs/L), TSS = total Suspended Solids (mg/L), TUR
= Turbidity (NTU), FC = Fecal Coliforms (# / 100 mL), NOsN = Nitrate (mg/L), NO,N = Nitrite (mg/L), NH3N = Ammonia (mg/L), OP = Orthophosphate
(mg/L), TP = Total Phosphorus (mg/L)

Table 6-8. Water Quality Baseflow Conditions for Howard Creek H/9, 1993

OBS Date ATEMP | WTEMP | SC DO | BODs | pH | TA | TH | TSS | TUR | FC | NOsN | NO:N | NH;N | OP TP
1 15 JAN 6.5 9.0 8.5 12.8 1.3 6.0 9.0 5.0 28 | 195 | <2 -- -- -- -- --
2 08 FEB 13.0 9.5 8.3 12.5 0.9 6.0 | 105 | 3.8 9.6 | 1.80 <0.01 | <0.01 | 0.054 | 0.006 | 0.003
3 01 MAR 7.5 7.0 9.1 12.6 0.6 6.0 7.5 3.0 1.9 | 1.20 -- -- -- -- --
4 07 APR 12.0 10.5 8.2 11.0 0.6 6.1 6.0 2.2 3.5 | 2.20 -- -- -- -- --

5 06 MAY 15.0 12.5 94 10.0 0.3 6.0 7.0 1.5 8.8 | 2.65 6 <0.01 | <0.01 | 0.080 | 0.009 | 0.018
6 01 JUN 17.5 15.0 10.0 | 9.4 0.9 6.0 9.0 5.0 3.2 | 430 13 -- -- -- -- --
7 07 JUL 22.0 18.0 12.5 8.4 0.9 5.8 9.1 1.0 50 | 425 12 -- -- -- -- --
8 05 AUG 20.0 17.5 12.0 | 9.1 0.7 5.8 8.0 3.0 4.0 | 3.50 10 0.02 | <0.01 | 0.045 | 0.001 | 0.024
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OBS Date ATEMP | WTEMP | SC DO | BODs | pH | TA | TH | TSS | TUR | FC | NOsN | NO:N | NH;N | OP TP
9 08 SEP 20.0 18.0 120 | 93 1.2 59 | 107 | L5 8.5 34 7 -- -- -- -- --
10 06 OCT 17.5 14.5 12.5 8.8 0.3 59 9.0 5.5 23 | 1.85 7 -- -- -- -- --
11 03 NOV 9.5 8.0 13.0 | 104 0.2 6.4 8.1 2.0 3.7 | 1.35 3 <0.01 | <0.01 | 0.094 | 0.007 | 0.038
12 16 DEC 9.0 7.0 11.0 | 11.5 0.6 6.1 6.0 3.0 1.2 | 1.60 4 -- -- -- -- --

NOTE: ATEMP = Air Temperature (°C), WTEMP = Water Temperature (°C), SC = Specific Conductance (umho/cm), DO = Dissolved Oxygen (mg/L), BODs
= Biochemical Oxygen Demand (mg/L), TA = Total Alkalinity (mg CaCOs/L), TH = Total Hardness (mg CaCO3/L), TSS = total Suspended Solids (mg/L), TUR
= Turbidity (NTU), FC = Fecal Coliforms (# / 100 mL), NO3N = Nitrate (mg/L), NO,N = Nitrite (mg/L), NH3;N = Ammonia (mg/L), OP = Orthophosphate
(mg/L), TP = Total Phosphorus (mg/L)

*Instrumental problems with BOD measurement

Table 6-9. Range of Annual Water Quality Baseflow Data for Howard Creek, 1993

Station Date ATEMP | WTEMP | SC DO | BODs | pH | TA | TH | TSS | TUR | FC | NO3;N | NO;N | NH;N | OP TP
- MAX 23.0 20.0 27.0 | 12.8 1.1 64 | 214100 | 95 | 585 | 19 0.20 | <0.01 | 0.072 | 0.006 | 0.021
MIN 4.0 7.0 133 | 83 0.3 58 [ 13.0] 3.0 | 0.7 | 1.50 | <2 0.08 | <0.01 | 0.045 | 0.002 | 0.001
i MAX 27.0 20.5 28.0 | 12.8 1.1 63 (273 ] 3.0 | 10.8 | 530 | 20 0.32 | <0.01 | 0.079 | 0.007 | 0.024
MIN 7.0 7.0 14.0 | 9.0 0.2 57 | 11.5 | 3.5 0.7 | 255 | <2 0.12 | <0.01 | 0.046 | 0.002 | 0.008
e MAX 31.0 19.0 40.0 | 12.1 1.4 6.4 |27.1 | 140 | 7.5 | 485 | 20 0.63 | <0.01 | 0.095 | 0.006 | 0.022
MIN 6.0 8.0 195 | 84 0.2 58 | 160 ] 50 | 29 | 2.05 | <21 | 0.23 | <0.01 | 0.062 | 0.002 | 0.005
H/7 MAX 25.0 18.0 4.5 11.8 0.9 6.5 | 324 | 17.0 | 16.7 | 5.6 10 0.80 | <0.01 | 0.094 | 0.009 | 0.041
MIN 6.0 9.5 24.0 | 8.6 0.0 59 | 185 | 85 14 | 135 | <2 0.38 | <0.01 | 0.046 | 0.000 | 0.013
MAX 22.0 18.0 13.0 | 12.8 1.3 64 | 10.7 | 5.5 9.6 43 13 0.02 | <0.01 | 0.094 | 0.009 | 0.038
He MIN 6.5 7.0 8.2 8.4 0.2 5.8 6.0 1.0 1.2 | 1.20 | <2 | <0.01 | <0.01 | 0.045 | 0.001 | 0.003

NOTE: ATEMP = Air Temperature (°C), WTEMP = Water Temperature (°C), SC = Specific Conductance (umho/cm), DO = Dissolved Oxygen (mg/L), BODs
= Biochemical Oxygen Demand (mg/L), TA = Total Alkalinity (mg CaCOs/L), TH = Total Hardness (mg CaCOs/L), TSS = total Suspended Solids (mg/L), TUR
= Turbidity (NTU), FC = Fecal Coliforms (# / 100 mL), NO3N = Nitrate (mg/L), NO,N = Nitrite (mg/L), NH3;N = Ammonia (mg/L), OP = Orthophosphate
(mg/L), TP = Total Phosphorus (mg/L)
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6.4 Compliance with SCDHEC State Standards

Present day (1993) water quality parameters assessed for Howard Creek and compared against
state standards for temperature, DO, pH, and turbidity were all within SCDHEC criteria limits

for freshwater (trout) streams.

Since the maximum range of turbidity measured at all three stations in 1993 was consistent with
(and even below) those observed during pre construction, baseflow turbidity values under current
conditions are considered to be within the trout water turbidity standards set forth by SCDHEC.
Post construction DO measurements were greater than the SC trout water standard, therefore DO
is also considered to be within state standards for trout waters. Stream standards for trout waters
must have a pH of 6.0 to 8.0; mountain streams such as Howard Creek are typically poorly
buffered and tend to have low pH values (Abernathy et al. 1994). Low values were recorded in
Howard Creek during all phases of sampling and there is a link between pH decreases and
prolonged lack of rainfall; however, mean values of pH in 1993 were within the state criteria
except for station H/9, which is upstream of the Project and therefore not impacted by the
Project. In post construction data, the warmest temperature recorded above and below the Project
on Howard Creek was 20.5°C at Station H/2. In pre construction data, water temperatures as high
as 21°C were noted, therefore temperatures are consistent and within the range of pre-Project

temperatures. 4

The state standard for fecal coliform in waters call for a maximum of 200/100 milliliter (over
five consecutive samples during any 30-day period with <10 percent of total samples any 30-day
period exceeding 400/100 milliliter. While fecal coliform is not a state standard that would be
affected by Project operations, based on these criteria, post construction values for fecal coliform

satisfy the trout water standard.

4 Note that temperature was monitored on a monthly basis in the seepage at the toe of the main dam. The seepage
waters appear to have a somewhat constant temperature, but do experience some ponding before they enter
Howard Creek. The result tends to be a slight warming of Howard Creek (1-2°C) at Station H/7 during cooler
(winter) months and a slight cooling at the same station in warmer (summer) months. In looking at these data
along with the pre construction water temperature data tor Howard Creek, there appear to be no negative trends
that would be detrimental to the biological community resulting from the construction of the Bad Creek reservoir.
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6.5 Summary Pre construction vs. Post Construction
Comparison

Table 6-10 provides water quality parameters for postconstruction (i.e., existing conditions) as
well as pre construction (1980-1981) as a comparison, indicating that total suspended solids,
turbidity, temperature, DO, pH, BODs and fecal coliform under operational conditions are
generally similar and fall well within the range of variation observed during pre construction
conditions. Station H/1 is the furthest downstream, Station H/7 is just downstream of the Project,
and Station H/9 is the control station (Abernathy et al. 1994). Comparisons between pre

construction and post construction water quality data for each monitoring station are included in

Figure 6-2 through Figure 6-7.

Table 6-10. Comparison of Water Quality Data: Pre construction vs. Post construction

H/1 H/7 H/9
Parameter 1980-81 1993 1980-81 1993 1980-81 1993
MAX 14.0 9.5 40.0 16.7 17.0 9.6
TSS MIN 0.05 0.7 0.6 1.4 0.05 1.2
MEAN 4.9 5.3 8.5 6.1 3.9 4.5
MAX 19.0 5.8 34.0 5.6 18 4.3
TUR MIN 0.6 1.5 0.67 1.35 0.53 1.2
MEAN 4.26 3.48 5.1 2.9 3.9 2.5
MAX 15.2 12.8 15 11.8 13.7 12.8
DO MIN 8.2 8.3 8.6 8.6 7.6 8.4
MEAN 10.8 10.6 10.9 9.9 10.2 10.5
MAX 7.3 6.4 7.2 6.5 7.4 6.4
pH MIN 6.0 5.8 5.8 5.9 54 5.8
MEAN 6.36 6.08 6.2 6.18 6.07 5.98
MAX 16.4 21.4 15.4 324 10.7 10.7
TA MIN 2.6 13 1.4 18.5 0.3 6.0
MEAN 8.8 17.2 7.2 25.2 5.7 8.3
MAX 24.2 10 36.9 17 38.2 5.5
TH MIN 5.9 3.0 53 8.5 5.1 1.0
MEAN 10.7 6.2 10.8 12.6 10.2 3.0
MAX 35.0 27.0 19.0 44.5 19.0 13.0
SC MIN 7.5 13.3 7.5 24.0 5.0 8.2
MEAN 17.8 20.1 13.2 34.8 12.1 10.5
MAX 2.5 1.1 33 0.9 3.8 1.3
BOD:s MIN 0.2 0.3 0.2 0.0 0.2 0.2
MEAN 0.8 0.8 0.8 0.6 0.8 0.7
MAX 52.0 19.0 52.0 10.0 28.0 13.0
FC MIN 1.0 <2.0 1.0 <2.0 1.0 <2.0
MEAN 11.0 9.0 9.0 6.0 8.0 6.0
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Figure 6-2. Comparison of Pre and Post Construction TSS Values

Figure 6-3. Comparison of Pre and Post Construction Turbidity Values
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Figure 6-4. Comparison of Pre and Post Construction DO Concentration

Figure 6-5. Comparison of Pre and Post Construction DO Saturation
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Figure 6-6. Comparison of Pre and Post Construction pH Values

Figure 6-7. Comparison of Pre and Post Construction pH Values
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Overall, Howard Creek, while showing typical annual variations, has remained a high-quality
mountain stream with no major changes in the upper portion of the watershed upstream of the
Project. Abernathy et al. (1994) notes that even with the major construction of the Project, most
baseflow water quality conditions were relatively unchanged during and after construction and
post construction water quality conditions are generally similar to pre construction, indicating
little or no impact for the parameters studied. Notable changes in water quality that were
observed between pre and postconstruction conditions included pH, total alkalinity, total

hardness, and specific conductance.
Specific conclusions of the Abernathy et al. (1994) study include the following:

e Howards Creek’s baseflow water quality in the postconstruction period is similar to
that of pre construction. Differences are within the range of normal seasonal/annual
variations with the following exceptions:

0 During 1991 pH readings were elevated above pre construction and
postconstruction, by 1992 the values had returned to near normal, and in
1993 values dropped near or below pre construction, most likely due to
lack of rainfall.

0 Total alkalinity values were elevated above pre construction levels at Station
H/7 during 1991 and 1992 and remained elevated through 1993.

0 Total hardness values were elevated above pre construction levels at Station
H/7 during 1991 and remained slightly elevated through 1992 and 1993.
The control Station H/9, however, experienced a drop in mean total
hardness during 1993 as compared to the pre construction mean.

0 Specific conductance values were elevated above pre construction levels at
Station H/7 during 1991 and 1992 and-although decreasing-remained
elevated through 1993.

e The elevated values of total alkalinity, total hardness, and specific conductance, and
to some extent pH, following construction were likely due to seepage waters through
the main and west dams coming into contact with grout materials. It is expected that
these parameters (with the exception of pH) will continue to decline and stabilize
over time.

6.6  Recent Howard Creek Aquatics Sampling Summary
Results from the initial recovery program suggested Howard Creek had returned to pre

construction conditions by 1995. Commencing in 1997 and continuing through 2015, additional
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fishery sampling of Howard Creek was implemented to assess whether the recovered state would

persist. Sampling was performed at three monitoring stations (H/1, H/6, H/9).

All three survey locations maintained a consistent level of species diversity over the 18-year
monitoring study. Generally, species diversity was higher at the downstream location (N=11
species) as compared to the upstream location (N=2 species); this is likely due to species
immigration from the reservoir as well as a natural barrier (bedrock slide) found between H/1
and H/6 that hinders fish migration. All three species of trout known to the region (Rainbow
Trout, Brown Trout, and Brook Trout) were collected in Howard Creek, but only Rainbow Trout
were collected in significant numbers. The condition of Rainbow Trout was similar between the
locations over time and was considered healthy. Other common species present in Howard Creek
included Bluehead Chub (Nocomis leptocephalus), Yellowfin Shiner (Notropis lutipinnis),
Blackbanded Darter (Percina nigrofasciata), Blacknose Dace, and Northern Hog Sucker
(Hypentelium nigricans).

While water quality wasn’t specifically monitored during this 18-year study, the results of the
study suggest that Howard Creek has maintained a recovered condition from 1995 to at least
2015 (the last survey period); in the absence of any other known impacts, it is likely Howard
Creek currently supports fish populations similar to those found in other southern Appalachian
streams, indicating suitable water quality and habitat. Full results of the Howard Creek aquatics
study are included in Duke Energy (2016) “Long-term Recovery Monitoring of the Howard
Creek Fishery (1997-2015)”.

7 Need for Protection, Mitigation, and
Enhancement Measures to Protect Water
Quality

Based on the results of this water quality study, and in consideration of results of other data
collection efforts in support of the KT relicensing (Duke Energy 2014), there is no need for

additional PM&E measures to protect water quality at the Project.

As a condition of the Original License for the Project, and as described in Section 1.6 of the Pre-

application Document (Duke Energy 2022), Duke Energy entered into a Memorandum of
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Understanding (MOU) with the SCDNR for the long-term management and maintenance of
high-quality fishery resources in Lake Keowee, Lake Jocassee, and their tributary streams. The
MOU and first 10-Year Work Plan were approved pursuant to Article #32(b)(1) of the Original
License for the Project on May 1, 1997. License Article #32(b)(2) covers Lake Jocassee pelagic
trout habitat and License Article #34 covers Lake Jocassee water quality. Through this MOU,
SCDNR and Duke Energy personnel work cooperatively, and include third parties as necessary,
to design and implement data collection and other activities to develop and enhance management
strategies for fish in these areas. Activities included in the 10-Year Work Plans are focused on
fisheries surveys and inventories, water quality and aquatic habitat evaluations, fish stocking,

recreation, and shoreline impacts.

During the New License term, Duke Energy will continue to implement activities established by
the MOU, as may be modified in consultation with stakeholders through the relicensing process
and will continue to implement PM&E activities established under the KT Project Relicensing
Agreement. Duke Energy plans to further consult with SCDHEC and relicensing stakeholders
through the Integrated Licensing Process regarding final proposed mitigation and enhancement
measures directed at operation of the existing Project and the proposed Bad Creek II Complex to

be included in the Final License Application.

It should be noted that in the Environmental Assessment report developed as part of the KT
Project relicensing effort in 2014, FERC specifically indicated that (1) existing water quality in
the reservoirs and tailwaters (i.e., Lake Jocassee and Lake Keowee) is meeting or exceeding
levels consistent with state water quality standards, and is consistent with levels supporting
designated uses, and no issues have been raised concerning pH and total dissolved gas; (2) water
quality modeling results indicate under the proposed [KT] Project operation, suitable DO levels
and water temperatures would exist for the propagation of aquatic life in the Keowee
Development water releases; (3) there are no proposed changes in KT Project operation that
would alter water quality from existing conditions in the Jocassee Development tailwaters; and

(4) the fishery at the KT Project is considered high quality.

This desktop review carried out to support Task 1 of the Water Resources Study is complete and

results summarized in this document meet the goals and objectives stated in the RSP to describe
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and analyze existing baseline conditions in waters impacted by the Project; data reported herein

may serve as a reference for future water quality comparison and assessment.

8 Future Work

Under a separate task of the Water Resources Study (i.e., Task 2), Duke Energy will undertake
water quality monitoring (continuous temperature and biweekly DO) at three historic monitoring
stations in the Whitewater River arm (stations 564.1, 564.0, 560.0) of Lake Jocassee in June
through September 2023 (two-unit powerhouse operation) and 2024 (four-unit powerhouse
operation, with all ongoing upgrades complete). Water quality sampling in the Upper Reservoir
is infeasible and because the Upper Reservoir directly discharges to Whitewater River cove (with
very little other water contribution to the Upper Reservoir), water quality in Whitewater River
cove and in particular at Station 564.1, is considered representative of conditions in the Bad

Creek Reservoir.

These three locations have been routinely monitored by Duke Energy since the impoundment of
Lake Jocassee and historic datasets represent data ranging from 1973 to 2015, depending on the
location (provided in Appendix B). The continuous water temperature data will be used to better
understand the effectiveness of the existing submerged weir and the effects of existing unit
discharge in the Whitewater River arm. Additionally, newly collected water quality data will be
compared against historical data and a summary comparison will be provided in the license

application.

While Project operations are not expected to impose additional adverse effects on water quality,
these baseline water quality data, such as what was compiled and assessed as part of this study,
can be used to compare future impacts from construction and operation of the Bad Creek II

Complex.

Note that pursuant to the existing MOU between Duke Energy and the SCDNR and subsequent
10-Year Work Plans, Duke Energy continues to collect water quality data in Lake Jocassee to
support annual aquatic habitat evaluations. As part of the New License, Duke Energy plans to
continue this long-term water quality monitoring program and will develop a Water Quality
Monitoring Plan (WQMP) in consultation with agencies focused on the proposed Bad Creek II

Complex. The WQMP will include three phases: pre construction, construction, and post
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construction of Bad Creek II, including identification of applicable and appropriate threshold
values for water quality parameters and monitoring means and methods. The future WQMP will
be developed from January — December 2024 for submittal with the Draft License Application
(March 2025) pending approval of Bad Creek II Complex construction.

9 Variances from FERC-approved Study Plan

There were no variances from the FERC-approved RSP for this task of the Water Resources
Study.

10  Germane Correspondence and Consultation

Germane correspondence will be included with the Water Resources Study Report to be filed

with the Initial Study Report in January 2024.
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Document title

Water Quality Field Procedure

Document number

ESFP-SW-0503

Applies to: Duke Energy — Environmental Science

1.0

2.0

3.0

4.0

5.0

Purpose

To obtain representative field data, including but not limited to: water temperature, dissolved
oxygen (DO), hydrogen ion activity (pH), specific conductivity, Secchi disk transparency,
salinity, turbidity, and photosynthetically active radiation (PAR) as needed to characterize and
detect changes in water quality field conditions.

Forms Referenced in This Procedure
FRM-SW-0502 - Photosynthetically Active Radiation Field Form
Scope and Frequency

This procedure applies at all times to all field sampling programs in the Environmental
Sciences Department that generate water quality data. Water quality monitoring conducted by
third parties should be consistent with this procedure. Refer to Site specific study plans or
special studies for current year activities.

Summary of Methods

Water Quality measurement description are detailed in this procedure to ensure collection of
accurate, consistent and reliable information. Methods included detail the
verification/operation of instrumentation used to quantitatively evaluate physical water
conditions and recording of field information to support program objectives.

Equipment or Apparatus

5.1  Meter(s) probe(s), or sensor(s) measuring field parameters including the following but
not limited to: temperature, dissolved oxygen (D.O.), pH, conductivity, and turbidity.
This also includes any ancillary equipment or hardware required for use of instruments.

5.2  Data entry form or datalogger, labels, and pencil or pen.
5.3  Secchi disk with graduated line marked at meter and sub-meter increments.

5.4 LI-COR® or equivalent underwater spherical quantum sensor, lowering frame, and
quantum/radiometer/photometer.

5.5 National Institute of Standards and Technology (NIST) traceable thermometer.
5.6  Refractometer.

57 Meter stick.
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5.8

5.9

5.10
5.11
5.12
5.13
5.14
5.15
5.16

Depth finder/GPS unit.

First aid kit and AED.

Nitrile or latex gloves.

SPOT unit and cell phone.

Polarized safety sunglasses and safety glasses.

Coast Guard approved Personal Flotation Device (PFD) and throwable type IV PFD.
Closed toe non-slip shoes.

Spare batteries or battery charger.

Sunscreen and insect repellant.

6.0 Reagent List

6.1
6.2
6.3
6.4
6.5
6.6

6.7

6.8

Specific Conductance Standards (0 — 50,000 uS/cm)
pH Buffer (4.0, 7.0, and 10.0)

Reagent grade de-ionized water.

Turbidity Standards (Formazin secondary, gel based).
Sodium chloride, reagent grade.

Sodium chloride solution, 10 ppt

Transfer 1.0 £ 0.10 g of sodium chloride to a 100-ml volumetric flask. Add
approximately 50 ml of deionized water and dissolve salt. Dilute to volume (100-
ml) with de-ionized water.

Sodium chloride solution, 20 ppt

Transfer 2.0 £ 0.10 g of sodium chloride to a 100-ml volumetric flask. Add
approximately 50 ml of deionized water and dissolve salt. Dilute to volume with
de-ionized water.

Sodium chloride solution, 30 ppt

Transfer 3.0 + 0.10 g of sodium chloride to a 100-ml volumetric flask. Add
approximately 50 ml of deionized water and dissolve salt. Dilute to volume with
de-ionized water.

7.0 Safety, Limitations, Precautions, and Interferences

7.1

No element of this procedure may supersede the Company’s safety standards and
policies. Appropriate safety precautions and personal protective equipment (PPE)
should be used when handling chemicals. Refer to Safety Data Sheets for specific
descriptions of the physical and chemical properties, physical and health hazards, and

ESFP-SW-0503
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7.2

7.3

precautions for safe handling and use. Formalin is listed as an irritant and potential
human carcinogen by the NC Occupational Safety and Health Standards for General
Industry. Refer to the Duke Energy Environmental Health and Safety Handbook for
guidelines to the proper use of Extremely Hazardous Chemicals.

Field staff are to ensure all pre and post operational instrument checks or calibrations
have been performed for the parameters to be measured. These activities should occur
prior to (pre) the collection of the first water quality sample and after collection of the
final water quality sample (post).

Ensure that equipment found to be out of calibration or functioning improperly is
promptly evaluated and the validity of data collected with the instrument since the last
calibration is determined in coordination with the Site Lead. Management of this
corrective action process will be carried out by instrument managers and field
personnel.

7.3.1 Laboratory Supervisor or designee

7.3.1.1  Provide water quality instrumentation and equipment that is available
to unit personnel for field monitoring or investigative purposes based
on calibrations performed according to the frequency given in the
instrument calibration procedures section

7.3.1.2 Provide a centralized location for field monitoring equipment and
ensure “physical” control over equipment.

7.3.1.4  For instruments that do not electronically store calibrations internally,
attach calibration stickers to instruments and include information as
follows: calibration due or expiration date, date calibrated, calibration
performed by.

7.3.1.5 Ensure that maintenance and repair work are performed as needed
and that non-serviceable, uncalibrated, and/or non-functioning
equipment is returned to service only after verified repair. Functional
instruments are to be stored in centralized equipment 