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NMSZ New Madrid Seismic Zone

NOAA National Oceanic and Atmospheric Administration
NPDES National Pollutant Discharge Elimination System
NRCS Natural Resources Conservation Service

NWS National Weather Service

OEM Nashville’s Office of Emergency Management
PDM Pre-Disaster Mitigation

PDSI Palmer Drought Severity Index

PIAC Public Input Advisory Committee

PIO Public Information Officer
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PNG
RSDE
SASZ
SBA
SFHA
SPI
SR2C
TDEC
TDOT
TEMA
TVA
TWRA
UFPP
USACE
USDA
USGS
WCT

Piedmont Natural Gas

Residential Substantial Damage Estimator
Southern Appalachian Seismic Zone

Small Business Administration

Special Flood Hazard Areas

Standardized Precipitation Index
Stormwater Regulations Review Committee
Tennessee Department of Environment and Conservation
Tennessee Department of Transportation
Tennessee Emergency Management Agency
Tennessee Valley Authority

Tennessee Wildlife Resources Agency
Unified Flood Preparedness Plan

United States Army Corps of Engineers
United States Department of Agriculture
United States Geological Survey

Wind Chill Temperature
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Multi-Hazard Mitigation Plan
1.0 Introduction

As part of the overall community planning effort for hazard mitigation, the Metropolitan
Government of Nashville and Davidson County, Tennessee, (Metro) has prepared a Multi-
Hazard Mitigation Plan pursuant to the requirements of the Disaster Mitigation Act of 2000
(Public Law 106-390).

Hazard Mitigation is defined as any sustained action taken to reduce or eliminate long-term risk
to human life and property from hazards. Hazard Mitigation Planning is the process through
which the natural hazards that threaten communities are identified, the likely impacts of those
hazards are determined, mitigation goals are set, and appropriate strategies that would lessen the
impacts are identified, prioritized, and implemented.

Hazard Mitigation Planning is a requirement for state and local governments in order to maintain
eligibility for certain federal disaster assistance and hazard mitigation funding programs. Metro
is both a community at risk and a community that has benefited from federal mitigation funding
programs.

PURPOSE AND NEED

Each year, natural disasters in the United States take the lives of hundreds of people and injure
thousands more. Nationwide, taxpayers pay billions of dollars annually to help communities,
organizations, businesses, and individuals recover from disasters. These monies only partially
reflect the true cost of disasters, because additional expenses upon insurance companies and non-
government organizations are not reimbursed by tax dollars.

Many natural disasters are predictable and many more are repetitive, often with the same results.
Many of the damages caused by these events can be alleviated or even eliminated through hazard
mitigation activities.

FEMA, the Federal Emergency Management Agency, now a part of the Department of
Homeland Security, has made reducing losses from natural disasters one of its primary goals.
Hazard Mitigation Planning and the subsequent implementation of the projects, measures, and
policies developed through those plans, is the primary mechanism in achieving this goal. Success
in reducing disaster damages has been the result of mitigation projects that were implemented as
a result of hazard mitigation planning.

This plan was revised pursuant to the Disaster Mitigation Act of 2000 (DMA) and the
regulations published in the Federal Register Volume 67, Number 38, Tuesday, February 26,
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2002 (44 CFR 8§201.6) and finalized on October 2, 2015. Section 104 of DMA revises the Robert
T. Stafford Disaster Relief and Emergency Assistance Act by adding Section 322, which
provides emphasis on hazard mitigation, including a requirement for local mitigation plans, and
the required revision every 5 years.

Proactive hazard mitigation planning at the local level can help reduce the cost of disaster
response and recovery to property owners and governments by protecting critical community
facilities, reducing liability exposure, and minimizing overall community impacts and disruption.

SCOPE

This Multi-Hazard Mitigation Plan identifies goals and measures for hazard mitigation and risk
reduction in order to make communities less vulnerable and more disaster resistant and
sustainable. Information in this plan should be used to help guide and coordinate mitigation
activities and local policy decisions for future land use decisions. This Plan covers the
jurisdiction of the Metropolitan Government of Nashville and Davidson County which includes
the satellite cities, and local Universities as listed in section 3.

This Plan follows DMA planning requirements and associated guidance for developing Local
Hazard Mitigation Plans. This guidance sets forth a generalized nine-task process:

1) Determine the Planning Area and Resources;
2) Build the Planning Team;

3) Create an Outreach Strategy;

4) Review Community Capabilities;

5) Conduct a Risk Assessment;

6) Develop a Mitigation Strategy;

7) Keep the Plan Current;

8) Review and Adopt the Plan; and

9) Create a Safe and Resilient Community.

This Plan also uses the guidelines from FEMA’s Local Mitigation Planning Handbook (2013)
and Local Mitigation Plan Review Guide (2011).

Although not required under the Disaster Mitigation Act of 2000, the Metropolitan Government
of Nashville and Davidson, along with the Community Planning Team recognizes the need to
integrate human-caused hazards into the natural hazard mitigation planning process. Although
not inclusive of all potential hazards, the most likely hazards in both categories are addressed
here in order to necessitate a more effective mitigation planning process and strategy.
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Multi-Hazard Mitigation Plan

2.0 Community Profile
GEOGRAPHY - LOCATION AND AREA

Metropolitan Nashville-Davidson County is located in middle Tennessee along the banks of
the Cumberland River. The community encompasses 525 square miles. Three major interstate
highways 1-40, 1-65, and 1-24 converge in Nashville. Nashville is positioned within 600 miles
and less than one day’s drive from 50 percent of the United States population. It is also less
than a 6 hour drive to 13 other states, Nashville enjoys a prime geographic location (See
Figure 2-1).

The City of Nashville was settled in 1779 and became the state capital in 1843. The City of
Nashville and Davidson County governments were consolidated into one entity, Metropolitan
Nashville-Davidson County, in April 1963.
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CLIMATE

Nashville has a mild climate that is common throughout the southeastern part of the United
States with four distinct seasons and light snowfall in the winter. Mean annual temperatures
range from 38 to 79 degrees Fahrenheit with an average July high temperature of 89 degrees
and an average winter January high of 47 degrees. The average annual precipitation is 47.3
inches and the average annual humidity is 70 percent. Table 2-1 presents normal climate
statistics for the community.

Jan | Feb (Mar|Apr|May|Jun| Jul |Aug| Sep | Oct | Nov | Dec
Days with Precipitation | 10 | 10 (11 |11 (12 | 10| 10| 8 | 8 | 8 |10 | 11
Wind Speed (mph) 84185(88(82(71|64|63|59[6.2(65|76]8.1
Humidity (%0) 70 | 69 | 65 |63 | 70 [ 70 | 73 | 73 | 74| 69 | 70 | 71
Sunshine (%) 45| 48 | 52 |59 | 60 | 64 | 63 | 63 | 61 | 62 | 48 | 43
Days Clear of Clouds 6 |7 |88 8|8 |8 |1011|13| 9 |7
Partly Cloudy Days 6 |6 | 7|9 |10|13|13|12| 9 |8 | 7|7
Cloudy Days 1916 |16 (13 (13 (10| 10| 9 |10 | 10| 14 | 17
Snowfall (in) 21|123(07{ 0| O0|O0O|O0O]O]O0]|01|O0]10

Table 2-1: Normal Climate Statistics for Nashville-Davidson County, Tennessee

(Source: National Weather Service)

Community Profile
Section 2, Page 2

Metropolitan Nashville - Davidson County
Multi-Hazard Mitigation Plan — FINAL
January 2020




PHYSICAL FEATURES AND LAND USE

Nashville-Davidson County contains 525 square miles of land and is situated in a natural
basin. The County has three eco-regions — the Inner Central Basis, the Outer Central Basin,
and the Western Highland Rim — and is surrounded by wooded hills with five types of forest
habitat, including cedar glades (unique to this part of the world). The County has over 34,000
acres of conserved open space, with around 70 percent of that as designated parks. Overall,
Nashville-Davidson County is developed in a mixture of urban, suburban and rural land uses.

Topography ranges from 385 feet above sea level to 1,160 feet and includes flatter floodplain
lands, rolling hills, picturesque valleys, and steep bluffs. Development patterns in Davidson
County are closely related to its topography. Much of what remains as undeveloped, open
space is located in the northwest and southwest portions of the County where the terrain is
hilly and difficult to develop, with slopes at grades of 20 percent or more. Steeply sloping
land is normally considered suitable for only very low intensity development, particularly in
Davidson County, where such slopes are also covered by unstable soils and are often
composed of fragile geological formations. In addition to providing wildlife habitat, steeply
sloping areas with mature forests are important headwater areas, slowing down and absorbing
water runoff and filtering water to improve water quality.

The Cumberland River and its numerous tributaries —350 miles of waterways — flow through a
series of 14 watersheds in the County. Davidson County also has three large man-made lakes
— J. Percy Priest, Old Hickory and Radnor Lakes. Throughout the County, 42,671 acres of
land are in the floodplain. Undisturbed, vegetated floodplain areas along streams remove
pollutants from the water, reduce soil erosion, and protect against flash flooding by slowing
down stormwater runoff. Additionally, there are also numerous natural wetlands. In some
portions of the County, mainly in the east and southeast, sinkholes, where over time water
erodes the underlying bedrock, are also present.

In 1988, Nashville was divided into 14 communities for planning purposes (Figure 2-2). The
14 community plans were created and occasionally updated through 2012, when Metro
Nashville began an update to the countywide General Plan, called NashvilleNext. All 14
community plans were updated into a consistent format when NashvilleNext was adopted in
2015.

Each of the 14 community plans creates a vision for the community’s future preservation,
growth, development, guiding land uses, urban design, streets, parks, and civic uses. These
policies are then used to judge future preservation and development decisions. For each
community, the physical features and land use are summarized on the following pages.
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SATELITE CITIES

City of Belle Meade

The City of Belle Meade is a satellite city located in the south central portion of Davidson
County. It is bounded to the west by Harding Pike and a portion of Percy Warner Park,
Lynwood Boulevard to the east, the convergence of Lynwood and Harding Pike to the north
and Chickering Lane to the south. Corporate area of the City is 1,987 acres or 3.1 square
miles. According to a 2015 U. S. Census estimate, Belle Meade had a population of 3,004.

Significant waterways include Richland Creek, Sugar Tree Creek and Belle Meade Branch.
Approximately 9% (184 acres) of the community’s land area is considered 100-year
floodplain and 10% (197 acres) is in the 500-year floodplain. A total of 5% (99 acres) is
considered in the floodway.

The developed community plan area is primarily residential single family homes. Three
existing condominium units and one apartment building were grandfathered under Belle
Meade’s Zoning Code, which no longer permits the construction of multi-family structures.
There are currently 1,220 parcels of privately owned land with approximately 95% being
developed. There are three places of worship, St. George’s Episcopal Church, The Temple
and Immanuel Baptist Church. The two commercial parcels are the Belle Meade Country
Club and the historic Belle Meade Plantation.

City of Berry Hill

Berry Hill, a satellite city, is located 1%2 miles south of downtown Nashville. Properties
fronting 8™ Avenue South/Franklin Pike make up its western border and it is bounded on the
south by Thompson Lane. 165 and 1440 intersect near the southwest corner of the city.

Berry Hill is the smallest satellite city in both area (.91 square mile) and population (1,469
estimated as of 7/1/2018). The city’s residential zone along Rosedale Avenue comprises less
than 5% of the city’s area, but the majority of the city’s population now resides in multifamily
and townhome developments in the Melrose area along 8" Avenue South.

The average annual value of construction projects in Berry Hill for the years 2010 — 2018 was
$15,130,000. The annual value increased significantly during that period, from under $2
million in 2010 and 2011, to highs of $39 million and $34 million in 2014 and 2015,
respectively. This increase was mainly due to large multifamily and mixed-use developments
along 8" Avenue South. The result of those developments was an increase in population from
537 in 2010 to 1,469 (estimated) in 2018. While the residential growth trend is expected to
slow from its peak, some additional multifamily residential developments are expected. Berry
Hill currently has 442 residential properties (including individual condominium and
townhome units) and 436 commercial properties.

The combined middle and west forks of Brown’s Creek enter the City west of 165 near Gale
Lane. The east fork enters the city east of 165 near Thompson Lane and West Iris Drive. The
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branches converge east of 165, north of Berry Road, and continue to Craighead Street, where
they exit Berry Hill, west of Bransford Avenue.

CSX Railroad has a line that parallels 165 immediately east of the interstate. A Nashville &
Eastern Railroad line enters the city at Bransford Avenue near Craighead Street and connects
to the CSX line north of Berry Road.

City of Forest Hills

The City of Forest Hills encompasses 9.3 square miles with about 1,850 homes. Its 5,040
residents are drawn to the exclusive single-family zoning and low-density housing on large,
tree-filled lots. The City is almost exclusively residential, with no commercial or industrial
enterprises. Forest Hills has the distinction of being part of the headwaters of five different
streams that flow though the greater Nashville area, including Richland Creek. All of the
waterways are part of the Cumberland River watershed. According to the Tennessee
Department of Environment and Conservation, the streams are impaired and listed as
unhealthy for the environment or recreation. A citizens cultural and natural resources
committee is taking the lead of informing residents of actions that they can take to improve
the water quality of Richland Creek. This citizen outreach initiative will continue in the
future and the manager may find opportunities where the mission of the committee and city
overlap and supportive activities can be undertaken.

City of Goodlettsville

The City of Goodlettsville is located in both Davidson and Sumner Counties. The city has
experienced balanced growth in retail/service, office/professional, and residential uses in the
last three (3) years. The city’s access from both 1-65 and SR 386-Vietnams Veterans
Parkways and proximity to fast growing sections of Davidson County including Madison area
planned renovations including designated investment districts will ensure continued balanced
growth in the City for decades to come. The city’s 2010 Census population was 15,921. Per
the University of Tennessee, the City’s estimated 2020 population is 19,651 and 2030
population is 20,762.

Retail/Service Uses (Completed or Under Construction)
- 375 Hotel Rooms
- 46,975 Sq. ft. retail/services multiple facilities

Office/Professional Uses (Completed or Under Construction)
- 105 Assisted Living/Memory Care Bed Facility
- 65,760 sq. ft. Office/professional multiple facilities

Residential (Approved developments and projects under construction- including multi-

phase projects)

- 127 Apartments, 226 Townhouses, 478 Single Family Houses

- Since beginning of 2017- City has issued 171 new residential single family house and
townhouse permits

Metropolitan Nashville - Davidson County
Multi-Hazard Mitigation Plan — FINAL
January 2020

Community Profile
Section 2, Page 6




City of Oak Hill

Oak Hill is located south of Metropolitan Nashville and is bordered by Woodmont on the
north, Granny White Pike on the west, Old Hickory Boulevard on the south and Franklin
Pike/1-65 on the east. Oak Hill is approximately 8 square miles.

There are two landmarks located within the corporate limits of Oak Hill; they are Radnor
Lake and the State of Tennessee Governor’s mansion.

Oak Hill has a population of approximately 4,800 and is governed by a three (3) member
board elected by the citizens. It is a single family residential community with no commercial
businesses.

COMMUNITIES

ANTIOCH — PRIEST LAKE
(including Una, the Crossings, Hickory Hollow, and Nashville International Airport)

The Antioch-Priest Lake community is located in southeastern Davidson County and
encompasses an area spanning from Interstate 24 to the west, J. Percy Priest Lake to the east,
the Airport to the north and the Rutherford County line to the south.

Antioch has small area of steep slopes (20 percent and greater) mainly in the northwestern and
western portions of the planning area. Approximately 4 percent (1,600 acres) has steep
topography.

Significant waterways in the community plan area include J. Percy Priest Reservoir, Mill
Creek, Hurricane Creek, McCrory Creek, Hamilton Creek, Sorghum Branch, Whittemore
Branch and Savage Branch. There are known sinkholes in the southeastern portion of the
community, mainly around J. Percy Priest Reservoir and cedar glade areas. Wetlands are
found throughout the community but are generally found within the floodplains of Mill Creek
and J. Percy Priest Reservoir. Approximately, 25 percent (9,500 acres) of the area’s land is
within the floodway and 100-year floodplain areas.

This large community planning area has many residential communities. Residential
subdivisions range in age and style from the 1950s to the present, and numerous multi-family
complexes are located along Bell Road and around Hickory Hollow. Large industrial areas are
found around the Nashville International Airport and in the southern portion of the
community adjacent to La Vergne. The former Hickory Hollow Mall, now called Global
Crossings, features major community facilities, including a regional park, library, ice rink,
and community college. A new large mixed use development is under construction across the
interstate from Global Crossings and will include regional employment and retail destinations.
Out of approximately 38,150 acres, 26 percent of the community’s land use is residential;
17 percent is vacant; 17 percent is water, most of which in J. Percy Priest
Reservoir; 23 percent is civic and public benefit (including parks and right-of-way); 5 percent
is industrial; 9 percent is commercial; and 3 percent is office.
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BELLEVUE (including Centenary, Linton, Newsom Station, Pasquo, and Whites Bend)

The Bellevue community is located in the southwestern corner of Davidson County and
encompasses an areas spanning to the Cumberland River to the north and northeast, 1-40,
Percy Warner Park and the CSX railroad to the east, the Williamson County line to the south,
and the Cheatham County line to the west.

Half of the community plan area’s terrain is steeply sloping (20 percent and greater) with
mature forests. More level areas are located along the Harpeth, South Harpeth and
Cumberland Rivers. Approximately 50 percent (22,700 acres) of the area has steep
topography.

The area has numerous rivers and streams. Significant waterways in this area include the
Cumberland River, Harpeth River, South Harpeth River, Cub Creek, Indian Creek, Overall
Creek, Buffalo Creek, Beech Creek, Poplar Creek, Flat Creek, Trace Creek, East Fork,
Newsoms Branch and Linton Branch. Approximately 10 percent (4,300 acres) of the area is
within the defined floodway and floodplain area.

The community plan area’s hills, rivers and farmland give an overall rural feel. The southwest
and northern portions of the area are primarily rural, while the southeastern portion is
predominantly suburban in character. Commercial and services uses are located primarily in
nodes along the Old Hickory Boulevard, Charlotte Pike, Highway 70 and Highway 100
corridors. Out of approximately 45,000 acres, 51 percent of the subarea’s land use is
residential; 36 percent is vacant; 11 percent is civic and public benefit (including parks, water
and right-of-way); and 2 percent is commercial, office and industrial.

BORDEAUX —WHITES CREEK _(including Bells Bend and Scottsboro)

The Bordeaux-Whites Creek community is located in northwest Davidson County, stretching
from the Cumberland River in the south to Little Marrowbone Road/Old Hickory Boulevard
in the north, 1-24 to the east, and the Cheatham County line to the west.

The northern and western portions of the area consist of mainly steep slopes (20 percent and
greater) along with unstable soils and fragile geological formation. The southeastern portion
of the area is gently rolling or relatively level. Approximately 44 percent (20,200) acres of the
community has steep topography.

Significant waterways in this area include the Cumberland River, Little Marrowbone Creek,
Bull Run Creek, Whites Creek, Eatons Creek, Ewing Creek, Carney Creek, Tranham Creek,
Back Creek, Little Creek, Dry Fork, Earthman Fork, Drakes Branch and Pages Branch.
Approximately 14 percent (6,100 acres) of the area is within the floodway and 100-year
floodplain areas.
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The area is largely categorized by rural land and older suburban development with some
commercial and industrial uses around Historic Talbot’s Corner. A small area study for the
Trinity Lane corridor was completed in 2018, which envisions the corridor transitioning to a
more intense urban pattern. Out of approximately 45,700 acres, 47 percent of the
community’s land use is residential; 32 percent is vacant; 1 percent is civic and public benefit
(including parks, water, and right-of-way); and 3 percent is commercial, office and industrial.

DONELSON — HERMITAGE — OLD HICKORY (including Opry Mills, Lakewood, and Pennington Bend)

The Donelson-Hermitage-Old Hickory community is located in eastern Davidson County,
generally bounded by Spence Lane on the west, the Cumberland River to the north, the
Wilson County line on the east, and Percy Priest Lake, Couchville Pike and 1-40 to the south.

While land is mostly level to moderately sloping in the community plan area, there are areas
with some steep terrain (20 percent and greater), unstable soils and sinkholes. Concentrations
of steep slopes can be found in the Hermitage area, east of Old Hickory Boulevard to Wilson
County, between Lebanon Pike and 1-40; in the bend of the Stones River; and in the Pleasant
Hill Road area north of Couchville Pike. Approximately 6 percent (2,200) acres of the
community has steep topography.

Major waterways in this community include the Cumberland River, Old Hickory Reservoir, J.
Percy Priest Reservoir, Stones River, Stoners Creek, Mill Creek, and McCrory Creek.
Approximately 27 percent (10,600 acres) of the community’s planning area is within
the floodway and 100-year floodplain areas.

Three distinct communities exist in this part of Davidson County. Donelson is a stable, older
postwar suburban area with established residential areas. Old Hickory was founded as a
company town for DuPont and is more traditional in character. Hermitage is generally a
newer suburban community, but is steeped in the history of President Andrew Jackson.
Hermitage and points to the east continue to see new suburban residential communities. The
area has a diverse range of land uses and development patterns, including older and newer
suburban residential, large employment and retail centers. Out of approximately 39,700 acres,
37 percent of community’s land use is residential; 15 percent is vacant; 13 percent is water,
most of which is Old Hickory Reservoir, J. Percy Priest Reservoir and the Cumberland River,
22 percent is civic and public benefit (including parksand right-of-way); 4 percent is
industrial; 7 percent is commercial; and 2 percent is office.

DOWNTOWN NASHVILLE

The Downtown Nashville community is located in the center of Davidson County. Downtown
has long been the seat of state and local government, a destination for people joining or
enjoying the entertainment industry, and the economic center of Middle Tennessee. The
community is bounded to the north by Jefferson Street; to the east by 1-65/1-24; and to the
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south and west by 1-40. The Cumberland River splits the community, with approximately 25
percent of the area on the east bank.

While Downtown is the most intense urban setting in Davidson County, it retains physical
attributes including hills, bluffs, and the Cumberland River. Topography on the east bank is
low and flat, while topography of the west bank is elevated with bluffs rising above the
normal flow elevation of the river. Capitol Hill rises to an elevation of 555 feet and Rutledge
Hill reaches 536 feet. Approximately 6 percent (107) acres of the community has steep
topography.

The community plan area’s only significant waterway is the Cumberland River, 500 feet in
width as it moves through Downtown. Due to its lower elevation, the east bank is more
severely impacted by the flooding of the Cumberland River than the west bank. 10 percent
(175 acres) of the community’s planning area is within the floodway and 100-year floodplain
areas.

The community contains Nashville’s Central Business District, the Tennessee State Capitol,
Bicentennial Mall, older and newer skyscrapers, historic buildings, museums, and numerous
entertainment venues, including the Second Avenue and Broadway corridors, Bridgestone
Arena and Nissan Stadium (on the east bank of the Cumberland River). In recent years,
Downtown continues to increase its proportion of residential uses, with additional
development throughout downtown, but with notable additions in the Gulch and south of
Broadway. A number of major employers have moved or are moving to Downtown in recent
years. Out of approximately 1,800 acres, 8 percent of the subarea’s land use is
residential; 10 percent is vacant; 5 percent is water of which most is the Cumberland River;
40 percent is civic and public benefit (including parksand right-of-way); 7 percent is
industrial; 10 percent is office; and 20 percent is commercial (including parking).

EAST NASHVILLE (including Inglewood and Northeast Nashville)

The East Nashville community is located in the central portion of the county, just across the
Cumberland River from Downtown. It is bounded to the north by Briley Parkway; to the east
and south by the Cumberland River; and to the west by 1-65.

Most of the community plan area’s terrain is relatively flat to gently rolling. The hilliest area
is along the Ellington Parkway corridor in the northwestern quadrant of the subarea. Most
other steep slopes are hillsides of valleys associated with tributaries to the Cumberland River
in the southeastern section of the area. Approximately 4 percent (540 acres) of the community
has steep topography.

Other than the Cumberland River, the most significant waterways are Ewing Creek, Cooper
Creek, and Pages Branch. 13 percent (1,700 acres) of the community’s planning area is within
the floodway and 100-year floodplain areas.
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This is a developed community, consisting primarily of historic urban residential areas.
Commercial and service uses are concentrated along the Gallatin Pike, Dickerson Pike and
Trinity Lane corridors. In recent years, redevelopment within existing neighborhoods has
been significant and the community’s commercial pikes are a focus for more residential and
commercial density in the future. Out of 13,200 acres, 48 percent of the subarea’s land use is
residential; 8 percent is vacant; 2 percent is water, most of which is the Cumberland River; 24
percent is civic and public benefit (including parks and right-of-way); 10 percent is industrial;
2 percent is office; and 5 percent is commercial.

GREEN HILLS-MIDTOWN _(including Hillsboro Village, Music Row, Forest Hills and Oak Hill)

The Green Hills-Midtown community is located in the south central portion of the County. It
is bounded to the north by the inner loop of 1-40; to the east by 1-65; to the south by the
Williamson County line; and to the west by the Belle Meade city limits, Charlotte Pike, and
CSX Railroad.

Most of the northern half of the community is either gently rolling or relatively level. In
contrast, a significant portion of the southern half of the community, mainly south of Harding
Place/Battery Lane, has steeply sloping terrain (20 percent and greater). Approximately 20
percent (5,000 acres) of the community has steep topography.

Significant waterways include Radnor Lake, Richland Creek, Browns Creek, Otter Creek,
Sugartree Creek and Bosley Spring. Approximately 3 percent (685 acres) of the community’s
land area is within the floodway and 100-year floodplain areas.

The community plan area ranges from a rapidly redeveloping Midtown and Vanderbilt
University area, through older urban residential areas experiencing redevelopment, a strong
regional commercial center and large-lot and estate suburban development. Out of
approximately 25,000 acres, 53 percent of the subarea’s land use is residential; 13 percent is
vacant; 30 percent is civic and public benefit (including parks and right-of-way); less than 1
percent is industrial; 1 percent is office; and 3 percent is commercial.

JOELTON

The Joelton community is located in the northwestern part of Davidson County. It is bounded
to the north by the Robertson County line; to the east by Ivy Point Road and Crocker Springs
Road; to the south by Little Marrowbone Drive and Old Hickory Boulevard; and to the west
by the Cheatham County line.

The community plan area is almost evenly divided into two distinct topographic areas. In a
crescent that curves from the southwestern portion to the northeastern portion of the area,
steep slopes (20 percent and greater), narrow ridges and valleys are the predominant features.
In the northwestern and central portions of the community, level to rolling land is the
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predominant feature along with occasional steep-sided ravines with streams at the bottom.
Approximately 41 percent (10,400 acres) of the area’s land has steep topography.

Significant waterways in this area include Marrowbone Lake, Marrowbone Creek, Little
Marrowbone Creek, Long Creek, Claylick Creek, Sycamore Creek, Earthman Fork, and
Sulphur Branch. Approximately 3 percent (660 acres) of the community’s land area is within
the floodway and 100-year floodplain areas.

The area’s historically rural, large lot development pattern is evident in its land use. Out of
25,300 acres, approximately 54 percent of the subarea’s land use is residential; 40 percent is
vacant; 5 percent is civic and public benefit (including parks, water, and right-of-way); and 1
percent is used for office, commercial and industrial purposes.

MADISON (including Goodlettsville, Neelys Bend, and Rivergate)

The Madison community is located in the northeastern section of the county. It is bounded to
the north by the Sumner County line; to the east and south by Briley Parkway and the
Cumberland River; and to the west by the City of Goodlettsville.

The community’s terrain is predominately level, with some areas of steep slopes (20 percent
and greater) primarily in Goodlettsville and Neely’s Bend. Approximately 6 percent (1,000
acres) of the subarea has steep topography.

Significant waterways in this area include the Cumberland River, Mansker Creek, Dry Creek,
Gibson Creek, and Loves Branch. Approximately 13 percent (2,300 acres) of the
community’s land area is within the floodway and 100-year floodplain areas.

The community plan area is predominately developed with older suburban development and
rural development in Neely’s Bend. Commercial and service uses are located along Gallatin
Pike and the Rivergate Mall area with industrial uses located along Myatt Drive. Out of
approximately 17,000 acres, 50 percent of the subarea’s land use is residential; 19 percent is
vacant; 7 percent is civic and public benefit (including parks); 8 percent is commercial; 2
percent is industrial; and 1 percent is office.

NORTH NASHVILLE (including MetroCenter)

The North Nashville community is located to the north and northwest of Downtown. The area
is bounded to the north, east and west by the Cumberland River; and to the south by Jefferson
Street, the CSX Railroad, 1-40, and Charlotte Avenue.

Terrain in this area is predominately flat to moderately sloping, with scattered areas of steep
slopes (20 percent and greater) found in the southeastern and southwestern portions of the
community. Approximately 4 percent (200 acres) of the area has steep topography.
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The community’s only significant waterway is the Cumberland River, which forms much of
boundary of the subarea. Approximately 11 percent (1,344 acres) of the community’s land
area is within the floodway and 100-year floodplain area.

The community is developed and contains numerous historic urban neighborhoods, the
historic Jefferson Street Corridor, industrial areas along the Cumberland River, several
universities, and some suburban areas at its western edge near Tennessee State University.
Out of approximately 4,900 acres, 22 percent of the subarea’s land use is residential; 13
percent is vacant; 4 percent is water, most of which is the Cumberland River; 39 percent is
civic and public benefit (including parks and right-of-way); 8 percent is industrial; 8 percent
is commercial; and 5 percent is office.

PARKWOOD-UNION HILL (including Bellshire)

The Parkwood-Union Hill community is located in the north-central part of the county. It is
bounded to the north by the Robertson and Sumner County lines; to the east by the
Goodlettsville city limits and 1-65; to the south by 1-65 and 1-24; and to the west by 1-24 and
Crocker Springs Road.

Most of the community plan area’s terrain, consists of heavily forested steep slopes (20
percent and greater) and narrow ridges and valleys. Generally, land south of Old Hickory
Boulevard is more level. Approximately 43 percent (11,600 acres) of the area has steep
topography.

Significant waterways in this community include Whites Creek, Ewing Creek, Mansker
Creek, Little Creek, Dry Creek, Lickton Creek, and Bakers Creek. Approximately 4 percent
(1,200 acres) of the community’s land area is within the floodway and 100-year floodplain
area.

The community plan area is predominantly rural (in the north) with large farms and open
land, and suburban residential (in the south) with scattered commercial development along
Dickerson Pike and concentrated near Skyline Medical Center. Out of approximately 26,800
acres, 58 percent of the subarea’s land use is residential; 30 percent is vacant; 9 percent is
civic and public benefit (including parks, water, and right-of-way); and just over 2 percent is
office, commercial and industrial purposes.

SOUTHEAST __ (including Crieve Hall, Cane Ridge, Lenox Village, and portions of Brentwood)

The Southeast community is located in southeastern Davidson County. It is bounded to the
north by the CSX Railroad; to the east by 1-24 and the Rutherford County line; to the south by
the Williamson County line; and to the west by 1-65.

While there are small areas with steep slopes scattered throughout the community plan area,
most of the land is either gently rolling or relatively level. The only concentration of steep
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slopes is an area west of Nolensville Pike and south of Old Hickory Boulevard.
Approximately 43 percent (2,500 acres) of the area has steep topography.

Significant waterways in this community include Mill Creek and Sevenmile Creek. There are
known sinkholes in the areas north and south of Harding Place and around Mill Creek.
Wetlands are found throughout the area, but are generally found within the floodplains of Mill
Creek and Sevenmile Creek. Approximately 9 percent (1,600 acres) of the community’s land
area is within the floodway and 100-year floodplain areas.

The area is largely a suburban community with a rural fringe, but has a range of land uses and
development patterns, including older and newer suburban residential, significant retail
centers, and a large rural area. Out of approximately 27,300 acres, 55 percent of the subarea’s
land use is residential; 25 percent is vacant; 16 percent is civic and public benefit (including
parks and right-of-way); 3 percent is commercial; 1 percent is office; and less than 1 percent
is industrial.

SoUTH NASHVILLE (including Berry Hill and the Fairgrounds)

The South Nashville community is centrally located, extending from the edge of Downtown
southward about five miles to the Nashville Zoo at Grassmere. It is bounded to the north by
the Cumberland River; to the east by 1-24; to the south by the CSX Railroad; and to the west
by 1-65.

Although the area contains numerous hills, it does not have any large concentrations of land
with slopes that are 20 percent or greater. Fort Negley Park in the northwest corner of the
community contains some steeply sloping terrain. The remaining naturally steep terrain is
found mainly along the banks of the major creeks and streams. Approximately 7 percent
(690 acres) of the area has steep topography.

Significant waterways include the Cumberland River, Mill Creek, and Browns Creek. About 9
percent (920 acres) of the community’s land area is within the floodway and 100-year
floodplain areas.

The community plan area is a mix of land uses and ranges from large industrial areas along
the Cumberland River and railroads to urban and suburban residential areas with significant
commercial development lining Nolensville Pike. It also includes a regional attraction in the
Fairgrounds, which is undergoing reconstruction with the addition of a Major League Soccer
stadium. Out of approximately 9,900 acres, 26 percent of the subarea’s land use is residential;
8 percent is vacant; 36 percent is civic and public benefit (including parks, water, and right-
of-way); 13 percent is industrial; 14 percent is commercial; and 3 percent is office.
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WEST NASHVILLE  (including Cockrill Bend, West Meade and Belle Meade)

The West Nashville community is located to the west and southwest of downtown Nashville.
It is bounded to the north by the Cumberland River; to the east by the CSX Railroad and the
City of Belle Meade; to the south by Percy Warner Park and West Meade’s ridgetops; and to
the west by 1-40.

Terrain in this area ranges from flat to moderately sloping, with some very steep slopes (20
percent and greater) found in the north, central and southwestern portions of the subarea.
Approximately 9 percent (1,500 acres) of the community has steep topography.

In addition to the Cumberland River, significant waterways include Richland Creek, Sandy
Creek, Jocelyn Hollow Branch, Ewin Branch, and Vaughns Gap Branch. Approximately 12
percent (1,100 acres) of the community’s land area is within the floodway and 100-year
floodplain areas.

The community plan area is developed with a mix of uses, ranging from urban neighborhoods
along the Charlotte Pike corridor, to industrial in Cockrill Bend, to suburban neighborhoods
along Highway 70 and Highway 100. Out of approximately 16,250 acres, 47 percent of the
subarea’s land use is residential; 8 percent is vacant; 33 percent is civic and public benefit
(including parks, water, and right-of-way); 6 percent is industrial; 5 percent is commercial;
and 1 percent is office.
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POPULATION

Since its settlement in 1779, Nashville has grown to become Tennessee’s largest city, and the
24" largest in the United States. Together, Nashville and Davidson County contain a
population of 691,243, according to the US Census Bureau. (see Table 2-2).

Population Growth
1970 to 2017
Year Total_ Population Percent Annual
Population Change Change Growth Rate

1970 448,003

1980 477,811 29,808 6.7% 0.7%

1990 510,784 32,973 6.9% 0.7%

2000 569,891 59,107 11.6% 1.2%

2010 626,681 56,790 10.0% 1.0%
2017 estimate 691,243 64,562 10.3% 1.5%

Table 2-2: Population Growth (Source: Metro Planning Department and US Census Bureau)

DEMOGRAPHIC PROFILE AND VULNERABLE POPULATIONS

According to the 2017 American Community Survey (1-year estimates)

Davidson County
Quick Facts # %

Population [Total 691,243 -
Household Population 669,042 96.8%
Group Quarters Population 22,201 3.2%
IAverage Household Size 2.36 -
Male 333,568 48.3%
Female 357,675 51.7%
Families [Total 161,513 -
Married Couple Families with Children 45,171 28.0%
Single Parent Families with Children 25,261 15.6%
Female Householder with Children 19,680 12.2%
Race White alone 447,669 64.8%
Black or African American alone 185,187 26.8%
American Indian/ Alaska Native alone 1,507 0.2%
Asian alone 24,546 3.6%
Native Hawaiian or Pacific Islander alone 598 0.1%
Other Race alone 10,086 1.5%
Two or More Races 21,650 3.1%
Ethnicity [Hispanic or Latino 71,072 10.3%
Minorities [Not Non-Hispanic White alone 303,772 43.9%
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Age |Less than 18 145,690 21.1%
18-64 463,686 67.1%
Greater than 64 81,867 11.8%
Housing Units [Total 314,038 -
Owner Occupied 150,658 53.1%
Renter Occupied 133,271 46.9%
Occupied 283,929 90.4%
\VVacant 30,109 9.6%
Geographical Mobility [Same house 1 year ago 81.1% -
Income [Median Household Income $58,490 -
Per Capita Income $34,470 -
Poverty [Individuals with Income below Poverty level 97,184 14.5%
Households with Income below Poverty level 38,5641 13.6%
Education Population 25 years and over 477,260 -
Less than 9th grade 19,533 4.1%
Oth to 12th grade, No Diploma 26,359 5.5%
High School Graduate (includes equivalency) 106,075 22.2%
Some College, No Degree 94,749 19.9%
IAssociate Degree 31,260 6.5%
Bachelor's Degree 129,205 27.1%
Graduate or Professional Degree 70,079 14.7%

Davidson County

Quick Facts # %

Population [Total 691,243 -
Travel Mean Travel Time to Work (min) 24.8 -
Workers 16 years and over 375,836 -
Drove Alone 295,085 78.5%
Carpooled 35,386 9.4%
Public Transportation 7,589 2.0%
Walked 7,914 2.1%
Bike 682 0.2%
[Taxicab, motorcycle or other means 3,148 0.8%
Worked from Home 26,032 6.9%
Vehicles Available [No vehicle available 8,097 2.2%
Employment [Population 16 Years and Over 560,583 -
In Labor Force 403,368 72.0%
Civilian Labor Force 403,026 99.9%
Employed 387,357 96.1%
Unemployed (actively seeking employment) 15,669 3.9%
IArmed Forces 342 0.1%
Not in Labor Force 157,215 28.0%
Industry [Civilian employed population 16 years & over 387,357 -
Agriculture, forestry, fishing, hunting, & mining 766 0.2%
Construction 24,363 6.3%
Manufacturing 29,345 7.6%
Wholesale Trade 11,291 2.9%
Retail Trade 38,307 9.9%
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Transportation and warehousing, and utilities 21,578 5.6%

Information 11,776 3.0%
Finance 'and insurance, and real estate and rental 26.988 7.0%
and leasing

Professional, scientific, and management, and
administration and waste management services
Educational services, and health care and social
assistance

Arts, entertainment, and recreation, and
accommodation and food services

Other services, except public administration 19,278 5.0%
Public administration 11,876 3.1%

46,797 12.1%

95,229 24.6%

49,763 12.8%

Table 2-3: Demographic Profile Information

Long Term Care Facilities/Nursing Homes etc.:
Assisted Living Facilities: 22
Nursing Homes: 22
Home for the Aged: 9
Hospice: 12

Hospitals: 12
Kindred Hospital
Monroe Carell Jr. Children’s Hospital at VVanderbilt
Nashville General Hospital at Meharry
St. Thomas Midtown Hospital
St. Thomas West Hospital
TriStar Centennial Medical Center
TriStar Skyline Madison Campus
TriStar Skyline Medical Center
TriStar Southern Hills Medical Center
TriStar Summit Medical Center
Vanderbilt University Medical Center
Veterans Administration Nashville Campus
Approximate total licensed hospital bed capacity of 3,754

Higher Education (>1,000 students):

Vanderbilt University 13k - Private
Nashville State Community College 8k - Public
TN State University 8k - Public
Belmont University 8k - Private
Lipscomb University 4Kk - Private
Trevecca Nazarene University 2k - Private

Jail maximum occupancy: ~4,300
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Prison maximum occupancy: 3,098

Charles Bass Correctional Complex 757
Riverbend Maximum Security 736
TN Prison for Women 805

Lois M. DeBerry Special Needs Facility 800

Police stations: 9 including headquarters
Fire Stations: 40 including headquarters
County Emergency Operations Center: 1
County Public Safety Answering Point: 1

Because a large portion of the population of the area surrounding Nashville is dependent on
Nashville as a place to work or live, Nashville is the center of the Nashville Metropolitan
Statistical Area (MSA). The Nashville MSA comprises 14 counties including Davidson,
Cannon, Cheatham, Dickson, Hickman, Macon, Maury, Robertson, Rutherford, Smith,
Sumner, Trousdale, Williamson and Wilson. The estimated 2017 MSA population is
1,930,961 people.

ECONOMIC DEVELOPMENT

Nashville is the capital of Tennessee and a vital transportation, business, and tourism center
for North America. In addition to the thirteen counties included in the Nashville MSA, the
Nashville Economic Market contains two additional counties (Maury and Montgomery). The
Region's economy is diverse and mirrors the national economy. The area benefits from low
unemployment, consistent job growth, substantial outside investment and expansion, and a
growing labor force.

Nashville is known as “Music City USA” because of its vast musical heritage and ever-
growing musical industry. It serves as the headquarters for more than a dozen major record
labels and over 70 smaller labels, approximately 200 recording studios, 130 music publishing
companies, 200 booking agents, 10 record manufacturers, and 33 record promotion
companies. Although music is the City’s most popular industry, it’s not the largest. Nashville
is a leader in the areas of publishing and printing, finance and insurance, healthcare, higher
education, and tourism. All of these industries have helped to build a strong local economy.

Major companies with headquarters or plants in metropolitan Nashville include auto
manufacturer Nissan North America; the nation’s largest small-box discount retailer Dollar
General; national health care providers HCA Holdings Inc. and Community Health System;
health care providers Vanderbilt University and Medical Center and Saint Thomas Health
Services; skilled nursing and homecare provider National HealthCare Corporation; tire
manufacturers Bridgestone Americas Inc. and Hankook Tire America; State of TN
government; restaurants Cracker Barrel Old Country Store and Shoney's Inc.; religious
affiliated publishers Thomas Nelson Inc., Baptist Sunday School Board and United Methodist
Publishing. Increasingly, major national companies, such as Amazon, AllianceBernstein, and
the Bank of New York Mellon are locating major employment centers in Nashville as well.
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Higher education is also a large contributor to the local economy with several large
universities such as Vanderbilt University, Belmont University and TN State University.
Boasting a multitude of world-class companies, Nashville has become a destination for a
young, progressive generation of families. Over the past decade, Nashville has seen
tremendous increases in several areas including: population growth in the region to 24" in the
United States. The median household income of the county is estimated at $58,490 from
2013-2017.

Year Projecti_on Percent
Population Change
2010 626,681
2015 657,627 4.9%
2020 688,587 4.7%
2025 720,056 4.6%
2030 751,314 4.3%
2035 782,194 4.1%
2040 813,297 4.0%

Table 2-4: Population Projections
(Source: Woods & Poole Economics, Inc. Data provided by the Nashville Area MPO)

EDUCATIONAL PROFILES

Davidson County has a large presence of private and public higher education institutes in the
county. Since higher education institutes could be considered a city within a city, we will
profile some of the larger locations to ensure they are highlighted within our community as
important sectors of our community. We will also highlight the main county K-12" grade
public school district, Metro Nashville Public School District, since it’s the only public school
district in the county. The high number of student pockets in the county is very important
when it comes to preparedness, mitigation, response and recovery of any disaster or
emergency situation.

METRO NASHVILLE PUBLIC SCHOOL DISTRICT

Quick Facts (2018-2019):

- Total Students: ~85,287
o0 MNPS: 71,710
= Pre-School/Pre-K: 2,957
= Elementary (K - 4™): 30,108
=  Middle (5" - 8"): 18,558
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= High (9"- 12"): 19,115

= Exceptional Ed. (Special Education): 972
o Charter: 12,675

= Elementary: 3,426

= Middle: 6,380

= High: 2,869
o0 Achievement School District (ASD): 902

= Elementary: 100

= Middle: 802

- Total Staff: ~11,888

o Elementary: 4,346 (incl. Early Learning Centers & Pre-K)
Middle: 1,980
High: 2,132 (incl. Alternative Learning & Academies)
Exceptional Ed: 900

o Other: 2,530 (nutrition services, maintenance, transportation, central office)
- Total Buildings:

o Schools: 167

= Early Learning Centers: 4

Elementary Schools: 73
Middle Schools: 33
High Schools: 26
Charter Schools: 29

= Alternate Schools: 2
0 Other:

= Schools buses: 630

O OO

VANDERBILT UNIVERSITY

Quick Facts:
- Students
0 ~960 part time students
0 ~11,864 full time students
0 ~12,824 students enrolled
- Staff and Faculty
o ~4,427 full and part time staff
0 ~4,726 full and part time university faculty
- Property
0 334 acres of land
o 178 buildings
= 10 Schools
= 39 Residence halls and apartments
0 6,241 student housing capacity
»  94% undergraduates live on campus
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o 23 fraternity and sorority houses
- Vanderbilt University Research
- Vanderbilt University Medical Center
o0 Independent, non-profit, but connected with Vanderbilt University
0 Only Level 1 trauma center in Middle TN
0 Only Level 4 neonatal intensive care unit in the region
0 Includes:
= Vanderbilt University Hospital
= Monroe Carell Jr. Children’s Hospital
= Vanderbilt Psychiatric Hospital
= Vanderbilt Stallworth Rehabilitation Hospital
=  The Vanderbilt Clinic
= Vanderbilt Health One Hundred Oaks.

BELMONT UNIVERSITY

Quick Facts:
- Students
0 ~6,700 undergraduate students
o0 ~1,600 graduate students
0 ~8,300 students enrolled
- Staff and Faculty
o 586 full and part time staff
o 1,279 full and part time university faculty
- Property
o 85 acres of land
0 50+ buildings
= 15 Residence halls and apartments
0 3,858 student housing capacity
57% undergraduates live on campus

o

TN STATE UNIVERSITY

Quick Facts:
- Students
0 ~6,121 undergraduates
0 ~1,653 graduate students
0 ~7,774 students enrolled
- Staff and Faculty
0 ~417 university full-time faculty
0 ~217 adjunct faculty
- Property
o0 500 acres of land near the Cumberland River (173 acres are in the floodplain)
O 48 buildings
= 1 additional academic building to be completed summer of 2020
= 6 traditional residence halls
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= 2 student apartments
0 ~35% of the student population live on campus
- TN State University Research Building

1001 FEHA Floodplain, Flosdway

Figure 2-3: TSU Property in the Floodplain/Floodway
(source: FEMA Viewer on Nashvill.gov)
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LipscoMB UNIVERSITY

Quick Facts:
- Students
0 2,869 undergraduate students
o 1,688 graduate students
0 4,557 students enrolled
- Staff and Faculty
0 2,288 full and part time staff
0 696 full and part time university faculty
- Property
o 75 acres of land
0 29 buildings
= 9 Schools
= 6 Residence halls and apartments
o0 1,652 student housing capacity
= 1,590 undergraduates live on campus

TREVECCA UNIVERSITY

Quick Facts:
- Students
0 1,464 undergraduate students
0 1,243 graduate students
0 2,707 students enrolled
- Staff and Faculty
o0 221 full and part time staff
o 130 full and part time university faculty
- Property
0 113 acres of land
0 32 buildings
= 21 Schools
= 11 Residence halls and apartments
0 981 student housing capacity
= 855 undergraduates live on campus
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MAJOR UTILITY REACH

Metro Water Services (MWYS)

Metro Water Services (MWS) serves approximately 700,000 customers within a service area
of 388 square miles. The customer base is primarily located in Davidson County, with both
direct and satellite customers also located in the surrounding counties including the cities of
Goodlettsville, Hendersonville, Ridgetop, Millersville, Brentwood, Belle Meade, Mt. Juliet,
La Vergne, and the White House Utility Districts.

The water infrastructure consists of over 3,000 miles of pipe, 56 pumping stations, over
21,100 fire hydrants, and over 64,000 valves. There are over 204,000 accounts that handle
over 110 million gallons of water. The distribution system supplies an average of
approximately 90 million gallons per day of water to approximately 204,000 customer
accounts. In the summer months, the maximum daily demand of water is over 110 million
gallons per day.

The wastewater system consists of approximately 3,100 miles of both gravity pipelines and
force mains ranging in size from 3-inch diameter to 16.5-feet in diameter, 3 treatment plants
located on the Cumberland River, and 112 sewer pumping stations. There are over 206,500
accounts and over 146 million gallons of wastewater treated per day. Approximately 224
miles, or 7%, of the wastewater collection system is combined, handling both sanitary and
storm water flows from the downtown area. The remaining system is separated, which is not
intended to handle storm water flows.

L TN
Area Served by MWS Water Distribution System \\N—H ) Area Served by MWS Sewer Collection System
44 ® rw) &
Figure 2-4: MWS Water Distribution Figure 2-5: MWS Sewer Service
Reach Area Reach
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Nashville Electric Service (NES)

Nashville Electric Service (NES) serves an area approximately 700 square miles. While most
of the current customer extent is in Davidson County, part of the area is in the surrounding 6
counties of Cheatham, Robertson, Rutherford, Sumner, Williamson and Wilson, including all
or parts of cities such as Hendersonville, Brentwood and Smyrna. Of the approximately
365,000 electric customers, 86% of them are inside Davidson County, while 14% are in the
surrounding counties. NES has almost 6,000 miles of overhead and underground distribution
and transmission lines with 83% of them in Davidson County.

Robertson

Rutherford

Figure 2-6: NES Reach
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Piedmont Natural Gas (PNG)

Piedmont Natural Gas (PNG) is a publicly held company that provides natural gas service to
more than 165,000 industrial, commercial and residential customers in the Middle Tennessee
area.

In addition to serving Davidson County, PNG provides services to parts of eight (8)
surrounding counties (Cheatham, Dickson, Robertson, Rutherford, Sumner, Trousdale,
Williamson and Wilson) and has over 3,300 miles of underground transmission and
distribution piping. PNG receives natural gas to supply its system from four (4) major
interstate pipeline companies (ElI Paso/Kinder Morgan, Columbia Gulf, Texas Eastern and
East Tennessee).

Nashville Service Territo
Piedmant Natural Gas (PNG) is a publcly held company that provides nafurai gas sarvice to morm 65,000 industal, commarcial and residental customars in the Middls Tannezsee aea
i addiion lo serving Davidson County, PNG pror vr)e senvices fo pw of eight (8} swrounding counties |G altbam, Dickson, Roberfson, Rutherford, Sumner. Trousdale, Willawmson and Wilson)
and has over 3.300 miles of W and Ppiping. PNG receives natursl gas o supply its system from four (4) major interstate umr‘ecompaﬂﬂ {El Pasainder Morgan,
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Multi-Hazard Mitigation Plan
3.0 Planning Process

The Office of Emergency Management (OEM) in coordination with the community planning
team facilitated updating this Multi-Hazard Mitigation Plan. The objectives were to:

e Establish a planning organization for Nashville and Davidson County and all of the
participants;

e Meet all of the DMA requirements as established by federal regulations, following
FEMA’s planning guidance;

e Facilitate the entire planning process;

e Coordinate the DMA planning process with the Community Rating System planning
process;

e |dentify the data requirements that the participating counties, communities, and other
FEMA “eligible applicants” could provide, and conduct the research and
documentation necessary to augment that data;

e Develop and facilitate the Public Input process;

e Produce the Draft and Final Plan documents; and

e Formally adopt the plan following review and approval by FEMA Region IV.

For the 2020 revision, funding for the planning assistance personnel time was again provided
“in-kind” by participants of the CPT. Many hours were spent on this effort by each of the
planning team participants, as well as through the use of their facilities for meetings and actual
materials provided for copying and public notices.

Metro OEM led the process for this planning effort utilizing the DMA planning requirements and
FEMA’s associated guidance, along with Emergency Management Accreditation Program
standards. FEMA’s guidance is structured around a 9-task process. Metro OEM also integrated
the planning requirements for FEMA’s Community Rating System (CRS) and Flood Mitigation
Assistance (FMA) programs. Metro OEM formulated a single planning process that melds these
planning requirements together and meets the requirements of six major programs: DMA, CRS,
FMA, Hazard Mitigation Grant Program (HMGP), FEMA’s Pre- Disaster Mitigation Program
(PDM), and flood control projects authorized by the U.S. Army Corps of Engineers (USACE).

The following table also serves as a means of cross-referencing the planning requirements.

Metropolitan Nashville - Davidson County
Multi-Hazard Mitigation Plan — FINAL
January 2020

Planning Process
Section 3, Page 1




Disaste_r Mitigation Act Local Mitigation Planning CRS
Planning Regulations Handbook Tasks e S
(44 CFR 201.6) (44 CFR Part 201)
Planning process
201.6(c)(1) Task 1: Determine the Planning 1. Organize
Area and Resources
Task 2: Build the Planning
Team
201.6(b)(1) Task 3: Create an Outreach 2. Involve the public
Strategy
201.6(b)(2) & (3) Task 4: Review Community 3. Coordinate
Capabilities
Risk assessment
201.6(c)(2)(1) Task 5: Conduct a Risk 4. Assess the Hazard
201.6(c)(2)(ii) & (iii) Assessment 5. Assess the Problem
Mitigation strategy
201.6(c)(3)(i) Task 6: Develop a Mitigation 6. Set Planning Goals
201.6(c)(3)(ii) Strategy 7. Review Possible
Activities
201.6(c)(3)(iii) 8. Draft an Action Plan
Plan maintenance
201.6(c)(5) Task 8: Review and Adopt the 9. Adopt the Plan
Plan
201.6(c)(4) Task 7: Keep the Plan Current 10. Implement, Evaluate,
Revise
Task 9: Create a Safe and
Resilient Community

Table 3-1: DMA and CRS Planning Cross Reference
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LOCAL GOVERNMENT / COMMUNITY PARTICIPATION

FEMA planning regulations and guidance stress that each local government seeking the required
FEMA approval of their mitigation plan must:

e Participate in the process;

e Detail areas within the Planning Area where the risk differs from that facing the entire
area;

o ldentify specific projects to be eligible for funding; and

e Have the Governing Board formally adopt the plan.

For Nashville and Davidson County, “participation” means the local government representatives
will:

Attend the Community Planning Team meetings;

Provide available data that is requested by the Planning Team;
Review and provide/coordinate comments on the Draft plans;
Advertise, coordinate and participate in the Public Input process; and
Coordinate the formal adoption of the plan.

Table 3-2 demonstrates the CPT member department’s expertise in the six mitigation categories
(Prevention, Property Protection, Natural Resource Protection, Emergency Services, Structural
Flood Control Projects and Public Information). The Metro Planning/GIS department was an
active participant on the CPT and provided important data and information throughout the plan,
and was responsible for community land use and comprehensive planning.

Natural Structural
. Property Emergency | Flood Public
Department Prevention . Resource : .
Protection - Services Control Information
Protection .
Projects

Office of
Emergency v 4 v 4
Management
Metr_o Water v v v v v
Services
Metro Codes v v v
Metro Planning/GIS v v
Metro Public Works v v
NES v v
Universities v
Satellite Cities (In

. v v
Davidson County)
Public Information v
Officers

Table 3-2: Nashville CPT Capability with Six Mitigation Categories
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THE PLANNING PROCESS

Step 1: Organize

With the commitment to lead the planning process by the Nashville Office of Emergency
Management (OEM), the next steps involved an established framework and organization for the
revision of the Multi-Hazard Mitigation Plan. This Plan was previously developed by a planning
team led by OEM and comprised of key Metro and non-Metro stakeholders. This team is called
the Community Planning Team, or CPT, and they met several times over several months.
Representatives from several Metro and non-Metro departments attended these meetings
including the Metro Water Services, Metro Public Works, Metro Planning Department; Metro
Codes, Metro Fire, Metro Police, Nashville Electric Service, National Weather Service, Satellite
Cities, local Universities and other stakeholders. On several occasions, someone from the public
was in attendance at the planning meetings, and this is noted in the meeting minutes. The entire
list of CPT members and meeting minutes are included in Appendix A. The CPT will stay in
existence for the purpose of implementing and updating this plan, along with quarterly meetings
to work towards annual reviews. The CPT meeting dates and topics for this revision were as
follows:

March 14", 2019 — Kick off meeting

April 9" 2019 — HIRA & Consequence Analysis Meeting
April 17", 2019 — Public Input Session

May 1%, 2019 — P10 Public Campaign Coordination Meeting
May 2", 2019 — Public Input Session

May 16", 2019 — Plan Review Updates Meeting

June 20", 2019 — Mid-Term Review Meeting

July 18™, 2019 — Public Campaign Coordination Meeting
July 30", 2019 — Draft Plan Review Meeting

10 August 7", 2019 — Public Input Session

11. August 15th 2019 — Public Input Review Meeting

12. September 25", 2019 — Final Plan Review Meeting

CoNo~WNE

Step 2: Involve the Public

The CPT and stakeholder group contains about 28% non-local government members. In addition
to the CPT, public input notices were sent to local media outlets, posted on the internet and in
social media sites, and sent out by mass emails. As noted in step 3, coordination with other
outside agencies was critical and implemented. During the planning process the public was
afforded the opportunity to comment on the plan via an online survey. Hundreds of responses
were received, and these responses were reviewed and considered by the planning committee
during the planning process as noted in committee minutes. The results of the on-line survey
were not inputted into this plan due to possible personal identifiable information; however, some
graphic information is presented on the final results. The public was notified of three Public
Input Sessions by OEM’s press releases and social media posts. As recommended by the CRS,
two public input sessions occurred at the beginning of the planning process, and then again near
the end to obtain input on the draft final plan. More public involvement and outreach information
is located in the new section Public Participation 3.1, and in Appendix A of this Plan.
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Step 3: Coordinate with other Departments and Agencies

Early in the planning process, the CPT determined that data collection, mitigation and action
strategy development, and plan approval would be greatly enhanced by inviting other state and
federal agencies to participate in the planning process. Coordination letters were sent to
numerous government and non-government agencies (listed in Appendix A) informing them of
our plan revision, and inviting them to participate in the planning process, and requesting any
information they may have that could be beneficial to our planning process. Based on their
involvement in hazard mitigation planning, representatives from the following key agencies were
included in the contact list requesting input into the planning process:

U.S. Army Corps of Engineers, Nashville District;

United States Geological Survey;

United States Coast Guard;

United States Department of Agricultural; and

National Flood Insurance Program (NFIP) State Coordinator;

Other Federal/State representatives participated directly as members of the CPT and included:
the National Weather Service, Tennessee Emergency Management Agency and the Tennessee
Geological Survey. In addition, technical data, reports, and studies were obtained from these
agencies either through web-based resources or directly from the agencies.

Neighboring communities (satellite cities) were also contacted for inclusion on the CPT along
with ensuring open communication on the plan review. These communities included:

e Belle Meade; e Forest Hills; e Qak Hill
e Berry Hill; e Goodlettsville;

As well as the following local Universities:

e TN State University e Vanderbilt University e Fisk University
e Belmont University e Trevecca University

Relationship to Other Community Planning Efforts and Hazard Mitigation Activities

Coordination with other community planning efforts is also paramount to the success of this
Plan. Hazard mitigation planning involves identifying existing community policies, tools and
actions that will reduce a community’s risk and vulnerability from natural hazards. Metro utilizes
a variety of comprehensive planning mechanisms to guide and control community development,
such as land use and master plans, emergency response and mitigation plans, and municipal
ordinances and building codes. Integrating existing planning efforts and mitigation policies and
action strategies into this Hazard Mitigation Plan establishes a credible and consistent plan that
ties into and supports other community programs. This Plan, therefore, links the specific natural
hazards that present a risk in the community with the existing mitigation elements found in the
various community plans. The development of this Plan drew upon information included in the
following plans, studies, reports, and initiatives:
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Metro’s Office of Emergency Management: Metropolitan Nashville-Davidson County
Multi- Hazard Mitigation Plan, September 2015
Metro’s Office of Emergency Management: Comprehensive Emergency Management

Plan (CEMP), 2017

Metro‘s Office of Emergency Management, Metro Nashville Wolf Creek Dam Failure
Emergency Operations Plan 2008 (3 different water level scenario plans)

Metro Water Services:
Metro Water Services:
Metro Water Services:
Metro Water Services:
Metro Water Services:
Metro Water Services:
Metro Water Services:
Metro Water Services:
Metro Water Services:
Metro Water Services:
Metro Water Services:

Risk Management Plan

COOP, 2014

Stormwater Management Studies, various watersheds
Stormwater Program and Organizational Study

Community Rating System Action Plan

Major Capital Improvement Program Planning and Prioritization
Floodplain Management Plan for Repetitive Loss Areas
Stormwater Business Plan, FY2009 — FY2013
Comprehensive Stormwater User Fee Review, February 2016
Drought Management Plan, June 2019

Long-Term Control Plan , September 2011

Metro Planning: NashvilleNext 2040 General Plan, which includes:
0 Metro Planning: 14 Community Plans
0 Metro Planning: Access Nashville 2040
0 Metro Planning: Major and Collector Street Plan

Metro Planning: Various other plans

NES: Emergency Load Curtailment Plan, (updated annually)

NES: Emergency Response Plan (updated annually); and

NES: Vegetation Management Plan

Additional references are included in Appendix D.

Step 4: Assess the Hazard

In 2005, the CPT conducted a Hazard Identification study to determine which hazards threaten
the planning area. Research focused on previous occurrences, those that might occur in the
future, and the likelihood of their occurrence or recurrence. In 2012 and 2014, the CPT
conducted more Hazard Identification Risk Assessments (HIRA), and included both natural and
manmade hazards. This HIRA was revisited and revised again in 2019. The completed HIRA is
supplied in a report on the Nashville OEM website for the general public. The hazards identified
for Metro Nashville Davidson County include:

Dam and Levee Failures;

Flooding
Wildfires

Hazardous Materials incidents
Geological Hazards, which include

— Earthquakes, and

— Landslides and Sinkholes;
Communicable Diseases/Public Health;
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e Manmade Hazards (technological/terrorism); and
e Severe Weather, which includes:

— Droughts

— Extreme Temperatures (Hot & Cold);

— Thunderstorms;

— Tornadoes; and

—  Winter Storms.

The top 5 hazards that threaten this planning area are:
1. Flooding
2. Tornados
3. Winter Storms
4. Extreme Temperatures (Hot & Cold tied)
5. Thunderstorms

More detailed information regarding the HIRA is located in section 4 of this plan.

Step 5: Assess the Problem

Once the hazard identification step was complete, the CPT conducted both vulnerability and
capability assessments to describe the impact that each identified hazard would have upon
Metropolitan Nashville-Davidson County and to determine the current ability of Metropolitan
Nashville and Davidson County to mitigate the hazards through existing policies, regulations,
programs, and procedures. The analyses identified areas where improvements could or should be
made.

Step 6: Set Planning Goals
Planning goals were established to incorporate improvement areas identified in Step 5 into the
Mitigation Plan. The CPT set goals, formulated as public policy statements, that:

Represent basic desires of the community;

Encompass all aspects of the community, public and private;

Are nonspecific, in that they refer to the quality (not the quantity) of the outcome;
Are future-oriented, in that they are achievable in the future; and

e Are time-independent, in that they are not scheduled events.

Additionally, goals from other community programs and priorities were identified and discussed.
This Multi-Objective Management (MOM) assisted the CPT in striving for efficiency by
combining projects/needs from various community programs and plans that are similar in nature
or location. Combining projects/needs through MOM effectively results in access to multiple
sources of funding to solve problems that can be “packaged” and broadens the supporting
constituency base by striving towards outcomes desired by multiple stakeholder groups.

Step 7: Review Possible Mitigation Activities

The CPT reviewed activities and goals presented in previous mitigation plans, and the last 2015
mitigation plan; this also included the review of any new activities and/or goals presented to the
committee. This included review of the community survey, where it was asked of the public,

Planning Process
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what they suggest for possible mitigation activities. The CPT continued to focus on the following
categories of mitigation measures:

Prevention;

Floodplain Management Regulations
Property Protection;

Structural Projects;

Natural Resource Protection;

e Emergency Services; and

e Public Information.

Step 8: Develop an Action Plan
The CPT continues to adhere to the above prioritized mitigation measures presented in
2005 that identifies the following for each measure:

e Source (developed by the CPT or originating from an existing plan);
Mitigation category (prevention, property protection, etc.);
Responsible office;

Priority (high, medium, or low);

Cost estimate;

Benefit to the community;

Potential funding sources; and

Schedule for completion.

Step 9: Adopt the Plan

As was the case in 2015, the Metropolitan Mayor adopts the Multi-Hazard Mitigation Plan by
letter of promulgation. All satellite cities are given the opportunity to adopt this plan as their city
plan through letters of resolution at their respective public meetings.

Step 10: Implement, Evaluate, and Revise the Plan

Step 10 is critical to the overall success of Hazard Mitigation Planning. Upon adoption, the
Mitigation Plan faces the truest test of its worth, implementation. Many worthwhile and high
priority mitigation actions have been recommended. The CPT must decide which action to
undertake based upon priority and available funding. The final plan (after FEMA approval) will
be submitted to the governing body, released to the media, and made available to the public on
the OEM website and the public library online catalog.

In addition, this Mitigation Plan requires on-going maintenance. There will be an ongoing effort
by the Nashville Office of Emergency Management and the CPT, to monitor and evaluate the
implementation of the plan, and to update the plan as progress, roadblocks, or changing
circumstances are recognized. This review and evaluation process will include any lessons
learned from either real world events, or exercise after action reviews. Quarterly reviews are
conducted, and annual reports are created, submitted to the governing body, the media, and made
available to the community. Every 5 years, a new full revision needs to be completed and
submitted to the TN Emergency Management Agency and FEMA for approval.
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Multi-Hazard Mitigation Plan
3.1 Public Participation

Public participation is paramount to a successful multi-jurisdictional Multi-Hazard Mitigation
Plan. The CPT for this Plan decided there were several ways to reach the public, and gain
feedback from them on the best ways to mitigate hazards in our area; public on-line surveys and
community sessions.

The CPT also decided to create a new Public Campaign Coordination Group to better address the
multi-hazard public outreach needs of this mitigation plan. This new group consists of public
information officers from multiple agencies involved in the mitigation planning process. Initial
agencies involved include:

e Nashville OEM e City of Berry Hill
Nashville Fire City of Belle Meade
Metro Public Works City of Oak Hill
Metro Water Vanderbilt University

Metro Codes

Metro Public Health
Mayor’s Office

Nashville Electric Service

Belmont University
Trevecca University
TN State University

Since this group is new and evolving, more agencies will be invited and encouraged to
participate to enhance public messaging and engage more public participation. Nashville OEM is
the lead agency with this group, to ensure consistency with the Multi-Hazard Mitigation Plan and
the associated mitigating activities and hazards. This group will meet on a quarterly basis, along
with an annual review of the program, to be coordinated with the CPT annual review, to create
the annual report.

The Public Campaign Coordination Group’s intent, through this plan, is to create and implement
a program to reach the CPT’s Goal #2: promote awareness of hazards and vulnerability among
citizens, business, industry and government; Objective #2.1: develop a seasonal multi-hazard
public education campaign to be implemented annually; and Recommended Action #2.1:
develop and conduct a multi-hazard, seasonal public awareness program that provides citizens
and businesses with accurate information describing the risk and vulnerability to natural
hazards, and is implemented on an annual basis.

As suggested by the CPT, this educational program for the community should include
information describing:

historical events and losses,

the likelihood of future occurrences,

the range of possible impacts,

appropriate actions citizens can take to save lives and minimize property damage, and
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e resources for additional information.

Any information provided through this group needs to be accurate, specific, timely, and
consistent with current and accepted local emergency management procedures as promoted by
the Nashville Office of Emergency Management (OEM), TN Emergency Management Agency
(TEMA), Federal Emergency Management Agency (FEMA), and the CRS Public Outreach —
Activity 330.

Some of the topics that should be highlighted with this program should include:
e wind mitigation techniques (safe rooms, securing roofs/foundations etc.),
e information on geological hazards and risk areas,
¢ information on flood hazards, flood insurance, and safety tips,
e winter storm and heat wave tips,
e emergency preparedness plans and Kits.

The group will utilize a variety of outlets to get the information to the community. This may
include news media, websites/social media, bill inserts, information linked to online billing,
brochures/flyers, government access television etc.

Public Outreach Results

As part of the public outreach for this mitigation plan, the CPT conducted several public input
sessions (face to face), and created and distributed an on-line survey for public input. The public
input session dates and locations, along with the link to the survey, were sent out via press
releases, emails, social media sites (Facebook, Twitter, Nextdoor) and Metro Nashville websites.
Through the press release, survey and website, the public was given the opportunity to email the
OEM Planner for input.

The public input sessions offered a time for the community to come and talk with members of
the CPT, and to view the current plan, bring any suggestions, concerns or possible mitigation
solutions to the CPT. Unfortunately, these public input sessions did not garner much physical
interest with the exception of the first session; one constituent attended and had some discussions
with the entire group, and individually. The first public input session was scheduled at the
beginning of the planning process so the CPT could hear what the public had to say about the
plan and hazard mitigation in general. The first session was held in Midtown, which is near
downtown, and is centralized in the county. The second public input session was also early in the
planning process, but was in a different part of the county, South/Southeast part of the county, to
appeal to others who didn’t want to go to the first session near downtown. The South/Southeast
area has some flood areas of concern, so a good portion of this area would have been affected
previously by flooding. The third session was to afford the public the opportunity to review the
draft plan prior to the CPT moving forward in finalizing the plan. Again, this third public input
session was held in a different part of the county (east) to appeal to others, and this area has been
affected by a tornado previously, and some flooding.

The on-line survey for public input included the option to rank the identified hazards they feel
pose the biggest threat to them. They were also given a text box to suggest mitigation actions for
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any of the hazards, and any additional comments. The actual questions on the survey were as
follows:

1.

2.

w

o

Based on the above Planning Communities map, where do you live or work in Davidson
County?

Have you ever experienced or been impacted by a disaster?

How concerned are you about the possibility of being impacted by a disaster?

Please rank the below hazards based on the hazards that you feel pose the biggest threat
to you?

Is there a hazard not listed above that you feel is a threat we should include?

Do you have any specific suggestions for mitigating actions/activities for us to consider
as a part of this plan? (mitigation is taking steps to reduce the likelihood of a disaster
occurring or lessening its impact.)

Please feel free to share any other comments that you would like about the Multi-Hazard
Mitigation Plan or the planning process.

Would you like to be contacted on future meetings/opportunities for this year’s Multi-
Hazard Mitigation Plan revision?

Voluntary: If you’d like to share with us. (hame, company, address, email and phone
number listed)

Most of the comments made on the on-line survey did not require action, and were simply
statements or other comments not related to mitigation activities. Early in the life of the survey,
the CPT was given a link to be able to instantly look at the live results and comments. CPT
discussions happened throughout the planning process which was tied to the public survey and
the public’s comments. The results of the survey are not included within this plan due to any
possible personal identifiable information.

Screen shots of the original on-line survey and all the different public outreach methods are
following. This does not capture all the possible agencies sharing our social media posts, but at
least the initial agencies that assisted in spreading the word.
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Hashvile.gov »

News & Media

Calendar of Events
Photo Gallery
Video Gallery
Social Media

RSS Center

OEM Invites Public Input for Multi-Hazard Mitigation
Plan Revision

3182019
Joseph Pleasant: Pubdic Information Officer

Every flve yoars OEM must revise and subimit the updated plan to FEMA

Each yoar natural disasters take the lives of hundreds of people and injure thousands of others
natienwide. In order to reduce tho risk to the people of Davidson County the Nashwille Office of
Emergency Management leads the reviews and revisions to the Mult-Hazard Mitigation Plan along with
the help of multipbe local, state, federal agencies and non-government ontities.

The Multi-Hazard Miigation Plan identifies goals and measures 1o reduce the risk to the public. The goal
i to help make Davidsen County communities less vulnerable and more disaster resistant,

Every five yoars, this same Multi-Hazard Mitigation Plan must be revised and submitted to the Federal
Emergency Managoment Agency for approval During 2019, this team will be geing through this full
revision process,

As part of this process OEM wants to afford the public the opportunity to provide input into the Mutt.
Hazard Mitigation Plan revision Including hazard concems, mitigation activities, and the actual plan and
planning process.

First ‘Multi-Hazard Mitigation Plan Revision Public Input Meeting”
Wednesday April 17, 4 pm.-5 p.m,

»Muilml.rv‘n Hills Pelice Precinet Community Room

1441127 Avenue South, Nashville, 37203

The public is also invited to take a Public Input Survey [4,

Along with reducing risk to the community, the Multl-Hazard Mitigation Plan also meets soveral disastor
assistance and hazard mitigation funding program requirements. This allows Davidson County residents.
to have access to federal money in the event of a disaster, and even includes discounts on flood
Insurance premiums through the National Flood nsurance Program,

You can read more about the Multi-Hazard Mitigation Plan Annual Progress Ropaet  and the Multi
ation Plan / in its ontirety an the Office of Emergoncy Managements websito:
oom nashville gev.

Figure 3-1: Initial Press Release about the revision
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Multi-Hazard Mitigation Plan

As part of the overall community planning effort for hazard mitigation, the Metropolitan Government of Nashville
and Davidson County, Tennessee, has prepared a Multi-Hazard Mitigation Plan pursuant to the requirements of the
Disaster Mitigation Act of 2000 (Public Law 106-390). Hazard Mitigation is defined as any sustained action taken to
reduce or eliminate long-term risk to human life and property from hazards. Hazard Mitigation Planning is the
process through which the natural hazards that threaten communities are identified, the likely impacts of those
hazards are determined, mitigation goals are set, and appropriate strategies that would lessen the impacts are
identified, prioritized, and implemented.

Hazard Mitigation Planning is a requirement for state and local governments in order to maintain eligibility for
certain federal disaster assistance and hazard mitigation funding programs. Metro is both a community at risk and a
community that has benefited from federal mitigation funding programs.

2015 Davidson County Multi-Hazard Mitigation Plan

2016 Multi-Hazard Mitigation Planning Committee Annual Review Meeting Minutes A

.

2017 Multi-Hazard Mitigation Planning Committee Annual Review Meeting Minutes /-
2018 Multi-Hazard Mitigation Planning Committee Annual Review Meeting Minutes A

.

2018 Multi-Hazard Mitigation Plan Annual Progress Report A

Multi-Hazard Mitigation Plan Revision

During 2019, OEM, along with many other agencies and jurisdictions, will be revising the Mulii-Hazard Mitigation
Plan. The following are meeting dates for this plan revision. Please note these dates/times may change, so it is
advisable to email Heidi Mariscal & at OEM to ensure the meeting is still scheduled as noted here. These meetings
are open to the public, however it is advisable to contact Heidi Mariscal 1 at OEM (615-862-8530) to advise her
you will be attending for security purposes.

3/14, Initial kick-off meeting, 10 a.m. - 11:20 a.m., Nashville Emergency Operations Center, 2060 15th Ave
South [4

4/9, THIRA and Consequence Analysis meeting, 9 a.m. - 11:30 a.m., Nashville Emergency Operations Center

4/17, Public Input sessien, 4 p.m. - 5 p.m., Midtewn Hills Pelice Precinct Community Room, 1441 12th Ave
South [4

5/1, PIO Public Campaign Coordination meeting, 9:30 a.m. - 11 a.m.,, Nashville Emergency Operations Center

5/2, Public Input session, 5 p.m. - 6 p.m., South Police Precinct Community Room, 5101 Harding Place [

5/16, Plan Review Updates meeting, 9 a.m. - 11 a.m., Nashville Emergency Operations Center

6/20, Mid-term Review meeting, 9 am. - 11 a.m., Nashville Emergency Operations Center

.

7/30, Draft Plan Review meeting, 9 a.m. - 11 a.m., Nashville Emergency Operations Center

8/7, Public Input session, 4 p.m. - 5 p.m., East Police Precinct Community Room, 936 East Trinity Lane [?

.

8/15, Public Input Review meeting, 9 a.m. - 11 a.m.. Nashville Emergency Operations Center

9/12, Final Plan Review meeting, 9 a.m. - 11 a.m., Nashville Emergency Operations Center
Hazard Analysis

The risk assessment process provides information that allows a community to better understand its potential risk
and associated vulnerability to natural and man-made hazards. This information provides the framework for a
community to develop and prioritize mitigation strategies and to implement plans to help reduce both the risk and
vulnerability from future hazard events. The risk assessment for Metropolitan Nashville-Davidson County followed
methodology from FEMA and the Emergency Management Accreditation Program (EMAP). This assessment
process was conducted by the Multi-Hazard Mitigation Planning Committee, and select subject matter experts.

Risk from natural and man-made hazards is measured by a combinatien of impact, vulnerability and likelihood
scores (Impact + Vulnerability x Likelihood = Risk). The impact and vulnerability scores were given the below
parameters resulting from a hazard event:

.

Geographic Extent

Duration of the Event
Environment
Health Effects

.

.

Displacement and Suffering

.

Economy

Infrastructure

.

Transportation

Critical Services

Confidence in Government
Cascading Effects

.

For each hazard identified, a score was given for each of the parameters, and then all the scores were added
together to get a total Impact and Vulnerability Assessment Score.

Weighted scores were conducted where extra counts were given for the following lead agencies and associated
hazards: National Weather Service for all weather related hazards, Public Health for Communicable Diseases, TN
Geological Survey for Landslides/sinkholes, Police for Man-made & Fire for Hazardous Materials and Wildfire.

Based on the most recent assessment (2019), the top 5 hazards for Davidson County are:
1. Flooding
2. Tornado
3. Winter Storm

4. Extreme Temperatures (Heat/Cold)

5. Thunderstorm

Davidson County Hazard Analysis and Methodology 2019 M

Figure 3-3: OEM's website, Planning Section
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Nashville Office of Emergency Management added an
event.
March 18 at 11:42 AM - Q&

Nashville Office of Emergency Management added an e

OEM wants the public to provide input into the Multi-Hazard Mitigation event.

Plan revision including hazard concems, mitigation activities, and the Thr-Q 7
actual plan/planning process. The first public input meeting is April 17, OEM wants the public to provide input into the Multi-Hazard Mitigation
2019 at the Midtown Hills Police Precinct located at 1441 12th Avenue Plan revision including hazard concerns, mitigation activities, and the

South Nashville. TN 37203 actual plan/planning process.This meeting is open to the public and will
§ ! ) serve as a free time for any community member, business or etc. who
; would like to speak with any of the planning team members

Metropolitan
Nashville-Davidson County
Multi-Hazard Mitigation Plan

January 2015

FINAL
WED. APR 17 AT 4 PM

Multi-Hazard Mitigation Plan Revision
Public Input Meeting * Interested

THU, MAY 2 AT 5 PM
Multi-Hazard Mitigation Plan Public
Mepatineg * Interested

Metropolitan
Nashville-Davidson County
Multi-Hazard Mitigation Plan

January 2015
FINAL

“ Public Input on Multi-Hazard
7 Mitigation Plan

MESSAGE
W @ & ©
inerested Gong shore More

& 2 going - 12 interested - 9 shares

(D Wed, Aug 7 at 4:00 PM - 5:00 PM CDT

Figure 3-4: OEM Facebook Posts for Public Meetings

Nashville Fire Department shared an event
170s- @

ik Liked ~ 3\ Followang ~  # Share We are going to have a second meeting for people living in the Antioch Area
#0OEMin19

See Al

Upcoming Events

Nashville Fire 1

Department . Metropﬂohtan

o Nashville-Davidson County
- Multi-Hazard Mitigation Plan
About

Photos January 2015

Roviows el e gl FINAL

o o ~a : THU, MAY 2 AT 5 PM

e s Muiti-Hazard Mitigation Plan Public Meeting

Metro Nashville Police - South Precinct - Nashville e

Figure 3-5: Nashville Fire Dept. Facebook Posts for April and May Public Mtg.
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u leidi Mari<cal, Nastwille Office of Emergency Management  AGENCY

Multi-Hazard Mitigation Plan Public Meeting

@ Heidi Mariscal, Nashville Office of Emergency Management  AGENCY v

Multi-Hazard Mitigation Plan Public Input Session

15k

The Nashville Office of Emergency Management wants the public to provide input into the newly revised

fo B . : Draft Multi-Hazard Mitigation Plan. Your input can include hazard concerns, mitigation activities, and the
o b = ! s :
? actual plan/planning pracess. This session is open to the public and will serve as a free time for any
community member, business etc., who would like to speak with any of the planning team members,
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Figure 3-6: OEM Event Postings on Nextdoor for Public Mtgs.

@ Lol -

We are going to have a second meeting for
people living in the Antioch Area. #0EMin19
facebook.com/NashvilleFireD ...

1:40 PM - 26 Mar 2019

v

We will have a secong public meeting to
discuss our Multi-Hazard Mitigation Plan on
May 2nd from 5pm - 6pm at the
@MNPDNashville South Precinct located at
5101 Harding Place in Antioch. #0EMin19

56 PM - 26 Mar 2019

Figure 3-7: OEM and Nashville Fire Twitter Posts
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The Multi-Hazard Mitigation Plan reduces risk
to the community and helps us access federal
$ in a disaster. It's also undergoing a revision
this year. @NashvilleEOC is asking you to
provide your input on the plan. Take the
survey or speak to the planning team in
person.

Nashville EOC/OEM @ 1
Please take a few
Sur

Public Participation

Metropolitan Nashville - Davidson County
Section 3.1, Page 7

Multi-Hazard Mitigation Plan — FINAL
January 2020




Metra Nashville Police - South Precinct an
s @

OEM wanis your inpul into the Multi-Hazard Mibgation Plan revision
including hazard concerns, mitigation aclivities, and the actual
plan/planning process. The first public input meeting is Apnl 17, 2019 at
tha Midiown Hills Pelice Precinct iocatad at 1441 12th Avenue South,
Nashville, TN 37203, You can also provide your input through an onfing
survey The survey is at

hitps Hwww. surveymonkey com/r/2019_Davidson_Hazmit_Pian_In
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Figure 3-9: Nashville Police Facebook Post for April Mtg. and Survey

Ah Metropolitan Nashville Department of Emergency i |
Communications
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*** OEM Invites Public Input for Multi-Hazard Mitigation Plan Revision ***

Each year natural disasters take the lives of hundreds of people and injure
thousands of others nationwide. In order to reduce the risk to the people of
Davidson County the Nashville Office of Emergency Management leads the
reviews and revisions to the Multi-Hazard Mitigation Plan along with the
help of multiple local, state, federal agencies as well as non-governmental
agencies. The Multi-Hazard Mitigation Plan identifies goals and measures o
reduce the risk to the public. The goal is to help make Davidson County
communities less vulnerable and more disaster resistant

Every five years, this same Multi-Hazard Mitigation Plan must be revised
and submitted to the Federal Emergency Management Agency for approval
During 2019, this team will be going through this full revision process. As
part of this process OEM wants to afford the public the opportunity to
provide input into the Multi-Hazard Mitigation Plan revision including hazard
concerns, mitigation activities, and the actual plan/ planning process

First ‘Multi-Hazard Mitigation Plan Revision Public Input Meeting’:
Wednesday April 17th, 4pm-5pm - Midtown Hills Police Precinct Community

Room - 1441 12th Avenue South, Nashville, 37203

This meeting is open to the public and will serve as a free time for any
community member, business or etc. who would like to speak with any of
the planning team members. The public is also invited to take a Public Input
Survey. Along with reducing risk to the community, the Multi-Hazard
Mitigation Plan also meets several disaster assistance and hazard
mitigation funding program requirements. This allows Davidson County
residents to have access to federal money in the event of a disaster, and
even includes discounts on flood insurance premiums through the National
Flood Insurance Program. You can read more about the Multi-Hazard
Mitigation Plan Annual Progress Report and the Multi-Hazard Mitigation
Plan in its entirety on the Office of Emergency Managements website

OEM.NASHVILLE GOVHT
www.oem.nashville.gov.ht

% Nashville 9-1-1 rotow )~
***  OEM Invites Public Input for Multi-
Hazard Mitigation Plan Revision ***

Each year natural disasters take the lives of
hundreds of people and injure thousands of
others nationwide. In order to reduce the risk
to the people of Davidson...
oem.nashville.gov.ht
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Figure 3-10: Nashville Dept. of Emergency Communications Facebook & Twitter post
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puse  Metropolitan Nashville Department of Public Works woe
% shared an event

33mins - Q
OEM wants the public to provide input into the Multi-Hazard Mitigation
Plan revision including hazard concerns, mitigation activities, and the
actual plan/planning process.
If you are unable to make the meeting scheduled for April 17 at4 PM
complete the survey online to make sure your input is considered ==
hitps://www.surveymonkey.com/rinashhazmitpublic2019

i  Metro Public Works Follow .
BEE Follow .

Don't have plans April 17? Here's an idea 3
Join OEM at the Midtown Hills Police Precinct
to provide input into the Multi-Hazard
Mitigation Plan revision including hazard
concerns, mitigation activities, and the actual
plan/planning process.

Nashville EQC/0EM & £
Please take a few minutes to take cur Multi-Hazard Mitigation Plan

put "
- Hills Police *
Auenue South WED, AFR 17 AT 4 PM

Multi-Hazard Mitigation Plan Revision
Public Input Meeting

Survey. We are als
Precinct located a1 1

% Interested

Figure 3-11: Metro Public Works Facebook & Twitter posts

City of Goodlettsville Fire Department shared an event
W March 20 at 447 PM - @

An Invitation to the Public from the Metro Nashville Office of Emergency Management - OEM wants the
public to provide input into the Multi-Hazard Mitigation Plan revision including hazard concerns,
mitigation activities, and the actual plan/planning process. The first public input meeting is April 17, 2019
at the Midtown Hills Police Precinct located at 1441 12th Avenue South, Nashville, TN 37203.

— T

WED, APR 17 AT 4 PM
Muiti-Hazard Mitigation Plan Revision Public Input Meeting

Midtown Hills Precinct - Metropolitan Nashville Police Department - Nashville

5 Going - 37 Interested

() comment /> share o

oy Like

Figure 3-12: Goodlettsville Fire sharing our 4/17/19 Public Mtg. on Facebook.
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From:
Subjiect:

Metre HR Anpourdements
(UPDATED) Multi-lurisdictional Muki-Hazard Mitigation Flan Public Input
Thursday, March 21, 2019 3:02: 50 P

Metropolitan Nashville - Davidson County Multi-Jurisdictional Multi-
Hazard Mitigation Plan Public Input 2019-2020

Metro Human Resources Department

ANNOUNCEMENTS

As part of the overall community planning effort for hazard mitigation, the Metropolfitan Government of
Mashville and Davidson County. Tennessee, and the county satellite cities, is looking for public input
into the revision of the 2015 Metropolitan Nashville-Davidzon County Multi-Hazard Mitigation
Flan pursuant to the requirements of the Stafford Act, Title 44 Code of Federal Regulations{CFR)
§201.8.1, and the Disaster Mitigation Act of 2000 (Public Law 108-380).

Hazard Mitigation is defined as any sustained action taken to reduce or eliminate leng-term risk to
human life and property from hazards. Hazard mitigation planning is the process through which the
hazards that threaten communities are identified, the likely impacts of those hazards are determined,
mitigation goals are set, and appropriate strategies that would lessen the impacts are identified,
pricritized, and implemented.

Hazard mitigation planning is a requirement for state and local governments in order to maintain
eligibility for certain federal disaster assistance and hazard mitigation funding programs. Metropolitan
Mashville-Davidson County is both a community at risk and a community that has benefited from
federal mitigation funding programs.

In order to develop a more effective plan, we are taking a comprehensive approach to reducing the
effects of disasters, and including an open public involvement opportunity for the public to comment on
the plan during the drafting stage and prior to plan approval.

Please take this opportunity to offer any hazard mitigation concams, and suggestions to mitigate
potential hazards in our area.

There will b2 a public notice sent out for all public meetings and public comment outreach prior to the
official approval of the plan.

You can take the survey here: Public Input Survey
Thank You!

Heidi J. Mariscal

Mashville Office of Emergency Management

615-862-8530
it Mari 7 - .

Stay Connected with Nashville.gow:
| | | I I

SUBSCRIBER SERVICES:
Manage Subscriptions | Unsubscribe All | View Online | Help

Metro Mashille

Metropolitan
Nashville-Iravidson County
Ml - Hiaeard Mitigation Flan

Smsaary Hil

Figure 3-13: Metro Wide Email for Survey
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Figures 3-14 and 3-15 show the actual blank survey used for public input. Note that all of the
public input meetings are noted on the survey for anyone to see that clicks on the links.

Metropolitan Nashville - Davidson County
Multi-Jurisdictional Multi-Hazard Mitigation Plan Public Input

As part of the overall community planning effort for hazard mitigation, the Metropolitan Government of Nashville and Davidson
County, Tennessee, and the county satellite cities, is looking for public input into the revision of the 2015 Metropolitan
Nashville-Davidson County Multi-Hazard Mitigation Plan pursuant to the requirements of the Stafford Act, Title 44 Code of
Federal Regulations(CFR) §201.6.1, and the Disaster Mitigation Act of 2000 (Public Law 106-390).

Hazard Mitigation is defined as any sustained action taken to reduce or eliminate long-term risk to human life and property
from hazards. Hazard mitigation planning is the process through which the hazards that threaten communities are identified,
the likely impacts of those hazards are determined, mitigation goals are set, and appropriate strategies that would lessen the
impacts are identified, prioritized, and implemented.

Hazard mitigation planning is a requirement for state and local governments in order to maintain eligibility for certain federal
disaster assistance and hazard mitigation funding programs. Metropolitan Nashville-Davidson County is both a community at
risk and & community that has benefited from federal mitigation funding programs.

In order to develop a more effective plan, we are taking a comprehensive approach to reducing the effects of disasters, and
including an open public involvement opportunity for the public to comment on the plan during the drafting stage and prior to
plan approval.

Please take this opportunity to offer any hazard mitigation concerns, and suggestions to mitigate potential hazards in our
area. Please also feel free to come to any of our Public Input sessions and talk with the agencies involved about your
concerns, suggestions or any questions you may have on hazard mitigation and this plan.

Multi-Hazard Mitigation Plan Revision Public Input sessions are scheduled for:

Wednesday, April 17th, 2019, 4pm - 5pm
Midtown Hills Police Precinct Community Room
1411 12th Avenue South, Nashville, TN 37203

Thursday, May 2nd, 2019, 5pm - 6pm
South Palice Precinct Community Room
5101 Harding Place, Nashwille, TN 37211

Wednesday, August 7th, 2019, 4pm - S5pm
East Police Precinct Community Room
936 E. Trinity Lane, Nashville, TN 37207

Thank You!

Heidi J. Mariscal

Nashville Office of Emergency Management
615-86.2-8530

Email Heidi Mariscal

2 )

Figure 3-14: Public Input Survey
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Metropolitan Nashville - Davidson County
Multi-Jurisdictional Multi-Hazard Mitigation Plan Public Input

Davidson County Planning Communities u

1. Based on the above Planning Communities map, where do you live or work in Davidson County? n

\ A

2. Have you ever experienced or been impacted by a disaster? u
Yes

No

3, How concermed are you about the passibiliy of being mpacted by & dsaster B3

4, Plaase rank the below hazards based on the hazards that you feel pose the biggest threat to you? (Top or
#1 would be the highest threat)

| Draught

2| Dam & Levie Falure

& Widire

4| Communicatle Disesses

= | Winter Storm

% | Excreme Tamperabarn - Cold
| Landslide/Ssikhale

2| Thunderstom

& | Tormada

& | Manmade - Technological Tenoriam
¥ | Exbrame Temperabary - Heat
5 | Hazardous Matesials Incident
| Fathguake

4| Faodeg

5. Is there a hazard not listed above that you feel is a threat we should include? D

6. Do you have any ifi for miti factivities for us W consider as a part of this
plan? {mitigation is taking steps to reduce the likelihood of a disaster ocourring or lessening its impact.)
Please be as specific as possibie. u

7. Please feel free to share any other comments that you would fike about the Multi-Hazard Mitigation Plan
or the planning process. i

gt 8. Would you like to b 1 on fuls g ities for this years Multi-Hazard Mitigation
Aot Plan revision?
A moderate amount e
Alttle L
None at all

9. VOLUNTARY: If you'd like to share with us: £

Nama:

Company: (€ applcatle)

Addrese:

Address 2;

Cay/Tovn

Tip Code:

Emad Address:

Phone Numbar:

2z (N
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Figures 3-16 — 3.20 presents some of the findings from the on-line public survey conducted
through the entire planning process of this revision. A total of 850 responses were received
(minus hundreds of blank responses), with the majority, 88%, coming through social media
posts, and the remaining 12% from web links (within emails, press releases etc.).

Where respondents live or work

Donelson-Herm-
Old Hick

Green Hills-
Midtown
14%

. Bellevue
D East Nashville 12%

12%
N Nashville
12%

Figure 3-16: Where do the respondents live or work

Ever impacted by a

disaster? Would like to be

contacted

4

S /

Figure 3-17: Respondents impacted? Figure 3-18: Like to be contacted?

Public Participation

Metropolitan Nashville - Davidson County
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Concern of being impacted by a disaster

A great deal

Alot

A moderate amount

A little

Not at all

Figure 3-19: How concerned about the possibility of being impacted by a disaster

Highest threat hazards ranked by
respondents

Wildfire

Earthquake

Drought

Extreme Temperature - Cold
Dam & Levee Failure
Landslide/Sinkhole

Extreme Temperature - Heat
Communicable Diseases
Hazardous Materials Incident
Winter Storm

Manmade - Technological/Terrorism
Thunderstorm

Flooding

Tornado

Figure 3-20: Hazards ranked by respondents on highest threat to them
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Multi-Hazard Mitigation Plan
4.0 Risk Assessment

44 CFR 201.6(c)(2)(ii): “The risk assessment shall include...A description of the jurisdiction’s vulnerability
to the hazards described in paragraph (c)(2)(i) of this section. This description shall include an overall
summary of each hazard and its impact on the community.

The risk assessment process provides information that allows a community to better
understand its potential risk and associated vulnerability to natural and manmade hazards.
This information provides the framework for a community to develop and prioritize
mitigation strategies and to implement plans to help reduce both the risk and vulnerability
from future hazard events. The risk assessment for Metropolitan Nashville-Davidson County
followed methodology from FEMA and the Emergency Management Accreditation Program
(EMAP). This assessment process was conducted by the CPT and select subject matter
experts.

All the satellite cites, TN State University and other higher educational jurisdictions are all
located within Metro Nashville Davidson County, and therefore are all exposed to the same
hazards, level of impact and vulnerability, and have the potential to experience the same
extent of risk.

Risk from natural and manmade hazards is measured by a combination of impact,
vulnerability and likelihood scores (Impact + Vulnerability x Likelihood = Risk). The impact
and vulnerability scores were given the below parameters resulting from a hazard event:

Infrastructure
Transportation

Critical Services
Confidence in Government
Cascading Effects

Geographic Extent
Duration of the Event
Environment

Health Effects
Displacement and Suffering
Economy

For each hazard identified, each agency on the CPT gave a score for each of the parameters,
and then all the scores were added together to get an overall total Impact and Vulnerability
Assessment Score.

Weighted scores were conducted where extra counts were given for the following lead
agencies and associated hazards: National Weather Service for all weather related hazards,
Public Health for Communicable Diseases, TN Geological Survey for Earthquakes &
Landslides/sinkholes, Nashville Electric Service for Earthquakes, Police for Manmade-
Technological/Terrorism, and Fire for Hazardous Materials and Wildfire.

Table 4-1 defines each of the above parameters.

Risk Assessment
Section 4.0, Page 1
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HIRA Impact & Vulnerability Parameters
Parameter Definition 1 2 3 4 5
Size of the affected area. Includes areas not | Single site. One or | Single site. Multiple Community City-wide Regional. (Winter
damaged but strongly affected by the two blocks. blocks. (downtown, Berry Storms.)
Geographic Extent incidents. For example, areas backed up by Hill)
a transportation accident.
: How long does the acute crisis part of the | Less than 24 hours 1-3 days 4-7 days 7-30days 30+ days
Duration %
disaster last?
How damaging is the disaster for the natural No damage/ Degradation of Degradation of Functional loss of | Permanent loss of
p environment? temporary minor | ecosystem that will ecosystem that ecosystem, but ecosystem
Environment . . o
damage repair itself requires restoration is
intervention possible
Health Effects (Deaths How dangerous is tbedisasler for the natural|No deaths or injuries| 1-10 deat.h_s ar\d/or 11-50 dea(hsar?d/or 51-500 deaths Over 501 d_ea.ths
and Injuries) environment? 1-100 injuries 101-500 injuries and/érSQl-lSOO and/or 1501 injuries
injuries
How likely is the hazard to negatively impact | No displaced people Vulnerable Vulnerable 251-1000 people 1000+ displaced
the exposed population in terms of populations begin to| populations having | displaced. 5-30% of | people. More than
displacement, personal property loss and have problems with | serious difficulties. | population facing | 30% of population
Displacement and increased indebtedness? food, water, access | General population | acute shortages. facing acute
Suffering to shelter. starting to have shortages of basic
problems. supplies and access
to services.
How does the hazard affect the local No measurable No impacts to Entire sectors Coresectors of |Physical losses equal]
economy? impacts overall economybut| experience loss of economy are to 10% to assess
isolated businesses |revenue and capital. | affected and unable |value. Loss of ability|
o expe ner.\ce to generatg to generate
hardship. revenue. Capital revenue.
losses between 1-
10%
How does the hazard affect buildings and No effects. 1-10 structures 11-250 structures | 251-1000 structures | 1000+ structures red|
Built Environment physical infrastructure? (Includes utilities) uninhabitable (red |red tagged. Multiple|red tagged. Multiple|tagged. Atleast two)
(Property, Facilities, tagged). Up to 25% | utilities affected up | utilities affected 25- major utilities
Infrastructure) loss of one utility. to 25%. 50%. degraded at least
50%.
How does the hazard affect the ability of No effects on All critical services | One critical service Many critical Most critical
residents and workers to access the mobility accessible, but inaccessible. services services
resources they need? delays reaching Degradationof at | inaccessible. One inaccessible.
work or non least one mode. major mode Multiple modes
Transportation essential services Major corridors inoperable. One inoperable. Most
open, but minor major corridor high volume
streets degraded or inoperable. corridors impassible.|
impassible.
How likely is the hazard to reduce the ability | No impairment on Temporary Temporary Temporary Unable to deliver
Cilticil Services of government and business to provide critical services degradation of 1 degradationof  |degradation of most most critical
(Continuity of critical services? (Medical, Public Safety, critical service multiple critical critical services. services.
3 Sacial, Financial, etc) services. Longterm Long term
Operations and A X
degradation of 1 degradation of
Responders) 5 3 ¢ ¥
critical service multiple services.
Confidence in Would public’s confidence in government be No (Not used) Somewhat (Not used) Yes
Government shaken?
How severe and complex will the secondary | Hazard extremely | Secondary hazards | Secondary hazards | Secondary effects | Secondary effects
effects be? unlikely to cause | may occur, but are | occur that extend generated that generated and rival
secondary hazards. | likely to be minor the impact of the [significantly increase| or exceed primary
If they occur, would compared to disaster and hamper| the magnitude of | hazard. Secondary
have minor effect. primary hazard response, but are the disaster. impacts would
not disasters in their| Secondaryimpacts definitely be
Cascading Effects own right. would likely be disasters in their
considered disasters own right.
if they occurred by
themselves.

Table 4-1: HIRA Impact & Vulnerability Parameters
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Following are the combined scores from all the participants for each of the hazards identified
with each of the parameters.

OVERALL \ej'\‘ x, &~
+
Impact & Vulnerability @\*’ & 5o &
Assessment Scores 5
2019 [ ol & 28
Hazard
Dam & Levee Failure
Flooding
Earthquake
Landslide/Sinkhole
[Communicable Diseases
Drought
\Wildfire
Extreme Temperature - Cold
Extreme Temperature - Heat
Thunderstorm
Tornado
\Winter Storm
Manmade - Technological/Terrorism
Hazardous Materials Incident
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Table 4-2: Impact & Vulnerability Assessment Scores

Next in this process was to calculate the Hazard Likelihood score. This score is based on its
past frequency and the best estimate of when that particular hazard might reoccur. Table 4-3
outlines this ranking.

Hazard Likelihood Parameters
Measure of likelihood Return period in years Rank
Frequent or very likely Every 1-3 years 6
Moderate or likely Every 3-10 years 5
Occasional, slight chance Every 10-30 years 4
Unlikely, improbable Every 30-100 years 3
Highly unlikely, rare event Every 100-200 years 2
Very rare event Every 200-300 years 1

Table 4-3: HIRA Hazard Likelihood Parameters

Risk Assessment
Section 4.0, Page 3
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Hazard Likelihood Methodology Explanations:

Frequent or very likely
"Frequent or very likely to occur, events usually have a high number of recorded incidents or
anecdotal evidence. (For example, an area that is subject to flooding every year or so)"

Moderate or likely

"Moderate or likely to occur, hazards also have a historical record but occur with a frequency
of 3-10 years. (For example, an area that faces an infectious disease outbreak every few
years)"

Occasional, slight chance

"Occasional or slight chance means events are those that occur infrequently. There may be
little recorded historical evidence and a return interval of 10-30 years. (For example, a rail
accident where dangerous chemicals are released)"

Unlikely, improbable

"Unlikely or improbable refers to hazards that are not expected to occur more frequently than
once every 30-100 years. There may be no historical incidents in the community. (For
example, a plane crash with total loss of life)"

Highly unlikely, rare
"Highly unlikely or rare events are extremely unlikely and have a return period of 100-200
years. (For example, a one hundred year flood)"

Very rare event
"Very rare events may happen every 200+ years. (For example, a large earthquake)"

Impact and Vulnerability Assessment x Hazard Likelihood = Risk

Table 4-4 shows the completed chart with the previous Impact and Vulnerability Assessment
scores multiplied by the combined Hazard Likelihood scores to come up with the Risk Factor
scores for each hazard.

Risk Assessment
Section 4.0, Page 4
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OVERALL Total Risk Scores for Davidson County
2019
Hazard Impact & Vulnerability ¥ Likelihood = Risk Factor
JFlooding 31.26 5.24 164
fromade 29.38 497 144
I'u".finter Storm 2791 494 138
IErl:rer'ne Temperature - Heat 24685 484 122
IErtreme Temperature - Cold 2471 4 88 121
IThunderstﬂrm 2047 5.76 118
IHazardum Materials Incident 24 65 465 115
ICclmmunin:ahIe Diseases 2776 3.76 105
forought 2491 409 102
IManmade - Technological /Terrorism 2B.82 3.53 102
IDam & Levee Failure 33.21 259 86
I'v".fild'fire 26.06 3.24 84
ILa ndslide/Sinkhole 18.83 411 77
[Earthquake 35.71 181 64

Table 4-4: HIRA Total Risk Scores

Based on this most recent assessment (2019), the top 5 hazards for Davidson County are:

Flooding

Tornado

Winter Storm

Extreme Temperatures (Heat/Cold)
Thunderstorm

ko

This risk assessment covers DMA Planning Step 4: Assess the Hazard and DMA Planning
and Step 5: Assess the Problem. It also includes a third component, Existing Mitigation
Capabilities, where the risk and vulnerability are analyzed in light of existing mitigation
measures, for example, the adoption and enforcement of building codes, warning systems, and
floodplain development regulations.

Risk Assessment
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Multi-Hazard Mitigation Plan
4.1 Hazard Identification

INTRODUCTION

The Metropolitan Nashville-Davidson Community Planning Team (CPT) conducted a Hazard
Identification study to determine what hazards threaten the planning area. This section of the
plan documents the previous occurrence of hazards, those that might occur in the future, and
the likelihood of their occurrence or recurrence.

The hazards identified and investigated in the Metropolitan Nashville-Davidson County area
include:

e Dam and Levee Failure;
e Flooding;
e Geological Hazards, which includes:
— Earthquakes; and
— Landslides and Sinkholes;
Communicable Diseases;
Wildfires;
Hazardous Materials incidents;
Manmade Hazards (technological/terrorism); and
Severe Weather, which includes:
— Droughts;
— Extreme Temperatures;
— Thunderstorms;
— Tornadoes; and
— Winter Storms

Disaster Declaration History

One method of identifying hazards based upon past occurrence is to determine what events
triggered federal and/or state disaster declarations within the planning area. Disaster
declarations are granted when the severity and magnitude of the event’s impact surpass the
ability of the local government to respond and recover. Disaster assistance is supplemental
and sequential. When the local government’s capacity has been surpassed, a state disaster
declaration may be issued, allowing for the provision of state assistance. If the disaster is so
severe that both the local and state government capacities are exceeded, a federal disaster
declaration may be issued, allowing for the provision of federal disaster assistance.

Within Nashville and Davidson County there have been ten federal disaster declarations since
1994 related to flooding, severe storms/tornadoes, and ice storms. All ten disasters are
included in Table 4-5.

Hazard Identification

Metropolitan Nashville - Davidson County
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Total Total Local NES
FEMA Federal/State Expenditures Expenditures
Date Cause Disaster Expenditures for Davidson for Davidson
Number for Davidson County? County?®
County*
Severe Winter
15-Feb-15 Storm and Flooding 4211-DR $524,013.56 $74,4993.18 $1,098,024.89
Severe storms,
06-April-11 | flooding, tormadoes, ) g70 N/A N/A $1,123,965
and straight-line
winds
Severe Storms,
Flooding, Straight-
04-May-10 Line Winds, 1909-DR* $ 52,673, 689 $ 13,168,422 $ 6,098,027
Tornadoes
. Severe Storms, *
06-April-06 Tornadoes 1634-DR $ 42,457 $ 10,614 $ 1,359,604
Flooding, Severe *
08-May-03 Storm, Tornado 1464-DR N/A N/A $ 1,351,720
Flooding, Severe -
12-Jun-00 Storm, Tornado 1331-DR $1,271,947 $ 317,987 $ 1,435,929
Severe Storm, *
12-May-99 Tornado, Flooding 1275-DR $ 3,095,850 $ 773,963 $ 1,959,361
Flooding, Severe -
20-Apr-98 Storm, Tornado 1215-DR $ 20,454,316 $ 5,113,579 $ 7,751,925
07-Mar-g7 | Tomadoes Hail, 167 ppe $ 44,388 $11,007 | !formation not
Floods available
28-Feb-94 Ice Storm 1010-DR $ 373,530 $93,383 $ 7,540,181

Table 4-5: Federal Disaster Declarations for Davidson County

1Source: Tennessee Emergency Management Agency (TEMA)
2Local expenditures calculated to be 25 percent of Federal expenditures.

3NES is the Nashville Electric Service.

*SBA Declaration associated with FEMA Declaration, not included in amounts listed.

FEMA - 1464 -
isaster Declaratios

R, Tennessee
on as of 06/10/2003

FEMA-1331-DR. Tennessee
Declared June 12, 2000

Figure 4-1: Federal Disaster Declaration Maps
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It is also important to note that the federal government may issue a disaster declaration
through the U.S. Department of Agriculture and/or the Small Business Administration, as well
as through FEMA. The quantity and types of damage are the factors that determine whether
such declarations are issued.

The U.S. Department of Agriculture (USDA) provides assistance to farmers and other rural
residents, as the result of natural disasters. Agricultural-related disasters are quite common.
One-half to two-thirds of the counties in the United States have been designated as disaster
areas in each of the past several years. Agricultural producers may apply for low-interest
emergency loans in counties named as primary or contiguous in a disaster designation.

USDA Secretarial disaster designations must be requested of the Secretary of Agriculture by a
governor or the governor’s authorized representative, or by an Indian Tribal Council leader.
Davidson County is currently not a primary county with a USDA designation.

The Small Business Administration (SBA) provides disaster assistance to families and
businesses through its Disaster Assistance Program. The mission of this program is to offer
financial assistance to those who are trying to rebuild their homes and businesses in the
aftermath of a disaster. By offering low-interest loans, the SBA is committed to long-term
recovery efforts. SBA is also committed to mitigation, and has additional loan programs to
help reduce future losses. Table 4-6 outlines SBA and USDA Declarations for Davidson
County.

A state governor may request an SBA declaration. When the governor’s request for assistance
is received, a survey of the damaged area(s) is conducted with state and local officials, and the
results are submitted to the Administrator for a decision. When the Administrator of SBA
declares an area, both primary and adjacent counties are eligible for the same assistance.
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DECLD’;RTAET'ON CAUSE DSEEfA/\lFJeiTDéN DllstAlg'lléR LZ:;AX‘MSSJA’;T
NUMBER NUMBER
19-Feb-19 Severe Storms, Flooding (Sec-AG) S4427 - -
1-May-18 Prolonged Exc(ess,:(i:\_/zgz)ain & Flooding S4485 i i
15-Nov-16 Drought (Sec-AG) S4154 - -
4-Oct-16 Drought (Sec-AG) S4128 - -
12-Nov-14 Freezing Temps (Sec-AG) TN-00086 / 14187 - -
12-Aug-12 Drought & Excessive Heat (Sec-AG) TN-00072/13304 - -
18-Jan-12 Drought & Excessive Heat (Sec-AG) TN-00062/12995 - -
29-Dec-11 Drought & Excessive Heat (Sec-AG) TN-00060/12980 - -
15-Feb-11 Drought & Excessive Heat (Sec-AG) TN-00047/12470 - -
06-Dec-10 Drought & Excessive Heat (Sec-AG) TN-00046/12413 - -
29-Aug-10 Drought & Excessive Heat (Sec-AG) TN-00044/12344 - -
07-auly-10 | EXCesive Szg‘;ﬁ:g (Fslggdxlxncg) and | TN-00041/12230 : $ 22,500
oioy10 | S Sorms Flosing S| NS | s | 1075520
oioy10 | S Sorms Flosing S| TNOOWIAET | 1o | 520779
05-April-06 Severe Storms, Tornadoes Tli\lr e?(?gﬁ{;?fio 1634-DR $ 16,786,600
15-April-04 Five Alarm Fire in Old Hickory 3571 - $ 424,500
08-May-03 Storms, Tornadoes, Flooding 3498 1464-DR $ 354,400
22-Oct-01 Expanded EIDL Program 9TTN - $ 944,000
12-Jun-00 Severe Storms & Tornadoes 3263 1331-DR $ 5,300
12-May-99 Storms, Tornadoes, Flooding 3183 1275-DR $ 65,600
20-Apr-98 Storms, Tornadoes, Flooding 3078 1215-DR $ 4,732,400
07-Mar-97 Heavy Rain & Tornadoes 2937 1167-DR $ 229,300
03-Feb-97 Tornadoes 2929 - $ 10,000

Table 4-6: SBA & USDA Declarations for Davidson County
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DAM AND LEVEE FAILURE

Dams are man-made structures built for the purpose of navigation, power production,
agriculture, water quality, water supply, recreation, and flood protection. A levee is a natural
or artificial barrier that diverts or restrains the flow of a stream or other body of water for the
purpose of protecting an area from inundation.

Dams and levees are usually designed to withstand a flood with a computed risk of
occurrence. For example, a dam or levee may be designed to contain a flood at a location on a
stream that has a certain probability of occurring in any one year. If a larger flood occurs, then
that structure will be overtopped. Overtopping is the primary cause of earthen dam failure.
Failed dams or levees can create floods that are catastrophic to life and property because of
the tremendous energy of the released water and the amount of development located within
the area protected by the dam or levee.

Dams and levees typically are constructed of earth, rock, concrete, or mine tailings. Two
factors that influence the potential severity of a full or partial dam failure are:

e The amount of water impounded; and

e The density, type, and value of development and infrastructure located
downstream.

Dam failures can result from any one or a combination of the following causes:

o Deliberate intention (terrorism);

o Prolonged periods of rainfall and flooding;

o Earthquake (liquefaction / landslides);

« Inadequate spillway capacity, resulting in excess overtopping flows;

« Internal erosion caused by embankment or foundation leakage or piping;
e Improper design;

e Improper maintenance;

« Negligent operation; and/or

o Failure of upstream dams on the same waterway.

There are twenty-four dams located in Nashville-Davidson County (Figure 4-2). Eighteen of
the dams are private dams, and two are Metro dams. The dams at J. Percy Priest Lake and Old
Hickory Lake are managed by the U.S. Army Corps of Engineers. Old Hickory Dam is
authorized and operated primarily for commercial navigation and hydroelectric power
generation, with recreation and water supply as two important incidental benefits. J. Percy
Priest Dam is authorized and operated primarily for flood control, recreation, hydroelectric
power generation, and water supply. The Marrowbone Lake Dam is managed by the
Tennessee Wildlife Resources Agency and is used for recreational purposes.

Hazard Identification
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Davidson County Dam and Levee Locations
: ‘ Y& Dam Locations
Pal's Lake p - A — levees
-\_. —_— |nterstates
Water Bodies
b Cedar Hill Park .
- T Basin
Cumberland River Gresnway ﬁv\::fd Opryland
Metro Center Leves n}\ \kf -
) ‘ 1 1. Percy Priest Reservoir
‘ Lake Hemmingwood
’ 24
|
s
0 3.5 7
s \liles
September 2019

Figure 4-2: Dams and Levees within Davidson County
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Each dam is categorized by its hazard potential. The “Federal Guidelines for Dam Safety”,
Published by FEMA, determines hazard potential by the downstream damage that could result
if a dam failed. Table 4-7 lists the hazard classification for each dam, and section 4.2 explains
this process more and the Dam Safety Act.

e High hazard — dams would probably cause loss of life in the event of failure.
e Significant hazard — dams would cause property damage or temporary loss of roads
or utilities with a remote chance of loss of life.

e Low hazard — dams would have little or no effect to life and property downstream in
the event of failure.

Owner / Hazard Wi
BEULEILS Regulator Classification AP IREEe Sl
gulato (acre-feet)
J. Percy Priest Lake USACE High Y 652,000
Old Hickory Lake USACE High Y 545,000
Radnor Lake TDEC High Y 2,150
Marrowbone Lake TWRA High Y 1,670
Collins #1 Private High N 410
South Harpeth Private Low N 331
DuPont Retention Basin Private Low N 290
Cheek Lake Private Low N 210
Two Rivers Metro Parks High Y 163
Misty River Private Low N 145
Pal’s Lake Private Significant N 143
Lakewood Private High Y 132
Collins #3 Private High N 90
Lake Ogallala Private Significant N 80
Collins #2 Private High N 60
Lake Waterloo Private High N 60
Browns Private High N 50
Cedar Hill Park Metro Parks High Y 50
Lake Hemmingwood Private High Y 40
Rambling Breeze Ranch Private High N 40
Randolph Private High N 39
Chippewa Lake Private Significant N 28
Lakeland Hills Private High N 24
Enoree Lake Private Significant N 23
Large Dams located outside of Davidson County
Wolf Creek USACE High Y 6,089,000
Center Hill USACE High Y 2,092,000
Dale Hollow USACE High Y 1,706,000
Great Falls TVA High Y 64,800

Table 4-7: Dams affecting Davidson County
(source: USACE National Inventory of Dams)
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J. Percy Priest Dam and Reservoir

J. Percy Priest Dam (Figure 4-3) is located at river
mile 6.8 of the Stones River. The reservoir covers
portions of Davidson, Rutherford, and Wilson
counties and consists of 14,200 surface acres of water
at summer pool elevation (490 feet above mean sea
level). The water is surrounded by 18,854 acres of
public lands; 10,000 acres are devoted to wildlife
management. Total storage capacity at maximum
pool (elevation 504.5) is 652,000 acre-feet.

Figure 4-3: J. Percy Priest

Rising 130 feet above the streambed, the combination

earth and concrete-gravity dam is 2,716 feet long including a hydroelectric power generating
plant. Average annual energy output is 70 million kilowatt hours. The dam has contributed
significantly to reducing the frequency and severity of flooding in the Cumberland Valley. In
addition to the far-reaching effects of flood control, the project contributes to the available
electric power supply of this area. Construction began June 2, 1963 and the dam was
completed in 1968.

Old Hickory Dam and Reservoir

The OId Hickory Lock and Dam (Figure 4-4a) is located on the Cumberland River at Mile
216.2 in Sumner and Davidson Counties. The reservoir extends 97.3 miles upstream to
Cordell Hull Lock and Dam near Carthage, Tennessee.

Old Hickory Lock and Dam were authorized for construction by the Rivers and Harbors Act
of 1946 as a unit of a comprehensive development plan for the Cumberland River Basin. The
project was designed by the U.S. Army Corps of Engineers and built by private contractors
under the Corps’ supervision. Construction
started in January 1952, and dam closure
was completed in June of 1954. The project
was completed for full beneficial use in
December of 1957 with the placement of
the final hydroelectric power unit in
operation.

The reservoir contains 22,500 surface acres
at an elevation of 445 feet above sea level.
Water level fluctuations are minimal with
minimum pool elevation at 442 feet. Public
facilities include nine marinas, three Corps-
operated campgrounds, and 41 boat access
sites.
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Wolf Creek Dam and
Lake Cumberland Reservoir

The Wolf Creek Dam (Figure 4-4b) impounds Lake
Cumberland at river mile 460.9 on the Cumberland |
River ten miles southwest of Jamestown, Kentucky.
The reservoir is located in Wayne, Russell, Pulaski,
Clinton, McCreary, Laurel and Whitley counties in
Kentucky. Lake Cumberland is the largest man
made reservoir east of the Mississippi River. The
reservoir is 101 miles long and has 1,255 miles of
shoreline. During flood conditions Wolf Creek Dam has the capability of storing 6,089,000
acre-feet of water. The reservoir contains 50,250 acres of surface area at a normal summer
pool elevation of 723 feet, and 63,530 acres of surface area at a flood control storage
elevation of 760 feet.

Through the Corps of Engineers dam safety inspection program, seepage concerns associated
with a karst foundation were identified at the project. In 2005, a Major Rehabilitation Report
was completed and approved at US Army Corps of Engineers headquarters which called for a
long-term rehabilitation of the project to include a grout curtain and concrete diaphragm wall
to run the entire length of the earthen embankment and upstream of the right most concrete
monoliths. The first phase of the construction project began in March 2006 and was estimated
to be completed in October 2012 at an estimate cost of $594 million dollars. To decrease the
risk of failure of the dam, and to those living in the downstream communities, an interim pool
restriction at the project was put into place in January 2007 that targets a pool elevation of 680
feet for operation of the reservoir. This pool restriction was lifted in 2013 and is now back to
normal levels as the project was completed in 2013.

Center Hill Dam

Center Hill Dam (Figure 4-4c) is located at river
mile 26.6 of the Caney Fork River above its
confluence with the Cumberland River at river mile
309.2. The reservoir is located in Dekalb, Putnam,
and White Counties in Tennessee. The dam
impounds a reservoir that is 64 miles long and has
415 miles of shoreline. During flood conditions
Center Hill Dam has the capability of storing
2,092,000 acre-feet of water. The reservoir contains
18,220 acres of surface area at a normal summer
pool elevation of 648 feet and 23,060 acres of ) .
surface area at a flood control storage elevation of Figure 4-4c: Center Hill Dam
685 feet.

- .
t_ ’\‘:\;‘

Through the Corps of Engineers dam safety inspection program, concerns associated with a
karst limestone foundation were identified at the dam. In 2006, a Major Rehabilitation Report
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was completed and approved at US Army Corps of Engineers headquarters which called for a
long-term rehabilitation of the project to include modern concrete cutoff walls through the
embankment and into the foundations and grouting beneath the entire dam and along both
sides of the dam. The construction project began in 2008, and will be completed in the spring
of 2020, at a cost of $364 million.

To decrease the risk of failure of the dam and to those living in the downstream communities

an interim pool restriction at the project was put into place in 2007 that targets a pool
elevation range of 618 ft. to 630 ft. for operation of the reservoir.

Dam Failure Flooding

Dam failure flooding can occur as the result of partial or complete collapse of an
impoundment. Dam failures are often the result of prolonged rainfall and flooding or, during
very dry conditions, erosion. The primary danger associated with a dam failure is the swift
flooding of those properties immediately downstream of the dam.

In Tennessee, there are more than 1,200 dams and significant dam failures occur on an
average of less than once every 40 years. There are large dams within the state, including
those operated by the Tennessee Valley Authority and the U. S. Army Corps of
Engineers. These dams serve to produce electrical power for the state, control flooding, water
supply & quality, navigation, and to provide recreational opportunities to the state's citizens
and its visitors. Dam failures are an infrequent occurrence. There has never been a major dam
failure in Tennessee. All of the failures that have occurred have involved the small

In Tennessee, the Safe Dams Division
of the Tennessee Department of
Environment and Conservation
regulates  non-federal ~ dams. This
agency is responsible for enforcement
of state and federal dam safety
regulations (Safe Dams Act).

Center Hill and Wolf Creek Dam Break
Analyses and Risk Communication

Following the approval of Major
Rehabilitation Reports for both Wolf
Creek and Center Hill, the Nashville Figure 4-5: Center Hill Dam Break Scenario
District of the United States Army

Corps of Engineers (USACE) conducted detailed analyses of the impacts of potential dam
failure at both reservoirs (scenario shown in Figure 4-5).
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These analyses included dam failure routines within the unsteady-flow hydraulic model HEC-
RAS, and mapping of the resulting flooding downstream of each dam. Detailed maps for
several potential failure scenarios at each dam were created.

Hardcopy maps, digital map-books, and Geographic Information System (GIS) layers were
distributed to emergency management agencies within affected counties downstream of each
dam to aid in preparation of flood evacuation and emergency management plans. In addition,
multiple public meetings were held within affected communities to share information on the
potential risks at each dam, the proposed construction projects, and to allow members of the
public to view the dam failure flood mapping.

Nashville District
wesee Cumberland River System

Storage Type

NOT TO SCALE
CURRENT AS OF FEBRUARY 2013

Figure 4-6: Nashville District Cumberland River System
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LEVEES

Table 4-8: Davidson County Levees

Hazard People | Structures | Property
I ORI Classification | at Risk at Risk Value
Cumberland River Metro Govt. of
Greenway Metro Nashville & High 14,667 341 $1.95B
Center Levee Davidson County
Gaylord Opryland Private High 1,545 38 | $81.5M
Levee
Cumberland River Private High 697 18 | $33.4M
Levee

Metro Center Levee

Metro Center is a 1,000-acre commercial and
industrial  development located along the
Cumberland River near downtown Nashville,
Tennessee. The complex was developed in the
early 1970's and encompasses a wide range of
businesses. It contains approximately ninety ' __ =
property holdings and over 420 companies [
employing approximately 8,000 people. A 3-mile
long levee, also built in the early 1970's, protects
the Metro Center area from flooding.

When the levee was built, it was considered Figure 4-7: Metro Center Levee
sufficient to protect the development from major Rehabilitation

floods. However, revised flood projections and

deterioration of the levee over time have increased the risk of flooding. Stream bank erosion
was threatening to undermine the levee's foundation and reducing its reliability. Trees and
their root systems had also potentially compromised the integrity of the structure.

In 1999, the U.S. Army Corps of Engineers determined that the levee would have to be raised
to meet new flood-control standards. The levee was raised and reconstructed by adding fill
dirt and approximately 600 feet of floodwall in two sections (Figure 4-7). The project also
improved the reliability of the interior drainage system for Metro Center. Subsequent
inspection of the project in 2007 revealed additional deficiencies such as an encroachment at
one facility, excessive vegetation, and a low area in the levee that would prevent it from
providing the protection up to the 500 year flood. The 2010 Flood highlighted the need to
construct a levee closure in front of the 1-65 bridge opening. The opening was constructed to
the 100 year flood elevation and required sand bagging to protect Metro Center properties
during the actual flood. The recently constructed levee provides 500 year protection for the
entire development. The completed project will bring the levee to post Katrina levee standards
for certification. Metro Nashville and the US Army Corps of Engineers, Nashville District has
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agreed to continue with the project to address all deficiencies. Completion of this work will
allow the levee to be placed into the Federal Rehabilitation and Inspection Program under
Public Law 84-99. This will allow for federal funds to be used to fix any damage to the levee
as the result of a natural disaster. Fixing the deficiencies will also allow the levee to be
certified under the Federal Emergency Management Agency National Flood Insurance
Program.

The Metro Parks Department worked with the Corps of Engineers on improvements to the
levee trail, which became part of a large greenway system. A paved greenway path was added
atop the levee, providing a recreational amenity for employees in Metro Center. Trailheads
with parking were added for others who wish to use the site.

The Metro Center Levee performed as designed during the May 2010 flood and protected the
1,000 acre Metro Center commercial and industrial development from flood damage.
However, there were a few vulnerabilities in the levee system that were identified and some
damages that occurred during the flood that were addressed by the COE in the summer of
2011. Figure 4-8 shows locations where improvements were made to the levee system to
increase its reliability for future flood events. The work included:

e Removal of woody vegetation from the levee

e Repair of railroad closure structure (See Figure 4-9)

o Installation of an inland levee under 1-65 (See Figures 4-10 & 4-11).
o Repair of topsoil slide

e Levee center line shift

e Repaving of the damaged greenway trail.

Major Construction Areas

Post-May 2010 Construction Areas
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Figure 4-9: Repaired Railroad Closure

BUILDING STRONG,

_ Figure 4-10: Sandbags placed by volunteers
in May 2010 under 1-65

Figure 4-11: 1-65 Inland Levee Installed
Under 1-65

Figure 4-12: Metro Center Levee (2019)

Figure 1-14: Nashville “Chew Crew”
(photo from NY Times article 4/22/19)
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Metro Center Stormwater Pump Station

During the May 2010 flood, the pump station effectively protected the buildings within
Metro Center from flooding. However, the existing pumps could not meet the demand to
keep the roadways free from flooding. Supplemental portable pumps were required to
evacuate the stormwater from the protected area. Following the May 2010, Metro conducted
a study on the stormwater pumping station and decided to increase the protection level to a
500-year event. The study recommended increasing the capacity of the existing station and
building a new, parallel station to increase the overall capacity and reliability of the system.
Construction began in August 2012 and was completed February 2014 with a cost of $4.1
million. The project included upgrading the existing 72-MGD low-lift pump station and
constructing a parallel 72-MGD pump station and lake intake, as well as backup power
generation and increasing the total capacity to 144 MGD.

Figure 4-15: Metro Center Pump Station Figure 4-16: Discharge from new station

The new pump station includes:
e Belowground concrete pump station structure

e Electrical/pump building adjacent to new pump structure
e Emergency generator with integral diesel fuel tank
e Concrete splash pad with dissipater blocks at the force main discharge

e Site work, including new asphalt drive and parking area, demolition, new retaining
wall, riprap, fencing, and grading

e Main switch gear, circuit breakers, and motor control center in new electrical/pump
building

o Demolition and replacement of existing greenway and levee wall

e Two 25,000-GPM submersible mixed-flow pumps and two 36-inch discharge pipes
over existing levee
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The work at the existing pump station included:

Removal of majority of the existing equipment, including diesel-driven pumps,
emergency generator, diesel fuel tank, instrumentation, and controls

Installation of two new 25,000-GPM submersible mixed-flow pumps with electric
motors

Structural and architectural modifications to existing pump station
Upgrade of heating and ventilating system

Upgrade of electrical and instrumentation system

Modification of lake sluice gate actuator for 480-volt service

Upgrade of instrumentation and controls to monitor river and lake water levels and
operate equipment

Modification of recharge pump piping and removal of valves beneath floor slab

Opryland Levee

The Opryland levee on the Cumberland River is located approximately 2.1 miles downstream
of Briley Parkway. It was originally constructed in 1972 and it currently meets the FEMA
requirements of having a minimum of three feet of vertical distance above the 100-year flood.
During the May 2010 flood, this levee failed due to overtopping. The historic two-day May
2010 rain event caused the Cumberland River to reach just below the 500-year flood level.
Floodwaters soon inundated the Gaylord Opryland Resort and Convention Center, the Grand
Ole Opry House, and the Opry Mills Mall. After the May 2010 flood, Gaylord Entertainment
made the decision to add additional flood protection for the hotel and Opry House. The new
and improved levee will provide protection to the 500-year flood level.
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Figure 4-17: Opryland Complex May 2010 Flood

While aesthetics and blending in with the existing landscape architecture was a major factor,
public safety was the top priority. Design tasks included raising sections of the existing mile-
long levee, installation of new concrete levee structures, and closures for 12 pedestrian and
traffic openings. The combination of solid walls with removable barrier openings met the
public accessibility and aesthetic issues. Because the complex was a “high visibility and
tourist travel” attraction, the design had to accommodate the normal schedule of events which
put emphasis on fast installation should a flood warning be issued. Simplicity was also a key
consideration as the goal was to make as many of the closure beams of a common dimension
as economically possible to minimize training and on-site storage issues. The final design met
all these requirements and setup/take down time can be accomplished in half the time as was
originally forecasted.

Figure 4-18: Opryland Flood Wall Typical Road Closure
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The original stormwater pumping station at the Opryland complex was replaced with a larger
facility, having three auto-controlled electric 10,000 GPM pumps in a detention or storage
pond at the southwest corner of the protected area. The storm drainage within the old park
area was revised to direct all storm water to the detention pond. In addition, a two-acre section
of the parking lot adjacent to the Opry Mills Shopping Center was lowered to provide
additional storage in the event of an extreme rain during a river flood period.

- =

Figure 4-19: Opryland Levee Pump Station

Past Occurrences

There have been 55 known dam failures that caused the release of water in the State of
Tennessee. An additional 12 dams have had partial failures, which could have resulted in the
release of floodwaters if remedial action had not been taken. Dam failures that have occurred
in Davidson County are presented in Appendix B.

Likelihood of Future Occurrences

The Tennessee Safe Dams Program, operated by the TDEC, was created to protect the public
from dam failures. TDEC inspects dams for safety and requires that dams meet stability and
spillway standards in order to obtain and maintain an operating permit. Dams are inspected
every 1, 2, or 3 years depending on the hazard potential category of the dam. Although the
possibility of a dam failure is present, the probability of dam failure is low and not
predictable.
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FLOODING

Floods are among the most frequent and costly natural disasters in terms of human hardship
and economic loss. This is why the Nashville CPT found flooding to be the highest rated
hazard risk in the Nashville-Davidson County community. This assessment is based on
impact, vulnerability and likelihood of an event. See section 4.0, Risk Assessment, for more
risk factors and methodology. There are several different types of likely flood events in
Tennessee including flash, riverine, and urban stormwater. Regardless of the type of flood, the
cause can almost always be attributed to excessive rainfall, either in the flood area or
upstream reach.

A flood defined by FEMA is “a general and temporary condition of partial or complete
inundation of 2 or more acres of normally dry land area or of 2 or more properties from
overflow of inland waters; or unusual and rapid accumulation or runoff of surface waters from
any source; or mudflow; or subsidence of land along a lake or water conveyance as a result of
erosion or undermining caused by water current.”

The term "flash flood" describes localized floods of great volume and short duration. In
contrast to riverine flooding, this type of flood usually results from a heavy rainfall on a
relatively small drainage area. Flash floods, as described by NOAA, “the most dangerous kind
of floods, because they combine the destructive power of a flood with incredible speed and
unpredictability. Flash floods occur when excessive water fills normally dry creeks or river
beds along with currently flowing creeks and rivers, causing rapid rises of water in a short
amount of time. They can happen with little or no warning.” Densely populated areas are at a
high risk for flash floods. Buildings, highways, driveways, parking lots, and other impervious
areas increase runoff and reduce the amount of rain absorbed by the earth. The increased
runoff caused by these impervious areas intensifies the flash flood potential. Precipitation of
this sort usually occurs in the spring and summer. As previously discussed, there are several
dams and levees in the community and a failure in any of them can result in flash flooding.

Riverine floods result from persistent rain events for extended periods of time. This type of
flood occurs in river systems whose tributaries may drain large geographic areas and include
many independent river basins. The duration of riverine floods may vary from a few hours to
many days. Factors that directly affect the amount of flood runoff include precipitation,
intensity and distribution, the amount of soil moisture, seasonal variation in vegetation, snow
depth, and water-resistance of the surface areas due to urbanization.

Urban flood events result as land loses its ability to absorb rainfall as it is converted from
fields or woodlands to roads, buildings, and parking lots. Urbanization increases runoff two to
six times over what would occur on undeveloped terrain. During periods of urban flooding,
streets can become swift moving rivers.

The public stormwater drainage system for Nashville-Davidson County is designed to handle
the most frequent rain events. During a heavy rain, the storm drainage system can become
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overwhelmed resulting in flooded roads and buildings. Low spots, such as underpasses,
underground parking garages, and basements are susceptible to flooding.

All flood events may result in upstream flooding due to downstream conditions such as

channel restriction and/or high flow in a downstream confluence stream. This type of flooding
is known as backwater flooding.

Major Sources of Flooding

The Cumberland River is the largest stream in Davidson County and serves as the eventual
receiving stream for all surface runoff in the County. Local, state, and federal agencies have
defined watersheds in the county in a number of ways in prior reports. There are 26
watersheds in Davidson County as defined by the National Pollutant Discharge Elimination
System (NPDES) permit (see Figure 4-20). Twenty-five watersheds represent tributaries to
the Cumberland River and the 26" watershed represents the local inflow directly into the
Cumberland River. Table 4-9 displays the known flood hazard in each watershed with
specific information on drainage area, flooding source, length, velocity, and depth of flooding.

As part of the National Flood Insurance Program (NFIP), floodplains and floodways on many
local streams have been established and are regulated by the local floodplain management
ordinance (see Figure 4-21). The current effective Flood Insurance Study (FIS) for Metro
Nashville was published by FEMA in 2001. This countywide FIS was revised in 2017. For
this 2017 revision, a total of 7.2 stream miles were studied by AECOM using detailed
methods. Floodplain boundaries of 52.68 miles of streams that had been previously studied by
detailed methods were re-delineated based on more detailed and up-to-date topographic
mapping for this FIS report. Additionally, 187.38 miles of detailed study streams were studied
by USACE Nashville District in 2012 and incorporated in the FIS report (see Table 4-9). The
area of the special flood hazard area and floodway within each jurisdiction are presented
below:

e Berry Hill — Total Area = 562.7 acres; Total SFHA = 49.2 acres, 8.7%

e Belle Meade — Total Area =1,984.3; Total SFHA = 183.8 acres, 9.3%

e Forest Hills — Total Area = 5,835.5; Total SFHA = 215.3 acres, 3.7%

e Goodlettsville — Total Area = 4,253.9; Total SFHA = 226.4 acres, 5.3%

e Oak Hill — Total Area = 4,916.8; Total SFHA = 95.5 acres, 1.9%

e Ridgetop — Total Area = 146.9; Total SFHA = 0.0 acres, 0.0%

e Metro Nashville — Total Area = 318,668.0; Total SFHA =41,901.4 acres, 13.1%

The potential for damage to areas within Davidson County are greater from the Cumberland
River than any other flooding source. Also, the type of flooding experienced from the
Cumberland River is more general in nature than flash flooding caused by excessive rainfall
over short periods. All of the streams within Davidson County are subject to flooding and
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backwater flooding is significant. The primary effect of flooding on these streams appears to
be inundation, although velocities will become significant to persons and structures under
more extreme flooding situations. Calculated floodplain velocities range from one to five feet
per second, and these are generally considered to be of dangerous magnitudes.

Gizzard Branch

Stanes River

Mill Creek

Figure 4-20: Watersheds of Davidson County
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Figure 4-21: Flood Hazard Areas of Davidson County
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Table 4-9: Major Sources of Flooding

Contributing

Reach Length

Flood Insurance

. (miles) Study
Drainage -
el . . Studied Average | Average
Area Within Flooding T Studied s
Watershed . Jurisdiction by Velocities | Depth of
Davidson Source by .
. Approxi (ft/s) Water
County Detailed - (ft)
Sqg.Mi. Methods
(Sq ) Methods
Back Creek 2.6 Back Creek Metro N/A N/A N/A N/A
Browns Creek Metro 4.36 5.07 17.21
Berry Hill
East Fork Browns Metro. 297 437 1721
Creek Berry Hill
Browns Creek 16.6 -
Middle Fork Metro 3.04 4.82
Browns Creek Oak Hill ’ ’
West Fork Browns Metro
Creek Oak Hill 3.57 245
Bull Run 4 Bull Run Creek Metro 5.07 N/A N/A
Cooper Creek Metro 4.04 2.08 4.43 6.79
Cooper Creek —
Cooper Creek 49 Tributary 1 Metro 115 4.8
Cooper Creek - Metro 1.02 0.5 6.28
Tributary 2
Cub Creek 2.5 Cub Creek Metro 3.79 N/A N/A
E;U::’er'a”d 90.9 Cumberland River Metro 533 4.99 54.95
Davidson 38 Davidson Branch Metro 1.66 1.78 6.26 15.36
Branch ’ Ewin Branch Metro 1.49 1.4 5.88
Metro
Dry Creek 8.8 Dry Creek Goodlettsville 3.83 5.57 13.22
Gibson Creek Metro 2.23 5.94 9.33
Gibson Creek Metro 1.04 5.35
Tributary
Gibson Creek
Gibson Creek 4.3 Tributary 1 Metro 2 2 >7
Gibson Creek
Tributary 1.1 Metro N/A N/A 3.6
Gibson Creek
Tributary 2 Metro N/A N/A 3.2
Gizzard .
Branch 1.7 Gizzard Branch Metro N/A N/A N/A N/A
. Metro
Harpeth River Forest Hills 15.2 3.58 35.33
Buffalo Creek Metro 3.05 5.88
Harpeth River 56.7 East Fork Creek Metro 1.51 4.5
Little East Fork Metro 083 6.83
Creek
Flat Creek Metro 0.78 6.69
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Contributing

Reach Length

Flood Insurance

) (miles) Study
Drainage ;
rs . . Studied Average | Average
Area Within Flooding C . Studied o
Watershed . Jurisdiction by Velocities | Depth of
Davidson Source by AbDroxi (Ft/s) Water
County Detailed rF:'lF;te ()
Sqg.Mi. Methods
CH ) Methods
Little Harpeth Metro 221 3.27
River
South Harpeth Metro 11 3.92
River
Highway 100 Metro 1.92 6.24
Tributary
. Metro
I(-|ar|:1e)th GO (56':) Otter Creek Forest Hills 4.86 3.3
cont. cont. Oak Hill
Poplar Creek Metro 2.58 6.84
Trace Creek Metro 1.02 6.98
Ul e Metro 1.25 3.68
Branch
Windemere
Branch Tributary 1 Metro e =z
Indian Creek Metro 2.2 3.26 4.13 8.58
Indian Creek
Tributary 1 Metro 1.67 N/A
Indian Creek Metro 0.36 N/A
Indian Creek 5.8 Tributary 2
) Indian Creek West Metro N/A N/A 5.62
Indian Creek West
Tributary 1 Metro N/A N/A 4.89
Indian Creek West
Tributary 2 Metro N/A N/A 6.25
Island Creek 1 N/A Metro N/A N/A N/A N/A
Loves Branch 2.3 Loves Branch Metro 1.96 3.77 10.81
Mansker Creek Metro 9.68 0.95 5.11 15.74
Goodlettsville
Bakers Fork Metro 5.57 N/A
Mansker Ridgetop
20.4 Goodlettsville Metro
Gl Outlet Ditch Goodlettsville 0.59 055 4.65
Metro
Lumsley Fork Goodlettsville 0.88 0.49 5.77
Walkers Creek Metro 3.11 N/A
Marrowbone
Creek Metro 3.48 N/A N/A
Marrowbone 104 I(.:lttlekMarrowbone Metro 6.63 N/A
Creek ’ ree
Little Marrowbone
Creek - Tributary 9 Metro 1.36 N/A
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Contributing

Reach Length

Flood Insurance

) (miles) Study
Drainage ;
rs . . Studied Average | Average
Area Within Flooding C . Studied o
Watershed . Jurisdiction by Velocities | Depth of
Davidson Source by AbDroxi (Ft/s) Water
County Detailed rF:'\F;te ()
Sq.Mi. Methods
(54 ) Methods
Mill Creek Metro 21.78 4.99 23.58
Collins Creek Metro 1.41 5.33
Franklin Branch Metro 2.74 4.86
Franklin Branch - Metro 1.65 433
Tributary 1
Franklin Branch - Metro 0.75 6.83
Tributary 2
Franklin Branch -
i 3 Metro 0.48 6.5
Holt Creek Metro 2.46 4.49
Mill Creek -
Tributary A Metro N/A N/A N/A
Mill Creek -
Tributary B Metro N/A N/A N/A
Mill Creek -
Tributary 1 Metro N/A N/A N/A
Mill Creek 718 zevenm!:e greet Metro 7.03 4.56 10.49
evenmiie treek Metro 1.75 5.56
Tributary 1
sevenmile Creek - Metro 1.25 3.58
Tributary 2
Sims Branch Metro 2.08 5.74
Sorghum Branch Metro 3.65 6.18 7.9
Sorghum Branch Metro 019 N/A
Overflow
Turkey Creek Metro 1.8 6.6
Whittemore Metro 3.52 5.52 9.7
Branch
Unnamed
Tributary to Metro 0.11 5.05
Whittemore
Branch
Whittemore
Branch Tributary Metro 1.31 7.62
Overall Creek Metro 3.65 3.88 4.28 10.1
Overall Creek 7.8 Tributary 1 to Metro 0.99 0.99 562
Overall Creek
Pages Branch Metro 2.69 4.68 11.72
Pa.gbes Branch - Metro 1.1 1.07 4.66
Pages Branch 3.2 Tributary A
Pages Branch - Metro 0.76 0.76 4.83
Tributary B
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o Reach Length Flood Insurance
Contributing .
) (miles) Study
Drainage ;
rs . . Studied Average | Average
Area Within Flooding C . Studied o
Watershed . Jurisdiction by Velocities | Depth of
Davidson Source by AbDroxi (Ft/s) Water
County Detailed rF:'iF;te (t)
Sq.Mi. Methods
(54 ) Methods
Pond Creek 2.5 Pond Creek Metro N/A N/A N/A N/A
. Metro
Richland Creek Belle Meade 11.7 5.04 12.26
Ewin Branch Metro 14 5.88
Metro
Belle Meade Belle Meade 2.05 5.58
Branch .
Forest Hills
Jocelyn Hollow Metro 1.55 N/A
Jocelyn Hollow
Branch Metro N/A N/A 7.2
Richland Jocelyn Hollow
Creek 28.5 Creek Metro N/A N/A N/A
Tributary to
Richland Creek Metro 1.54 5.07
Metro
Sugartree Creek Belle Meade 3.45 6.23 8.23
Forest Hills
CET IS Metro 1.96 6.63
Branch
Vaughns Gap
Branch Overflow Metro 0.44 A
Sandy Creek 0.7 Sandy Creek Metro N/A N/A N/A N/A
Stones River Metro 6.86 6.98 44.66
Dry Fork Metro N/A N/A 6.58
Dry Fork Creek Metro 3.66 5.82
Dry Fork Creek
Tributary 1 Metro N/A N/A 5.83
Dry Fork Creek
Tributary 2 Metro N/A N/A 6.1
East Fork Hamilton Metro 1.69 4.91 7.4
Creek
Elm Hill Tributary Metro 1.35 4.4
Stones River 77.2 Tributary 1 to East
Fork Hamilton Metro 1.43 5.01
Creek
Tributary 2 to East
Fork Hamilton Metro 1.39 4.38
Creek
Hurricane Creek Metro 2.28 4.87 5.96
West Branch Metro 0.73 0.68 6.08
Hurricane Creek
J. Percy Priest
. Metro 11.8 N/A
Reservoir
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Contributing

Reach Length

Flood Insurance

) (miles) Study
Drainage ;
rs . . Studied Average | Average
Area Within Flooding C . Studied o
Watershed . Jurisdiction by Velocities | Depth of
Davidson Source by AbDroxi (Ft/s) Water
County Detailed ::;te ()
Sq.Mi. Methods
(54 ) Methods
McCrory Creek Metro 5.68 5.84 14.19
Pulley Tributary Metro 1.36 6.66
Scotts Creek Metro 1.30 5.87 7.82
Stones River 77.2 Sc9tts Creek Metro N/A N/A 6.2
(cont.) (cont.) Tributary
' ' Scotts Hollow Metro 0.89 5.83
Stoners Creek Metro 5.54 4.75
Stoners Creek -
Tributary 7 Metro 0.06 N/A
Sulphur Creek Metro 4.6 N/A N/A
Sulphur Creek 6 Sulphur Branch Metro 2.87 N/A
Long Creek Metro 5.02 N/A N/A
Long Creek -
Tributary 2 Metro 1.14 N/A
Sycamore South Fork
21.7 .
Creek Sycamore Creek Metro ) L
South Fork
Sycamore Creek - Metro 2.03 N/A
Tributary 1
Whites Creek Metro 12.8 4.12 17.37
Bear Hollow Metro 0.75 6.83
Branch
Carney Creek Metro 0.66 5.5
Claylick Creek Metro 0.26 5.36
Claylick Overflow Metro 0.47 N/A
Crocker Springs Metro 1.96 4.75
Branch
Crocker Springs
Branch Tributary Metro 0.48 7:43
Cummings Branch Metro 2.83 5.35
Whites Creek 62.8 Drakes Branch Metro 1.69 5.43
Earthman Fork Metro 4.97 5.4
Earthman Fork - Metro 0.68 6.92
Tributary 2
Earthman Fork - Metro 0.63 6.92
Tributary 3
Earthman Fork -
Tributary 4 Metro 0.47 5.85
Eaton Creek Metro 3.39 4.8
Ewing Creek Metro 4.24 5.65
Ewing Creek -
Tributary 1 Metro 0.97 3.98
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o Reach Length Flood Insurance
Contributing .
) (miles) Study
Drainage ;
rs . . Studied Average | Average
Area Within Flooding C . Studied o
Watershed . Jurisdiction by Velocities | Depth of
Davidson Source by AbDroxi (Ft/s) Water
County Detailed ::;te ()
Sq.Mi. Methods
(54 ) Methods
Ewing Creek - Metro 0.52 0.32 5.4
Tributary 2
Johnson Hollow Metro 1.58 4.29
Little Creek Metro 3.93 4.65
Little Creek -
Tributary 1 Metro 1.81 5.1
Little Creek -
Tributary 2 Metro 1.06 7.4
North Fork Ewing Metro 357 201
Creek
North Fork Ewing
Creek - Tributary 2 Metro 1.29 >3
North For'k Ewing Metro 0.43 5.85
. Creek - Tributary 3
Whites Creek 62.8 -
(cont.) (cont.) North Fork Ewing Metro 0.40 3.7
' ' Creek - Tributary 4 ' '
North Fork Ewing
Creek - Tributary 5 Metro 0.32 4.45
North Fork Ewing
Creek - Tributary 6 Metro 0.29 2.95
North Fork Ewing
Creek - Tributary 7 Metro 0.92 255
North Fork Ewing
Creek - Tributary 8 Metro 0.29 8.25
Shaws Branch Metro 2.67 6.97
Trantham Creek Metro 2.74 6.61
Vhoins Branch Metro 1.23 33
Whites Creek Metro 1.15 5.5
Tributary

All streams within Metro Nashville, identified in Table 4-9, are subject to flooding and
backwater flooding. The primary effect of flooding on these streams appears to be inundation,
although higher water velocities become significant to persons and structures under more
extreme flooding situations. Calculated floodplain velocities range from 1.0 to 5.0 feet per
second (fps), and these are generally considered to be dangerous magnitudes. Table 4-10
outlines the critical depths and velocities that will harm residents and structures during a flood
event.
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Depth (threat to life)

In stagnant backwater areas (zero velocity), depths in excess
of about 1m (3.3ft) are sufficient to float young children, and
depths above 1.4m (4.6ft) are sufficient to float teenage
children and many adults.

Velocity (threat to life)

In shallow areas, velocities in excess of 1.8m/s (5.9 ft/s) pose
a threat to the stability of many individuals.

Depth and Velocity
(threat to life)

The hazards of depth and velocity are closely linked as they
combine to effect instability through an upward buoyant force
and a lateral force. A product of less than or equal to 0.4m?/s
(43 ft?/s) defines a low hazard provided the depth does not
exceed 0.8m (2.6ft) and the velocity does not exceed 1.7m/s
(5.6 ft/s).

Vehicular access
(emergency access)

Most automobiles will be halted by flood depths above 0.3-
0.5m (1.0-1.7ft). A maximum flood velocity of 3m/s (9.8 ft/s)
would be permissible, providing that flood depths are less
than 0.3m (1.0ft). A depth of 0.9-1.2m (2.9-3.9 ft) is the
maximum depth for rapid access of large emergency vehicles.

Structural Integrity
(structures above ground)

A depth of 0.8m (2.6ft) is the safe upper limit for the above
ground/super structure of conventional brick veneer, and
certain types of concrete block buildings. The structural
integrity of elevated structures is more a function of flood
velocities (e.g. Erosion of foundations, footings or fill) than
depth. The maximum velocity to maintain structural stability
depends on soil type, vegetation cover, and slope but ranges
between 0.8-1.5m/s (2.6-4.9 ft/s)

Fill (stability)

In general, fill may become susceptible to erosion/instability
at depths of 1.8-2.4m (5.9-7.9ft).

Table 4-9: Critical Flood Depths and Velocities
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Identified Problem Areas

The first step to mitigate a flooding disaster is to identify the areas of the Nashville-Davidson
County community that are prone to a flood. The streams throughout Davidson County, as
previously identified, experience flooding during extreme rainfall events. The Metropolitan
Government of Nashville and Davidson County and the Nashville District of the United States
Army Corps of Engineers have documented potential flood damages countywide in numerous
studies. Figure 4-21 displays a map of the known flood hazards in the community known as
the Special Flood Hazard Area, SFHA.

A number of documents have been reviewed for this plan, which were prepared by or for the
Metropolitan Public Works (MPW) and the U.S. Army Corps of Engineers (USACE),
Nashville District. MDPW documents consist of basin plans for the following streams:
Browns Creek, including West and Middle Forks; Cooper Creek; East Fork Hamilton Creek;
Gibson Creek; McCrory Creek; Sorghum Branch, Sevenmile Creek, and Tributary 1 of Mill
Creek; Pages Branch; Richland Creek; Scotts Creek; Sugartree Creek; Whites Creek; and
Whittemore Branch. Each basin plan provides a detailed description of the watershed drainage
area and associated hydrologic and hydraulic parameters, existing and predicted future
flooding problems within the watershed, and alternative solutions for reducing flooding
problems. USACE documents consist of a variety of reconnaissance reports, feasibility
reports, and detailed project reports for select streams within Davidson County. These streams
include:

Cumberland River;
Mill Creek;
Richland Creek;
Whites Creek;

Dry Creek;

Gibson Creek;

e Browns Creek; and
e McCrory Creek.

Additionally, Nashville Mayor Karl Dean commissioned a study, called the Unified Flood
Preparedness Plan (UFPP) following the May 2010 flood event, to identify and evaluate flood
damage reduction measures on the Cumberland River and its five major tributaries — Harpeth
River, Whites Creek, Browns Creek, Mill Creek and Richland Creek. The plan summarizes
the damage which occurred along these streams and identifies the locations that would benefit
from flood damage reduction projects and the types of solutions that would be most beneficial
for each location. The UFPP integrates the knowledge and experience of past and present
flood mitigation efforts with the lessons learned from the May 2010 flood.
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Flood Prone Buildings

As of December 2014, FEMA documents 6,528 active flood insurance policies within
Nashville-Davidson County and has paid 3,122 flood insurance claims. It is important to note
that these statistics do not reflect the widespread flooding which occurred in Davidson County
in 1973, 1975, and 1979 since Metro Nashville did not enter the National Flood Insurance
Program until 1982. Countywide damage estimates for the 1979 flood alone were in excess of
$40 million. Table 4-11 presents a summary of flood insurance information for all
jurisdictions as of 5/31/109.

Total
Total
Number ]
Jurisdicti f Flood Number of Total Value of Paid
urisdiction of Floo Paid Losses
Insurance
L Losses
Policies
Belle Meade 72 6 $77,531
Berry Hill 23 3 $87,734
Goodlettsville 139 63 $1,373,169
Oak Hill 44 22 $477,381
Forest Hills 81 15 $441,493
Ridgetop 2 1 $1,261
Nashville-Davidson County 5948 3310 $153,426,286
Total 6,309 3,420 $155,884,855

Table 4-11: Flood Insurance Summary as of 5/31/2019

Nationwide, properties which flood repetitively comprise
approximately one percent of currently insured properties, but
account for 25 to 30 percent of flood claims. Repetitive loss
properties constitute a significant expense of the National Flood
Insurance Program (NFIP), costing about $200 million annually.
The NFIP defines a repetitive loss property as any insurable
building for which two or more claims of more than $1,000 were
paid by the NFIP within any rolling 10-year period since 1978. Within Nashville-Davidson
County, the Federal Emergency Management Agency (FEMA) has identified 105 un-
mitigated repetitive loss structures.

NFIP/CRS

Repetitive Loss Areas have also been identified by Metro Nashville on 16 streams (see Table
4-15) to focus flood damage reduction efforts. Repetitive Loss Areas encompass a repetitive
loss property, or a concentrated number of repetitive loss properties, and neighboring
properties which are subject to a similar flood risk. Figure 4-22 presents the locations of the
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identified Repetitive Loss Areas, which at the time of this plan, are all located within Metro
Nashville jurisdiction, and not in any satellite cities. Individual Repetitive Loss Area Maps are
provided in Appendix C. These Repetitive Loss Areas were updated to reflect the current
repetitive loss structures, additional flood-prone neighboring structures identified following
the May 2010 flood event, and all mitigation efforts (acquisition and elevation) that have
occurred. Detailed descriptions of the Repetitive Loss Areas are provided in the following
subsection Flooding — Watershed Specific Data.

NFIP Claims by Zone Number of Claims

AE 2036
A 342
X, standard 315
X, Preferred 532
Total 3225

Table 4-12: NFIP Claims by Zone

NFIP Claims by Occupancy Type Single Family | Residential (other) Non-Residential | Total

Repetitive Loss 263 21 31 315
Severe Repetitive Loss 23 1 5 29
Other 2525 215 336 3076
Total 2811 237 372 3420

Table 4-13: NFIP Claims by Occupancy Type

NFIP Insured Properties Insured | Mitigated % Insured % Mitigated
Repetitive Loss 315 166 57 53% 18%
Severe Repetitive Loss 29 11 9 38% 31%
Total 344 177 66 51% 19%

Table 4-14: Repetitive Loss Mitigated and Insured Properties

The Nashville and Davidson County area contains 6,309 flood insurance policies and 344 of
these properties are repetitive loss or severe repetitive loss. These repetitive loss properties are
important target areas for mitigation projects. Metro Water Services has worked hard with
TEMA and FEMA to obtain grants to be able to purchase these properties to return them to
their natural floodplain state. Refer to the figure C-17 home buyout map in Appendix C to see
the properties that have been restored.

Table 4-11 summarizes all the areas in Davidson County covered with flood insurance. The
next table summarizes the Davidson County flood insurance claims by flood insurance zone.
The next table summarizes the Davidson County flood insurance claims by occupancy types.
The next table summarizes the Davidson County repetitive loss and severe repetitive loss
properties insurance and mitigation status.
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A repetitive loss property is any insurable building for which two or more claims of more than
$1,000 were paid by the National Flood Insurance Program (NFIP) within any rolling ten-year
period, since 1978. A repetitive loss property may or may not be currently insured by the

NFIP.

Severe repetitive loss properties are insurable buildings that have either made at least four
claims of more than $5,000 each cumulating to $20,000 paid by the NFIP. Or at least two
claims paid by the NFIP that exceeded the value of the property the day before each loss.

The data in the tables above were either found on a FEMA website or given to the community
by FEMA. The raw information is subject to the privacy act of 1974. Personal information

such as address is protected and not available to the public.

Table 4-15: Structures within the Repetitive Loss Areas

Repetitive Loss Structures Additional - Total
Repetitive Loss Area Non-Mitigated e Number
. . Non- Structures
Residential Residential Structures of Parcels
Browns Creek 0 3 28 1 32
West Fork Browns Creek 9 0 160 26 195
Cumberland River East 0 0 37 31 68
Cumberland River West 0 0 16 1 17
Dry Creek 0 1 40 1 42
Gibson Creek 3 0 53 21 77
Buffalo Creek 1 0 8 3 13
Mill Creek 0 0 104 17 121
Sevenmile Creek 12 0 123 24 158
Whitemore Branch 1 0 127 15 143
Richland Creek 0 0 32 61 93
Sugartree Creek 6 0 25 4 35
McCrory Creek 6 0 102 0 108
Ewing Creek 3 0 6 9 18
North Fork Ewing Creek 3 0 2 5 10
Whites Creek 3 0 141 42 186
SUBTOTAL 47 4 1004 261 1316
Outside of Identified Repetitive Loss Areas
Browns Creek Watershed 0 3 2 7 12
Cooper Creek Watershed 0 0 0 3 3
Cumberland River Watershed 4 3 0 14 21
Davidson Branch Watershed 1 0 0 0 1
Dry Creek Watershed 4 0 1 3 8
Gibson Creek Watershed 0 0 7 1 8
Harpeth River Watershed 3 0 0 0 3
Mansker Creek Watershed 2 0 0 0 2
Mill Creek Watershed 6 3 9 10 28
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Overall Creek Watershed 0 0 1 0 1

Pages Branch Watershed 0 0 0 7 7

Richland Creek Watershed 4 2 12 4 22

Stones River Watershed 8 0 5 6 19

Sycamore Creek Watershed 1 0 0 0 1

Whites Creek Watershed 10 0 1 14 25
SUBTOTAL 43 11 38 69 162
TOTAL 90 15 1042 330 1477

Note: There are no repetitive loss structures located within the satellite cities.

Figure 4-22: Repetitive Loss Areas
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FLOODING - WATERSHED SPECIFIC DATA

Back Creek Watershed

The Back Creek watershed drainage area is about 2.6 square miles. There are no flood
control structures in this watershed. No major creeks were studied in the Flood Insurance
Study report for this watershed.

Browns Creek Watershed

The Browns Creek Watershed has a drainage area of 16.64 square miles, contains about
13.2 stream miles, and is located in south-central Davidson County. Browns Creek flows
from south to north and discharges into the Cumberland River. West Fork and Middle
Fork Browns Creek are major sub-basins located within the Browns Creek Watershed.
West Fork combines with Middle Fork just upstream in the Interstate 440/Interstate 65
culvert.

The principal causes of flooding problems within this watershed are construction in the
designated floodway and natural floodplain, and a lack of adequate stormwater controls in
the developed areas upstream. Additional contributing factors include backwater flooding
upstream from bridges. There are no flood control structures in this watershed.

Depth of Water

Using the Flood Insurance Study flood profile data for Browns Creek the mean average
depth of flooding from the stream bed to the Regulatory Floodplain was found to be 17.2
feet. This data is derived from 17 cross sections of Browns Creek.

Velocities

Using the Flood Insurance Study flood profile data for Browns Creek the mean average
velocity is 5.1 feet per second. The velocity is derived form 17 cross sections on Browns
Creek. For more information on the Browns Creek watershed drainage area, flooding
sources, lengths, velocities, and depth of water refer to table 4-10.

Repetitive Loss Areas

Two repetitive loss areas have been identified within the Browns Creek watershed. One
on the mainstem of Browns Creek (Figure C.1) and one on West/Middle Fork Browns
Creek (Figure C.2). Within these repetitive loss areas, there are three properties reporting
repetitive losses due to flooding on Browns Creek and nine properties on West Fork and
Middle Fork Browns Creek. In addition, the associated repetitive loss areas encompass 29
properties (1 mitigated, 28 un-mitigated) on Browns Creek and 186 properties (26
mitigated, 160 un-mitigated) on West/Middle Fork Browns Creek. The Browns Creek
Storm Water Basin Plan, completed in 1990, further identifies the flood-prone areas and
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alternative solutions to reduce flooding problems. Flood magnitudes in the repetitive loss
areas are not expected to increase significantly because the Browns Creek Watershed is
nearly totally developed.

Bull Run Watershed

The Bull Run watershed has drainage area of 4 square miles and contains about 5 stream
miles. There are no flood control structures in this watershed. No major creeks were
studied in the Flood Insurance Study report for this watershed.

Cooper Creek Watershed

The Cooper Creek Watershed has a drainage area of 4.9 square miles, contains about 6.2
stream miles, and is located in north-central Davidson County. Cooper Creek flows from
an elevation of approximately 495 feet in a southeasterly direction and to an elevation of
391 feet where it empties into the Cumberland River at river mile 197.3. Three flood-
prone structures have been mitigated within this watershed. There are no flood control
structures in this watershed.

Depth of Water

Using the Flood Insurance Study flood profile data for Cooper Creek the mean average
depth of flooding from the stream bed to the Regulatory Floodplain was found to be 6.8
feet. This data is derived from 12 cross sections of Cooper Creek.

Velocities

Using the Flood Insurance Study flood profile data for Cooper Creek the mean average
velocity is 4.4 feet per second. The velocity is derived form 12 cross sections on Cooper

Creek. For more information on the Cooper Creek watershed drainage area, flooding
sources, lengths, velocities, and depth of water refer to table 4-10.

Cub Creek Watershed

The Cub Creek watershed has a drainage area of 2.5 square miles and contains about 3.8
stream miles. There are no flood control structures in this watershed. No major creeks
were studied in the Flood Insurance Study report for this watershed.

Cumberland River

The Cumberland River is a major tributary of the Ohio River. It originates at the
confluence of Poor and Clover Forks near the City of Harlan, Kentucky. The 694-mile
river flows generally southwest to Nashville where it turns and flows northwest into
western Kentucky and its confluence with the Ohio River. The Cumberland River
Watershed has a drainage area of 17,914 square miles, with approximately 12,841 square
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miles located upstream of Metro Nashville. The Cumberland River Watershed contains
about 91 square miles and 53 stream miles in the Nashville-Davidson County area.

Flood Control Structures

The Cumberland River watershed contains the Metro Center Levee and the Opryland
Levee. The Metro Center Levee protects an area of about 833 acres and several Metro
Center area businesses and apartments. It is maintained by Metro Water Services
Stormwater department. The Opryland Levee is privately owned and protects about 170
acres including the Opryland hotel and Grand Ole Opry.

Depth of Water

Using the Flood Insurance Study flood profile data for Cumberland River the mean
average depth of flooding from the stream bed to the Regulatory Floodplain was found to
be 55 feet. This data is derived from 115 cross sections of Cumberland River.

Velocities

Using the Flood Insurance Study flood profile data for Cumberland River the mean
average velocity is 5 feet per second. The velocity is derived form 115 cross sections on
Cumberland River. For more information on the Cumberland River watershed drainage
area, flooding sources, lengths, velocities, and depth of water refer to table 4-10.

Repetitive Loss Areas

Two Repetitive Loss Areas are on the Cumberland River. The Cumberland River East
area is located in the Pennington Bend area near the confluence of the Cumberland River
and Gibson Creek. The repetitive loss areas encompass 68 properties (31 mitigated, 37 un-
mitigated). There are no repetitive loss properties remaining within this identified flood-
prone area. See Appendix C, Figure C.6.

The second Repetitive Loss Area, Cumberland River West, is located downstream of river
mile 175, in the Cockrill Bend area. Several upstream control reservoirs provide the
majority of flood damage abatement. However, in the repetitive loss area, flood problems
are caused by the confluence of Overall Creek with the Cumberland River and inadequate
stormwater controls on Overall Creek. The repetitive loss areas encompass 17 properties
(1 mitigated and 16 un-mitigated). There are no repetitive loss properties remaining within
this identified flood-prone area. See Appendix C, Figure C.13.

Davidson Branch Watershed

The Davidson Branch watershed drainage area is about 3.8 square miles. There are not
flood control structures in this watershed.
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Depth of Water

Using the Flood Insurance Study flood profile data for Davidson Branch the mean average
depth of flooding from the stream bed to the Regulatory Floodplain was found to be 15.4
feet. This data is derived from 8 cross sections of Davidson Branch.

Velocities

Using the Flood Insurance Study flood profile data for Davidson Branch the mean average
velocity is 6.3 feet per second. The velocity is derived form 8 cross sections on Davidson
Branch. For more information on the Davidson Branch watershed drainage area, flooding
sources, lengths, velocities, and depth of water refer to table 4-10.

Dry Creek Watershed
(Includes portions of Goodlettsville)

The Dry Creek Watershed has a drainage area of 8.8 square miles, contains 3.8 stream
miles, and is located in northeast Davidson County, and separates Davidson and Sumner
Counties. Dry Creek flows from west to east and discharges into the Cumberland River at
river mile 214.4.

A detailed analysis was performed for approximately 2.65 river miles of Dry Creek. An
alternative analysis on Dry Creek by the USACE resulted in the elevation of several
homes. The purpose of the project was to reduce flood damages within the Gateway
Subdivision, located between Interstate 65 and the Seaboard Systems Railroad. The
project also included a detention structure and flood proofing. The detention structure
reduced flooding for all houses in the subdivision, with the exception of 19 structures
whose first floor elevations remained below the 100-year flood elevation. The remaining
19 homes were raised between March 1989 and June 1990.

Flood Control Structure

The dry creek watershed contains the dry creek weir. This weir regulates the flow of the
cross drain under interstate 65. It protects downstream houses from flooding along the
creek.

Depth of Water

Using the Flood Insurance Study flood profile data for Dry Creek the mean average depth
of flooding from the stream bed to the Regulatory Floodplain was found to be 13.2 feet.
This data is derived from 14 cross sections of Dry Creek.

Velocities

Using the Flood Insurance Study flood profile data for Dry Creek the mean average
velocity is 5.6 feet per second. The velocity is derived form 14 cross sections on Dry
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Creek. For more information on the Dry Creek watershed drainage area, flooding sources,
lengths, velocities, and depth of water refer to table 4-10.

Repetitive Loss Areas

The current repetitive loss area is located downstream of the former project area along
both the right and left banks of Dry Creek mainstem between the Seaboard Systems
Railroad and north Gallatin Pike (Appendix C, Figure C.4). Flood damages within this
area are attributable to rapid residential development without adequate stormwater
controls in the upstream watershed areas combined with development along streams
whose floodplain areas were not previously defined and regulated.

Currently, there is one property reporting repetitive losses due to flooding within the
identified repetitive loss area. In addition, the associated repetitive loss areas encompass
41 (1 mitigated, 40 un-mitigated) properties.

Gibson Creek Watershed

The Gibson Creek Watershed has a drainage area of 4.3 square miles, contains about 3.3
stream miles, and is located in northeast Davidson County. Gibson Creek flows from west
to east and discharges into the Cumberland River at river mile 200.9. The repetitive loss
area is located along Emmitt Avenue between the East Meade Avenue intersection and
Walnut Street intersection, and along Denson Ave between Emmitt Avenue and Gibson
Creek.

The principal causes of flooding problems within the repetitive loss area are construction
in the designated floodways and natural floodplains, and lack of adequate stormwater
controls in the developed areas. Additional contributing factors include backwater
flooding from the Cumberland River and backwater flooding upstream from bridges and
relatively narrow floodplains in the tributaries that cause rapid concentration of runoff
with very little peak attenuation. There are no flood control structures in this watershed.

Depth of Water

Using the Flood Insurance Study flood profile data for Gibson Creek the mean average
depth of flooding from the stream bed to the Regulatory Floodplain was found to be 9.3
feet. This data is derived from 7 cross sections of Gibson Creek.

Velocities

Using the Flood Insurance Study flood profile data for Gibson Creek the mean average
velocity is 6 feet per second. The velocity is derived from 7 cross sections on Gibson
Creek. For more information on the Gibson Creek watershed drainage area, flooding
sources, lengths, velocities, and depth of water refer to table 4-10.
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Repetitive Loss Areas

Currently, there are two properties reporting repetitive losses due to flooding on Gibson
Creek. In addition, 76 properties (21 mitigated, 55 un-mitigated) are located within the
associated repetitive loss areas (Appendix C, Figure C.5). The Gibson Creek Storm Water
Basin Plan, completed in 1996, identifies the repetitive loss area and alternative solutions
to reduce existing flooding problems.

Gizzard Branch Watershed

The Gizzard Branch watershed drainage area is 1.7 square miles. There are no flood
control structures in this watershed. No major creeks were studied in the Flood Insurance
Study report for this watershed.

Harpeth River Watershed
(Includes portions of Forest Hills and Oak Hill)

The Harpeth River watershed drainage area is about 56.7 square miles, and contains about
46.6 stream miles. There are no flood control structures in this watershed.

The Buffalo Creek Basin has a drainage area of 5.59 square miles and is located in
southwestern Davidson County. Buffalo Creek flows from east to west and discharges into
the Harpeth River.

A detailed analysis was performed on Buffalo Creek as a part of the Flood Insurance
Study for Metro Nashville in 1993. No additional basin plans or alternative analysis have
been performed. Primarily a rural portion of the county, flood damages within this
watershed are generally attributable to rapid residential development without adequate
stormwater controls in the upstream watershed areas combined with development along
streams whose floodplain areas were not previously defined and regulated.

Depth of Water

Using the Flood Insurance Study flood profile data for Harpeth River the mean average
depth of flooding from the stream bed to the Regulatory Floodplain was found to be 35.3
feet. This data is derived from 40 cross sections of Harpeth River.

Velocities

Using the Flood Insurance Study flood profile data for Harpeth River the mean average
velocity is 3.6 feet per second. The velocity is derived form 40 cross sections on Harpeth
River. For more information on the Harpeth River watershed drainage area, flooding
sources, lengths, velocities, and depth of water refer to table 4-10.
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Repetitive Loss Areas

The repetitive loss area is located at the confluence with the Harpeth River (Appendix C,
Figure C.3). Currently, there are two properties reporting repetitive losses due to flooding
on Buffalo Creek. In addition, the associated repetitive loss areas encompass 11 properties
(3 mitigated, 8 un-mitigated).

Indian Creek Watershed

The Indian Creek watershed has a drainage area of 5.8 square miles and contains about 4.2
stream miles. There are no flood control structures in this watershed.

Depth of Water

Using the Flood Insurance Study flood profile data for Indian Creek the mean average
depth of flooding from the stream bed to the Regulatory Floodplain was found to be 8.6
feet. This data is derived from 11 cross sections of Indian Creek.

Velocities

Using the Flood Insurance Study flood profile data for Indian Creek the mean average
velocity is 4.1 feet per second. The velocity is derived form 11 cross sections on Indian

Creek. For more information on the Indian Creek watershed drainage area, flooding
sources, lengths, velocities, and depth of water refer to table 4-10.

Island Creek Watershed

The Island Creek watershed drainage area is 1 square mile. There are no flood control
structures in this watershed. No major creeks were studied in the Flood Insurance Study
report for this watershed.

Loves Branch Watershed

The Loves Branch watershed drainage area is 2.3 square miles and contains about 2
stream miles. There are no flood control structures in this watershed.

Depth of Water
Using the Flood Insurance Study flood profile data for Loves Branch the mean average

depth of flooding from the stream bed to the Regulatory Floodplain was found to be 10.8
feet. This data is derived from 7 cross sections of Loves Branch.
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Velocities

Using the Flood Insurance Study flood profile data for Loves Branch the mean average
velocity is 3.8 feet per second. The velocity is derived form 7 cross sections on Loves
Branch. For more information on the Loves Branch watershed drainage area, flooding
sources, lengths, velocities, and depth of water refer to table 4-10.

Mansker Creek Watershed
(Includes portions of Goodlettsville and Ridgetop)

The Mansker Creek watershed has a drainage area of 20.4 square miles and contains about
19.8 stream miles. There are no flood control structures in this watershed.

Depth of Water

Using the Flood Insurance Study flood profile data for Mansker Creek the mean average
depth of flooding from the stream bed to the Regulatory Floodplain was found to be 15.7
feet. This data is derived from 41 cross sections of Mansker Creek.

Velocities

Using the Flood Insurance Study flood profile data for Mansker Creek the mean average
velocity is 5.1 feet per second. The velocity is derived form 41 cross sections on Mansker

Creek. For more information on the Mansker Creek watershed drainage area, flooding
sources, lengths, velocities, and depth of water refer to table 4-10.

Marrowbone Creek Watershed

The Marrowbone Creek watershed drainage area covers about 19.4 square miles and
contains about 11.5 stream miles. There are no flood control structures in this watershed.
No major creeks were studied in the Flood Insurance Study report for this watershed.

Mill Creek Watershed

The Mill Creek Watershed has a drainage area of 71.8 square miles, contains about 54
stream miles, and is located in southeastern Davidson County. Mill Creek flows in a
northerly direction and discharges into the Cumberland River.

Mill Creek flows through several miles of highly developed properties and, therefore,
provides valuable green space to thousands of local residents. The stream's vegetated
riparian zones provide a natural corridor for urban wildlife, shade the stream, and furnish
opportunities for scenic and recreational experiences in an urban setting.

The Mill Creek Watershed is experiencing intense pressure from adjacent and surrounding
development. Surface runoff, point source pollution, riparian zone destruction, bank
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erosion, and floodplain encroachment are causing significant water quality deterioration
and loss of natural floodplain functions and values. Future flooding conditions and stream
ecological degradation will worsen as land development continues to stress Davidson
County watersheds.

Depth of Water

Using the Flood Insurance Study flood profile data for Mill Creek the mean average depth
of flooding from the stream bed to the Regulatory Floodplain was found to be 23.6 feet.
This data is derived from 52 cross sections of Mill Creek.

Velocities

Using the Flood Insurance Study flood profile data for Mill Creek the mean average
velocity is 5 feet per second. The velocity is derived form 52 cross sections on Mill Creek.
For more information on the Mill Creek watershed drainage area, flooding sources,
lengths, velocities, and depth of water refer to table 4-10.

Repetitive Loss Areas
The repetitive loss area is identified as the right bank of Mill Creek mainstem extending
approximately from Thompson Lane downstream to Murfreesboro Pike (Appendix C,

Figure C.7). The repetitive loss areas encompass 121 properties (17 mitigated, 104 un-
mitigated). Six repetitive loss properties have been removed from this area.

Mill Creek Watershed - Sevenmile Creek

Sevenmile Creek is located in southeastern Davidson County. It is the largest tributary to
Mill Creek, having a drainage area of 17.7 square miles, with the confluence located
immediately downstream of an Interstate 24 crossing. The stream flows through several
miles of highly developed urban properties and provides valuable green space to
thousands of local residents. Vegetated riparian zones provide a natural corridor for urban
wildlife and birds, shades the stream, and furnishes opportunities for scenic and
recreational experiences in an urban setting.

The principal causes of flooding problems in the repetitive loss areas are construction in
the designated floodway and natural floodplain and a lack of adequate stormwater controls
in the developed areas. Additional contributing factors include backwater flooding
upstream from bridges, and relatively narrow floodplains in the tributaries that cause rapid
concentration of runoff with very little peak attenuation. Without the use of stormwater
controls, flood magnitudes in several of the flood prone areas are expected to increase
significantly at predicted ultimate development conditions. There are several undeveloped
areas in the watershed that have the potential to cause localized flooding once they are
developed, if no stormwater controls are required.
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Repetitive Loss Areas

The repetitive loss area is located between Nolensville Pike and Briarwood Drive (see
Appendix C, Figure C.8). Currently, there are 12 properties reporting repetitive losses due
to flooding on Sevenmile Creek. In addition, the associated repetitive loss areas
encompass 146 properties (24 mitigated, 122 un-mitigated). The Sevenmile Creek Storm
Water Basin Plan, completed in 2001, identifies these flood-prone areas and alternative
solutions to reduce existing flooding problems.

Mill Creek Watershed - Sorghum Branch

The Mill Creek Sorghum Branch Watershed is located in southeast Davidson County and
drains an area of 2.72 square miles. Stream flow within the watershed is generally in a
northerly direction and empties into Mill Creek at Stream Mile 8.45 of Mill Creek.
Maximum elevation at the upstream watershed divide reaches about 850 feet and drops to
elevation 465 feet at the main stream confluence with Mill Creek. The Sorghum Branch
watershed was divided into 14 sub-basins and is a relatively long and narrow watershed.
Sorghum Branch is typified by narrow valleys with steep side slopes that transition into a
rolling terrain on top of the ridges.

Depth of Water

Using the Flood Insurance Study flood profile data for Sorghum Branch the mean average
depth of flooding from the stream bed to the Regulatory Floodplain was found to be 7.9
feet. This data is derived from 17 cross sections of Sorghum Branch.

Velocities

Using the Flood Insurance Study flood profile data for Sorghum Branch the mean average

velocity is 6.2 feet per second. The velocity is derived form 17 cross sections on Sorghum
Branch.

Mill Creek Watershed - Whittemore Branch

The Whittemore Branch Watershed has a drainage area of 3.7 square miles and is located
in southeastern Davidson County. The mainstem flows in a northeasterly direction until its
confluence with Mill Creek. The repetitive loss area extends from the upstream face of the
bridge at Interstate 24 to the downstream face of the bridge at Bell Road.

The principal cause of flooding problems in the repetitive loss area is construction in the
designated floodways and natural floodplains, in addition to the lack of adequate
stormwater controls in the developed areas. Additional contributing factors include
backwater flooding upstream from bridges, steep terrain, and relatively narrow floodplains
in the tributaries that cause rapid concentration of runoff with little peak attenuation.
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Without the use of stormwater controls, flood magnitudes in the majority of the flood
prone areas are expected to increase under predicted ultimate development conditions.

Depth of Water

Using the Flood Insurance Study flood profile data for Whittemore Branch the mean
average depth of flooding from the stream bed to the Regulatory Floodplain was found to
be 9.7 feet. This data is derived from 12 cross sections of Whittemore Branch.

Velocities

Using the Flood Insurance Study flood profile data for Whittemore Branch the mean
average velocity is 5.5 feet per second. The velocity is derived form 12 cross sections on
Whittemore Branch.

Repetitive Loss Areas

Currently, there is one property reporting repetitive losses due to flooding on Whittemore
Branch. In addition, the associated repetitive loss areas encompass 142 properties (15
mitigated, 127 un-mitigated. See Appendix C, Figure C.9. The Whittemore Branch Storm
Water Basin Plan, completed in 1996, identifies these flood-prone areas and alternative
solutions to reduce existing flooding problems.

Homes are flooded at the existing conditions 10-year level and none at the 2-year level.
However, analyses indicate flood damages begin at a recurrence interval of approximately
1 year. This occurs because the damage assessment analysis model assigns damage
beginning when flood waters reach eight feet below the first finished floor.

Overall Creek Watershed

The Overall Creek watershed drainage area covers an area of 7.8 square miles and
contains about 4.6 stream miles. There are no flood control structures in this watershed.

Depth of Water

Using the Flood Insurance Study flood profile data for Overall Creek the mean average
depth of flooding from the stream bed to the Regulatory Floodplain was found to be 10.1
feet. This data is derived from 11 cross sections of Overall Creek.

Velocities

Using the Flood Insurance Study flood profile data for Overall Creek the mean average
velocity is 4.3 feet per second. The velocity is derived form 11 cross sections on Overall
Creek. For more information on the Overall Creek watershed drainage area, flooding
sources, lengths, velocities, and depth of water refer to table 4-10.
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Pages Branch Watershed

The Pages Branch Watershed is located in north-central Davidson County. Pages Branch
originates at an elevation of approximately 680 feet and flows in a southwesterly direction
to an elevation of approximately 374 feet at its mouth. The watershed drains an area of
3.23 square miles, contains about 4.6 stream miles, and empties into the Cumberland
River at river mile 188.5. There are no flood control structures in this watershed.

The watershed is divided into 4 sub-basins: Upper, Dickerson, Middle, and Lower. Two
major tributaries empty into Pages Branch Mainstem. The watershed is characterized by
flat to gently rolling plains with scattered, steep-sided hills reaching elevations up to 810
feet. Floodplain areas throughout the watershed are typically narrow and steep except in
the lower reaches of the mainstem where they are flat. Seven flood-prone structures have
been mitigated within this watershed.

Depth of Water

Using the Flood Insurance Study flood profile data for Pages Branch the mean average
depth of flooding from the stream bed to the Regulatory Floodplain was found to be 11.7
feet. This data is derived from 9 cross sections of Pages Branch.

Velocities

Using the Flood Insurance Study flood profile data for Pages Branch the mean average
velocity is 4.7 feet per second. The velocity is derived form 9 cross sections on Pages

Branch. For more information on the Pages Branch watershed drainage area, flooding
sources, lengths, velocities, and depth of water refer to table 4-10.

Pond Creek Watershed

The Pond Creek watershed drainage area covers an area of 2.5 square miles. There are no
flood control structures in this watershed. No major creeks were studied in the Flood
Insurance Study report for this watershed.

Richland Creek Watershed
(Includes portions of Goodlettsville and Ridgetop)

The Richland Creek Watershed is located in southwestern Davidson County. Richland
Creek originates at an elevation of approximately 1,100 feet and flows in a north to
northwesterly direction to an elevation of approximately 375 feet at its mouth. The
watershed drains an area of 28.45 square miles, contains about 24.1 stream miles, and
empties into the Cumberland River at river mile 175.6. There are no flood control
structures in this watershed.

Hazard Identification
Flooding
Section 4.1, Page 46

Metropolitan Nashville - Davidson County
Multi-Hazard Mitigation Plan — FINAL
January 2020




The watershed is divided into 6 major sub-basins: Belle Meade, Vaughns Gap, Jocelyn
Hollow, Sugartree, Middle, and Lower. There are five major tributaries that empty into
Richland Creek Mainstem: Unnamed Tributary, Sugartree Creek, Jocelyn Hollow Branch,
Vaughns Gap Branch, and Belle Meade Branch.

The watershed is characterized by rugged topography in the southern portion and flat to
gently sloping plains with local hills reaching between 300-800 feet in the central and
northern portions. Richland Creek and its tributaries flow through predominately urban
settings.

Depth of Water

Using the Flood Insurance Study flood profile data for Richland Creek the mean average
depth of flooding from the stream bed to the Regulatory Floodplain was found to be 12.3
feet. This data is derived from 34 cross sections of Richland Creek.

Velocities

Using the Flood Insurance Study flood profile data for Richland Creek the mean average
velocity is 5 feet per second. The velocity is derived form 34 cross sections on Richland
Creek. For more information on the Richland Creek watershed drainage area, flooding
sources, lengths, velocities, and depth of water refer to table 4-10.

Repetitive Loss Areas

Following the May 2010 flood event, a repetitive loss area was identified on the mainstem
of Richland Creek north of the Interstate-40 overpass. The repetitive loss areas encompass
93 properties (61 mitigated, 32 un-mitigated). There are no repetitive loss properties
remaining within this identified flood-prone area. See Appendix C, Figure C.16.

Richland Creek Watershed - Sugartree Creek
(Includes portions of Belle Meade and Forest Hills)

Sugartree Creek, a major tributary of Richland Creek, is located in southwestern Davidson
County. The Sugartree Creek basin has a drainage area of 4.91 square miles and Sugartree
Creek flows northwest and combines with Richland Creek downstream of West End
Avenue. Sugartree Creek flows through predominantly urban settings. The repetitive loss
area is located on both sides of Sugartree Creek along Dartmouth Avenue extending from
the cul-de-sac of Wimbledon Road downstream to Woodmont Lane, with additional areas
located downstream to Revere Private Road.

Depth of Water
Using the Flood Insurance Study flood profile data for Sugartree Creek the mean average

depth of flooding from the stream bed to the Regulatory Floodplain was found to be 8.2
feet. This data is derived from 12 cross sections of Sugartree Creek.
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Velocities

Using the Flood Insurance Study flood profile data for Sugartree Creek the mean average
velocity is 6.2 feet per second. The velocity is derived form 12 cross sections on Sugartree
Creek.

Repetitive Loss Areas

The principal causes of flooding in the repetitive loss area are construction in the
designated floodways and natural floodplains and lack of adequate stormwater controls in
the developed areas. Additional contributing factors include backwater flooding upstream
from bridges and steep terrain and relatively narrow floodplains that cause rapid
concentration of runoff with very little peak attenuation. Flood magnitudes in the repetitive
loss areas are not expected to increase significantly at predicted ultimate development
conditions compared to the level of existing urban development.

Currently, there are six properties reporting repetitive losses due to flooding on Sugartree
Creek. In addition, the associated repetitive loss areas encompass 29 properties (4
mitigated, 25 un-mitigated) See Appendix C, Figure C.10. The Richland Creek Storm
Water Basin Plan, completed in 1990, identifies these flood-prone areas and alternative
solutions to alleviate existing flooding problems.

Sandy Creek Watershed

The Sandy Creek watershed drainage area covers an area of .7 square miles. There are no
flood control structures in this watershed. No major creeks were studied in the Flood
Insurance Study report for this watershed.

Stones River Watershed

The Stones River watershed drainage area covers an area of 77.2 square miles and contains
about 46 stream miles. There are no flood control structures in this watershed.

Depth of Water

Using the Flood Insurance Study flood profile data for Stones River the mean average
depth of flooding from the stream bed to the Regulatory Floodplain was found to be 44.7
feet. This data is derived from 16 cross sections of Stones River.

Velocities

Using the Flood Insurance Study flood profile data for Stones River the mean average
velocity is 7 feet per second. The velocity is derived form 16 cross sections on Stones
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River. For more information on the Stones River watershed drainage area, flooding
sources, lengths, velocities, and depth of water refer to table 4-10.

Stones River Watershed — East Fork Hamilton Creek

The Stones River Watershed is located in southeast Davidson County. East Fork Hamilton
Creek originates at an elevation of approximately 735 feet and flows in a northerly
direction to an elevation of approximately 485 feet at Percy Priest Lake. The watershed
drains an area of 3.45 square miles and empties into Percy Priest Lake near Smith Springs
Road. The watershed is divided into 4 main basins: Upper, Lower, Rural Hill, and
Bluewater. There are two main unnamed tributaries to East Fork Hamilton Creek
Mainstem. The watershed is characterized by flat to gently rolling plains and scattered,
gently sloping hills reaching elevations up to 735 feet. Floodplain areas throughout the
watershed are typically wide and flat, except in the upper reaches of the tributaries, where
they are steep.

Depth of Water

Using the Flood Insurance Study flood profile data for East Fork Hamilton Creek the
mean average depth of flooding from the stream bed to the Regulatory Floodplain was
found to be 7.4 feet. This data is derived from 10 cross sections of East Fork Hamilton
Creek.

Velocities

Using the Flood Insurance Study flood profile data for East Fork Hamilton Creek the
mean average velocity is 4.9 feet per second. The velocity is derived form 10 cross
sections on East Fork Hamilton Creek.

Stones River Watershed - McCrory Creek

The McCrory Creek Watershed has a drainage area of 9.31 square miles and is located in
southeastern Davidson County. McCrory Creek flows north and discharges into the Stones
River. The repetitive loss area is located on McCrory Creek Mainstem immediately
downstream from Interstate 40 and extending from EIm Hill Pike to Stewart’s Ferry Pike.
These reaches encompass older and more established neighborhoods with a long history
of flooding problems.

Flood damages within this watershed are generally due to rapid residential development
without adequate stormwater controls in the upstream watershed areas combined with
development along streams whose floodplain areas were not previously defined and
regulated. Additional contributing factors include coincident peak flows from two-sub-
basins within the watershed having approximately equal times-of-concentration located
immediately upstream from the flood-prone areas, and steep terrain and narrow
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floodplains which cause a rapid concentration of runoff with very little peak attenuations.
Table 4-22 provides specific damage information for each reach.

Depth of Water

Using the Flood Insurance Study flood profile data for McCrory Creek the mean average
depth of flooding from the stream bed to the Regulatory Floodplain was found to be 14.2
feet. This data is derived from 18 cross sections of McCrory Creek.

Velocities

Using the Flood Insurance Study flood profile data for McCrory Creek the mean average
velocity is 5.8 feet per second. The velocity is derived form 18 cross sections on McCrory
Creek.

Repetitive Loss Areas

Currently, there are six properties reporting repetitive losses due to flooding on McCrory
Creek. In addition, the associated repetitive loss area encompasses 102 un-mitigated
properties (see Appendix C, Figure C.11). The McCrory Creek Storm Water Basin Plan,
completed in 1988, identifies this flood-prone area and alternative solutions to reduce
existing flooding problems.

Stones River Watershed - Scotts Creek

The Scotts Creek watershed has a drainage area of 3.39 square miles and is located in
northeast Davidson County. Scotts Creek flows from north to south and empties into
Stoner Creek at river mile 4.1. The watershed is divided into 19 sub-basins. Scotts Creek
originates at an elevation of 600 feet and flows south to an elevation of 435 feet at its
mouth. The watershed is characterized by flat to gently rolling plains with scattered, steep-
sided hills reaching elevations of up to 600 feet. Floodplain areas throughout the
watershed are typically narrow and steep, except in the lower reaches of the mainstream
where they are flat and sometimes wide. There are two tributaries that flow into Scotts
Creek at Stream Mile 0.9 (Tributary No. 2) and Stream Mile 0.21 (Tributary No. 3).

Depth of Water
Using the Flood Insurance Study flood profile data for Scotts Creek the mean average

depth of flooding from the stream bed to the Regulatory Floodplain was found to be 7.8
feet. This data is derived from 6 cross sections of Scotts Creek.

Hazard Identification
Flooding
Section 4.1, Page 50

Metropolitan Nashville - Davidson County
Multi-Hazard Mitigation Plan — FINAL
January 2020




Velocities
Using the Flood Insurance Study flood profile data for Scotts Creek the mean average

velocity is 5.9 feet per second. The velocity is derived form 6 cross sections on Scotts
Creek.

Sulphur Creek Watershed

The Sulphur Creek watershed drainage area covers an area of 6 square miles and contains
about 7.5 stream miles. There are no flood control structures in this watershed. No major
creeks were studied in the Flood Insurance Study report for this watershed.

Sycamore Creek Watershed

The Sycamore Creek watershed drainage area covers an area of 21.7 acres and contains
about 17.2 stream miles. There are no flood control structures in this watershed. No major
creeks were studied in the Flood Insurance Study report for this watershed.

Whites Creek Watershed

The Whites Creek Watershed has a drainage area of 62.8 square miles, contains about
51.5 stream miles, and is located in north-central Davidson County. Whites Creek flows
south and discharges into the Cumberland River. There are no flood control structures in
this watershed.

Depth of Water

Using the Flood Insurance Study flood profile data for Whites Creek the mean average
depth of flooding from the stream bed to the Regulatory Floodplain was found to be 17.4
feet. This data is derived from 16 cross sections of Whites Creek.

Velocities

Using the Flood Insurance Study flood profile data for Whites Creek the mean average
velocity is 4.1 feet per second. The velocity is derived form 16 cross sections on Whites
Creek. For more information on the Whites Creek watershed drainage area, flooding
sources, lengths, velocities, and depth of water refer to table 4-10.

Repetitive Loss Areas

The repetitive loss area is located on the right bank of Whites Creek mainstem extending
from Knight Road downstream to Clarksville Pike. Flood damages within this repetitive
loss area are due to construction in the natural floodplain. Flood damages have been
aggravated by upstream and local urbanization, and backwater from several bridges.
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Currently, there are 3 properties reporting repetitive losses due to flooding on Whites
Creek. In addition, the associated repetitive loss areas encompass 183 properties (42
mitigated, 141 un-mitigated. See Appendix C, Figure C.12. The Whites Creek Storm
Water Basin Plan, completed in 1988, identifies these flood-prone areas and alternative
solutions to reduce existing flooding problems.

Two repetitive loss areas have also been identified along Ewing Creek within the Whites
Creek watershed. One on the mainstem of Ewing Creek (Figure C.14) and one on North
Fork Ewing Creek (Figure C.15). Within these repetitive loss areas, there are three
properties reporting repetitive losses due to flooding on Ewing Creek and three properties
on North Fork Ewing Creek. In addition, the associated repetitive loss areas encompass
15 properties (9 mitigated, 6 un-mitigated) on Ewing Creek and 183 properties (42
mitigated, 141 un-mitigated) on North Fork Ewing Creek.

Past Occurrences

There have been 140 recorded flood events within Davidson County since July 1780. These
events are reported in the Chronology of Disasters in TN (A.P. Coggins) and by the National
Climatic Data Center, National Weather Service, and Metro Water Services. These events are
presented in a tabular format within Appendix B. The table lists the death and injury totals as
well as property and crop damage, plus a description of each event.

The extent of flooding impacts to the Nashville-Davidson County community can be
exhibited by the May 2010 flood. It was the worst recorded flood in terms of the impact to the
community and economy. As reported in the Tennessean, “it resulted in about 13.5 inches of
rainfall over a 36-hour period and the Cumberland River rose to a historic 51 feet. The
flooding caused an estimated $2 billion in property and infrastructure damage as well as 26
deaths, 11 in Davidson County. About 11,000 properties were damaged and 10,000 people
were displaced from their homes. Around 300-400 business closed.”

Since the last MHMP, Hurricane Harvey occurred. The greatest impact happened around the
Texas coastline, but it also had an effect on the Nashville-Davidson County community as
well. According to the Tennessean and the National Weather Service, “10 inches of rain fell
in 24 hours. The Cumberland River rose to 27 feet, flood level is 40 feet. Whites Creek rose
from 3 feet to 15 feet. Evacuations along Whites Creek were voluntary, but about 30 people
left their homes and stayed at a Nashville shelter set up for flood victims. 13 Residents along
Browns Creek near the Nashville fairgrounds fled to safety. The Nashville National Weather
Service confirmed two Nashville tornadoes during the storm, an EF1 tornado touched down in
the Bordeaux area and an EF-0 near Lake Sevier in Shelby Park. The EF-1 tornado north of
Nashville brought winds of about 95 mph and traveled about .7 miles. It caused damage to a
house’s roof and caused exterior damage to others. Two car ports also collapsed, and several
large trees were snapped or uprooted. No injuries or fatalities were reported. Nashville
deactivated its emergency operations center after less than 24 hours. Most of the damage was
contained, although at one point about 10,000 homes were without power.”
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More recently, February 2019 set a record for that month, totaling 13.5 inches of rainfall. The
average rainfall for the month of February is about 3 inches. As reported in the Tennessean,
“no fatalities were reported in the Nashville-Davidson County community. However, 3 deaths
were reported in Tennessee. In the community, The Office of Emergency Management, OEM,
partially activated the emergency operations center. An American Red Cross shelter was
opened, the Metro Nashville Police Department urged residents in the Pennington Bend Road,
Opryland, Miami Avenue neighborhood, the KOA Campground and Old Hickory areas to
evacuate before water levels rose. The rainfall caused a landside along Interstate 24 in the
North Nashville area resulting in a portion of the eastbound interstate to close. Crews in the
community had to rescue someone unable to come to shore while on a houseboat at Four
Corners Marina. Residents at the Grand Ole RV Resort in Goodlettsville were displaced as
RV’s flooded. Across Nashville, the fire department responded to at least 60 water rescue
calls in one evening, though none involved serious injuries. Tennessee governor Bill Lee
declared a State of Emergency, due to rising flood waters and the potential for more severe
weather.”

Two outstanding historic floods that produced maximum flood heights on much of the
Cumberland River were those of December 1926-January 1927 and January 1937. However,
the flood of March 1975 exceeded the 1-percent-annual-chance flood elevation in existence
prior to this occurrence and caused over $6.6 million worth of damage in Davidson County
alone. USACE Nashville District considers the May 2010 event as a historical event when
computing the flood frequency discharges based on the extreme magnitude of this flood.
Treating the May 2010 event as a historical event extends the period of record for
the analysis. Now the May 2010 flood is treated as the largest since 1926 and more accurately
estimates the exceedance probability of this event.

Two recent flood events include the May 2010 Flood and the February 2019 Flood. The May
2010 Flood was caused by two days of heavy rain on May 1%t and 2"%. Total rainfall amounts
ranged from 10 to 20 inches, with 13.57 inches measured at the Nashville International
Airport. This broke many rainfall records, and May 2010 became the Wettest May on record,
in addition to becoming the Wettest Month on record. Many of the creeks and streams around
Nashville surpassed levels not seen since the 1979 Flood. River gauges on Browns Creek,
Whites Creek, Mill Creek and Richland Creek all set record crests. The Cumberland River
level at downtown Nashville crested at 52.55 feet, making it the 3 highest level on record,
behind the 1937 Flood (53.90 feet) and the highest level recorded on January 1%, 1927 (56.20
feet).

In February 2019, widespread persistent rainfall from the 19" through the 24™ capped off a
wet month that ended up being the wettest February on record with 13.47 inches of rain
measured at Nashville International Airport. This caused rivers across Middle Tennessee to
slowly rise, with many reaching flood stage around February 23 and 24", Even though this
rain was significantly less intense than the May 2010 rainfall, it did fall in a similar pattern to
the December 1926 rainfall that caused the record crest on the Cumberland River at Nashville.
The two events are eerily similar not only with the amount of rain that fell, but also with the
location and time frame it fell. The U.S. Army Corps of Engineers was able to manage the
flow of the Cumberland River so that the water level peaked at 40.93 feet, well below the
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1927 crest of 56.20 feet. The river level at downtown Nashville remained elevated for several
weeks afterward as the water held by upstream projects was routed through the Cumberland
River basin

Likelihood of Future Occurrences

The terms "10-year," "50-year," "100-year," and "500-year" floods are used to describe the
estimated probability of a flood event happening in any given year. A 10-year flood has a 10
percent probability of occurring in any given year, a 50-year event a 2 percent probability, a
100-year event a 1 percent probability, and a 500-year event a 0.2 percent probability. While
unlikely, it is possible to have two 100 or even 500-year floods within years or months of
each other. The 1-percent-annual-chance floodplain is presented in Figure 4-21 for all
jurisdictions in the planning area according to the effective FEMA Flood Insurance Rate Map.

The potential for flooding can change and increase through various land use changes and
changes to land surface. A change in environment can create localized flooding problems
inside and outside of natural floodplains through the alteration or confinement of natural
drainage channels. These changes can be created by human activities or by other events, such
as wildfires, earthquakes, or landslides.

Based on data from NCDC, from 1996 to 2019, there were 93 records of flood or flash flood
events over a 23-year period. The average number of flood and flash flood events calculates
to 4 events per year. The probability was assigned a rank of frequent or very likely to occur:
events usually have a high number of recorded incidents or anecdotal evidence. All
jurisdictions with a mapped 1-percent annual chance floodplain are assigned this same
probability. ) ] o
Figure 4-23: Nashville Precipitation

The National Weather Service analyzed data in the 1rends
Nashville-Davidson County area to predict the |3
effects of climate change on the community. The
following figures show the historical and predicted
precipitation and temperature trends:

5
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GEOLOGICAL HAZARDS

Figure 4-26: Generalized Geologic Map of TN
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EARTHQUAKE

An earthquake is a shaking or trembling
of the earth’s surface caused by the
lifting, shifting, breaking, or slipping of
a fault line. Stresses in the earth’s outer
layer push the sides of the fault together.
Stress builds up and the rocks slip
suddenly, releasing energy in waves that %36
travel through the earth’s crust and cause
the shaking that is felt during an
earthquake.

Missourl
Arkansas

Nashville is within proximity of two 3
seismic zones the New Madrid Seismic

Zone and the Southern Appalachian
Seismic Zone, a portion of which is known
as the East Tennessee Seismic Zone.

Figure 4-27a: Schematic Map of New Madrid
Seismic Zone
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The New Madrid Seismic Zone extends from west-central Mississippi northward past Cape
Girardeau, Missouri. The center of this seismic zone is in New Madrid, Missouri, which is
approximately 210 miles west of Nashville. It is the major source of seismic activity east of
the Rocky Mountains. Although activity in the New Madrid Seismic Zone is less frequent
than along the West Coast, when tremblers do occur, the destruction covers more than 20
times the area of an equivalent West Coast earthquake because of underlying geology. The
largest earthquake in continental United States, according to the U.S. Geological Survey
(USGS), occurred on the New Madrid fault in 1811.

Figure 4-27a, is a schematic map of the New Madrid Seismic Zone showing major tectonic
features, state boundaries, and major rivers. Instrumentally recorded seismicity delineates
faults that probably ruptured in 1811-1812. Currently, aseismic structures (dashed lines) may
also represent potential earthquake sources such as the Reelfoot rift boundaries, the
Commerce geophysical lineament, the Crittendon County fault zone, and the Bootheel
lineament.

The Southern Appalachian Seismic Zone (SASZ) extends from Alabama to Virginia with the
most recent activity extending from northwestern Georgia through east Tennessee (the portion
known as the East Tennessee Seismic Zone or ETSZ) (Figure 4.27b). The ETSZ is the most
active seismic region in the eastern United States. Given the rate of seismicity in the ETSZ, it
is somewhat surprising that the largest known earthquake in the ETSZ was the 1973 Alcoa,
Tennessee earthquake, which had a magnitude of only 4.6 on the Richter magnitude scale.
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Figure 4-27b: Schematic Map of East Tennessee Seismic Zone
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Several methods, compared in Table 4-16, have been developed to quantify the strength of an
earthquake. The most recognized methods for measuring earthquake strength are:

Richter Magnitude is a measure of earthquake strength or the amount of energy
released. Charles Richter originally developed this scale in 1935. Magnitude is
expressed in whole numbers and decimals, with each succeeding whole number
representing a tenfold increase in the energy released. There is only one Richter value
calculated for the epicenter of a specific earthquake. (The epicenter is the location on
the surface of the earth directly above where an earthquake originates. It is determined
by measuring the amplitudes of ground motion on seismograms.)

Modified Mercalli Intensity Scale is an evaluation of the severity of ground motion
at a given location measured relative to the effects of the earthquake on people and
property. This scale was developed by Wood and Nueman in 1931, based on
Mercalli’s 1902 original version. Intensity is expressed in Roman numerals | — XII.
The Mercalli scale is the most effective means of determining the approximate
magnitude of a quake that occurred in historic time prior to the advent of uniform
seismic detection devices and the Richter Scale.

Mzécr?iti:je Mercalli Scale Effects
2 |1l Usually detected only by instruments
3 I Felt Indoors
4 V-V Felt by most people; slight damage
5 VI-VII Felt by all; damage moderate
6 VIl - VI Damage moderate to major
7 IX-X Major damage
8+ X - Xl Total and major damage

Table 4-16: Comparison of Richter Magnitude and Modified Mercalli Intensity Scales

Ground Motion Amplification

Ground motion is the movement of the earth’s surface due to earthquakes or explosions. It is
produced by waves generated by a sudden slip on a fault or sudden pressure at the explosive
source and travels through the earth and along its surface. Ground motion is amplified when
surface waves of unconsolidated materials bounce off of or are refracted by adjacent solid
bedrock.

The ground motions being considered at a given location are those from all future possible
earthquake magnitudes at all possible distances from that location. The ground motion coming
from a particular magnitude and distance is assigned an annual probability equal to the annual
probability of occurrence of the causative magnitude and distance.

The method assumes a reasonable future catalog of earthquakes, based upon historical
earthquake locations and geological information on the recurrence rate of fault ruptures.
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When all the possible earthquakes and magnitudes have been considered, a ground motion
value is determined such that the annual rate of its being exceeded has a certain value.
Therefore, as presented on Figure 4-28, for the given probability of exceedance, two percent,
the locations shaken more frequently will have larger ground motions. Figure 4-28 shows
Davidson County is split in half at 10-14% probability for the eastern part, and 14-20%

probability for the western part.

Figure 4-28: Peak Horizontal Acceleration with 2% Probability

of Exceedance in 50 years. Source: USGS National Seismic
Hazard Maps TN Region- 2014.

N

Past Occurrences

Earthquake events affecting the Nashville-Davidson County area are presented in Appendix
B. The figure below presents earthquake activity from 2010 to 2018, in and surrounding

Tennessee. This includes both the New Madrid Fault and the East TN Seismic Zone.
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Figure 4-29: 2010-2018 Seismic Activities Through-out Tennessee
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Likelihood of Future Occurrences

According to the Tennessee Emergency Management Agency, instead of a prediction of
when an earthquake will strike, an estimate of the likelihood of an earthquake recurring
within a given time frame should be given:

e The U.S. Geological Survey (USGS) postulates the recurrence interval for a 5.0
magnitude event to be 10-12 years, and for a 6.0 magnitude event to be 70-90 years.

e The USGS and the Center for Earthquake Research and Information estimate that for
a 50-year time period, the probability of a magnitude 7.5-8.0 event is 7-10 percent,
and for a magnitude 6.0 or larger event is 25-40 percent.

o The highest recurrence rate of large earthquakes in Tennessee occurs in the
northwestern quadrant of the state.

e New zones of relatively small seismicity have been identified near the Georgia-
Tennessee border at Chattanooga, and roughly along Interstate 75 between
Chattanooga and Knoxville. This area has not been studied enough to ascertain the
expectancy of seismic event histories or likelihoods.

The New Madrid Seismic Zone_is an active seismic zone, averaging more than 180 events per
year that measure 1.0 or more on the Richter scale. This is equivalent to approximately 15
events per month. Events measuring 2.5-3.0 on the Richter scale includes tremors large
enough to be felt and are noted annually. Every 18 months, the New Madrid Seismic Zone
releases a shock of 4.0 or more, capable of local minor damage. Magnitudes of 5.0 or greater
occur approximately once per decade, can cause significant damage, and are felt in several
states. A damaging earthquake in the New Madrid Seismic Zone (6.0 or greater) occurs about
every 80 years (the last one occurred in 1895).

A major earthquake in the New Madrid Seismic Zone (7.5 or greater) happens every 200-300
years (the last one occurred in 1812). It is predicted that there is a 25 percent chance of a
disastrous major earthquake by 2040. A New Madrid Seismic Zone_rupture of this size would
be felt throughout half the United States and damage would be expected in 20 states or more.
Events measuring 6.0-7.6 have more significant probabilities in the near future. A 6.0 shock
has a 90 percent chance of occurring by the year 2040.

Only one or two earthquakes with magnitudes equal to or greater than 3.0 are expected in the
SASZ per year. The extrapolated, expected recurrence time for earthquakes with magnitudes
of 6.0 or greater in the SASZ is 186 years (Bollinger et al., 1989).

Studies were conducted by the Mid-America Earthquake Center under a $12 Million contract
for the Dept. of Homeland Security and FEMA from 2006 to 2009 for projected damage
figures for a 7.7 New Madrid Earthquake Event. This data was used to conduct a scenario for
the National Level Exercise 2011 for all Federal Agencies, including the Dept. of Defense and
all 22 affected state jurisdictions. Detailed information for Davidson County is discussed in
section 4.2.
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Figure 4-30: Seismic Hazard Map of US (as of November 2014)
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LANDSLIDES

The term landslide includes a wide
range of ground movement, such as
rock falls, deep failure of slopes, and
shallow debris flows. Although gravity
acting on an over-steepened slope is
the primary reason for a landslide,
there are other contributing factors:

« Erosion by rivers, glaciers, or , .
ocean waves create over Figure 4-31: Landslide on 1-24 E, Mile Marker 42, Feb. 23, 2019.
steepened slopes; (Photo courtesy of TDOT)

e Rock and soil slopes are
weakened through saturation by snowmelt or heavy rains;

o Earthquakes create stresses that make weak slopes fail;

o Earthquakes of magnitude 4.0 and greater have been known to trigger landslides;

e Volcanic eruptions produce loose ash deposits, heavy rain, and debris flows; and

o Excess weight from accumulation of rain or snow, stockpiling of rock or ore from
waste piles or from man-made structures may induce weak slopes to fail.

Landslides constitute a major geologic hazard because they are widespread, occurring in all
50 states, and cause $1 to 2 billion in damages and more than 25 fatalities, on average, each
year. Landslides pose serious threats to highways and to structures that support fisheries,
tourism, timber harvesting, mining, and energy production, as well as general transportation.
Landslides commonly happen concurrently with other major natural disasters such as
earthquakes and floods, which exacerbate relief and reconstruction efforts. Expanded
development and other land uses have increased the incidence of landslide disasters.

Steep slopes, present throughout the Metro area, specifically in south-central Davidson and
north-central Williamson Counties, have the potential to be unstable. Landslides have
occurred in this area due to construction-altered colluvium soils on steep slopes adjacent to
the Highland Rim escarpment. Colluvium soils are derived from the weathering and erosion
of the siliceous Fort Payne Formation, and are composed chiefly of silt- to clay-sized
fragments of silica with some fragments ranging up to boulder size.

Developments on steeper slopes in recent years have increased the number of landslides and
the potential for land sliding in areas around Nashville, especially in the Bellevue area of
southwestern Davidson County. Most recent landslide incidents have occurred on Dellrose
soils at the base of the Fort Payne-Chattanooga slopes.
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Figure 4-32 presents evidence of a landslide that occurred at an
apartment complex along Edmondson Pike. The slides average
about 200 feet in width, 150 feet in length, and have steep
surfaces on the undisturbed ground at the upper edge of the
landslide ranging from about 3 feet to 24 feet. These slides are
significant because they occurred in residential subdivisions
with resulting financial loss to many property owners. Damage
ranged from minor cracks in retaining walls and foundations to
major structural failure of residences. Roadways and driveways
were crumpled, dislocated, or cracked.

Figure 4-32: Evidence of
Landslides

Figure 4-33 shows pictures taken from Metro Planning’s pictometry flights just days after the
May 2010 flood.

Figure 4-33: Evidence of Landslides after May 2010 Flood

Past Occurrences

Several landslides occurred in Nashville in the early 1970s. In particular, many landslides
occurred in 1975, partially because of heavy rainfall. Approximately 40 slides were visited
after the rains of March 11-13, 1975. One special problem was created in the case of a
Tennessee Valley Authority transmission line tower located adjacent to one of the slides. The
upper scarp of a slide that occurred March 11, 1975 (one occurred in the same location in
1974) was only 30 feet downhill from the lower legs of the tower. Within the following
month, transverse cracks and scarps were forming all around the tower, causing the tower legs
to buckle; the base was moved outward and downward, where the tower was tilting uphill.
The tower has since been removed from the site.
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During the construction of U.S. Highway 70 across Nine Mile Hill, fill failure over colluvium
caused continuing problems. In 1973, there was subsequent collapse of deeply weathered Fort
Payne and Chattanooga material onto the roadway at the same time.

Old alluvium in a cut on Interstate Highway 40 just northeast of the U.S. Highway 70 South
interchange failed, requiring construction of a reinforced retaining wall. Failure of the same
material at a service station at this intersection required similar construction.

Many landslides occurred as a result of the May 2010 flooding as shown in Figure 4-26a and
in Appendix B.

The most recent landslide happened on the side of Interstate 24, eastbound, on February 23,
2019, as seen in figure 4-31. The interstate was impassable and subsequently shutdown for 19
days as TN Department of Transportation crews worked to remove approximately 36,000
cubic yards of material, and make a temporary widening around the site to temporarily
accommodate the 2 lanes of traffic affected. Permanent slope repairs included additional
excavation of the slope and installation of a rock buttress behind a rock bench approximately
50 feet wide. This work took several months, and approximately $8 million dollars.

Slopes greater than 25% are presented in Figure 4-34b.

Likelihood of Future Occurrences

Although the physical cause of many landslides cannot be removed, geologic investigations,
good engineering practices, and effective enforcement of land use management regulations
can reduce landslide hazards. Metro subdivision regulations designate lots with steeps slopes
as critical lots, which require review of planned buildings on the lots. Lots are designated
critical during the preliminary plat review process based on soil conditions, degree of slope or
other lot features, and to address concerns relating to the feasibility of construction.
However, outside of subdivision development, the critical lot concept is not utilized.

Davidson County
Slopes Greater than 25%

Figure 4-34b: Slopes greater than 25%
Figure 4-34a: Slope Failure
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SINKHOLES

Karst is a distinctive topography in which
the landscape is shaped by the dissolving
action of water on carbonate bedrock
(usually limestone, dolomite, or marble).
Davidson County is characterized by gently
folded and flat-lying carbonate rocks,
indurated limestone, and dolomite that have
not been strongly deformed. Dissolution in
this region may produce solution, collapse,
and cover-collapse sinkholes.

Solution sinkholes form as the limestone

dissolves, creating sunken areas in the land
surface. Collapse sinkholes form when
caves collapse and suddenly drop a portion
of the land surface above. Damage to
buildings commonly results from collapse
of soil and/or rock material into an open
void space near or beneath man-made
structures. As shown in figure 4-35, these
three photos from different parts of the
county proves that sinkholes happen all
over the county; downtown, west and
southeast.

5t Ave S, 2014
-
%

cGavock Pike 2013 - Hicks R#:2014
Grou_nd subsidence into even a small Figure 4-35: Local Sink Holes
opening may be very costly if a structure

sits on the overlying surface. Sinkhole collapses are often unpredicted and sudden, although
they occur more frequently after heavy rainfall. Heavy rainfalls increase the soil’s weight and
decrease its strength and stability. Construction can also trigger collapses by directing runoff
into a vulnerable area, or weakening the cover of an incipient collapse. Finally, lowering of
the water table by a nearby well or from quarry pumping can also trigger collapse when the
buoyant effect of groundwater is removed.

Within Metropolitan Nashville-
Davidson County, areas
susceptible to sinkhole
formations have been noted
counties adjacent to J. Percy Priest Lake
Pe[:rclegt Sinkholes (see Figures 4-36a-b & 4-37).
-1

<1

[ B30

Figure 4-36a: Karst Hazard Map of Tennessee
(Source: TDEC Ground Water 305b Water Quality Report, November2002)
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I Ternessee State University

b Satellite City

“ Areas with higher probability {up o 5%} of sinkholes, caves and
disappearing streams occurrence. Rest of the County, has lesser
probability of sinkholes, caves and disappearing streams occur-
rence.

o 2 4 8

™ e Miles

Map prepared by: Tennessee Geological Survey

Source: Geologic Hazards Map of Tennessee, 1977; ESRI; Metro Nashville

Figure 4-36b: Map of Davidson County-
Jurisdictional Sinkhole Probability

Figure 4-37: Map of Davidson County Sinkholes

per TDEC Sinkhole Permit Database 2019
(Provided by Metro Water Services)

Davidson County Sinkholes

(Per TDEC Sinkhole Permit Datase 20119)

Project Type ¥
Sinkhole Dump w—éf—z e —ics
®  sinkhole Modification M
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COMMUNICABLE DISEASES/PUBLIC HEALTH

Communicable diseases, sometimes called infectious
diseases, are illnesses caused by organisms such as
bacteria, viruses, fungi and parasites. Communicable
diseases may be spread directly from one infected person
to another, from an animal to a human or from some
inanimate object (doorknobs, table tops, etc.) to an
individual.

Past Occurrences
Examples of communicable disease outbreaks seen historically in TN are West Nile Virus
(mosquito-borne), bed bugs and pertussis (whooping cough). The most recently declared
worldwide communicable disease emergency that affected TN was the HIN1 (swine flu)
pandemic in 2010.

oW In 2017-2019, Nashville experienced a Hepatitis A
= ¥ outbreak that infected more than 200 residents of Davidson

= County. The outbreak has spread throughout Tennessee

. and to other states. Populations impacted are jails, people

) ;*:g;:gs 8 that use recreational drugs, and persons in close contact
‘ hactvated with symptomatic infected person. Prior to this outbreak on
029305948 average Davidson County encounters one confirmed case
=" per year and Tennessee Department of Health reports a

total of 13 case per year in the state.

Likelihood of Future Occurrences

Because there are so many different types of communicable diseases, prevention and
mitigation are dependent on the specific outbreak. Depending on the disease, prevention and
mitigation could range from washing hands to covering cough to isolation and quarantine. It is
the responsibility of the Director of Health to recognize various characteristics of the
communicable disease and create/implement prevention and mitigation measures.

Hepatitis A is a vaccine preventable infection and as part of the outbreak response Metro
Public Health Department with the Tennessee Department of Health launched a campaign to
vaccinate the most vulnerable populations with free immunizations to combat the spread of
the virus. With education and vaccine treatment reoccurrence can be mitigated which will
reduce the likely hood of another Hepatitis A outbreak.

As of 2019 there is a movement in the United States to not get any vaccinations against know
preventable viruses. As a result possible outbreaks are likely to occur for population refusing
vaccinations against known preventable infectious. Metro Public Health Department
continues to promote and educate Nashville residents to get vaccinated. A full list of
reportable diseases follows.
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Davidson County communicable disease surveillance and control activities are coordinated by
the Metro Public Health Department in conjunction with the Tennessee Department of Health.

Figure 4-38: TN Reportable Disease List 2019

2019 Tennessee Reportable Disease List

The diseases, events, and conditions reportable
to Tennessee Department of Health (TDH) by
healthcare providers are listed below for 2019.
Laboratories in healthcare facilities should refer
to Page 2 of this document.

Report Via Fax

* Local/Regional Health Offices:
https: /[ fwww.tn.govihealth fhealth-program-
ar caldepartments. htmil

= State/CEDEP: (615) 741-3857

Report Online

= All conditions should be reported online
through NBS beginning February 4, 2019:
https: [/ fhesi.tn.gow/auth/login

+ To sign up for NBS online reporting, please fill
out the REDCap survey: https.//
redcap. health.tn.gov/redcap/surveys 7

s=BL TCMWHNAM.

More information about reporting is available on
the Reportable Diseases website at https://
www . tn.gov/health/cedep/reportable-

diseases.html. For questions, contact CEDEP at
[615) 741-7247 or (E00) 404-3006.

Regular Reporting
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Effective January 1, 2019

for HEALTH PROVIDERS

Outbreaks and Events of Urgent Public Health Concern:

» Disease dusters or outhreaks |

* Single ases of pan-nomsusceptible organisms, unusual resistance mechanisms, or other

emerging or unusual pathogen® |

*Angweats & of the MI10D Perinrmance Standarcs for Annmicmitied Sucoeachiiry Tesang

Haluens Dmeate (Leprosy)
Healthcare Associated infections: %1
Catheter-Associated Urinary Tract
Central Line AssoCiated Bloodstream
Clostridiumn difficile
Duabysis Events
Healthcare Personnel influenza Vatrinaton
MMMIMMMMM

Human immunodeficency Virus/Acguired
Immunadefcency Syndrome
influenza-Associated Deaths:
Age <18 Years W,
Pregnancy-Associsted B

LMSB
Listeriasis
Lyme Disease
Malaria
Mieashes |
Meningitis: Other Bacterial &
Meningocoocal Disease (Nedsseria
meningitidis) |
Middle East Respiratory Syndrome |
Mumgps B
Meonatzl Abstinence andmmen
Montuberoudous Mycoboctenio infection
(extra-pulmonary only)
Opapid Drug Overdose @i
Perusss B
Plague B
Pobomyelits B
Q Fever T
Rabies: Animal, Human |
Ricin Poisoning |
Rubeils B
St. Louss Encephalits Vinus infecton
Salmonedlosis: Typhoid Fever B
Salmonellosis: All other species
Shiga toxin-producing Eschenichio coli
Shigellosis
Smalipox |
Spotted Fever Rickettsiosis
Stophylocooous oureus: Enterctoxin B
Pulmonary Potsoning |
Stophylocooous gurews: Vanoomyoin
Non-Susceptible (Al Forms) B
StreptoCDoous pe Invasive D
Syphilis: Congenital T, Other
Tetanus
Tomic Shock Syndrome: Staphylocoocal,
cal

Streploond

Tuberculosis, infection |atent™)*

Tuberculosis, suspected or confirmed active
disease W

Tularemia B

Vancomycin-Resistant Enterncoccus invasive
Dizease

Voricello Deaths

Vibriosis

viral Hemaorrhagic Fever |

West Nile Vinus infection: Encephalitis, Fever
vellow Fever B

¥erumnioss

Zika Virus Disease/infecrion T
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Hazardous Materials Incidents

This section of the plan highlights the potential factors for Nashville Davidson County to
recognize the significance for all that passes through the County.

Nashville - Davidson County is unique with four major Interstate systems (1-65, I- 40, 1-24
and 1-440) that converge on the County. Then combine that with Briley Parkway and
Ellington Parkway, which are state highways, which makes for an often congested hub and
one of the few unique cities in the nation that has that number of major motorways
converging in one area such as Nashville. Nashville - Davidson County also boasts a major
inter-coastal waterway (Cumberland River), two major rail lines (CSX North/South line and
East/West) and one (Music City Star) commuter rail line. Nashville, with the growth spell it’s
had in recent years also has a busy International Airport bringing visitor’s from all over the
world to enjoy the culture, history and music. Nashville has a major fuel pipeline (Colonial
Pipeline) and natural gas line (Duke Energy) as well as major fuel depots that support the
mid-state Region in addition to the County. There are many chemical companies, research
laboratories and industry that have potential for hazardous materials incidents, which makes
Nashville and Davidson County have a higher probability for a hazardous materials incident.
Nashville is also a unique city in that it’s a frequent corridor for hauling radioactive and spent
nuclear material, munitions and fuel rods from the region.

Submission of Tier Il forms is required under Section 312 of the Emergency Planning and
Community Right-to-know Act of 1986 (EPCRA). The purpose of this form is to supply
officials and the public with specific information on potential hazards relating to hazardous
chemicals at certain thresholds. Required information includes locations and amount of
hazardous materials at the facility. Since September 1st, 2014, the State of Tennessee has
required all facilities operating in the State to electronically file Tier Il reports using E-Plan,
and since 2015, Metro Nashville-Davidson County has gone to electronically filing using E-
Plan as well, instead of facilities submitting paper copies to the Local Emergency Planning
Committee (OEM) and Nashville Fire Department. Residents can requests specific facility
Tier Il requests to the State Emergency Response Commission in writing. Approved first
responders do not have to pay to use this E-Plan program

Most of our hazardous materials incidents tend to be accidental; however there can be times
where they’re intentional such as chemical suicides, “white powder”, or incidents with more
nefarious intent. The majority of hazardous materials incidents in Nashville-Davidson County
involve fuel spills from either damaged fuel tanks or overturned tankers. Fuel is delivered by
pipeline, trucked in by semi and carried on the river by barges. In addition, there are
numerous transports hauling chemicals through Nashville, such as: ammonia, oxygen,
hydrogen, argon, nitrogen and acids to name a few.

The potential for hazardous materials incidents are high in the Nashville Davidson County
area. Because of this, the Nashville Fire Department has two full time hazardous materials
Teams that regularly respond to incidents. Historically speaking, there’ve not been any
significant hazardous materials incidents in the county that weren’t resolved within a few
hours of inception. With that said, this potential “high-risk/low frequency” incident ranks high
on the probability scale and makes it a high importance that hazardous materials teams,
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Special Operations, amongst others, conduct exercises and train for those sort of High Risk
Low Frequency incidents.

U.S. Natural Gas Pipelines

Source: American Energy Mapping (AEM) 2013

Figure 4-39: Map of Natural Gas Pipelines

Colaris! Pipaline Disruption - U9, East Coail
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Figure 4-40: Map of Colonial Pipeline

Figure 4-41: Map of CSX Rail Line
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WILDFIRES

Heavily wooded or forested areas cover only a small portion of Davidson County’s total land
area, however, wildfires are not only in forested areas, many occur in grassland areas such as
yards and pastures, primarily due to escaped debris burns. According to the TN Division of
Forestry, debris burning and arson are the two main causes of wildfires. Debris burning is not
allowed within Davidson County without a permit.

Nonetheless, when the conditions are right, all these areas become vulnerable to devastating
wildfires. Also, in the last few decades, the risks associated with Davidson County’s wildfire
hazard have increased dramatically due to the increase in urban development in and around
forested areas.

Generally, there are three major factors that sustain wildfires and allow for predictions of a
given area’s potential to burn. These factors include:

o Fuel;
e Topography; and
e Weather.

Fuel is the material that feeds a fire and is a key factor in wildfire behavior. Fuel is generally
classified by type and by volume. Fuel sources are diverse and include everything from dead
tree needles, twigs, and branches to dead standing trees, live trees, brush, and cured grasses.
Man-made structures and other associated combustibles are also to be considered as a fuel
source. The type of prevalent fuel directly influences the behavior of wildfire. Light fuels such
as grasses burn quickly and serve as a catalyst for spreading wildfires.

An area’s topography (terrain and land slopes) affects its susceptibility to wildfire spread. Fire
intensities and rates of spread increase as slope increases due to the tendency of heat from a fire
to rise via convection and radiation. The natural arrangement of vegetation throughout a
hillside can also contribute to increased fire activity on slopes

Weather components such as temperature, relative humidity, wind, and lightning also affect the
potential for wildfire. High temperatures and low relative humidity dry out the fuels that feed
the wildfire creating a situation where fuel will more readily ignite and burn more intensely.
Wind is the most treacherous weather factor. The issue of drought conditions contributes to
concerns about wildfire vulnerability.

The National Weather Service Fire Weather Program emerged in response to a need for
weather support to large and dangerous wildfires. This service is provided to federal and state
land management agencies for the prevention, suppression, and management of forest and
rangeland fires. The National Weather Service Forecast Office in Nashville provides year-
round fire weather forecasts for most of Middle Tennessee. Routine fire weather forecasts are
issued daily for Tennessee Division of Forestry Districts. (Nashville/Davidson County is
located within the Highland Rim District Figure 4-42).

Hazard Identification
Wildfires
Section 4.1, Page 71

Metropolitan Nashville - Davidson County
Multi-Hazard Mitigation Plan — FINAL
January 2020




Highland Rlm Cumberland East TN

Figure 4-42: Tennessee Forestry Districts

Past Occurrences

As shown in Table 4-17, wildfire calls have consistently declined since 2016. More information
about past events is presented in Appendix B.

250
226
200 -
150 -
W 2016
m 2017
100 - 2018
50 -
0 .
Davidson Co. Wildfires

Table 4-17: Davidson County Wildfires
(Source: NFIRS reporting from Nashville Fire Dept., Fire Marshall’s Office)
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Highland Rim District Wildfire Statistics
Source: TN Division of Forestry, Highland Rim District Office

Total Causes # Causes % Avg
Number Total Acres | Fire
Year Fires Debris Incendiary Debris Incendiary Burned Size
1997 326 162 94 50% 29% 1893 5.8

1998 394 192 110 49% 28% 2354 6
1999 1026 421 323 41% 31% 8354 8.1
2000 668 292 228 44% 34% 3689 5.5
2001 552 273 147 49% 27% 3689 6.7
2002 302 148 86 49% 28% 1627 5.4
2003 290 142 93 49% 32% 892 3.1
2004 380 195 115 51% 30% 2061 5.4
2005 519 261 145 50% 28% 2128 4.1
2006 700 383 156 55% 22% 4441 6.3
2007 825 362 190 44% 23% 6092 7.4
2008 275 132 59 48% 21% 1633 5.9
2009 299 163 65 55% 22% 2221 7.4
2010 375 194 91 52% 24% 2878 7.7
2011 289 122 68 42% 24% 2523 8.7
2012 249 98 58 39% 23% 1528 6.1
2013 159 75 52 47% 33% 774 4.9
2014 272 145 50 53% 18% 1866 6.9
2015 180 72 53 40% 29% 1532 8.5
2016 240 79 68 33% 28% 2570 10.7

Debris | Undetermined | Debris | Undetermined
2017 135 53 24 39% 18% 860 6.4
2018 77 30 20 39% 26% 535 6.9
District 388 182 104 46% 26% 2552 | 6.5
Averages

Table 4-18: TN Division of Forestry, Highland Rim District Office Response
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Likelihood of Future Occurrences

Numerous products are created by or in conjunction with the US Forest Services and/or the
National Weather Service to help forecast daily, monthly and seasonal forecasts. Over the next
several months, the Middle TN area is expected to have below normal potential as presented in
Figure 4-43, by the National Interagency Fire Center.

Significant Wildland Fire Potential Outlook

November,2019

L

Significant Wildland Fire Potential 7

- AbOVE NOME| e O£ 0GFAPIC Area
Boundary

Below Normal Predictive Services

PREDICTIVE
Area Boundary SERVICES

l:l Normal State Border Map produced
Pred

Nati
Above normal significant wildland fire potential indicates a greater than usual likelihood that significant wildland fires will occur. se, [daho
Significant wildland fires should be expected at typical times and intervals during normal significant wildland fire potential conditions. Issued August 1, 2019
Significant wildland fires are still possible but less likely than usual during forecasted below normal periods. Next issuance September 1, 2018

Figure 4-43: Wildfire Potential outlook
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MAN-MADE HAZARDS

For the purpose of this plan, “man-made hazards” are technological hazards and terrorism.
These are distinguished from natural hazards in that they originate from human activity. The
term “technological hazards” refers to the origins of incidents that can arise from human
activities such as the manufacture, transportation, storage, and use of hazardous materials.
Although this can also include potential damage from ground shaking or airborne materials
resulting from blasting operations at quarries or construction sites, this hazard is not addressed
in the plan since the State Fire Marshalls Office in the Tennessee Department of Commerce
and Insurance regulates all blasting operations in the state.

The term “terrorism” refers to intentional, criminal and malicious acts. Terrorism is officially
defined in the Code of Federal Regulations as “...the unlawful use of force or violence against
persons or property to intimidate or coerce a Government, the civilian population, or any
segment thereof, in furtherance of political or social objectives.” For the purposes of
mitigation planning, “terrorism” refers to the use of Weapons of Mass Destruction (WMD)
including biological, chemical, nuclear, and radiological weapons; arson, incendiary,
explosive, and armed attacks; industrial sabotage and intentional hazardous materials releases;
and “cyber terrorism.”

Mitigation planning refers to specific actions that can be taken to reduce loss of life and
property from manmade hazards by modifying the built environment to reduce the risk and
potential consequences of these hazards.

Preparedness includes plans and preparations made to save lives and property and to facilitate
response operations. Response includes actions taken to provide emergency assistance, save
lives, minimize property damage, and speed recovery immediately following an incident or
disaster. Recovery includes actions taken to return to a normal or improved operating
condition following an incident or disaster.

This Plan is intended to serve many purposes, including:

e Increasing public awareness to help residents of Davidson County better understand the
natural and manmade hazards that threaten public health, safety, and welfare; economic
vitality; and the operational capability of important institutions;

e Enhancing decision making capacity by providing information that managers and
leaders of local government, business and industry, community associations, and other
key institutions and organizations need to take action to address vulnerabilities to future
disasters;

o Developing a detailed community profile that can be utilized to as reference when
considering the potential impacts that a hazard can have on a range of community assets;

e Providing inter-jurisdictional coordination of mitigation-related programming to
ensure that proposals for mitigation initiatives are reviewed and coordinated among the
participating jurisdictions within the county; and

e Promoting compliance with state and federal programming to ensure that Davidson
County and its communities can take full advantage of state and federal grant programs
that encourage or mandate efficient hazard mitigation planning.
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SEVERE WEATHER

The severe weather evaluated as part of this risk assessment included: extreme temperatures,
thunderstorms and lightning, tornadoes, and winter storms. In general, both the risk and
vulnerability to Metro Nashville-Davidson County from severe weather is high. With weather
records dating back to the 1870s, Nashville has a lengthy history of weather trends. Since the
late 1980s, the average annual temperature and the average annual precipitation have been
warmer and wetter than the historical normal. This trend will likely continue for
the foreseeable future, putting Nashville at a greater risk for thunderstorm related hazards.

DROUGHT

A drought is a period of drier-than-normal conditions that results in water-related problems.
Precipitation (rain or snow) falls in uneven patterns across the country. The amount of
precipitation at a particular location varies from year to year but, over a period of years, the
average amount is fairly constant. The average monthly precipitation for Nashville is presented
in the Table 4-19.

Station Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Annual

Nashville
International | 3.75 | 3.94 | 411 | 400 | 550 | 414 | 3.64 | 3.17 | 3.41 | 3.04 | 431 | 4.24 47.25
Airport

Old Hickory

Dam 350 | 406 | 423 | 408 | 517 | 398 | 3.87 | 294 | 3.48 | 3.16 | 3.95| 4.73 47.15

Table 4-19: Precipitation Normals (inches)

When no rain or only a very small amount of rain falls, soils can dry out and plants can die.
When rainfall is less than normal for several weeks, months, or years, the flow of streams and
rivers decline and the water levels in lakes, reservoirs, and wells fall. If dry weather persists
and water-supply problems develop, the dry period can become a drought. Lower river levels
can also cause transportation interruptions on navigable streams.

A common indicator of drought is the Palmer Drought Severity Index (PDSI). The PDSI is a
soil moisture algorithm calibrated for relatively homogeneous regions. It is used by many U.S.
government agencies and states to trigger drought relief programs. It was also the first
comprehensive drought index developed in the United States. The classifications of the PDSI
are presented in Table 4-20.
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Palmer Classifications
4.0 or more Extremely wet
3.0t0 3.99 Very wet
2.0t02.99 Moderately wet
1.0t01.99 Slightly wet
0.5t00.99 Incipient wet spell
0.49t0-0.49 Near normal
-0.5t0-0.99 Incipient dry spell
-1.0t0-1.99 Mild drought
-2.0t0-2.99 Moderate drought
-3.0t0-3.99 Severe drought
-4.0 or less Extreme drought

Table 4-20: Palmer Classifications

However, there is a newer index, Standardized Precipitation Index (SPI) that is based on the
probability of precipitation for any time scale. The SPI can be computed for different time
scales, and can provide early warning of drought and help assess drought severity, and is less
complex than the Palmer Index.

The Western Regional Climate Center calculates the Standardized Precipitation Index (SPI) for
a variety of time scales ranging from 1 month to 72 months. Figure 4-44 depicts the 72 month
SPI as of August 2019, and shows the central portion of Tennessee was very wet for that time
period. During periods of drought, historically the Governor or Mayor has called for a ban of
open burning in an effort to reduce the risk of wildfire.

The beginning of a drought is difficult to determine. Several weeks, months, or even years may
pass before people recognize that a drought is occurring. The end of a drought can occur as
gradually as it began. Dry periods can last for 10 years or more. The first evidence of drought
usually is seen in records of rainfall. Within a short period of time, the amount of moisture in
soils can begin to decrease. The effects of a drought on flow in streams and rivers or on water
levels in lakes and reservoirs may not be noticed for several weeks or months. Water levels in
wells may not reflect a shortage of rainfall for a year or more after a drought begins.

72-month Standardized Precipitation Index through the end of July 2019

ERpOC00OEEN

Figure 4-44: Standardized Precipitation Index
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Past Occurrences

There have been over 21 recorded droughts encompassing the Nashville-Davidson County area
since 1797. Drought events are presented in Appendix B. The last recorded Exceptional
Drought (D4) in Middle Tennessee began in July 2007 and persisted until March 2008, which
included the Nashville-Davidson County area.

Likelihood of Future Occurrences

The Climate Prediction Center (CPC) of the National Weather Service, together with the
United States Department of Agriculture, the National Drought Mitigation Center in Lincoln,
Nebraska, and NOAA's National Climatic Data Center, issues a weekly drought assessment for
the United States. This assessment provides a consolidated depiction of national drought
conditions based on a combination of drought indicators and field reports. The CPC also issues
a Seasonal United States Drought Outlook each month in conjunction with the weekly release
of the long-lead temperature and precipitation outlooks near the middle of the month. The
probability of drought developing across the Nashville-Davidson County area is higher when
the Middle Tennessee region is experiencing a long-term trend of above normal temperatures.
Abnormally Dry (DO0) conditions briefly develop every 1 to 2 years. More persistent Moderate
Drought (D1) conditions occur every 3 to 5 years, Severe Drought (D2) every 5 to 10 years,
Extreme Drought (D3) every 10 to 20 years, and Exceptional Drought (D4) conditions every
25 to 50 years.

The example shown in figure 4-45 indicates the seasonal outlook for the United States as of
June 2019. The Nashville-Davidson County area is not expected to experience drought based
on this outlook.

U'S' Seasona’ Drou ht OUﬂIOOk Valid for June 20 - September 30, 2019
Drought Tendency During the Valid Period Released June 20

Depicts large-scale irends based
on subjectively derived probabilties
guided by short- and lang-range

§  tatistical and dynamical | forecasts

y) \Use caution for applications that

can be aflected by short lived events.
"Ongoing™ drought areas are

based on the U_S. Drought Monitor
areas (ntenzitics of D1 to D4)

MOTE: The tan areas imply at least
a 1-category improvement in the
Drought Monitor intensiy levels by
the end of the pericd, although
drought will remain, The green
areas imply drought removal by the
end of the pericd (DO or none).

. Drought persists

Author:
Rich Tinker
NOAANWENCEP/Climate Prediction Cenfer
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Drought removal likely
< <« Drought development likely
gy
¥ —- ® &
= i http:/lgo.usa.gov/3eZ73

Figure 4-45: U.S. Seasonal Drought Outlook June 2019
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EXTREME TEMPERATURES

Extreme temperature events, both hot and cold, can have severe impacts on natural ecosystems,
agriculture and other economic sectors, and human health and mortality. The normal monthly
temperatures for Nashville are presented in Table 4-21 and Figure 4-46.

Station Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Annual
Nashville
International | 37.7 | 41.7 | 50.0 | 59.0 | 67.5 | 75.7 | 79.4 | 78.7 | 71.5 | 60.3 | 49.8 | 40.4 59.3
Airport

Table 4-21: Temperature Normals (°F)

120

-40
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High Temperatures

Figure 4-46: Normal Monthly Temperatures

(Source: http://www.nws.noaa.gov/climate/xmacis.php?wfo=0hx)

Temperatures that remain 10 degrees or more above the average high temperature for the
region and last for several weeks are defined as extreme heat by FEMA. Humid or muggy
conditions, which add to the discomfort of high temperatures, occur when high atmospheric
pressure traps damp air near the ground.

In an effort to alert the public to the hazards of prolonged heat and humidity episodes, the
National Weather Service devised the "heat index”. The heat index is an accurate measure of
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how hot it feels to an individual when the effects of humidity are added to high temperature.
Table 4-22 presents heat index values and their potential physical effects.

The National Weather Service will issue a Heat Advisory for Nashville-Davidson County when
daytime heat indices are at or above 105°F. An Excessive Heat Warning is issued when the heat
index equals or exceeds 115°F for three hours or longer. An Excessive Heat Advisory is also
issued when heat advisory conditions persist for at least 3 days. In either of these scenarios, the
heat becomes dangerous for a large portion of the population.

Heat Index Values
(Combination of Heat and Humidity)

80 to 90 degrees F

Heat Index Effects

Fatigue possible with prolonged exposure and/or
physical activity.
Sunstroke, heat cramps, and heat exhaustion

90 to 105 degrees F possible with prolonged exposure and or physical
activity.
Sunstroke, heat cramps or heat exhaustion likely,
105 to 130 degrees F and heatstroke possible with prolonged exposure

and/or physical activity.
Heatstroke/sunstroke highly likely with continued
exposure.

Table 4-22: Heat Index Values and Effects

130 degrees and higher F

Cold Temperatures

The National Weather Service will issue a Wind Chill Advisory for Nashville-Davidson County
when wind-chill temperatures are expected to reach —5°F to —15°F, and a Wind Chill Warning
would be issued if it is expected to reach colder than -15°F,

In 2001, NWS implemented an updated Wind Chill Temperature (WCT) index. This index was
developed by the National Weather Service to describe the relative discomfort/danger resulting
from the combination of wind and temperature. Wind chill is based on the rate of heat loss from
exposed skin caused by wind and cold. As the wind increases, it draws heat from the body,
driving down skin temperature and eventually the internal body temperature.

Specifically, the new WCT index:

o Calculates wind speed at an average height of five feet (typical height of an adult
human face) based on readings from the national standard height of 33 feet (10m);

« Is based on a human face model;

e Incorporates modern heat transfer theory (heat loss from the body to its surroundings,
during cold and breezy/windy days);

o Lowers the calm wind threshold to 3 mph;

e Uses a consistent standard for skin tissue resistance; and

e Assumes no impact from the sun (i.e., clear night sky).
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Past Occurrences

There have been over a hundred recorded extreme temperature events in Davidson County
since 1816. These events are presented in Appendix B.

Likelihood of Future Occurrences

On average, extreme temperature events have occurred once every 0.5 years, suggesting a
similar recurrence period.
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THUNDERSTORMS

Thunderstorms are defined as localized storms, always accompanied by lightning, and often
having strong wind gusts, heavy rain and sometimes hail or tornadoes. Thunderstorms can
produce a strong out-rush of wind known as a downburst, or straight-line winds which may
exceed 120 mph. These storms can overturn mobile homes, tear roofs off of houses and topple
trees.

Approximately 10 percent of the thunderstorms that occur each year in the United States are
classified as severe. A thunderstorm is classified as severe when it contains one or more of the
following phenomena:

e Hail measuring 1 inch or greater;
e Winds gusting in excess of 50 knots (57.5 mph); or
e A tornado.

A severe thunderstorm watch is issued by the National Weather Service when the weather
conditions are such that a severe thunderstorm is likely to develop. This is the time to locate a
safe place in the home and to watch the sky and listen to the radio or television for more
information.

A severe thunderstorm warning is issued when a severe thunderstorm has been sighted or
indicated by weather radar. At this point, the danger is very serious and it is time to go to a
safe place, turn on a battery-operated radio or television, and wait for the "all clear” from
authorities.

Lightning

Lightning is defined as any and all of the various forms of visible electrical discharge caused
by thunderstorms.

Cloud-to-ground lightning can kill or injure people by direct or indirect means. The lightning
current can branch off to a person from a tree, fence, pole, or other tall object.

Objects can be directly struck and this impact may result in an explosion, fire, or total
destruction, or objects may suffer indirect damage when the current passes through or near
them. Sometimes, current may enter a building and transfer through wires or plumbing, and
damaging everything in its path. In urban areas, lightning may strike a pole or tree and the
current then travels to several nearby houses and other structures and enters them through
wiring or plumbing.
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Figure 4-47: Average Number of Thunderstorm Days Per Year (source: NOAA)

Past Occurrences

There have been over 600 recorded thunderstorm/high wind events in Davidson County since
1872. These events are presented in Appendix B. *If damage reported from wind & hail
events is under ~$100k, they are not significant enough to list in Appendix B, as of 2012*

Likelihood of Future Occurrences

Thunderstorms are very likely to occur in Nashville-Davidson County approximately 50 to 60
days each year (Figure 4-47). Even though thunderstorms occur regularly, severe
thunderstorms are fairly uncommon. However, as the population grows and development
increases the likelihood of a severe thunderstorm impacting Davidson County also increases.
During the time span of 1990-2009 there were slightly more than 1 severe hail event and
about 8 severe wind events per year. Since 2010 that has increased to about 2 severe hail
events and 12 severe wind events per year.
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TORNADOES

The National Weather Service defines a tornado as a violently rotating column of air pendant
from a thunderstorm cloud that touches the ground. Tornados are generally considered the
most destructive of all atmospheric-generated phenomena; an average of 800 touch down
annually in the United States. More tornados occur during the months of May and June than
in other months. Additionally, over 30 percent of recorded tornado activity has occurred
between the hours of 3:00 pm and 6:00 pm, and an additional estimated 25 percent has
occurred between 6:00 pm and 9:00 pm. Thus, over half of all tornadoes occur between 3:00
and 9:00 pm.

The typical tornado path is 16 miles long with a width of less than one-quarter mile.
Tornadoes have resulted in some of the greatest losses to life of any natural hazard, with the
mean national death toll being between 80 and 100 persons every year.

Tornados are classified using the tornado scale developed by Dr. Theodore Fujita. The Fujita
Tornado Scale assigns a category to tornados based on their wind speeds and relates this to
the general type of damage that is expected. Ratings range from FO (light damage), to F5
(total destruction). The Fujita scale and revised Enhanced Fujita Scale is presented in Table 4-
23. Approximately ninety percent of tornados nationwide recorded between 1956 and 2001
were F2, F1, and FO tornados. Most of these (68 percent of all tornados) were F1 and FO
tornados.

FUJITA SCALE DERIVED EF OPERATIONAL

SCALE EF SCALE
Fastest 3 3 3
F 1/4-mile Second EF Second EF Second
Number (mph) Gust Number Gust Number Gust
(mph) (mph) (mph)
0 40-72 45-78 0 65-85 0 65-85
1 73-112 | 79-117 1 86-109 1 86-110
2 113-157 | 118-161 2 110-137 2 111-135
3 158-207 | 162-209 3 138-167 3 136-165
4 208-260 | 210-261 4 168-199 4 166-200
5 | 261-318  262-317 5 200234 5 C;\(/)((e)r

Table 4-23: Fujita & Enhanced Fujita Tornado Scale
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Past Occurrences

Several severe tornadoes have passed through Nashville,
damaging property and taking lives in many of those
instances. The tornado that occurred on April 16, 1998
caused the most damage ever in Davidson County
because its path was through downtown Nashville
(Figure 4-49). As a result, 35 buildings in downtown
Nashville were "red tagged”, meaning they were
rendered structurally unsound. The tornado continued
east and hit the residential section of East Nashville
where at least 300 homes were damaged. Over a
thousand trees were blown down at Andrew Jackson's
home, The Hermitage. Some of the trees were well over
200 years old, and a few of the trees that were destroyed
were planted by Andrew Jackson himself. Nashville
Electric Service reported that 75,000 customers lost

Figure 4-48: Tornado
Damage

power. In April 2006 at 1308 hours, an F3 tornado struck 2.6 miles W of Goodlettsville and
continued into Sumner County. This tornado killed 7 people and injured 128 and was on the
ground for over 22 miles. Tornado reports are illustrated in Figure 4-50. Updated list of these

events are presented in Appendix B.

Figure 4-49: Footprint of April 16, 1998 Tornado
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Figure 4-50: Tornado Reports 2018
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Likelihood of Future Occurrences

Based on NOAA, Storm Prediction Center Statistics, Nashville is located in an area of High
Risk for tornadoes. Thunderstorms that produce tornadoes are very rare with about 1 tornado
touching down in Davidson County about every 3 years. However, as the population grows
and development increases, the likelihood of a tornado touching down in Davidson County
also increases. Since 1950, Davidson County has averaged about 1 event every 2 years, with
an EF2 tornado touching down about every 6 years. When the statistics for the counties
surrounding Davidson County are included, there are approximately 2.5 tornado events each
year, and an EF2 event occurs every 1.5 years.
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WINTER STORMS

Winter storms are especially hazardous in terms of closing emergency routes, creating power
and utility system failures, and immobilizing economic activity. Commuters may become
stranded, airports may close, and emergency and medical services may be disrupted.
Accumulations of snow and ice can cause roofs to collapse and knock down trees and power
lines. Ice can disrupt communications and power for days while utility companies repair
extensive damage. Even small accumulations of ice can be extremely dangerous to motorists
and pedestrians. Bridges and overpasses freeze before other surfaces and are particularly
dangerous.

The types of winter precipitation that may occur in Davidson County include:

e Snow Flurries -- Light snow falling for short durations, resulting in a light dusting or
no accumulation.

e Snow Showers -- Snow falling at varying intensities for brief periods of time. Some
accumulation possible.

e Blowing Snow -- Wind-driven snow that reduces visibility and causes drifting. May
be falling snow or loose snow picked up off the ground by the wind.

e Blizzard -- Winds of more than 35 miles per hour with snow and blowing snow,
reducing visibility to near zero.

o Sleet -- Forms from raindrops that freeze into ice pellets before reaching the ground.
Sleet usually bounces when hitting a surface and does not stick. It can, however,
accumulate and make driving treacherous. Typically occurs at temperatures from 30 to
31 degrees on the ground and 32 to 34 degrees in the clouds.

o Freezing Rain -- Falls onto a surface with a temperature below freezing, causing it to
freeze to surfaces such as trees, cars and roads and form a coating of ice. Can be very
hazardous even in small accumulations. Typically occurs at temperatures from 30 to
33 degrees on the ground and 34 to 36 degrees in the clouds.

The average monthly snowfall for the Nashville-Davidson County area is presented below in
Table 4-24.

Station Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Annual

Nashville
International | 2.3 | 2.2 | 0.7 0.1 | 06 55
Airport

Table 4-24: Snowfall Summary (inches), 1981-2010 National Climatic Data Center

*Dataset for Old Hickory Dam was missing two big snow years (1984-1986), so the normals are noticeably lower than the
Nashville Int’l Airport.
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Past Occurrences

There have been over 200 recorded winter storm events in Davidson County since 1779.
These events are presented in Appendix B.

Likelihood of Future Occurrences

Nashville and Davidson County may anticipate 6 to 12 inches of snowfall annually, according
to the National Weather Service.

WINTER STORM HAZARDS IN THE U.S5.

ANNUAL MEAN SNOWFALL
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Figure 4-51: Annual Mean Snowfall
(Courtesy of NOAA)
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Multi-Hazard Mitigation Plan
4.2 Vulnerability & Conseguence Assessment

Once the hazard identification step was complete, the Community Planning Team (CPT)
conducted a Vulnerability Assessment to describe the impact that each hazard identified in the
preceding section would have upon Metropolitan Nashville-Davidson County, and
subsequently completed consequence analysis for each hazard. The consequence analysis
included the following items as described in the Emergency Management Accreditation
Program:

Impact on the Public;

Impact on Responders;

Continuity of Operations & Continued Delivery of Services;

Infrastructure, Property and Facilities;

Environment;

Economic Conditions of the jurisdiction; and

Public Confidence in the jurisdictions governance.

NogakowhE

As a starting point, the CPT used the parcel data available from the Metro Planning
Department and Assessor of Property to define a baseline against which all other disaster
impacts could be compared. The baseline is the catastrophic, worst-case scenario: the assessed
value of the entire county as a whole.

Total Vulnerability of Metro Nashville-Davidson County to Catastrophic Disaster
Risk —Low; Vulnerability — Extremely High

The current total values of Metro Nashville-Davidson County, as maintained by the
Assessor’s office are presented in Table 4-25.

Table 4-25: Catastrophic Damages

Total N_umber o Pl Improvement
Property Type Number of Parcels with Improvement Value
Value

Commercial 5,000 4,887 $8,829,338,391
Office or Medical 3,319 3,229 $6,340,259,342
Industrial 2,393 2,316 $2,759,865,810
Community, Institutional or Utility 2,311 1,368 $2,170,344,797
Residential Single Family 153,758 153,524 $31,785,201,549
Residential Multi Family 57,294 57,177 $18,832,083,285
Re5|dgnt|al Dormitory or 106 104 $60,971,800
Boarding House
Park or Golf Course 154 24 $39,335,840
Auto Parking 1,512 1,427 $266,968,447
Farm 257 247 $5,557,400

Total 226, 104 | 224,303 | 71,089,926,661
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Critical Facilities

Of significant concern with respect to a catastrophic event is the location of critical facilities
within the Community. Critical facilities, as defined by the CPT, include both those facilities:
(1) essential in providing services during the response and recovery operations, and (2) those
that house discrete populations that may require greater assistance in the event of a hazard.

Cultural Resources

Additional vulnerability to the catastrophic event includes the current sites on the Tennessee
Register of Historic Sites and Structures (State Register) and the National Register of Historic
Places. As of July 2019, there are 10,209 parcels marked as a National Landmark, in a
National Register Historic District, or eligible to be within a National Register Historic
district within the county. The following table (Table 4-26) shows those historic structures
which are located within the 100 year floodplain.

Table 4-26: Historic Places located within the 100 year floodplain

Historic Place Sy 6 Sl Fesries Date listed on the
And Location g National Register
Belle Meade Golf Llnks' Subdivision Historic District 1000-1924, 1925-1949, 2004
Roughly bounded by Windsor Dr., Blackburn and 1950-1974 Site # 04000675
Pembroke Aves., Westover Dr. and Harding Pl
Cameron School 2005
1034 1st Ave S, Nashville 1925-1949, 1950-1974 Site # 05000180
Devon Farm (Ensworth School Property) 1750-1799 1974
7401 Highway 100 Structure # 74001908
Edwin Warner Park: (Warner Park Historic 1984
District): between Belle Meade Blvd, Highway 100, 1927-1930; 1935-1941 .
p . Site # 84003528
and Chickering Rd
The Hibbetage: 2160 Old Hickory Blvd 1038-1048 1998
ge- y Site # 98001305
Inglewood Place Historic District: Golf,
Greenfield, Howard, Jakes, Katherine, Kennedy, 1909-1966 2016
Kirkland, McChesney, Riverside, Shelton, and Site # 16000117
Stratford Avenues
Jackson Park Historic District: Brush Hill Ct, Brush
Hill Rd, Earlene, Kenwood, Riverwood & E. 1923-1966 2016
Riverwood Drs, Eastdale & Plymouth Aves; Gallatin Site # 16000483
Pike, Winding Way
Lebanon Road Stone Arch Bridge 1875-1899 1987
Over Brown's Creek at Lebanon Rd. Structure # 87000379
Longleat: 5819 Hillshoro Road 1928-1932 . 1984
) Site # 84003509
Maybelle Carter Home (SMITH-CARTER HOUSE): . 2018
1020 Gibson Drive 1925, 1952-1968 Site # 100003155
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Historic Place
And Location

Period of Significance

Date listed on the
National Register

4907, 4909, and 4911 Tanglewood Dr.

1925-1949

Newsom's Mill 1976
West of Nashville at Big Harpeth River 1850-1874 Structure # 76001771
Sandbar Village

- 1000-500 AD, 1994
Aka Site Number 40 DV 36 1499-1000 AD Site # 9400074
Address Restricted
Tanglewood Historic District 1998

District # 98000819

Source: National Park Service, National Register of Historic Places; and Metro Planning Department

https://www.nps.gov/subjects/nationalregister/database-research.htm#table

Natural Resources

Additional vulnerability to the catastrophic event would include natural resources within
Metropolitan Nashville-Davidson County. The species listed in Table 4-27 are identified as
endangered, threatened, or in recovery by the US Fish and Wildlife Service via the

Environmental Conservation Online System.

Table 4-27: Natural Resources

GROUP COMMON NAME SCIENTIFIC NAME POPULATION STATUS
. Wherever found;
Epioblasma .
Yellow blossom . Except where listed
Clams florentina . Endangered
(pearlymussel) . as Experimental
florentina .
Populations
Pink mucket -
Clams Lampsilis abrupta Wherever found Endangered
(pearlymussel)
Orangefoot
Clams pimpleback PIethot?asus Wherever found Endangered
cooperianus
(pearlymussel)
Clams Ring pink (mussel) Obovaria retusa Wherever found Endangered
Epioblasma
Clams Tan riffleshell florentina walkeri Wherever found Endangered
(=E. walkeri)
Wherever found;
Cumberlandian Epioblasma Except where listed
Clams . . Endangered
combshell brevidens as Experimental
Populations
Crustaceans | Nashville crayfish Orconectes shoupi | Wherever found Endangered
E:::’tirmg Short's bladderpod Physaria globosa Wherever found Endangered
Flowering Price's potato-bean Apios priceana Threatened
Plants
E:::’tirmg Braun's rock-cress Arabis perstellata Wherever found Endangered
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Flowering Tennessee purple Echinacea . Wherever found Recovery

Plants coneflower tennesseensis

Fl i . .

Plz\:lvtirmg Leafy prairie-clover Dalea foliosa Wherever found Endangered

Fl i . "

Plz\:lvtirmg Eggert's sunflower Helianthus eggertii | Wherever found Recovery

Flowering Guthrie's (=Pyne's) A§tragalus Wherever found Endangered

Plants ground-plum bibullatus

Mammals Indiana bat Myotis sodalis Wherever found Endangered

Mammals Northern Long-Eared | Myotis . . Wherever found Threatened
Bat septentrionalis

Historic and Natural Resources are important to identify before disasters for three reasons:

1. The community may decide that these sites are worthy of a greater degree of
protection than currently exists, due to their unique and irreplaceable nature;

2. If these resources are affected by a disaster, cataloging them ahead of time allows for
more prudent care in the immediate aftermath, when the potential for additional
impacts are higher; and

3. The rules for repair, reconstruction, restoration, rehabilitation and/or replacement of
these resources usually differ from ordinary procedures.

Climate Changes

According to the EPA’s Climate Change Impacts by State, Tennessee’s climate is changing.
Although the average temperature did not change much during the 20th century, the state has
warmed in the last 20 years. Average annual rainfall is increasing, and a rising percentage of
that rain is falling on the four wettest days of the year. In the coming decades, the changing
climate is likely to reduce crop yields, threaten some aquatic ecosystems, and increase some
risks to human health. Floods may be more frequent, and droughts may be longer, which
would increase the difficulty of meeting the competing demands for water in the Tennessee
and Cumberland rivers.

For Metro Nashville-Davidson County, the severe weather evaluated as part of this risk
assessment included: extreme temperatures, thunderstorms and lightning, tornadoes, and
winter storms. In general, both the risk and vulnerability to Metro Nashville-Davidson County
from severe weather is high. With weather records dating back to the 1870s, Nashville has a
lengthy history of weather trends. Since the late 1980s, the average annual temperature and
the average annual precipitation have been warmer and wetter than the historical
normal. This trend will likely continue for the foreseeable future, putting Nashville at a
greater risk for thunderstorm related hazards.
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Development Trends for Metro

The Metro Planning Department is guided by the General Plan for Nashville and Davidson
County, called NashvilleNext. It is an integrated plan for Nashville’s future to help ensure the
city’s prosperity and well-being for the next 25 years. NashvilleNext was adopted in 2015,
with a minor update in 2017.

The Planning Department maintains 14 Community Plans and develops plans for
neighborhoods, corridors, and other smaller study areas within them. This process involves
visioning, goal-setting, applying and tailoring community character policies that are used to
guide the form and character of future development throughout the community, developing
open space and multi-modal transportation plans, and establishing an implementation
strategy.

Demographics in Nashville have shifted so that those under the age of 35 and over the age of
65 are looking for similar housing opportunities. This usually means a home with less
maintenance — smaller footprints and yards. Both age groups are also looking to not rely on a
car as much as the past. Traffic counts and vehicle miles traveled, indicators of mobility,
show a leveling off increased car usage despite increases in population. Development trends
will continue to address these needs by focusing on creating a more efficient overall urban
pattern with more housing opportunities and jobs within Downtown and activity centers
throughout Davidson County. Redevelopment of arterial pikes to complement enhanced and
high capacity transit service will be critical over the next 25 years. Much of the future
population and job growth can be encouraged within the activity centers and corridors so that
expansion of sewer service in some areas of Davidson County is discouraged and there is less
impact upon slopes and within floodplains. The redevelopment should also include green
practices that reduce energy use, lower the amount of impervious surfaces, preserves
landscapes, promotes urban tree plantings, and minimizes storm water runoff. New
development should contribute to a reduction in some of Nashville’s most probable future
hazards and their impacts, particularly flooding.

Codes Administration- New Construction Permits 2011 - 2018
{Does not include Satellite Cities)
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New Subdivision Applications from 2011 - 2018

14
12
s | I |
o I | I
2011 2012 2006 2017 2048

2013 2014 2005

5

-

-

Figure 4-53: New Subdivision Applications 2011-2018

Planning Department New Subdivision Applications from 2011 - 2018
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Figure 4-54: New Subdivision Applications
(No Satellite Cities) 2011-2018
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Vulnerability of Metro Nashville-Davidson County to more Probable Disasters

On a more realistic scale, community vulnerability can be quantified in those instances where
there is a known, identified hazard area, such as a mapped floodplain. In these instances the
numbers and types of buildings subject to the identified hazard can be counted and their
values tabulated. Further, other information can be collected, such as the location of critical
community facilities (e.g., a fire station), historic structures, and valued natural resources
(e.g., an identified wetland or endangered species habitat) that are within the specific hazard
area. Together, these values portray the impact, or vulnerability, of that area to that hazard.

However, it is important to note that these values could be refined one step further, with
regard to the percent of probable impact. For example, when a flood occurs, the event seldom
causes the total destruction of an area. In fact, we know from NFIP insurance claims that a
flood with an average depth of 2-feet above the ground is likely to cause approximately 20
percent damage to structures in the aggregate (those with basements, no basements, and
second stories). Thus, if the 100-year flood were estimated to be 2-feet deep, a more accurate
description of flood vulnerability would be a 1 percent annual chance of incurring a loss of 20
percent of the values tabulated in the 100-year floodplain, not including the additional impacts
of damage to infrastructure and economic disruption. This allows a community to measure the
cost-effectiveness of alternative mitigation projects under consideration. The benefits of a
mitigation project are the future losses avoided, or in this example, that portion of the value of
the 1 percent annual chance of 20 percent damage that is protected by the project.

The CPT identified one hazard to Metro for which specific geographical hazard areas have
been defined: flood. For this hazard area, the CPT has inventoried the following as a means of
quantifying the vulnerability within the hazard area:

Total Values at Risk (i.e., types, numbers, and value of land and improvements);
Identification of Critical Facilities at risk;

Identification of Cultural and Natural Resource Sites at risk;

Development Trends within the identified hazard area; and

A general statement of community impact.

For the other hazards identified in the preceding section, information is available where the
potential impacts can be developed or inferred, although this information is not tied to a
specific area within the county. For these hazards, such as severe weather and drought, the
entire county is at risk. In some cases, certain hazard characteristics suggest varying degrees
of risk within different areas of Metro. For example:

e In earthquakes, certain soils are more susceptible to shaking than others, and
certain types of building construction are more likely to sustain damage than
others. Thus, in areas with higher concentrations of these types of soils or these
types of buildings, greater damages can be expected. Any area that included both
risky soils and vulnerable construction would be most likely to incur the greatest
level of damage and disruption.
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West Nile Virus is spread through mosquito bites. Thus, people and livestock
frequenting areas with the greatest concentration of mosquitoes, and during the
times of greatest concentration, are most likely to become infected. Areas with
standing water are where mosquitoes breed, and therefore are an area of higher
risk. Standing water can be found in, for example, swimming pools, ponds,
birdbaths, ditches, and old spare tires — so the risk areas could be in many locations
and in differing concentrations.
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DROUGHT

Drought impacts may include physical, bio-physical, social and economic consequences.
Physically, there may be a reduction in water quality and supply for drinking, domestic, and
irrigation purposes with a subsequent impact of increased pumping costs. The ground water
level may be depleted and the flow of perennial water sources reduced. Bio-physical impacts
include damage to crop quantity and quality, damage to wildlife habitat and wildlife, an
increase in invasive/noxious weeds, and the deterioration of water quality. Economically,
there may be a loss in livestock production and increased prices for commaodities.

Drought is divided into 5 categories:

DO - Abnormally Dry
Typically growth of crops, plants, or pastures may be slowed and the fire risk may be
elevated due to short-term dryness of a few weeks.

D1 - Moderate Drought
Crops, plants, or pastures may have some damage, the fire risk continues to be
elevated, water levels in area rivers, creeks, and streams are below normal, and water
shortages and restrictions may develop. Moderate drought may take several weeks to
develop, and can last for a few months. These conditions typically develop every few
years.

D2 - Severe Drought
Agricultural losses may occur, the fire risk is very high, and water shortages are
common and restrictions may be imposed. Below normal precipitation and/or above
normal temperatures over several weeks to a few months can cause severe drought to
develop, which typically lasts for several months.

D3 - Extreme Drought
Significant agricultural losses, extreme fire danger, and widespread water shortages
and restrictions are common. It may take several months for extreme drought
conditions to develop, which can persist through several seasons. Extreme droughts
occur about once every 10 to 25 years.

D4 - Exceptional Drought
Water shortages and restrictions are widespread and there are major agricultural
losses. Exceptional droughts occur roughly once every 50 years or so, and can persist
from one year to the next. The last Exceptional Drought to impact Davidson County
was in September and October of 2007, with drought conditions lasting for about 2
years.

The main water supply is the Cumberland River. The two water treatment plants, Omohundro
and K. R. Harrington, have a daily maximum capacity output of 144 million gallons per day.
On an average day, both plants pump 90 million gallons. If one plant is out of service, the
other can supply the entire community’s water needs.
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Consequence Analysis

Drought is often associated with periods of long and intense heat, and can cause injury and
even death particularly with children, elderly citizens, special needs populations and animals.
Injuries and potential deaths are most likely to impact areas that lack air conditioning and
immediate medical care.

The largest impact of prolonged drought would be the financial impact to farmers with crops
and livestock. A serious drought would damage or possibly destroy annual crops and limit the
number of livestock that could be properly cared for. The decline in quantity and quality of
crops could result in increased prices to the consumer and decreased revenue for farmers. The
financial impact could be widespread over the area of the drought particularly if it lasts for a
long time or occurs at vital times in crop development.

Droughts may cause severe impacts to infrastructure, property and facilities. Water supplies
may run low and pipes may crack, making hydration from readily available, clean water
difficult. The cost of new water resources can be high. As temperatures increase, so does the
demand for energy. Increased energy demands can lead to power outages and higher prices, as
more expensive fuels are substituted for power. Roadways and bridges may become
impassable due to fractured surfaces or landslides. Transportation infrastructure will also be
impacted in the waters as streams, rivers, and canals become impossible to navigate. As the
number of individuals affected by the drought increases, shelters and hospitals may become
overcrowded and unable to handle the influx.

To determine the potential losses that could be associated with loss of water during a drought
affecting the water supply, loss of use estimates for utilities were
obtained from FEMA’s BCA Reference Guide, 2009 which provides guidance on benefit-
cost analysis of hazard mitigation projects. The loss of use estimate for loss of water supply
is $93 per day per person. Table 4-28 provides the loss of use estimates if water supply was
lost for the jurisdictions in Davidson County.

Table 4-28: Economic Damage Estimates for Loss of Water Supply

Jurisdiction 2017 Loss of Water Estimate
Population Estimate | ($93 per person per day)
Metro Nashville- 654,187 $60,839,391
Davidson County
Belle Meade 2,584 $240,312
Berry Hill 891 $82,863
Forest Hills 5,002 $465,186
Goodlettsville 16,935 $1,574,955
Oak Hill 4,681 $435,333
Total 684,280 $63,638,040
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Prolonged drought (over a number of years) could have long-term environmental impacts on
the area, including species endangerment and necessary changes to the local agricultural
makeup. Plants, aquatic life and wildlife could all be negatively affected by drought
conditions.

The manner and efficiency in which a response to a disaster is conducted could result in the
loss of confidence in the program and the government’s ability to protect the community. A
strong and early show of the jurisdictions resources and capabilities can strengthen the
public’s trust and confidence. Effective planning, response, and resource coordination through
mutual aid agreements, memorandums of understanding, and standby contracts can make or
break the ability to respond and positively impact the public’s perception of the response.

Table 4-29: Drought Impacts

CONSIDERATIONS IMPACTS

Most damage is expected to be agricultural in nature;
Impact on the Public however, water supply disruptions may adversely affect
people and animals with adverse health impacts.

With properly equipped and trained emergency responders,
impact should be minimal. Emergency personnel and others
involved in an incident should observe life safety and health
Impact on Responders standards/practices. Scene safety should be number one
priority. The most likely hazards for responders would be
dehydration and other exposure related illnesses. Firefighting
impacts could be affected with low water pressure.

Minimal impact to Continuity of Operations and delivery of
services. However, COOP’s have addressed cascading
Continuity of Operations & events, and there could be added pressure to address more
Continued Delivery of Services needs of its citizens and facilities. Impacts on infrastructure
systems (energy/water) could cause negative effects on
COOP implementation.

Impact on pipes, causing hydrating to become a problem.
Increased energy demands can cause power outages and high
costs. Possible impact on TVA’s power generation, nuclear
and coal fired plants. Water navigation can become a
problem with low levels. Hospitals may become

Infrastructure, Property & Facilities

overcrowded.

Plants, aquatic life and wildlife could all be negatively
Environment affected by drought conditions since they all rely on water to

sustain life.
Economic Conditions of the Local economy and finances dependent on abundant water
Jurisdiction supply adversely affected for duration of drought.

The ability to respond and recover to the situation may be
questioned and challenged if planning, response and
recovery are not timely and effective.

Public Confidence in the
Jurisdictions Governance
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DAM & LEVEE FAILURES

The USACE maintains the National Inventory of Dams (NID) as authorized by the National
Dam Safety and Security Act of 2002, and the Dam Safety Act of 2006, and most recently
reauthorized as part of the Water Resources Reform and Development Act of 2014, and the
Water Resources Development Act of 2018. Table 4-7 reflects information gathered from the
National Inventory of Dams (NID).

According to the “Federal Guidelines for Dam Safety”, published by FEMA, the following
criterion explains what each classification means in Table 4-30. According to FEMA, any
probable loss of human life would designate a High Hazard Potential, regardless of the
magnitude of other losses. If no loss of life is probable, classifications would be given as
significant or low respectively with other lifeline losses.

Based on Table 4-7 (which is also presented in Section 4.1), the average hazard classification
for dams with-in Davidson County is High; however, the classifications given are based on
WOrse case scenarios.

Hazard Potential . Economic, Environmental,
e Loss of Human Life e )
Classification Lifeline Losses
Low.

e Nt st Generally limited to the owner
Significant None expected Yes

. Probable.
gl One or more expected. Yes

Table 4-30: Dams Hazard Classification (source: FEMA Federal Guidelines for Dam Safety)

Dam Name OGS Ha}z_ard_ EAI,D Stl\(:lr%);e
Regulator Classification Reqg’d
(acre-feet)

J. Percy Priest Lake USACE High Y 652,000
Old Hickory Lake USACE High Y 545,000
Radnor Lake TDEC High Y 2,150
Marrowbone Lake TWRA High Y 1,670
Collins #1 Private High N 410
South Harpeth Private Low N 331
DuPont Retention Basin Private Low N 290
Cheek Lake Private Low N 210
Two Rivers Metro Parks High Y 163
Misty River Private Low N 145
Pal’s Lake Private Significant N 143
Lakewood Private High Y 132
Collins #3 Private High N 90
Lake Ogallala Private Significant N 80

Metropolitan Nashville - Davidson County
Multi-Hazard Mitigation Plan — FINAL
January 2020

Vulnerability & Consequence Assessment
Section 4.2, Page 13



Collins #2 Private High N 60
Lake Waterloo Private High N 60
Browns Private High N 50
Cedar Hill Park Metro Parks High Y 50
Lake Hemmingwood Private High Y 40
Rambling Breeze Ranch Private High N 40
Randolph Private High N 39
Chippewa Lake Private Significant N 28
Lakeland Hills Private High N 24
Enoree Lake Private Significant N 23
Large Dams located outside of Davidson County

Wolf Creek USACE High Y 6,089,000
Center Hill USACE High Y 2,092,000
Dale Hollow USACE High Y 1,706,000
Great Falls TVA High Y 64,800

Table 4-7: Dams within or affecting Davidson County (source: USACE National Inventory of Dams)

Wolf Creek Dam is the largest dam east of the Mississippi River, and contains the ninth
largest reservoir in the United States, and is located on the Cumberland River, 270 miles
upstream. Due to erosion problems and an increased risk of a structural dam breach on Wolf
Creek Dam in Kentucky, the USACE started a multi-year repair project in 2006, and the main
construction phase was completed in 2013. Due to an increased risk of a breach during the
time of renovations, Metro Nashville and Davidson County, along with numerous other
jurisdictions, completed Wolf Creek Dam Emergency Operation Plans in 2007. Metro
Nashville and Davidson County created plans for three different lake levels of minor flooding
(680 ft.), moderate flooding (715 ft.), and worst case scenario of a 751 feet lake level dam

breach.
Hazard People | Structures | Property

I ORI Classification | at Risk at Risk Value
Cumberland River | Metro Govt. of
Greenway Metro Nashville & High 14,667 341 $1.95B
Center Levee Davidson County
Gaylord Opryland | b4y 246 High 1,545 38 $81.5M
Levee
Cumberland River | p i ot High 697 18 $33.4M
Levee

Table 4-8: Levees i

n Davidson County
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Consequence Analysis

Flooding or infrastructure damage causing loss of life is the primary concern with any dam or
levee compromise/full breech. Homes, bridges and roadways can be demolished in minutes.

Major impacts to the community include the sudden release of water possibly causing a flood
surge, contaminants in floodwaters can cause risk to the public, and crop damage and long
term soil deterioration, which often account for upwards of 75% of the economic impact.

Infrastructure that could be impacted includes electricity delivery, and water based cargo
traffic. Electric distribution facilities in affected areas could be damaged with delayed repairs
due to the flood waters. However, due to redundancies built in, NES should be able to
maintain service to those not directly impacted by the flood waters. Cargo that is delivered
via the inland waterways includes coal, which helps maintaining efficient energy supply.
Hazardous waste, lumber and a number of durable foods that are too heavy for efficient
roadway transport are also delivered via waterways.

Table 4-31: Dam & Levee Impacts
CONSIDERATIONS IMPACTS |

Localized impact expected to be severe for inundation area
and moderate to light for other adversely affected areas.

Localized impact expected to limit damage to persons in the
inundation area at the time of the incident.

Damage to facilities/personnel in the area of the incident
Continuity of Operations & may require temporary relocation of some operations.
Continued Delivery of Services Localized disruption of roads and/or utilities may postpone
delivery of some services.

Localized impact to facilities and infrastructure in the
Infrastructure, Property & Facilities | inundation area of the incident. Some severe damage
possible.

Localized impact expected to be severe for inundation area
Environment and moderate to light for other adversely affected areas,
including aquatic life.

Local economy and finances adversely affected, possibly for
an extended period of time, depending on damage and length

Impact on the Public

Impact on Responders

Economic Conditions of the
Jurisdiction

of event.

Localized impact expected to primarily adversely affect dam
Public Confidence in the owner, however localized impact is expected to adversely
Jurisdictions Governance affect confidence in local, state, and federal government,

regardless of the levee owner. Public education is important.
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FLOOD

Flooding impacts may include urban, residential, and commercial consequences. Buildings
can experience significant damage, sometimes beyond repair. Household furnishings and
business inventories can be lost if there is not adequate time to remove items to safe locations.
Subsequent impacts include revenue loss to employees and businesses, as well as, local
governments through tax loss.

Flooding and floodwaters can also impact human life, health, and public safety. Some
examples as described by the World Health Origination, WHO, and the Center for Disease
Control, CDC, “include drowning, trauma, and hypothermia. Also power outages could
disrupt a water treatment plant, critical infrastructure, or critical operations and increase the
risk of water-borne disease such as typhoid fever, cholera, leptospirosis and hepatitis A. As
well as vector-borne diseases such as malaria, dengue, dengue hemorrhagic fever, yellow
fever, and West Nile Fever. Dead bodies in floodwaters can also transmit tuberculosis.
Including blood borne viruses such as Hepatitis B, C, HIV and gastrointestinal infections such
as rotavirus diarrhea, salmonellosis, E. coli, typhoid/paratyphoid fevers, hepatitis A,
shigellosis and cholera. Mold can also be a result of floodwaters. Mold may cause a variety
of health effects or none at all. Some people are sensitive to molds. For these people, molds
can cause nasal stuffiness, throat irritation, coughing or wheezing, eye irritation or in some
cases skin irritation. Immune-compromised people and people with chronic lung illnesses
such as obstructive lung disease may get serious infections in their lungs when they are
exposed to mold.”

In addition to being at risk because of floodwater, residents face the threat of explosions and
fires caused by leaking gas lines along with the possibility of being electrocuted. Even wild
animals, such as venomous snakes, forced out of their homes and brought into contact with
humans by floodwaters, can be a threat.

Severe flooding can cause extensive damage to public utilities and disruptions to the delivery
of services. Loss of power and communications can be expected. Drinking water and
wastewater treatment facilities may be temporarily out of operation. Storm and sanitary
sewers may also be impacted due to locations in flood prone areas for design purposes, such
as gravity flow to minimize pumping charges.

Impacts of flooding on transportation are particularly significant. Flooded streets and roads
block transportation and make it difficult for emergency vehicles to respond to calls for
service. Floodwaters can washout sections of roadway and bridges. This disruption may
extend to a regional, even national scale, particularly with regard to access to highways,
railroads, and navigable waterways. Most importantly, the majority of fatalities that occur in
floods are the result of people trying to dry on roads covered by floodwaters.
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Existing Development, Critical Facilities & Infrastructure

Severe flooding can cause extensive damage to important public utilities known as critical
facilities such as a wastewater treatment plant. The community rating system, CRS, defines a
critical facility as “a structure or other improvement that, because of its function, size, service
area, or uniqueness, has the potential to cause serious bodily harm, extensive property
damage, or disruption of vital socioeconomic activities if it is destroyed or damaged or if its
functionality is impaired. Critical facilities include health and safety facilities, utilities,
government facilities, and hazardous materials facilities.”

To analyze vulnerability to flood events and how this varies by jurisdiction, the critical
facilities and number/types of structures located within the 1-percent annual chance floodplain
were calculated using the preliminary Flood Insurance Study and associated digital Flood
Insurance Rate Maps (FIRMs), dated April 5", 2017 and the latest parcel information from
Metropolitan Nashville-Davidson County. Figure 4-56 and Tables 4-32 and 4-33 present this
data.

Critical Facilities
and Parcels
within Floodplain

- Parcels

Parcels with Critical Facilities
Floodway
I:' 1% Annual Chance Flood
l:! 0.2% Annual Chance Flood
[:] Protected by Levee
= |nterstates
——— Railroads

County Boundary

Figure 4-56: Critical Facilities & Parcels within Floodplain
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Table 4-32: Critical Facilities within the 1% Annual Chance (100-year) Floodplain

Critical Facility
Jurisdiction B'ggo- Egﬁhpazirgﬁawniégin
Floodplain

Belle Meade 0
Berry Hill 0
Goodlettsville 1
Oak Hill 0
Nashville-Davidson County 32
TOTAL 33

Source: Metro Planning Parcel Data

Critical facilities, as defined by the Office of Emergency Management and the Metropolitan
Police Department, are located within the floodplain. These facilities include Metro facilities,
and the following:

e Airports

Schools and dormitories
Fire/Police facilities
Community Centers
Headstart Centers
Water Services facilities
Tier 1l facilities

Utility facilities
Correctional facilities
Hospitals

Elderly care facilities

Improvement values for structures located within the 1-percent annual chance floodplain were
then calculated using data from the Assessor of Property for Davidson County. There are
approximately 11,715 parcels that intersect the floodplain with an improvement value greater
than $0.00. These properties represent approximately 4.9 percent of the properties of
Metropolitan Nashville and Davidson County (Table 4-33).
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Table 4-33: Analysis of Parcels Located Within the 100-year Floodplain

Number of
Total ;
Parcels with Improvement
Property Type Number of
Improvement Value
Parcels
Value

Bank / Finance 7 7 $5,291,100
Commercial 990 620 $1,389,288,462
Education * 42 14 $44,272,150
Emergency / Medical 35 31 $201,465,200
Industrial 480 339 $485,351,100
Other (Government/Institutional) ** 101 14 $16,067,300
Recreational 52 23 $24,171,440
Religious 75 71 $89,027,400
Residential - Mobile Home Park 9 9 $16,733,700
Residential - Mobile Home 9 9 $156,300
Residential 10834 9146 $1,698,525,798
Rural 2153 1420 $227,434,700
Telecommunications 8 2 $76,900
Uncoded Parcels 197 10 $3,583,400
Satellite Cities 8 0 $0
Total 15,000 11,715 $4,201,444,950

* Metro Schools would be tax exempt and may not have an appraised value for improvement.
**Many of these properties would be tax exempt and may not have an appraised value for the improvement.

For the 2019 Plan Update, the most recent release of Hazus, version 4.0, was utilized to model flood
vulnerability and estimate flood losses due to depth of flooding from the 1-percent-annual-chance
flood. The current Flood Insurance Study and associated Flood Insurance Rate Maps (FIRMs), dated
April 2017, did not include flood-depth grids and were therefore, not utilized in this analysis. The
Hazus software was utilized to generate the flood hazard boundary and associated depth of flooding
using:
e Thirty-meter resolution Digital Elevation Models (DEM) were used as the terrain base to
develop hydrologic and hydraulic models;
e Streams and rivers with a minimum drainage basin area of 10 square miles were modeled as
all experiencing a base flood at the same time;
e U.S. Geological Survey hydrologic regional regression equations and stream gage data were
included in Hazus; and

e Census of Population and Housing, 2010

Based on the flood hazard boundary and associated depth of flooding, Hazus provides reports on the
number of buildings impacted, building repair costs, and the associated loss of building contents and
business inventory. Additionally, building damage can cause losses to a community as a whole by
restricting the building’s ability to function properly. Income loss data accounts for business
interruption and rental income losses as well as the resources associated with damage repair and job
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and housing losses. These losses are calculated by Hazus using a methodology based on the building
damage estimates. Flood damage is directly related to the depth of flooding. For example, a two-foot
flood generally results in about 20 percent damage to the structure (which translates to 20 percent of
the structure’s replacement value).

The Hazus analysis for a 100-year flood event produced the following loss estimates:

Table 4-34 Count of Expected Building Damage by Occupancy Type
Range of Damage

Occupancy

1-10% 11-20% 21-30% 31-40% 41-50% >50%
Agricultural 0 0 0 0 0 0
Commercial 5 24 10 2 3 103
Education 0 0 0 0 0 0
Government 0 0 0 0 0 4
Industrial 0 1 0 0 1 21
Religion 0 2 0 0 0 1
Residential 109 288 222 232 426 3,400
TOTAL 114 315 232 234 426 3,539

Table 4-35 Count of Expected Building Damage by Building Type
Range of Damage

Building Type

1-10% 11-20% 21-30% 31-40% 41-50% >50%
Concrete 0 1 0 0 0 18
Manu_factured 0 0 0 0 0 80
Housing
Masonry 1 10 6 4 20 289
Steel 0 8 4 0 1 44
Wood 108 293 224 231 412 3,135

Essential facilities, as identified within the Hazus software, are not subjected to significant
damage due to flooding. The table below provides a summary of the expected damage to
essential facilities.

Table 4-36 Count of Expected Damage to Essential Facilities
e At Least At Least Loss of

Clzzslifziion Uil Moderate | Substantial Use
EOCs 1 0 0 0

Fire Stations 40 0 0 0
Hospitals 19 0 0 0
Police Stations 30 1 0 1
Schools 285 0 2 2

The total economic loss estimated for the flood is $7,154.75 million, which represents
approximately 11% of the total replacement value of the scenario buildings. These economic
building-related losses are broken into two categories: direct building losses and business
interruption losses. The direct building losses are the estimated costs to repair or replace the
damage caused to the building and its contents. The business interruption losses are the losses
associated with inability to operate a business because of the damage sustained during the
flood. Business interruption losses also include the temporary living expenses for those
people displaced from their homes because of the flood.
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The total direct building losses were $4,660.34 million. The total business interruption losses
were $2,494.41 or 35% of the total estimated losses. The residential occupancies made up
34% of the total loss. The table below provides a summary of the losses associated with the
building-related damage.

Table 4-37 Building-Related Economic Loss Estimates ($M)

Category Residential Commercial Industrial Others Total
Building Loss
Building 1,359.19 642.90 161.08 139.55 2,302.74
Content 688.77 1,007.42 340.77 236.01 2,272.97
Inventory 0.00 26.30 57.21 1.13 84.64
Subtotal 2,047.96 1,676.62 599.07 376.69 4,660.34
Business Interruption
Income 18.04 663.84 8.46 81.60 771.94
Relocation 207.52 166.99 7.68 38.17 420.36
Rental 110.07 118.54 1.95 5.01 235.57
Income
Wage 42.42 687.64 11.49 324.99 1,066.55
Subtotal 378.05 1,637.07 29.58 449.77 2,494.41
Total 2,426.01 3,313.63 588.64 826.46 7,154.75

Vulnerability was further analyzed using a HAZUS Flood Average Annualized Loss (AAL) study
conducted by FEMA in 2009-2010. FEMA conducted the HAZUS study for the entire continental
United States using the MR4 release of HAZUS-MH. The inputs for the AAL included 30 meter
Digital Elevation Model (DEM) and the default census block data in HAZUS MR4, which utilized the
2000 Decennial Census data.

The analysis was performed at the county level using Level 1 methodology with national datasets. The
purpose of the AAL study was to identify flood-prone areas and communicate relative flood risk in
terms of people and property vulnerable to damage. The AAL study data provides potential dollar
losses for four flood frequencies as follows: 10-percent (10-year), 2-percent (50-year), 1-percent (100-
year), and 0.2 percent (500-year). The average annualized loss estimates are then calculated based on
the aggregated dollar losses from the various flood frequencies (averaged and annualized). Figure 4-57
and Table 4-38 provide the detailed estimated AAL results for each jurisdiction in Davidson County.

Table 4-38: Average Annualized Losses by Jurisdiction (FEMA 2010 Study)

Jurisdiction BU|Id|ng(;$)Damage Conten&l))amage Busmess($D)|srupt|on Tota(l$l)_oss
Belle Meade $754,000 $1,912,000 $105,000 $2,771,000
Berry Hill $402,000 $1,435,000 $237,000 $2,074,000
Goodlettsville $495,000 $383,000 $7,000 $885,000
Oak Hill n/a n/a n/a n/a
Nashville-Davidson County $49,664,000 $70,674,000 $6,546,000 $126,884,000
Total County $51,315,000 $74,404,000 $6,895,000 $132,614,000

Source: HAZUS-MR4
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Figure 4-57: Average Annualized Loss (AAL) for Davidson County (FEMA 2010 Study)
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Natural Floodplain Functions

As described by FEMA, “natural floodplains provide flood risk reduction benefits by slowing
runoff and storing flood water. They also provide other benefits of considerable economic,
social, and environmental value.

Floodplains frequently contain wetlands and other important ecological areas, including
Nashville’s rare/endangered crayfish habitat. Some of the benefits of floodplains to a
functioning natural system include fish and wildlife habitat protection, natural flood and
erosion control, surface water quality maintenance, groundwater recharge, biological

Vulnerability & Consequence Assessment

Metropolitan Nashville - Davidson County
Section 4.2, Page 23

Multi-Hazard Mitigation Plan — FINAL
January 2020




productivity, and higher quality recreational opportunities such as fishing, bird watching,
boating, etc.”

Table 4-39 displays a breakdown of the natural floodplain, wetlands, open space, and most
notably the endangered crayfish habitat areas throughout the Nashville-Davidson County
community.

Table 4-39: Natural Floodplain Functions

Open Space | Wetlands Floodplain Crayfish Habitat
Area
(acres) (acres) (acres) (acres) %
- 27,256
Within FHA 5,365 15,563 ) ) 43 85
(without waterbodies)
Countywide | 336,127 | 48,231 16,934 426,721 86 50
(with waterbodies)

Future Development (Development/Population Trends)

The risk of flooding to future development should be minimized by the floodplain
management programs of the County and its jurisdictions, if properly enforced. For Nashville-
Davidson County, the first floor elevations of residential property must be 4-feet above the
base flood elevation. For non-residential properties, the standard is to either elevate or flood
proof to 1-foot above the base flood elevation. Additionally, no new structures are allowed
within the floodway.

Nashville-Davidson County also participates in the NFIP’s Community Rating System (CRS)
and takes steps above and beyond the minimum NFIP requirements to qualify for a 10-percent
reduction in flood insurance premiums for structures within the SFHA and 5-percent
reduction in flood insurance premiums for structures outside the SFHA. The floodplain
management practices for CRS communities are reviewed on a periodic cycle, typically every
five years.

The figure below exhibits the population trend for Nashville-Davidson County. Projections
show the population trend is increasing every year. Which will likely lead to more
development and redevelopment of several areas around the community.
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Figure 4-58: Nashville-Davidson County Population Trend (Nashville MPQO)

The figures below show the development trends for the Nashville-Davison County
community. The figures depict grading permit information which directly relates to the
development in the community. The graphs show an up and down trend overall. Though, the
past few years show a steady increase in grading permits. This means there is more
development and redevelopment occurring in the community with each passing year.

Consequence Analysis (Impact of Future Flooding)

Historical data suggests floods are the most common hazard in the United States and have the
potential of causing minimal to devastating damage to large areas, as well as injuries,
fatalities, and severe emotional distress. Flooding or infrastructure damage causing loss of life
is the primary concern with any flood situation. Homes, bridges and roadways can be
demolished in minutes. In general, floods pose extreme hazards to individuals in vehicles,
who may lose control, become trapped inside, and be washed away. Additionally, lack of
visibility during a flood may cause drivers to become stranded or trapped when the road has
been washed out.

Major impacts to the community include the sudden release of water possibly causing a flood
surge, contaminants in floodwaters (and water sources) can cause risk to the public, along
with mold that is developed after the water has receded.

Infrastructure that could be impacted includes water supply, electricity delivery,
communication systems, waterway cargo. NES substations could be affected by floodwaters
and may have to be taken off line, and repairs may be hampered due to floodwaters. Cargo
that is delivered via the inland waterways includes coal, which helps maintaining efficient
energy supply. Hazardous waste, lumber and a number of durable foods that are too heavy for
efficient roadway transport are also delivered via waterways. During flood waters, debris is
washed in and may impact the waterways.

Even with proper planning, training and exercising, first responders have a potential of being
impacted during rescue operations. These potential dangers may include being swept away
from flood waters, trapped in collapsed buildings, gas leaks/explosions etc.
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As flooding in the community continues, the MWS home buyout program coordinates with
FEMA, TEMA, and USACE to buy repetitive loss properties in high risk flood areas. These
acquisitions help increase the natural floodplain area by restoring the properties to their
natural state. This program purchases properties to promote natural floodplain functions.

Table 4-40: Flood Impacts
CONSIDERATIONS IMPACTS |

Localized impact expected to be severe for inundation area
and moderate to light for other adversely affected areas.

Localized impact expected to limit response to persons in the
inundation area at the time of the incident.

Damage to facilities/personnel in the area of the incident
Continuity of Operations & may require temporary relocation of some operations.
Continued Delivery of Services Localized disruption of roads and/or utilities may postpone
delivery of some services.

Localized impact to facilities and infrastructure in the
Infrastructure, Property & Facilities | inundation area of the incident. Some severe damage
possible, primary with water supply.

Localized impact expected to be severe for inundation area
and moderate to light for other adversely affected areas,
including aquatic life. Increase in wild animals, snakes, and
mosquitos may be a major impact during event.

Local economy and finances adversely affected, possibly for
an extended period of time, depending on damage and length

Impact on the Public

Impact on Responders

Environment

Economic Conditions of the

Jurisdiction

of event.

Localized impact is expected to adversely affect confidence
Public Confidence in the in local, state, and federal government. Public education is
Jurisdictions Governance important. Response and recovery efforts to be the primary

contributing factor in public confidence.
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GEOLOGICAL HAZARDS

Earthquakes

Based on historic and scientific information, the risk to Metro Nashville-Davidson County
from earthquakes is low.

A site-specific evaluation of the vulnerability of Metro to earthquakes was performed by
AMEC Environmental, Inc. using the HAZUS software program. HAZUS-MH, is a nationally
applicable standardized methodology and software program that contains models for
estimating potential losses from earthquakes, floods, and hurricane winds. HAZUS-MH was
developed by the Federal Emergency Management Agency (FEMA) under contract with the
National Institute of Building Sciences (NIBS). NIBS maintains committees of wind, flood,
earthquake, and software experts to provide technical oversight and guidance to HAZUS-MH
development. Loss estimates produced by HAZUS-MH are based on current scientific and
engineering knowledge of the effects of hurricane winds, floods, and earthquakes. Estimating
losses is essential to decision-making at all levels of government, providing a basis for
developing mitigation plans and policies on emergency preparedness and response and
recovery planning.

The study used 2000 Census Bureau data for the region with the following assumptions:

New Madrid Fault

7.5 Magnitude at 10 KM depth;

525 square mile region with 144 census tracts;

237,000 households;

Population of 569,891 people;

181,000 buildings within the region;

Total building replacement cost of 44,665 million dollars; and

Approximately 97 percent of the buildings (and 76 percent of the building value) are
associated with residential housing.

Studies were conducted by the Mid-America Earthquake Center under a $12 Million contract
for the Dept. of Homeland Security and FEMA from 2006 to 2009 for projected damage
figures for a 7.7 New Madrid Earthquake Event. These data were used to conduct a scenario
for the National Level Exercise 2011 for all Federal Agencies, including the Dept. of Defense
and all 22 affected state jurisdictions. Detailed information for Davidson County is following.
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Davidson County Earthquake Hazard Damages

Damages Total Moderate Extensive Complete
Single Family Homes 159,343 52 units 10 units 0

Other residential 16,555 55 units 0 0

Commercial 3,658 11 units 0 0

Industrial 356 1 unit 0 0
Functionality Totals Day 1 Day 3 Day 7 Day 30
Hospital Functionality 5,307 beds | 96.40% 96.50% | 99.30% | 99.90%
Police Station Functionality 23 sites 94.10%

School Functionality 205 sites 94.10%

Fire Station Functionality 37 sites 94.10%

*Homes without Elec. Service 237,405 0%

Homes without Water Service 237,405 0%

Waste Water Facility Functionality 64 sites 89.79% No Damage; 9.43% Slight Damage
Potable Water Facility Functionality | 5 sites 89.79% No Damage; 9.43% Slight Damage
Potable Water Lines Functionality 3,244 mi 18 Leaks; 4 Breaks

Bridge Damage 521 bridges | 98.52% No Damage; 0.82% Slight Damage
Bridge Functionality 521 bridges | 99.21%

Communications Functionality 1,205 99.50%

(Functionality % = percent that is functional)

Table 4-41: Earthquake Hazard Damages

*This study did not take into consideration a possible cascading of consequences surrounding
the Electric Power Grid throughout the Region. TVA and DHS/FEMA have produced electric
grid studies which indicate the possibility of a temporary collapse of the East U.S. electric
power grid similar to what happened during the Northeast Power failure in 2005. A temporary
shutdown of nuclear and coal-fired generator plants could create a 48 to 72 hour loss of
electric service before restoration could be completed. Almost all critical infrastructure and
emergency services would have to rely on back-up power systems (generators). The lack of a
coordinated Fuel Contingency Planning System for all Federal, State and Local jurisdictions
would also cause numerous response issues.

Common impacts from earthquakes include damages to infrastructure and buildings (e.g.,
crumbling of un-reinforced masonry (brick); collapse of architectural facades; breakage of
underground utilities, gas-fed fires; landslides and rock falls; and road closures). Less
common, but possible damages would include dam failures and subsequent flash floods.
However, with the distance of Metro Nashville from any major fault lines, the impact from an
earthquake at the New Madrid fault would be minimal.
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Landslides

The locations of past landslides (Figure 4-34, Section 4.1) were utilized to determine the
vulnerability of the Metro area to future landslides. A 50-foot radius from the point of the
landslide was overlaid onto the Metro parcel data. The properties that intersected the radii
were then queried for property improvements greater than $0.00. This gave an indication of
an improvement to a piece of property that touched the identified sites. There are
approximately 45 properties that intersect the landslide areas with an improvement value
greater than $0.00. These properties represent approximately 0.02 percent of the properties of
Metropolitan Nashville and Davidson County. There are no critical facilities, as defined by
the Office of Emergency Management and the Metropolitan Police Department, located
within the landslide geological hazard areas.

Delineation of the Dellrose soils has not been completed for Davidson County. This
information cross-referenced with steep slopes would provide an even more accurate
estimation of vulnerability to landslides.

Table 4-42: Geological Hazard Damages

Number of
Total )
Parcels with Improvement
Property Type Number of
Improvement Value
Parcels
Value
Bank / Finance 0 0 0
Commercial 3 0 0
Education 0 0 0
Emergency / Medical 0 0 0
Industrial 0 0 0
Other (Government / Institutional) 2 1 $5,772,800
Residential — Mobile Home 0 0 0
Residential — Mobile Home Park 0 0 0
Residential 43 43 $767,1900
Rural 1 1 $245,500
Telecommunications 0 0 0
No Associated Land Use Code 1 0 0
TOTAL 50 45 $13,690,200

Of the 206,834 parcels located within the Metro area, 50 are located within a 50-foot radius of
identified landslide locations, that is, 0.04 percent of the total properties. Similarly of the total
$29.1 billion in improvement values, $13 million are located within a 50-foot radius of the
identified landslide locations. This results in 0.02 percent of the total property value being
located adjacent to an identified landslide area.

Landslides have resulted in direct damages to structures and roadways, e.g., shifting structures
off foundations, deformation of walls and doors, and blocking major thoroughfares. Potential
direct impacts may include damages to rail lines and bridges, damming of rivers, and
subsequent “dam” failure. Indirect impacts included the cost of debris clearance, personal
injuries, and economic loses from rail and roadway closures.
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Consequence Analysis

Impacts are greatly dependent on a number of conditions, but primarily is the location of the
epicenter (or landslide/sinkhole), and the size of the event (earthquake/sinkhole). Adverse
impact expected to be severe for close events and minor to minimal for those farther away.

Table 4-43: Geological Impacts
CONSIDERATIONS IMPACTS |

Close proximity may have moderate to light impact. Falling
Impact on the Public debris and building instability are the largest adverse
impacts.

Potential to be seriously injured in close proximity.
Structural instability and broken power/gas lines.

Damage to facilities/personnel in the area of the incident
may require relocation of operations and lines of succession
execution. Disruption of lines of communication and
destruction of facilities may extensively postpone delivery of
services.

Impact on Responders

Continuity of Operations &
Continued Delivery of Services

Damage to facilities and infrastructure in the area of the
incident may be extensive for facilities, people,
infrastructure and hazmat. A major event could have
significant impact on all stages of electric power, cause
nuclear/coal generation put off line, and damage
substations/transmission and distribution facilities.

May cause extensive damage to environment in the area of

Infrastructure, Property & Facilities

Environment

the incident.
Economic Conditions of the Local economy and finances adversely affected, possibly for
Jurisdiction an extended period of time in the area of the incident.

Ability to respond and recover may be questioned and
challenged if planning, response and recovery are not timely
and effective.

Public Confidence in the
Jurisdictions Governance
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SEVERE WEATHER

(Extreme Temperatures, Thunderstorms, Tornadoes, and Winter Storms)

The severe weather evaluated as part of this risk assessment included: extreme temperatures,
thunderstorms and lightning, tornadoes, and winter storms. In general, both the risk and
vulnerability to Metro Nashville-Davidson County from severe weather is high. With weather
records dating back to the 1870s, Nashville has a lengthy history of weather trends. Since the
late 1980s, the average annual temperature and the average annual precipitation have been
warmer and wetter than the historical normal. This trend will likely continue for
the foreseeable future, putting Nashville at a greater risk for thunderstorm related hazards.

Impacts to Metro Nashville-Davidson County as a result of severe weather could include
damage to infrastructure, particularly damage to overhead power lines, road closures, and
interruption in business and school activities. In the case of tornadoes, severe damages can
occur to buildings. Utility outages can impact anything relying on electricity without a
redundant power supply (e.g., a generator, solar power, or redistribution plan), and include
secondary impacts such as interruption to water and sewage services, heat and refrigeration,
fuel supplies, computers and cell phones. If interruption to business occurs for an extended
period, economic impacts can be severe. Also of concern would be the impacts on populations
with special needs such as the elderly and those requiring the use of electric medical
equipment. Although typically short-lived, delays in emergency response services can also be
of concern. Depending on the nature of a given storm, all areas within Metro are equally at
risk; however, those areas relying on above ground utilities could suffer the greatest damage.

Extreme Temperatures

The health and safety of persons affected by extreme temperatures will vary, depending on the
length and severity of the temperature condition. Both extreme heat and extreme cold can
negatively impact individuals in the affected area. Tennessee is known to have temperatures
well over 100 degrees in summer months, and as low as 20 degrees below zero in the winter.
Historically, such extreme temperature events have been credited with numerous injuries and
fatalities. Children, people with disabilities, and the elderly are especially susceptible to the
effects of extreme temperatures, and those that are homeless, or have limited access to proper
heating and cooling systems.

There are a number of health complications that can be associated with prolonged exposure to
extreme heat. The stagnant atmospheric conditions and poor air quality that accompany
extreme heat can put individuals at risk of developing a heat disorder, as the body becomes
unable to circulate and/or sweats too much. Heat disorders can lead to serious health
complications, such as heat cramps, heat exhaustion, and heat strokes. Individuals living in
urbanized areas are at a greater risk than those in rural areas due in part to the overheated
asphalt and concrete.

Similarly, extreme cold can impact individuals’ health and safety. Wet areas may freeze,
making driving dangerous. Continued exposure to extreme cold can result in serious health
complications in those unable to generate body heat, such as hypothermia. Increased power
demands for heating or cooling may result in brownout or blackout conditions, and carbon
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monoxide poisoning from the use of space heaters and fireplaces can make the situation
Worse.

Based on information from the 2017 American Community Survey 5-Year Estimates,
Table 4.44 compares the percentage of persons over age 65, below age 5, and the percentage
of persons below the federal poverty level in the participating jurisdictions to state and
national averages. The City of Belle Meade has the highest percentage of residents over age
65, at 23.9 percent. Metro Nashville has the highest percentage of residents under 5,
at 6.9 percent, and Metro Nashville has the highest percentage of population below the
poverty level, at 17.2 percent.

Table 4-44: Population over age 65, Under 5 and Below the Poverty Level

Jurisdiction # Age 65 % Age 65 # Age % Age % Individuals Below
and Over | and Over Under 5 Under 5 Poverty Level

Metro Nashville- 73,240 11.2 45,406 6.9 17.2
Davidson County

Belle Meade 617 23.9 125 4.8 3.9
Berry Hill 43 4.8 11 1.2 15.8
Forest Hills 1,071 21.4 176 3.5 3.7
Goodlettsville 3,019 17.8 841 5.0 12.1
Oak Hill 817 17.5 308 6.6 0.6

Source: 2017 American Community Survey 5-Year Estimates, U.S. Census Bureau

Table 4-45: Extreme Temperature Impacts
CONSIDERATIONS IMPACTS |

Localized impact expected to be moderate for affected areas,

Impact on the Public primarily with adverse health effects.

Adverse impact expected to be moderate for unprotected

Impact on Responders personnel and light for trained, equipped, and protected
personnel.
Unlikely to necessitate execution of the Continuity of
Continuity of Operations & Operations Plan. Localized disruption of roads and/or
Continued Delivery of Services utilities caused by incident may postpone delivery of some
services.

Localized impact to facilities and infrastructure in the areas
of the incident. Increased power demand anticipated. NES
customer load curtailments could result if TVA generation is
not adequate. Power lines and roads most adversely affected.

Infrastructure, Property & Facilities

Marginal impact. Impacts could include possible drought

Environment - . . Do
conditions, increased risk of wildfires.

Economic Conditions of the

Jurisdiction Local economy not anticipated to be adversely affected.

Ability to respond and recover may be questioned and
challenged if planning, response, and recovery not timely
and effective.

Public Confidence in the
Jurisdictions Governance
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Thunderstorms/Tornadoes

Populations affected by severe storms are dependent on numerous factors. These include the
tornado’s mass and strength at the time of impact, location of impact, and ability to respond to
warnings. Tornadoes may strike quickly, with little to no warning, and can bring heavy rain
and hail. Historical data suggests that tornadoes have the potential of causing minimal to
devastating damage to an area, as well as hundreds of injuries, and even death. Most fatalities
and injuries associated with tornadoes are caused by flying debris. Those in the affected area
may also become trapped by a collapsing structure. Tornadoes may also damage power lines
and cause gas leaks, making individuals susceptible to fires, electrocution, explosions, and
exposure to harmful gases. It is also important to remember that tornadoes often accompany
severe storms, and bring with them additional dangers of lightning and flash floods.

There are 93 pole-mounted sirens utilized by OEM to warn residents of tornado warnings for
Davidson County. The sirens are designed to warn those people located outdoors and in
public gathering places, such as parks or in the downtown business area. The warning sound
from each siren is audible within a 1/2 to 1 1/2 mile radius, depending upon the terrain,
humidity, foliage, and background noise, such as wind and rain.

Figure 4-59 presents the siren locations and their respective range. An upgraded siren system
along with additional sirens was completed in 2013, and another upgrade with additional
sirens is starting in 2019.

: Metropolitan Nashville & Davidson County ’,,
® Existing Metro Sirens 2010 Census Tract Populstion per Squere Mile 3001 - 5000 vl E,‘/—/
7"~} Maximum Siren Range 0-1000 [ 5001 - 8000

L

1001 - 3000 I 500 - 12000

Figure 4-59: Tornado Siren Locations
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Campers, manufactured homes, barns, and sheds and their occupants are particularly
vulnerable as windstorm events in the planning area can be sufficient in magnitude to
overturn these lighter structures. Table 4.46 provides the estimated numbers of manufactured
homes in each jurisdiction in the planning area. Table 4-46 provides the estimated numbers of
manufactured homes in each jurisdiction in the planning area.

Table 4-46 Manufactured Homes in Planning Area

Jurisdiction # of Manufactured Homes
Metro Nashville-Davidson County 4,140
Belle Meade 0
Berry Hill 11
Forest Hills 6
Goodlettsville 185
Oak Hill 6

Source: 2017 American Community Survey 5-Year Estimates, U.S. Census Bureau

With the many variables associated with tornadoes, it is difficult to quantify potential losses to
existing development. Tornado variables include, butare not limited to, the following:
tornado intensity, tornado ground path length and width, time of day, development density of
ground path, population density of ground path, and prevalent construction materials/methods
in ground path. With these many unknown variables in mind, an attempt has been made to
estimate losses based on several assumptions as well as statistics gathered from historical
events. Since 1952, the average width and average length of tornado paths within Davidson
County is 193 yards by 5.85 miles. Thus assuming an average .64 square mile area was
affected by the tornadoes paths.

Using that assumption above, the number of houses in a .64 square mile area was figured for
each jurisdiction based on the housing density. It should be noted that generally, the length of
a tornado is greater than its width. However, to apply this methodology to multiple
jurisdictions with varying dimensions, the path was converted to square miles. The number of
homes was determined for .64 square miles and then multiplied by the average home value for
each jurisdiction to arrive at an estimated value of homes in .64 square miles for each
jurisdiction. This represents the value of homes exposed in an estimated tornado path. The
level of damages would then depend on the magnitude of a specific tornado.

Table 4.47 provides the results of the vulnerability analysis. This vulnerability analysis
methodology reveals that the City of Belle Meade has the highest value of homes in a
.64 potential tornado path.
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Table 4-47: Tornado Vulnerability Analysis

Houses in Value of

. Land Area | Housing | Housing 0.64 Average Home| Homes in

Jurisdiction . . . .
(sg. Miles) | Units Density square Value 0.64 sq. mi.

miles (Exposure)
Metro Nashville- 525| 288,871| 550.23| 352.15|  $191,400 | $67,401,032

Davidson County

Belle Meade 3.1 1,080 348.39 222.97 $1,330,200 [$296,591,690
Berry Hill 0.91 610 670.33 429.01 $197,700 | $84,815,473
Forest Hills 9.3 1,903 204.62 130.96 $802,500 |$105,094,710
Goodlettsville 14.15 7,594 536.68 343.47 $196,300 | $67,423,986
Oak Hill 8 1,863 232.88 149.04 $594,400 | $88,589,376

Source: 2017 American Community Survey 5-Year Estimates, U.S. Census Bureau

Table 4-48: Thunderstorm/Tornado Impacts
CONSIDERATIONS IMPACTS |

Localized impact expected to be severe for incident areas

Impact on the Public and moderate to light for other adversely affected areas.

Localized impact expected to be severe for personnel in the

Impact on Responders areas at the time of the incident.

Damage to facilities/personnel in the area of the incident
may require temporary relocation of some operations.
Localized and possible severe disruption of roads, facilities,
and/or utilities caused by incident may postpone delivery of
some Services.

Continuity of Operations &
Continued Delivery of Services

Severe localized impact to facilities and infrastructure in the
area of the incident possible. .

Localized impact expected to be severe for incident areas
and moderate to light for other areas affected by the storm or
HazMat spills.

Local economy and finances adversely affected, possibly for
an extended period of time.

Ability to respond and recover may be questioned and
challenged if planning, response, and recovery not timely
and effective.

Infrastructure, Property & Facilities

Environment

Economic Conditions of the
Jurisdiction

Public Confidence in the
Jurisdictions Governance
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Winter Storms

There are many factors during a winter storm that can dictate methods and strategy for mitigation
and clearing of roadways. The temperature, wind speed, amount of precipitation, and traffic all
play a vital role in establishing a successful cleanup practice. Metro Nashville Public Works uses
several techniques to help mitigate the effects of winter storms on its twenty-eight primary and
secondary routes.

First is the direct application of brine onto the roads from the back of their eighteen distribution
trucks, approximately twenty-four hours before the snow event takes place. This treatment applies
brine directly to the roadway and assists in the prevention of ice formation and bonding to the
pavement surface. The next technique used is the actual spreading of salt once accumulation has
begun. To perform this application Metro Public Works uses twenty-eight route trucks and seven
standby units to accommodate all mitigating factors that occur during a winter storm. This process
requires traffic assistance to help activate the salt and the melting process.

In recent years, the department of Public Works added five trucks equipped with onboard wetting
systems that apply brine or other liquid materials such as calcium chloride to dry rock salt as it
exits the truck. The addition of this pre-wetting capability activates the salt & initiates the melting
process. These units also contribute to the cleanup, with less material bouncing off of the
roadways and going to our ground water supply via storm drains and inlets.

These resources assist in mitigating the effects of a winter storm on local infrastructure and the
motoring public. They will also provide the department a faster and more efficient method of
clearing roadways, while providing a more environmentally friendly approach to snow and ice
removal.

The loss of use estimates provided in Table 4-49 below were calculated using FEMA's
publication What is a Benefit?: Guidance on Benefit-Cost Analysis of Hazard Mitigation Project,
June 2009. These figures are used to provide estimated costs associated with the loss of power in
relation to the populations served in each jurisdiction. The loss of use is provided in the heading
as the loss of use cost per person per day of loss. The estimated loss of use provided for each
jurisdiction represents the loss of service of the indicated utility for one day for 10 percent of the
population. These figures do not take into account physical damages to utility equipment and
infrastructure.

Table 4-49: Loss of Use Estimates for Power Failure Associated with Severe Winter Storms

Jurisdiction Population Estimated Affected Electric Loss of Use Estimate
Population (10%) ($126 per person per day)

Metro Nashville-Davidson 654,187 65418.7 $8.242. 756
County

Belle Meade 2,584 258.4 $32,558
Berry Hill 891 89.1 $11,227
Forest Hills 5,002 500.2 $63,025
Goodlettsville 16,935 1693.5 $213,381
Oak Hill 4,681 468.1 $58,981
Total 684,280 68,428 $8,621,928

Source: 2017 American Community Survey 5-Year Estimates, U.S. Census Bureau

Metropolitan Nashville - Davidson County
Multi-Hazard Mitigation Plan — FINAL
January 2020

Vulnerability & Consequence Assessment
Section 4.2, Page 36




Table 4-50: Winter Storm Impacts
CONSIDERATIONS IMPACTS

Localized impact expected to be severe for affected areas and

Impact on the Public moderate to light for other less affected areas.

Adverse impact expected to be severe for unprotected personnel
Impact on Responders and moderate to light for trained, equipped, and protected
personnel.

Possible need to necessitate execution of the Continuity of
Continuity of Operations & Continued Operations Plan, dependent on location of operations. Localized
Delivery of Services possibly severe disruption of roads and/or utilities caused by
incident may postpone delivery of some services.

Localized impact to facilities and infrastructure in the areas of the
incident. Power lines and roads most adversely affected. If frigid
temperatures, restoration efforts may be greatly hampered due to
temperature and poor road conditions. Extreme temperature
fluctuations may cause damage to older water mains, and could
affect water distribution.

Infrastructure, Property & Facilities

Environment Environmental damage to trees, bushes, etc.

Economic Conditions of the Jurisdiction Local economy and finances may be adversely affected, depending

on damage.
Public Confidence in the Jurisdictions Ability to respond and recover may be questioned and challenged
Governance if planning, response, and recovery not timely and effective.
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COMMUNICABLE DISEASES/PUBLIC HEALTH

The impact of a communicable disease outbreak within the Metro area may include the loss of
life, short-term or long-term debilitation for victims and/or loss or delay of business and
service deliverability. Economic hardships are often a direct result of a communicable disease
outbreak, as lost work time due to individual illnesses affects employees and employers; in
addition, healthy citizens tend to stay home and self-isolate, which puts a strain on business
profits.

In addition, a serious epidemic would likely cause a strain on current public health and
medical resources. Depending on the disease outbreak, response efforts will include education
for both medical personnel and citizens, continuing surveillance and data monitoring, public
information and, if necessary, mass prophylaxis.

While communicable diseases vary in intensity and possible impact, the risk and vulnerability
of a communicable disease epidemic in Metro Nashville-Davidson County is considered low,
based on historical data. Because of ongoing mitigation efforts within the Metro Public Health
Department for diseases such as West Nile Virus and pandemic flu, and because of constant
surveillance among hospital data and infectious disease reporting, the probability that an
epidemic would spread among Metro Nashville-Davidson County before response and
planning measures were implemented is low.

Table 4-51: Communicable Diseases Impacts

CONSIDERATIONS IMPACTS

Adverse impact expected to be severe for unprotected
persons and moderate to light for protected persons.

Adverse impact expected to be severe for unprotected
Impact on Responders personnel and uncertain for trained and protected personnel,
depending on the nature of the incident.

Impacted personnel may require lines of succession
Continuity of Operations & execution. Disruption of lines of communication and
Continued Delivery of Services temporary destruction of facilities may extensively postpone
delivery of services.

Access to facilities and infrastructure in the area of the
incident may be denied until decontamination completed.

Impact on the Public

Infrastructure, Property & Facilities

Environment Limited impact anticipated.
Economic Conditions of the Minor local economy affected, possibly for an extended
Jurisdiction period of time.

Ability to respond and recover may be questioned and
challenged if planning, response, and recovery not timely
and effective.

Public Confidence in the
Jurisdictions Governance
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Man-Made Hazards (Technological/Terrorism)

For the purpose of this plan, ‘Man-made hazards’ are technological hazards and terrorism. These are
distinguished from natural hazards in that they originate from human activity. Technological hazards
refer to the origins of incidents that can arise from human. For technological hazards (hazardous
materials) analysis, refer to the hazardous materials vulnerability and consequence analysis separately.

Terrorism is intended to provoke fear and uncertainty, and to intimidate or coerce its intended target.
With this in mind, one can already determine that the impacts of terrorism would be quite large. The
initial and long term impact on the public and responders would be severe, along with potentially
major impacts on infrastructure, property, the environment and of course the economy. The physical
impact of this type of disaster will likely be localized to the immediate area surrounding the incident,
but based on the specific methods, the impacts could be more wide spread. The impact of the
community’s mental health would be wide spread and potentially severe, and could last an extended
amount of time.

One can also determine that one of the best ways a community can mitigate terrorist activities is by
having an aware community; a community that knows what to look for in suspicious activity, and one
that swiftly reports this activity. Local, state and federal law enforcement agencies continue to
improve on combating terrorist activity, and those in the Metro-Nashville Davidson County area are
not an exception. Our local law enforcement agencies continuously plan, train and exercise with state
and federal entities and intelligence agencies. The national public campaign of “See Something, Say
Something” raises public awareness of the different indicators of terrorism and terrorism related
crimes, as well as the importance on the public swiftly reporting such activity. This campaign was
launched by the US Department of Homeland Security in conjunction with the US Department of
Justice’s ‘Nationwide Suspicious Activity Reporting (SAR) Initiative (NSI)’. The NSI helps to
standardize how suspicious activity is reported and analyzed. This reported information is then shared
(when determined to be a reasonably indication of terrorist activity) with local, state and federal law
enforcement partners across the US.

Table 4-52: Man-Made Hazards Impacts

CONSIDERATIONS IMPACTS

Localized impact expected to be severe for immediate area and moderate
to light for other local areas. Mental health can be expected to have a
large impact on a large population.

Impact on the Public

Adverse impact expected to be severe for unprotected personnel and
moderate to light for protected personnel, dependent on the nature of the
event.

Impact on Responders

Continuity of Operations & Damage to facilities/personnel in the area of the incident may require

Continued Delivery of Services

temporary relocation of some operations. Localized disruption of roads
and/or utilities may postpone delivery of some services.

Infrastructure, Property &
Facilities

Localized impact to facilities and infrastructure in the area of the
incident, possibly for extended period, dependent on the event.

Environment

Localized impact expected to be severe for immediate area, dependent on
the event. Remediation may be required.

Economic Conditions of the
Jurisdiction

Local economy and finances adversely affected, possibly for an extended
period of time, depending on type of event, damage and extent of
cleanup.

Public Confidence in the
Jurisdictions Governance

Adverse impact expected to be severe. Ability to prevent, respond and
recover may be questioned and challenged.
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Hazardous Materials

HAZMAT incidents vary widely in their effects on exposure. Most of the common chemicals can
quickly cause death or permanent injury in high concentrations with relatively little exposure time, but
some toxins cause injury only with repeated exposures, or are carcinogenic. Emphysema or other
chronic lung diseases can result from toxic gas inhalation. Caustics, acids, and some other compounds
cause immediate burns. Clothing, vehicles, and personal effects can be contaminated by most
hazardous materials, often regardless of their chemical state (gas or liquid). Even properly-contained
limited impact HAZMAT incidents can swiftly harm those in the affected area before first responders
arrive, and leave chemical residues that persist for months or years. A few injuries and deaths
occurring at a large facility fire can lead to many casualties from smoke exposure or residential area
contamination if the incident is inadequately contained. Winds, flooding, ground elevation, and
accessible terrain might increase exposure. Fires and explosions may cause structural damage.

Obviously health and safety of people present at a HAZMAT incident will vary by more than the
chemical type: proximity to other volatile or flammable substances, warning time and evacuation
protocols, the duration and location of the accident (relative to population centers and to their food
and water supplies), and the presence or absence of secondary incidents such as fires and explosions.
Transportation-related HAZMAT events can lead to fatalities and injuries caused by the combination
of the chemical effects with automobile and road damage, and possible pile-ups.

This hazard could have a significant impact on the public health, the environment, private property and
the economy. The impact of this type of disaster will likely be localized to the immediate area
surrounding the incident. The initial concern will be for people, then the environment. If
contamination occurs, the spiller is responsible for the cleanup actions and will work closely with
federal and state agencies and the local jurisdiction to ensure that cleanup is done safely and in
accordance with federal and state laws.

Table 4-44: Hazardous Materials Impacts
CONSIDERATIONS IMPACTS |

Localized impact expected to be severe for plume area and
moderate to light for other adversely affected areas.

Adverse impact expected to be severe for unprotected
personnel and moderate to light for protected personnel.

Damage to facilities/personnel in the area of the incident
Continuity of Operations & may require temporary relocation of some operations.
Continued Delivery of Services Localized disruption of roads and/or utilities may postpone
delivery of some services.

Impact on the Public

Impact on Responders

Localized impact to facilities and infrastructure in the plume
area of the incident, possibly for extended period.

Localized impact expected to be severe for plume area.
Remediation required.

Infrastructure, Property & Facilities

Environment

Local economy and finances adversely affected, possibly for

GBI CRE R TE 6 e an extended period of time, depending on damage, extent of

SIS cleanup, and length of investigation.
Public Confidence in the Localized impact expected to primarily adversely affect
Jurisdictions Governance HazMat source owner and local entities.
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