River Management Overview & RiverWare Integration
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What is TVA?

A power company
and so much more...



TVA's Mission of Service

Environment Economic
Development




Integrated Resource Management

River system assigned multipurpose role through TVA Act in 1933

(section 9a) ...to regulate
the stream flow primarily for
the purposes of promoting
navigation and controlling ¥
floods. So far as may be _ o Rt
consistent with such . <L v xn
purposes, ...for the &
generation of electric
energy...
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“Father of TVA,” Senator George Norris



Integrated Tennessee River System
Provides Multiple Benefits

Navigation

Water Supply

Flood -Damage
Reduction

Water Quality

Power
Generation

Recreation




TVA Dams
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Flood Damage Reduction
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$17 million averted annually _
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Copy_Maturas_Foeseast: [7] Show Maturas

WL GINED G T
RAS_AI Forecast: [1] Manstem HECRAS 030520 :00:00 CST Cur

e $280 million damages

averted annually

. $8.6 billion averted

since 1936

Chattanooga

Pots (3-05-2019 O7:00600 CST Local

MAS HG (1] — Acdpsted #35 [1] — Cbmerwed 15— Naturals 13 (2]



Navigation
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800 miles of commercially navigable waterways
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Hydropower

Genator

® 3,538 MW Conv. generating capacity
(109 Units)

® 1,653 MW Pump-storage capacity (4 units)
® ~ 10% of TVA's energy portfolio

® Peaking power demand

® Used to displace more expensive fuels

Turbine Blades

wind & Energy
Solar Efficienc

Nuclear

Natural
Gas

Coal



Water Supply and

-
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Temperature and Dissolved Oxygen
monitoring

Adaptive Management for T&E
species
Minimum flow for downstream
habitat

Oxygen starved water behind the
impoundment is “aerated” before
being released

Thermal compliance at TVA fossil
and nuclear sites

Quality

700 Water Intakes

Process water for industry, thermal-
electric cooling, municipal, irrigation

Drinking water for nearly 5 million
people

Provide minimum depths for intakes

Manage inter-basin transfers
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Recreation

230 Commercial Marinas
260 Campgrounds

Drawdown restricted June 1 — Labor
to provide higher summer lake levels

Numerous tailwater releases to
support trout fishing, whitewater
rafting and drift-boating

Economic Boost
Stakeholder Involvement

Special flows and
elevations to support
community events



Challenges

» Balancing the competing demands on the system and the overall value to the public
» Understanding of the trade-offs associated with various scenarios
» Example: Can you keep my reservoir higher, longer?

Flood Control
Water Quality
Thermal Compliance
Hydropower Generation




Forecasting & Decision Support

200+ Rain Gages

® 130+ Stream Gages

® Data Management (FEWS)

® Inflow and Runoff Modeling (SAC-SMA)

® Reservoir Storage Routing and Simulation
(Riverware)

® Hydraulic Modeling (HEC-RAS)
® Hydropower Optimization (Riverware)

® [Information Dissemination (Varies)
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Realtime Monitoring
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Data Collection and Validation
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Hydrologic Inflow Models
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FEWS RiverWare Integration

* RiverWare used with GUI and headless
« RiverWare launched using the FEWS Riverware Adapter.

e Communication between RiverWare and FEWS done
using FEWS PI web service (API)
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Scheduling the River
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'FEWS Observed and Forecast Data
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Hydraulic Models

‘Watts Bar NP

Dayton TN

az
b 25

393 L L L L L | L L. | L L L L L L L ]

392 [ | atest observed value: 374.81 ft at 10:15 PM | = ryas

CST18-Feb-2019. Flood Stage is 370 ft

. sad Stage s B

388 Major: 388.0'

386

Sequoyah NP

376

374

372

37 fMinop 3700 . 0 000 0 0 o o
10pm 10pm 10pm 10pm 10pm 10pm 10pm 10pm 10pm 10pm
Fri Sat sun Maon Tue Wed Thu Fri Sat Sun

Feb 15 Feb 16 Feb 17 Feb 18 Feb 19  Feb 20 Feb 21 Feb 22 Feb 23 Feb 24

Site Time (CST)
---- Graph Created (10:45PM Feb 18, 2019) —#— Observed —=— Forecast (issued 9:25PM Feb 18)

|SA\IT1(pIotting HGIRG) "Gage 0" Datum: 350.06" ‘ |Dhsaruatinns courtesy of Tennessee Valley Authority






Upcoming RiverWare Project

* IT Project for Model Replacement/Improvement

1. Get mid-term optimization model into production (two
week model)

2. Replace long-term model (weekly scheduling model)

3. Replace block cost as signal for optimization and better
iIntegrate hydro and thermal unit commitment

Block Cost |

Eg ? v_ﬁy_ﬁs_

“..and that, in simple terms, is my idea on
how fo increase factory optimization. 122
any questions?”
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River Stages
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Stakeholder Outreach

» Directly to County Emergency Management Authorities

» Conference calls with State Emergency Management

« Conference calls with Navigation Industry

» Updating National Weather Service routinely

» Updates to recreational interests, marinas, rowing venues,
campgrounds, etc

» Updates to major industries near the Tennessee River

» Updates to industries in the lower Tennessee and Ohio Rivers

» Updates daily to Redstone Arsenal

« Communications social media outreach

i Tennessee Valley Authority & @TVAnews - Feb 26 v Tennessee Valley Autherity & @TVAnews - feb 27 v
‘m‘ River Forecast Center Manager James Everett on the @weatherchannel ' L) River Update: We are increasing releases out of tributary dams to recover flood
discussing how we're ing the Ti River to reduce di storage in preparation for the next rain event, so you can expect to see above
impacts all across the Valley after a record-breaking month of rainfall. normal river flows below those dams. (1-3)

TVA Lake Info App




Summary

* TVA continues it's river management mission — dating back to the TVA Act

» Operations are driven by rainfall and runoff as guided by Reservoir
Operations Policy

* Integrated operation allows TVA to balance river system benefits:
— Navigation
— Flood-damage reduction
— Affordable and reliable electricity
— Improved water quality and aquatic habitat
— Dependable water supply

— Recreation

* RiverWare is used to balance and optimize river system benefits.




Thank You
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