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Thermal Compliance at TVA

A The Tennessee Valley Authority (TVA) is a corporate agency of the United States of
America (formed in 1933) that manages the Tennessee River and provides electricity to
the Tennessee Valley.

A At TVA the hydrothermal team is responsible for helping the
power plants maintain river temperature environmental
compliance

In-house development of computational models (cold state) that simulate river
flow (1D hydraulics), power plant functions (condenser, cooling towers), and
mixing zone (2D plume)

Issue daily river temperature forecasts (end of mixing zone)

Near real-time forecasts and advisements during critical periods

Provide recommendations for cooling tower operations

Coordinate special river flows (steady flow, flow bumps)

TVA has integrated Delft3D-FLOW into its hydrothermal

forecasting system (FEWS-HTMS) for daily, operational forecasts

Delft3D-FLOW models developed (Deltares) for three baseload power plants
Presentation will focus on Browns Ferry on Wheeler Reservoir, Alabama, USA

Wheeler Reservoir

TVA electricity service area in
the southeast United States
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Project Motivation and Goals

A Complex flow patterns occur in the vicinity of the power plants (withdrawal of cooling
water, wave reflection off of downstream dams, bathymetry, etc.)
- 1D hydraulics in TVA models cannot accurately represent localized 3D flow (recirculation)
A To ensure environmental compliance, TVA operates the
river and cooling tower equipment conservatively during
summer months e e
- Steady flows (reduce reservoir sloshing and reverse flows; forego
income from hydro peaking)
- Forecast uncertainty can result in extended operation of cooling towers
A Business Justification: An improved representation of river
processes (decrease forecast uncertainty) will allow for
increased hydro peaking (increased revenue), further
optimization of cooling equipment (reduced costs), and
reduced compliance risk

A Goal:_ generat_e a 48-hour river temperature forecast in Eluent model results on Wheeler
30-minutes with an accuracy of 1.0°F (0.55°C) on the 24-hr Reservoir, Alabama, United States
rolling average using a 3D hydrodynamic model




Field Campaign

A Field campaign conducted in 2016 (May 2i 6)

- Collect flow, velocity, and water temperature data near Browns Ferry
- Assist in the development of a Delft3D-FLOW model for Wheeler Reservoir

Wheeler Reservoir
A 74 miles (119 km) long

A Guntersville Dam (upstream)
- 55 miles (88 km) from Browns Ferry

A Wheeler (downstream)
- 19 miles (31 km) from Browns Ferry

Wheeler Dam
(WEH)

Guntersville Dam
(GUH)




Instrumentation

Hobos (29 stations, 430 sensors)
ADV (9 bottom mounted)

ADCP tracks

Telogs across reservoir (6 WSE)
Drogues (6 units, GPS enabled)
Thermal camera (aerial)
Meteorology station at power plant

Plant permanent temperature
stations (6 stations)

May 6th 12.25 pm release

Field Campaign

Water Surface Marker Beacon

Temperature
Sensors (see

—
—
detail below) -—
—

Anchor (not
on bottorm) \é R g
chor

Channel Bottom

N X e 7 N X

(Notto Scale)

HOBO Temperature Sensor Detail

f—

Tire float Hobo
temperature station

i HOBO Locations

Location of ADVs



ADCP Locations

S ADV
Drogues
ADCP

ADCP plume
ADCP downstream

Hobo

ADCP transects

High wind

Sloshing
Events

0
May 02 May 03 May 04 May 05 May 06 May 07

River flows were scheduled to capture steady periods,

peaking operations, and reservoir sloshing
TVA Sideview ] m




Model Setup

Grid size: 300,000 active cells (516x116x30)
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Model grid cell resolution ranges from 307 60 feet (97 18
meters) near the diffusers up to 2,000 feet (600 meters)

m?as 4882 4884 4886 4888 489 4892 4894 4896
Easting [km; UTM16N]

3
8
Resolution [f]




