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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 consistent with such purposes,
...for the generation of electric energy...

“Father of TVA,” Senator George Norris
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River Forecast Center

= Staffed day and night
= |ssue 2 - 4 river forecasts per day

=  Model and scheduling of non-power reservoirs (such as
Normandy)

= Coordinate and schedule hourly generation schedules
with system schedulers

= Monitor water levels in real-time
= Provide data management, modeling and dissemination
=  Provide stakeholder notifications

= Coordinate operations with U.S. Army Corps of Engineers
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Real Time Data — NWS Advisories, Watches, and Warnings
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Average Annual Rainfall and Runoff

Inches

BN

B Rrain

B Runoff

JAN

FEB

MAR

APR

MAY

JUN

JUL

AUG

SEP

OCT

7

NOV

DEC

M

TENNESSEE
VALLEY
AUTHORITY



Normandy Operating Guide
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Types of Dams

Tributary Storage (Norris) Main River (Fort Loudoun)
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Tributary Run-of-River (Melton Hill) Tributary Non-Power (Upper Bear) WA TENNESSEE



Normandy Dam - Purposes and Background

Purposes:

= Flood protection for communities downstream of Normandy Dam along the Duck River, such
as Shelbyville

= Recreation

=  Water supply

= \Water quality to support aquatic habitat along the Duck River
Background:

= Normandy Dam serves a drainage area of 195 square miles.

= The January 1 flood guide elevation provides just over 4.5 inches (runoff) of flood storage
space to the top-of-gates elevation of 880'.
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Integrated Tennessee River System Management
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Flood Control

= Store water in the reservoir to reduce flood
levels downstream along the Duck River.

= Provide flood forecasting information to
National Weather Service and local
Emergency Management Agencies.

= |ssue notifications to Bedford Co. to close off
parking areas for public safety.

= Since 1976, the operation of Normandy Dam
has averaged $600,000 in averted damages.

= TVA averted $1M in damages in February
2019.
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Water Supply

Over 700 water intakes

= 10 intakes rely on Normandy Dam
Process water for industry, municipal, and irrigation
Drinking water for nearly 5.2 million people

= 250,000 rely on Normandy Dam

Provide minimum depth for intakes

Water Quality

14

Temperature monitoring and dissolved oxygen
enhancement (forebay aeration diffuser system)

Adaptive management for threatened and endangered
species (Consultation with USFWS)

Minimum flow for downstream habitat
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Recreation

= Lake levels managed to help enhance areas for public benefit
(marinas, campgrounds, private and public shorelines)

= The Duck River watershed is one of the most biologically
diverse river systems in the nation.

= Qver 500 species of fish, insects and other aquatic life inhabit
the ecosystem, including two species of mussels — the
Cumberland monkeyface and birdwing pearly — on the
endangered species list

= Economic boost locally and regionally — (about $11.9 billion
per year across the entire Tennessee Valley)
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Normandy Operating Guide

Operating Constraints
= Minimum Flows at Shelbyville
= Normandy Dam Minimum Flow

= Limited flood storage at summer
pool

= Lag time from the dam to
Shelbyville is 18 hours

= Accuracy of the weather forecast
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Normandy Dam — Operational Challenges

Flood Events

= The January 1 flood guide elevation provides just over 4.5 inches (runoff) of flood storage
space to the top-of-gates elevation of 880'.

= Timing of reducing releases and beginning to hold back runoff in the reservoir is challenging
due to the lag time to Shelbyuville.

Droughts

= Minimum flow requirements for water supply and water quality have evolved over timed to be
a good steward of the natural resource while maximizing the benefits to the area.

= |t can be challenging to meet the minimum flow requirements and be as efficient as possible
due to the long lag time to Shelbyville and the variability in the weather forecast.
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Period of Record — Departure from Normal

Departure from Normal Rainfall
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Shelbyville Flows vs Naturals Model — Flood
Operations

Discharge (SHVT1)
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Shelbyville Flows vs Naturals Model — Drought
Operations
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Summary

= TVA's management of Normandy Dam and the Tennessee River system is a balancing act, driven by
weather, operating policy, and stakeholder feedback and engagement.

= The integrated reservoir system provides a host of benefits, and the priority of those benefits can
vary season to season.

= Rainfall extremes have been challenging but also allow us to highlight the benefits the system
provides.

= Active and continuous stakeholder engagement is a critical part of maintaining partnerships, building
public trust, and obtaining feedback.
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Development and Implementation of
Instream Flow Requirements to Preserve
the Biotic Integrity and Resilience of the

Duck River

Amanda Rosenberger, USGS/TTU Cooperative Fishery Research Unit



It takes a village..

o Kristin Irwin Womble, M.S.

e Alfred Kalyanapu, Ph.D.

e Brett Connell, James Parham, Ph.D TRUTTA
e Gerry Dinkins, UT Curator

 Agency Cooperators: FWS, TDEC, TWRA
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WATER USE PLANNING TOOL

* Needs to be collaborative, multi-agency

* Needs to be biologically relevant, flexible

* Needs to incorporate human and ecosystem needs

* Needs to show gaps and help us anticipate problems




RESEARCH NEEDS AND STEPS

* Provide baseline data on the Duck River system — ON IT!! (or proposed)

e Database of living resources

Distribution modeling, identification of gaps in monitoring

e Summarize and fill in the gaps for biota (fish, mussels)

Longitudinal assessment of habitat (partially completed, proposed)
Hydrology, instream flow, and water quality (proposed)

Extent of permitted AND unpermitted water withdrawals in the system



RESEARCH NEEDS AND STEPS (CONT)

* Provide Models of Habitat in Different Flow Scenarios

2-D and 3-D models, but with emphasis on low flows

e Determine relationship between flows and physical processes

 Determine water quality consequences of low flows

e Estimate population response to hydrologic changes in the Duck river (TWRA)

Tools for picturing the Duck River as the dynamic system this is! Not just wetted
width, but a supplier of water, sediment, ecosystem services, and biological
services!









Example: 2D Hydrodynamic Model
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RESEARCH NEEDS AND STEPS (CONT)

e Ecological and Environmental Consequences of Instream Flow Alteration




PUTTING RESEARCH INTO ACTION

* DECISION SUPPORT TOOL

 Water withdrawal assessment process

e Future analysis scenarios

 |dentification of systemic vulnerabilities

e Incorporate human needs and vulnerabilities

THERE, THERE, [[STAY CALM, MY

MISTER MARINARA. || ZU3T 21 MUSSEL
EVERYTHING IS [{!T GO. | RELAXER.
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Fast Inventory and Assessment

Duck River, TN 155MILES 250 XS,2 SURVEYORB)DAYS

DUCK RIVER AGENCY



spatial metadata embedded in video:

wor ks In arcgis, qgis &remote geosystems geotagger




habitat data linked In gis

time, location &condition scores




Cont Inuous data, point data &combined data



how do we collect data?

BACKPACK KAYAK INFLATABLE BOAT

COMING SOON:
DRONES




what data do we collect?




DA TALLY COLLECTED HABITAT
CEPTH ELENVATION SLCPE & HABITAT TYPE

e Link with Stage/Discharge Gage to view changes in
channel condition with respect to instream flow
Delaware River Segment 3: DEL3 e Useful for water quantity and water quality modeling

From Hankins, NY to Calilcoon, NY | ° TI\/IDL’S

e MS4
Municipal water withdrawals

e T&E Species Habitat
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CROSSECTIONAL TRANSECTS



underwater habitat

side-scan sonar &video




WATER QUALITY

PIGEON’S ROOST CREEK



BATHYMETRY

+
LIDAR




2017 Duck River HDSRM249 to 127

XS to support TDEC Water Quality Model



2017 Columbia Da

Addit ional XS Added



2019 Chickasaw Trace to Bratto

Road Bridge - RM125 to 95

10 Different Projects on Duck River since 2017



Habitat Suitability

Brown Brown Brown | Rainbow | Rainbow
Trout Trout Trout Trout Trout
Segment Adult | Juvenile [Spawning| Adult | Juvenile

.52 : 41 : .64
West Branch 0.5 0.53 0 0.63 0.6

0.45 0.52 0.44 0.56 0.54
Upper East Branch

0.56 0.49 0.38 0.63 0.62
Lower East Branch

0.63 0.45 0.32 0.67 0.65

Delaware River




Habitat Suitability: Applications

Species Suitability:
Compare sites near
good adult habitat with
good spawning habitat

Impact Assessment:
Effluent location
impact on high quality
habitat downstream



Multiscale Assessment Framework




Multiscale Assessment Framework

r River vs. Tributar ies



Multiscale Assessment Framework

Park

/ River Segments ‘

Tributaries vs. River



Multiscale Assessment Framework

Park

River Segments

4 Tributar ies \

Tributaries vs. River



Multiscale Assessment Framewor Kk

Sites of Concern

River Segments




Multiscale Assessment Framewor k

Sites of Concern

Slt e I\/Et 1 | CS it L — "* 9 Al mmsna ey dining S
: : Restoration Approach
Site Overview e et _

Access

CarreoiaEEr:

Phot o of |ocation

Problem

Cause



project suitabllity: Selecting A Site

Locat ions wit h:
e Hghest Ecological Lift
e (Qeatest Accessibility
e Lowest Cost

Deter mine most suitable

restoration technique



One Survey Many Uses




federal, state
&local
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Data Management and Deliverables

St reamView Mdeo AS [Data Report
(Mdeo files-.mp4) (Geopackages- .gpkg) (pdf)

~ 500gb to 1t b per day
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Federal T&E and At-Risk Mussels of the
Duck River drainage, Tennessee

Andy Ford - U.S. Fish and Wildlife Service, Tennessee Field Office
15t Annual Duck River Symposium, Henry Horton State Park, Chapel Hill, Tennessee
December 7, 2022



Duck River, by the numbers:

e 284 miles
Longest river entirely within the
state of Tennessee.

* 650 aquatic species
Most biologically diverse in NA
Includes:

e 151 fishes
e 75 mussels
e 22 snails

e 25% of NA mussels occur
within the Duck River
Watershed

e 20 listed
e 3 proposed for listing
e 5 petitioned for listing

e 150 miles Federally
Designated Critical Habitat



Endangered Species Act of 1973
(as amended, 16 U.S.C. 1531 et seq.)

Endangered Species — “...any species which is in danger of extinction throughout all or a
significant portion of its range.”

Threatened Species — “...any species which is likely to become an endangered species
within the foreseeable future throughout all or a significant portion of its range.”

Proposed Species — “...any species of fish, wildlife or plant that is proposed in the Federal
Register to be listed under section 4 of the Act.”

Candidate — “means any species being considered by the Secretary for listing as an
endangered or threatened species, but not yet the subject of a proposed rule.”

e proposed listing regulation is precluded by other higher priority listing activities
* placed on the candidate list through the petition process.

Petitioned (Under Review) — “formal request to list a species as endangered or threatened
under the ESA.”

e 90 day finding — “Not substantial” or “Substantial”

e 12 month status review — “Not Warranted”, “Warranted but Precluded”, or “Warranted”



Mussels Currently Petitioned for Listing

(https://www.fws.gov/project/national-listing-workplan)
Cumberland Moccasinshell (Medionidus conradicus) — FY 2022
Tennessee Clubshell (Pleurobema oviforme) — FY 2022

Tennessee Pigtoe (Pleuronaia barnesiana) — FY 2022

Tennessee Heelsplitter (Lasmigona holstonia) — FY 2023
“Barrens Heelsplitter” (Lasmigona sp. cf. holstonia)

Salamander Mussel (Simpsonaias ambigua) — FY 2023



Spectaclecase (Cumberlandia monodonta)
Federally Endangered

Date Listed: April 12, 2012

Occurs primarily in the lower Duck

Rare in the Duck, but likely under sampled due to
the specific habitat in which it occurs (deeper pools

and runs, under slab rocks).

Limited numbers have been translocated to Lillards
Mill in 2007 and 2008.

National Workplan — proposed CH due in FY 25



Fanshell (Cyprogenia stegaria)
Federally Endangered

Date Listed: June 21, 1990

Species was extirpated from the Duck, but has been
reintroduced using translocated individuals from the
Clinch River (2013-2016).

Translocated individuals are persisting and brooding
females have been documented, but not natural
recruitment has been documented to date.

Reintroductions into the Duck has been identified as a
priority action.



Duck River Dartersnapper (Epioblasma ahlstedti)
Federally Endangered

Date Listed: January 10, 1997 (Oyster Mussel)
Critical Habitat Designated: August 31, 2004

Oyster mussel split into the DRDS in 2010.

Only extant in the Duck River, and is restricted
to a single stretch (28 river miles) in the middle
portion of the river.

Propagation and reintroduction has recently
been begun for the species at CRAC in the
lower Buffalo River.



Cumberlandian Combshell (Epioblasma brevidens)
Federally Endangered

Date Listed: January 10, 1997
Critical Habitat Designated: August 31, 2004

Only extant in the Big South Fork (KY/TN) Clinch
River (TN/VA), Powell River (VA), Buck Creek,
(KY), and Bear Creek (AL/MS).

Has been reintroduced into the Duck River
between 2007-2017 using Clinch River
broodstock.

Growth and reproductive behavior have been
observed in the Duck, but natural recruitment
has not yet been documented.



Designated Critical Habitat for the Duck River Dartersnapper
and Cumberlandian Combshell in the Duck River.

Unit 1 - Duck River: Critical Habitat for Oyster
mussel and Cumberlandian combshell

Unit 1 includes the main stem of the Duck
River from rkm 214 (rmi 133) (0.3 rkm (0.2
rmi) upstream of the First Street Bridge) in
the City of Columbia, Maury County,
Tennessee, upstream to Lillard Mill Dam at
rkm 288 (rmi 179), Marshall County,
Tennessee.



Catspaw (Epioblasma obliquata)
Federally Endangered

Date Listed: July 10, 1990

Only extant in a single stream (Killbuck Creek, OH). Has
recently been reintroduced into the several historical
tributaries (Licking River, KY; Green River, KY;
Walhonding River, OH) in the Ohio River drainage, and
the Duck River in Tennessee (2 sites).

Reintroduction effort has released 1,315 individuals to
the Duck River since 2017.

Growth and reproductive behavior have been observed
in the Duck, but natural recruitment has not yet been
documented.



Snuft

0ox (Epioblasma triquetra)

~ederally Endangered

Date Listed: March 15, 2012

Historically was locally common (40-50 years
ago) in the Duck River, but may have been
extirpated prior to reintroduction efforts.

Reintroductions into the Duck have occurred in
2011-2013 via Clinch River translocations

(n=369) and in 2019 using propagated
individudals (n=214).

National Workplan — proposed CH due in FY 25.



Snuffbox (Epioblasma triquetra)
~ederally Endangered




Tan Riffleshell (Epioblasma walkeri)
~ederally Endangered

Date Listed: September 26, 1977
The species is considered extirpated from Duck River.

Live individuals were last collected from the Duck in

1964 and a single fresh dead shell was last found in
1988.

Only currently extant in the Big South Fork, TN/KY (12
river miles) and Indian Creek, VA (2 river miles).



Longsolid (Fusconaia subrotunda)
Federally Proposed Threatened

Proposed for listing: September 29, 2020

Limited records of the Longsolid exist for the Duck
River. Museum record exists from 1985.

The species is likely extirpated from Duck River.
National Workplan —final listing rule and critical

habitat designation is due in FY 22, no critical
habitat is proposed in the Duck River.



Cracking Pearlymussel (Hemistena lata)
Federally Endangrered

Date Listed: September, 28, 1989
Currently extirpated from the Duck River system.
TWRA CRAC is currently propagating the Cracking

Pearlymussel from the Elk River for reintroduction into the
Buffalo River and Duck River.



Pink Mucket (Lampsilis abrupta)
Federally Endangrered

Date Listed: June 14, 1976

Uncommon in the Duck and occurs primarily in the
lower portions of the river as it is more common in
the Tennessee River mainstem, but we do have
museum records from around Columbia.

This species has been propagated and augmented
(2013-2015, n=519) near Lillards Mill using
Tennessee River broodstock.



Birdwing Pearlymussel (Lemiox rimosus)
Federally Endangrered

Date Listed: June 14, 1976

Extant in the upper Clinch, VA/TN; Powell, TN;
Duck, TN

The Birdwing Pearlymussel population in the Duck
is robust, but is limited to the 45 river miles
between the Old Columbia Dam and Lillards Mill.

This population is important for as broodstock for
restoration efforts in other historical populations,
especially in the lower Tennessee River system
(e.g., Sequatchie, Paint Rock, Elk, Buffalo).



Round F

Fec

ickorynut (Obovaria subrotunda)
erally Proposed Threatened

Proposed for listing: September 29, 2020

The Duck River is a stronghold population for the
Round Hickorynut. Primarily occurs between
between the Old Columbia Dam and Lillards Mill.

The Duck River population has increased in density
over the past 30-40 years. In 1979, density was
around 0.05 mussels/m?, today some mussel beds
have densities over 4 mussels/m?

National Workplan — final listing rule and critical
habitat designation is due in FY 22, critical habitat
is proposed for the Duck River.



Critical Habitat for Round Hickorynut
RH13 Duck River; Bedford, Marshall, and Maury Counties, Tennessee

Proposed Designhated Critical Habitat for the
Round Hickorynut in the Duck River.

Spring Hill
mbi
MARSHALL
Lewisburg
Sources: Esr, HERE, Garmin, RAC, NOAR, USGS, © OpenStreetdap contributors, and.the'GIS User Community
- Critical Habitat

Major Road
--= County Boundary
== State Boundary

River

Naterbody

1 inch = 10 Kilometers Gy
1 inch = 6 miles A

Unit RH 13 will consist of 59 river miles of the Duck
River in Bedford, Marshall, and Maury Counties,
Tennessee, from its confluence with Sinking Creek in
Bedford County, downstream to the mouth of Goose
Creek, east of Columbia, Maury County, Tennessee.



Rayed Bean (Paetulunio fabalis)
Federally Endangered

Date Listed: March 15, 2012

Likely extirpated from the Duck River as it as last
reported live in 1982 downstream of Lillard Mill.

It was reintroduced in 2008 via translocated
individuals (n=681) from the Alleghany River, PA.

No additional stockings have taken place and
viability of the transplanted individuals is

currently unknown.

National Workplan — proposed CH due in FY 25.



Littlewing Pearlymussel (Pegias fabula)
Federally Endangered

Date Listed: November 14, 1988

Extirpated from the Duck River. It was last collected
from the Duck in 1888, but was common in an
excavation of an aboriginal deposit near Columbia in
1978.

Only currently extant in 9 river miles in Big South
Fork, TN/KY and a small population in Cane Creek, TN.

Reintroductions into the Duck, Clinch, Nolichucky, and
Rockcastle are recommended actions for this species.



Orangefoot Pimpleback (Plethobasus cooperianus)
Federally Endangered

Date Listed: June 14, 1976

Likely extirpated from the Duck River. It was
only recorded as a single record downstream of
the old Columbia Dam in 1968.

The species is still extant in the lower Tennessee
River, but has very low resiliency. It possibly
historically occurred in the lower Duck near the
Tennessee River confluence.

Reintroductions into the Duck, Elk, and Wilson
tailwaters (TN R) are recommended actions for
this species.



Sheepnose (Plethobasus cyphyus)
Federally Endangered

Date Listed: April 12, 2012

Has never been widely distributed in the Duck,
but early museum records put it primarily in the
lower Duck. The last record was a live individual
collected downstream of the old Columbia Dam
in 2003.

Reintroductions into the Duck, upper Clinch,
Nolichucky, and Rockcastle are recommended

actions for this species.

National Workplan — proposed CH due in FY 25.



Pyramid Pigtoe (Pleurobema rubrum)
Federally Proposed Threatened

Date Proposed: September 7, 2021

Generally distributed but rare in the upper and lower
Duck. While the population is limited it is recruiting.

Best population in the region is likely the Duck River.
Duck will likely be the brood source for population
restoration actions in the lower Tennessee system.



Slabside Pearlymussel (Pleuronaia dolabelloides)
Federally Endangered

Date Listed: October 28, 2013
Critical Habitat Designated: October 28, 2013

Duck River is one of the most rebust populations
of the Slabside Pearlymussel.

Duck will likely be brood source for future
restoration actions in the lower Tennessee or
Cumberland River drainage where it has be
extirpated.

Slabside Pearlymussel draft recovery plan is due
in FY 23.



Fluted Kidneyshell (Ptychobranchus subtentus)
Federally Endangered

Date Listed: October 28, 2013
Critical Habitat Designated: October 28, 2013

Was extirpated from the Duck River. Last record
was from 1965.

TWRA has translocated around 7,300 individual
Fluted Kidneyshell from the Clinch into the Duck.
This reintroduced population is persisting and has
been recruiting on its own for several years.

Fluted kidneyshell recovery plan was recently
finalized in FY 22.



Designated Critical Habitat for the Slabside
Pearlymussel and Fluted Kidneyshell in the Duck River.

Unit FK23: Duck River, Fluted Kidneyshell Critical Habitat

Unit FK23 and SP12 includes
approximately 216 river miles of
the Duck River from its
inundation at Kentucky Lake in
Humphreys County, TN,
upstream to its confluence with
Flat Creek near Shelbyville in
Bedford County, TN.



Winged Mapleleaf (Quadrula fragosa)
Federally Endangered

Date Listed: June 20, 1991

Was extirpated from the Duck River. Once widely
distributed in the Duck, it was last reported from the early
1900s. It is now also extirpated from the entire Ohio River
system.

TWRA reintroduced 103 propagated individuals back to the
Duck River in 2013 using Saline River, Arkansas broodstock.

No recruitment has been documented at the stocking site.



Cumberland Monkeyface (Theliderma intermedia)
Federally Endangered

Date Listed: June 14, 1976

Currently only exists in the Duck and Powell rivers.
The Duck has the best remaining population range-
wide for this species.

The Duck will likely provide broodstock for any
population restoration in the lower Tennessee River
drainage. The Elk River is a likely reintroduction
possibility.

This species has only recently been successfully
propagated by the Virginia Department of Wildlife
Resources.



Rabbitsfoot (Theliderma cylindrica)
Federally Threatened

Date Listed: October 17, 2013
Critical Habitat Designated: April 30, 2015

The rabbitsfoot is common in both the upper
and lower Duck River and is considered one of
most robust populations range-wide.

This species is usually found in shallow, low-
flow shoreline areas.

A draft recovery plan was recently released in
in October 2022, final recovery plan is due in
FY 23.



Designated Critical Habitat for the Rabbitsfoot in the Duck River.

Map for Unit RF18 (Duck River) of critical habitat for Rabbitsfoot

o e ]
DICKSOM SO AWIDSCN }

7 . : Unit RF18 includes 146.2 river miles of the Duck River
from Lillard Mill (rmi 179) west of Tennessee Highway
272, Marshall County, Tennessee, downstream to
Interstate 40 near Bucksnort, Hickman County,
Tennessee.
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Pale Lilliput (Toxolasma cylindrica)
Federally Endangered

Date Listed: June 14, 1976

The pale lilliput was once thought to be extirpated from
the Duck River system, but was rediscovered in Lick
Creek (Duck River tributary) in 2015.

This species has been reintroduced into the Duck River
mainstem and Big Rock Creek with propagated

individuals using Paint Rock River and Lick Creek
broodstock since 2014.

This species is usually found in shallow, low-flow
shoreline areas.



Questions?



TDEC Ammonia and Assimilative
Capacity Modeling of the Duck
River at Shelbyville

Rich Cochran
TDEC, Division of Water Resources
Duck River Symposium
December 7, 2022
Dennis Borders, Wayman Ho



Background

e Early discussions on
drought management
plan/triggers focused
on flows and
withdrawals.

e Dr. Sherry Wang worked
to ensure that water
quality was considered
as well.



Background

e Worked on NPDES

planning limits for
Columbia and
Shelbyville

Permits were based on
“TVA guaranteed
minimum flows” rather
than 7Q10 or 1Q10

e 7Q10-lowest flow for 7

consecutive days that
OCCuUrs on average once
every 10 years.

In 2018 TN adopted
new EPA ammonia
criteria based on a
calculation using pH
and temperature.



Question

 TDEC asked to evaluate the extent of potential
water quality impacts to the Duck River from
changing flows.

— Ammonia toxicity

e Criteria varies continuously based on ammonia
concentration, pH, and temperature.

— Assimilative Capacity

 The natural capacity of a stream to receive organic
wastes without decreasing the stream dissolved oxygen
concentrations below the state minimum criterion of
5.0 mg/L.



Duck River and USFWS Critical Habitat for
Threatened Mussel Species*

* ECOS (Environmental Conservation Online System) / USFWS Threatened & Endangered Species Active Critical Habitat Report



Duck River Shelbyville Segment

<€—— RM 202
<€— Tarpley Bluff Mussel Bed
(RM 207)
Shelbyville STP
USGS 03597860
_ < (RM 221.4)
Simms Rd.
(RM 216) <€—— Tyson Farms

<—— RM 219



Duck River Flow Constraints at Shelbyville

Shelbyville Gage (USGS 03597860)
Flow Constraints for QUAL2k Model

180

B Minimum Shelbyville Gage Flow Constraint
160 *(DMP Condition for Alts. C & D)

140 +

I WQC, Permit Limits

WQC, Permit Limits?
120 -

100

80 -

Flow Constraint (cfs)

60 -

40 -

20

Alt A 1Q10 Alt B Stage 3* Stage 4*

Flow Scenario



Duck River Flow Constraints at Shelbyville

Flow Constraints at Shelbyville gage (USGS 03597860) for Duck River EA Water Quality Analyses

Existing Conditions Operational Flow Target (No

Alternative A 155 . .
Action Alternative)

Flow for application of Water Quality Criteria in
139 Permits for Regulated Streams (critical flow
occurring, on average, once in 10 years)

Alternative B 135 Revised Operational Flow Target

Stage 3 Trigger of Drought Management Plan

Stage 3 120
: (Applicable to Alternatives C and D)

Stage 4 Trigger of Drought Management Plan

80
(Applicable to Alternatives C and D)




TDEC Analyses

e Ammonia (NHs) Toxicity
— TVA Normandy Dam (CE-QUAL-W?2) Output
— NPDES Point Source (End-of-Pipe)
— QUAL2k Longitudinal Profile

e Assimilative Capacity for Dissolved Oxygen (DO)



TVA CE-QUAL-W2 Normandy Dam Model

e Existing Conditions and Results for Alternative Flow
Constraints

— 2016 — Dry Year (Alts. A & B)

— 2018 — Wet Year (Alts. A & B)

— 2007 — Driest year on record (Alts. A and B, Stages 3 and 4)
 Qutput: NH3, DO, Temperature, pH

— Continuous Simulation

— Timestep =6 hr



TVA Normandy Dam Model Output Acute Toxicity Analysis

Ammonia/Ammonia Toxicity (Fraction)

2016 Normandy Dam Model Output

Ammonia/Ammonia Toxicity

——Alt. AAmmonia/Ammonia toxicity(CMC)
—— Alt. BAmmonia/Ammonia toxicity(CMC)
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Date
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TVA Normandy Dam Model Output Acute Toxicity Analysis

2018 Normandy Dam Model Output
Ammonia/Ammonia Toxicity

—— Alt. A Ammonia/Ammonia toxicity(CMC)

—— Alt. B Ammonia/Ammonia toxicity(CMC)

o
=

- - M g -

Ammonia/Ammonia Toxicity (Fraction)
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TVA Normandy Dam Model Output Acute Toxicity Analysis

2007 Normandy Dam Model Output
Ammonia/Ammonia Toxicity

Ammonia/Ammonia Toxicity (Fraction)

1
—— Alt. A Ammonia/Ammonia toxicity(CMC)
——Alt. BAmmonia/Ammonia toxicity(CMC)
0.1 Stage 3 Ammonia/Ammonia toxicity(CMC)
——Stage 4 Ammonia/Ammonia toxicity(CMC)
0.01
0.001
0.0001
0-00001 T T T T T T T T T T T

i/1/07 2/1/07 3/1/07 4/1/07 5/1/07 6/1/07 7/1/07 8/1/07 9/1/07 10/1/07 11/1/07 12/1/07

Date



Ammonia (mg/L)

Ammonia Toxicity - Shelbyville STP

2018 Shelbyville STP MOR Data
Ammonia Toxicity (2019 Criteria)
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Ammonia (mg/L)

Ammonia Toxicity - Shelbyville STP

2018 Shelbyville STP MOR Data
Ammonia Toxicity (2019 Criteria)
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Ammonia (mg/L)

Ammonia Toxicity - Shelbyville STP

2018 Shelbyville STP MOR Data
Ammonia Toxicity (2019 Criteria)
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100

Ammonia (mg/L)

Ammonia Toxicity - Tyson Farms

2018 Tyson DMR Data
Ammonia Toxicity (2019 Criteria)

—e— Ammonia, mg/L

Acute Criterion (T = 25 °C)
Acute Criterion (T =27 °C)
Acute Criterion (T = 30 °C)
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Ammonia Toxicity - Tyson Farms

2018 Tyson DMR Data
Ammonia Toxicity (2019 Criteria)
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Ammonia (mg/L)

Ammonia Toxicity - Tyson Farms

2018 Tyson DMR Data
Ammonia Toxicity (2019 Criteria)
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Ammonia Toxicity - Chapel Hill WWTP

Acute Criterion (CMC)*
NH3 Conc. (Avg) =3.1 mg/L cmC cmC cMmC
(New Criteria) [(New Criteria) [(New Criteria)
Temp. PH 6 8 10
25°C 16.87 2.58 0.15
27°C 14.29 2.19 0.13
30°C 11.15 1.70 0.10
Chronic Criterion (CCC)*
NH3 Conc. (Avg) =3.1 mg/L cce cce ccc
(New Criteria) [ (New Criteria) | (New Criteria)
Temp. PH 6 8 10
25°C 1.61 0.56 0.05
27°C 141 0.49 0.04
30°C 1.16 0.41 0.03

* Chapel Hill Average NHs Effluent Concentration (3.12 mg/L)




Duck River EA QUAL2K Model

Critical Boundary Conditions*

e Critical Flow = Proposed Minimum Flow (e.g., 1Q,, = 139 cfs = 3.93 cms)

e Water Temperature = 27°C

e DO=6mg/L

e pH =Based on calibration data (or 9 for NH; toxicity)

e Specific Conductivity = Based on calibration data

e CBOD;=1.5mg/L

* NBOD=0.1-1mg/L

* NO, = Based on calibration data.

* NH; = Highest of value from state-EPA agreement or field measurement:
0.231 mg/L (State EPA Agreement with NBD:NH3 ratio of 4.33), or
0.196 mg/L (highest concentration of 2016 field measurements)
NH; (final) = 0.231 mg/L as N

e OrgN=1.318 mg/L as N (highest concentration of 2016 field measurements)

* From EPA Region 4 — State of Tennessee Agreement on Development of WLAs



Duck River EA QUAL2K Model

Facilities Discharge

Shelbyville STP (TN0024180 Permit Limits)

Design Flow = 6.5 MGD = 0.285 cms

Temperature = 29°C (High MOR effluent temperature 2016-2018)

DO = 6.68 mg/L (minimum DO from MOR 2016-2018)

pH =9 (Highest pH limit)

Specific Conductivity = Assume to be the same as Duck River concentration.
CBOD. = 25 mg/L (Effluent Limit)

CBOD u =80 mg/L

NH; (Monthly Average) = 2.3 mg/L (Monthly Effluent Limit, No TN limit)
NO, = Based on 9/16/2016 calibration data.

Org N =0.190 mg/L (2016 BDY field measurement)

Org P=0.202 mg/L

Ortho P = 1.82 mg/L (2016 BDY field measurement, and 90% Ortho P & 10% Organic P based
on downstream measurement)



Duck River EA QUAL2K Model

Tyson Farms Discharge

e Design Flow =1.168 MGD =0.0331 cms

e Temperature = 27°C (assumed due to no facility temp. data available)
e DO =5.6mg/L(Min DO from 2016-2018 DMR)

e pH=9 (Max permit pH)

e Specific Conductivity = Assume same as Duck River concentration.
 CBOD; =16 mg/L (Permit Monthly Average)

e (CBODu=16%4.47=71.52 mg/L

e TN =103 mg/L (Permit Monthly Average)

* NH; =4 mg/L (Permit Monthly Average)

e OrgN=1mg/L (assumption)

e NO;=98mg/L

e TP=20mg/L(MaxTP from 2016-18 DMR)

e OrthoP=19.68 mg/L

 Based on information from Tyson Food Processing plant at North Fork Obion, 98.4% of the TP
is Ortho-Phosphorus, and 1.6% is Organic Phosphorus.

e OrgP=0.32mg/L



Ammonia Toxicity Analysis (Alt. A) - 155 cfs



Ammonia Toxicity Analysis (Alt. B) - 135 cfs



Ammonia Toxicity Analysis (Stage 3) - 120 cfs



Ammonia Toxicity Analysis (Stage 4) - 80 cfs



Assimilative Capacity for Dissolved Oxygen

e Scenarios with proposed alternative flow constraints, plus

the 1Q,, regulatory flow: (155 cfs, 139 cfs, 135 cfs, 120 cfs,
and 80 cfs)

e Boundary DO concentrations
— 6.0 mg/L (State-EPA Agreement)

— 7.13 mg/L (minimum observed 2016 field data)*
e Results

— Minimum DO (Sag)
— Location of Minimum

— Recovery Location

* Allowed by EPA-State Agreement in lieu of 6.0 mg/L



QUAL2k Assimilative Capacity Model (Alt. A)



QUAL2k Assimilative Capacity Model (Alt. A)



QUAL2k Assimilative Capacity Model (Alt. B)



QUAL2k Assimilative Capacity Model (Alt. B)



QUAL2k Assimilative Capacity Model (Stage 3)



QUAL2k Assimilative Capacity Model (Stage 4)



Results of Ammonia Toxicity and DO
Assimilative Capacity Analyses

. . . . Ammonia RM of last
Minimum River Mile (RM) of | RM of DO Recovery o .
DO (mg/L)}2 | Minimum DO??2 (to 5 mg/L)? Toxicity Ammonia

(Yes/No)?? Toxicity?

5.04/5.15 216-217/216 NA/NA No/No NA/NA

139 4.9/5.0 216-217/216 215/NA No/No NA/NA

135 4.9/5.0 216-217/216 215/NA No/No NA/NA

Stage 3 120 4.75/4.82 216-217/216 214-215/214-215 Yes/Yes 205/205
Stage 4 80 4.24/4.26 216-217/216 214-215/214-215 Yes/Yes DNR3

NA = Not Applicable

1 Minimum DO (sag) occurs in the vicinity of Simms Road (RM = 216)

2 Values represented under two boundary DO concentrations (6.0/7.1 mg/L)

3 Does Not Recover (model simulation ends at RM 202, at which point ammonia toxicity has not recovered)



Questions

Contacts:
Richard Cochran
Richard.Cochran@tn.gov

615-498-4315

Dennis Borders
Dennis.Borders@tn.gov
615-532-0706



mailto:Richard.Cochran@tn.gov
mailto:Dennis.Borders@tn.gov
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OASIS Model Overview

Duck River Symposium
Steve Nebiker

December 7, 2022




Systems Analysis

Multiple objectives
Striking a balance
Engage stakeholders

Need models that are useful, easy to use, and collaborative

Ability to create operating rules to make efficient use of water
e Timing and magnitude of flows
e Timing of reductions to releases and demands

Assist with real-time operational support, especially during drought




OASIS Applications in North America




History on the Duck

» Started back in 2002 with Duck River Agency and TNC




Schematic of Duck River System as Modeled with OASIS
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Competing Needs

* In-lake
* Recreation, water supply, and water quality




Competing Needs

* Downstream
e Flood control
e Aquatic habitat
* Wastewater assimilation
e Water supply




Flood Control
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Figure 2.2-01 Schematic Diagram of the TVA Water Control System




Habitat




Water Supply

Assumed cost of demand restrictions = $2500 / MG of lost sales



Simulated Reservoir Operations

Normandy Elevation and Rule Curve
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Simulated Reservoir Operations

Normandy Elevation
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2007 Drought

End of October drought monitor



2007 Drought (Simulated)

Normandy Elevation
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2007 Drought (Simulated)

Normandy Elevation and Rule Curve
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2007 Drought (Simulated)

Elevation at node 110 -- Normandy

—
|_
L
-
c
(=}
=
©
=
o
Ll

Percent of simulated time steps

Hazen



2007 Drought




2007 Drought — A Turning Point for Tennessee

* Widespread impacts prompted state to
develop drought plan guidance

o State used OASIS as part of regional pilot
studies to improve system reliability




Modeling Since 2007

* To support DRA's Comprehensive Water Supply Plan

» To optimize Normandy releases and
refine drought response
e 100-year gaging record
e 1000-year synthetic hydrology record

e Support water utility planning in basin

* Incorporated flow-wetted perimeter relationships from
surveys at select locations

e Planning to incorporate USGS ecological flows work
e Drought exercise with stakeholders in 2017




Operational Alternatives

Columbia Gage Flow
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Operational Alternatives

Preliminary results




Operational Alternatives
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Forecasting

e Used to inform operations, especially during drought
e Drought monitor and NOAA long-range outlook are not river/system specific




All we know today is what has happened in the past.
A We have a reasonable idea of what may happen next
week, but very little thereafter.

Streamflow

t, time




A Ensemble forecasts

Streamflow

t, time




A Conditioned Forecasts

Streamflow

time




We need to base decisions on probabilities
A because only much later do we know how well
any one forecast matched the actual streamflow

Streamflow




Forecasting




Water Supply Planning

Duck River Symposium — December 7th, 2022







Excellence is NEVER an accident.







2000 — Water Supply Needs in the Upper Duck River Basin

Future Water Supply Needs in the Upper Duck River Basin

( ) Draft (X] Final Environmental Impact Statement

Lead Agency: Cooperating Agencies:
Tenr e Valley Authority TN Duck River De

onservation

TVA has concluded that one or more action alternatives should be pursued
to meet the future water needs in the Maury/southern Williamson County
Water Service Area. This is the TVA preferred alternative in this
programmatic EIS. TVA is not proposing to design or construct any of these
facilities; however, as a regional water resource agency, TVA can assist in
evaluating available alternatives and encourage cooperation among all
communities that are dependent on common water resources, Local
utilities, government agencies in the upper Duck River watershed, and
other interested parties will be the ones to actually decide which water
supply alternative(s) should be pursued. Those local agencies and the
publics they serve must determine how they want to address water needs in
this river basin and how those systems will be operated.




2002 — EA FONSI for Spring Hill Raw Water Intake

The applicant had a mussel survey performed for the subject work. A report titled “Aguatic

Surveys, City of Spring Hill Raw Water Intake and Transmission Line (Four Stream Crossings,
Maury County, Tennessee” was prepared by Pennington & Associates, Inc., dated April 2001 (See
Appendix F). The report concluded that there were no mussels found at the proposed raw water
mtake site. However, at approxmmately 300" downstream of the intake site is a riffle/shoal area that
had substrate conducive to freshwater mussels. There were three federally listed species (Zemiox
rimosus, Quadrula intermedia and Lexingtonia dolbelloides) collected from the riffle and shoal
area. There were eight additional species of Mollusca observed which have no federal status but
are considered very rare by the state of Tennessee. The four streams to be crossed by the
transmission line are to small to support any of the endangered mussels listed for the area.

requested to be placed m the
River below the proposed i.n"

L"J.l'p.ril..-t:- to the nearby
s condition (See Appendix F).










What has Spring Hill done over the last 20 years?

Population -> 10,530 to 56,000



Working Together Works

e Participated in Duck River Agency Drought Management Plan (2012-2013)

e Enhanced Long Term Water Supply and Wholesale Purchase Agreement with CPWS
(40+ years Working Together)

e Completed Water and Sewer Capacity Study (2018)

e Completed Wastewater Treatment Plant Facilities Plan to treat 10 MGD (2019)

e Completed Water Treatment Plant Facilities Plan to Expand to 6 MGD Withdrawal
and purchase 8 MGD from CPWS at New WTP and New RWI (2019)

e Completed Construction of New Booster Station to Provide 3 MGD from CPWS to
Spring Hill (2022)

Millions of Dollars have been INVESTED in Infrastructure
Planning based on the Regional Plans developed in

Collaboration with the Duck River Agency.



Planning the Water Supply for Build-Out in Spring Hill

2022 Water and Sewer Capacity Modeling Update (S300k)
e Spring Hill Build-Out Water Demand -> 8.5 MGD average daily demand
e Spring Hill Build-Out Water Demand -> 12.7 MGD maximum daily demand
e Spring Hill Build-Out Sewer Demand -> 8.9 MGD average daily flow
e Spring Hill Build-Out Sewer Demand -> 28.5 MGD peak hourly flow

2022 Asset Management, Condition Assessment, and Work Order System (S1M)
e Utilizing TN SWIG Non-Collaborative Grant and SRF Loans with Forgiveness

Water Harvesting

Purple Pipe

Advanced Metering Infrastructure

Federal Agency Approval of the DRA Drought Management Plan, the Normandy
Reservoir Project, and the new downstream intake for CPWS

Indirect Reuse

Endangered Species Habitat Protection

Endangered Species Habitat Mitigation

Endangered Species Habitat Creation
























Duck River Agency

“WORKING TOGETHER WORKS”

2022 Annual Duck River Symposium
December 7, 2022

Doug Murphy, DRA Executive Director



DRA Statute

« DRA was created in 1965 by the Tennessee General Assembly
“for the purpose of developing and effectuating plans and
programs for comprehensive development, including the
control and development of the water resources of those
portions of the Upper Duck River watershed lying in Coffee,
Bedford, Hickman, Marshall and Maury counties, and
Integrating plans, programs and development activities with
the overall economic development of the area described.”
TCA §64-1-601(b).



Duck River Agency

Mission Statement

“To develop, protect and sustain a clean and dependable
ater resource for all citizens in the Duck River Region”

Bedford, Coffee, Hickman, Marshall, and Maury Counties




Tennessee Duck River Development Agency (DRA)

Developed in 1965 by state legislation

— Political subdivision of the state with no funding from the state

Govern by a 12-member board

— 5 county citizens, 2 citizens at large, 2 county mayors, 2 city mayors, 1 governor
representative

Funding: Water systems contribute a nickel per 1,000 gallons of water sold
to the Operation and Project Trust Fund
In 1971 the DRA and water systems signed a 50-year agreement

— Current 3-year agreement

Water systems are members of the Duck River Agency Technical Advisory
Committee (DRATAC)

Two Trust Funds:
— Operation and Project Trust: S2M+
— Water Supply Project Trust: S13M+




Old History Notes

Duck River Project

— Columbia and Normandy Reservoir

DRA would collect funds for the water supply portion of the two reservoirs

— Flood Control, Water Supply, Wastewater Assimilation, Recreation
— Normandy $5.7m; Columbia $12.6m

Debt was canceled when Columbia was not built

S5.7M was set aside for future regional water supply infrastructure
projects



Regional Planning




Why Regional Planning

The Duck River is recognized as one of the most Bio-Diverse systems in the country

Multiple Uses depend on the Duck River and Normandy Reservoir
— 250,000 resident customers
— Industrial and commercial use
— Agricultural
— Waste load assimilation
— Recreation
— Designated Uses
2007 Drought of Record
— Normandy Reservoir reached 42% capacity
— Flow in the upper Duck River was dependent on Normandy Reservoir
Legislation
— House Bill 3545
— Senate Bill 2464
Emotions
— Public perception
— Politics
No long term credible regional plan
— Good science
— Proven decision-making model
— Implementability



Open Process

Tools
6 Workshops
3 Public Open Houses
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