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Resiliency Defined

 The Capacity to Recover Quickly
* The Ability to Bounce Back

* On a continuing basis, the CRS Program will lead your city to a
state of increased resilience, and reduce your vulnerability to

floods
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As a City Considers Resilience and Readiness.....

We must assume that the next big event
is right around the corner....



Extreme Events — Occurring with unsettling
regularity

e Rain Bombs
* Atmospheric Rivers
* Snow or Bomb Cyclones

* Winter Storm Ulmer....set records for low pressure and extreme
winds
* Led to extreme snowfall, followed by warm weather, rapid

snowmelt, and extreme flooding in the plains



A Rain Bomb....over Phoenix



Wonkblog « Analysis

Houston is experiencing its third
‘500-year’ flood in 3 years. How
is that possible?



Historic Maryland Town Hit by a Second Devastating
Flood Since 2016

National Guardsman reported missing in Ellicott City; some businesses not sure they can recover
again






Capital Weather Gang

State of emergency in Louisiana, as
atmospheric river unloads disastrous rains

Up to two feet of rain have fallen in Louisiana and three people have
died, as historic flood event swamps parts of the South and Gulf Coast

states.















Building Resilience......after the Flood

* Post-Disaster Response
* Public Infrastructure
* Private Property
* Buyouts — 370 homes that will never flood again
* Continuing to purchase homes with HMGP, USACE and Metro Money
* We will buy hundreds more as money becomes available
* Elevating Substantially Damages homes
e Significant private mitigation — Opryland Hotel and Schermerhorn
* Nashville SAFE, NERVE and HEC-RTS

* New Flood Insurance Rate Maps



All New H&H....county-wide!! Led to....
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Nashville SAFE & NERVE

Initial efforts began during the months after the
2010 Flood

* Nashville SAFE — a flood forecasting and
response tool

e Nashville NERVE — a Public Information Tool
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WHITES CREEK - BORDEAUX (03431599)

Stage: 5.96 ft. (Elev. 408.66)

Highest Predicted Stage: N/A at this time.

Action Stage: 13 (Elev. 415.7) B through C
Flood Stage: 18 (Elev. 420.7) D through F
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NWS — Quantitative Precipitation Forecasts



NWS — Quantitative Precipitation Forecasts



Nashville NERVE



Transitioning to Real Time Simulation
became the logical next step....



Post May 2010 Flood Efforts - USACE

 Immediately started working with Nashville and
other federal agencies

— Building models and developed mapping products
to better understand flood risk

— USGS added stream gauges further up Iin
watersheds

— Created the Nashville SAFE program to better
understand NWS forecasts

— Performed hundreds of miles of updates to flood
Insurance rate maps in coordination with FEMA
= Work culminated in the development of
HEC-RTS modeling




Real Time Simulation (HEC-RTS)

= What is HEC-RTS?

— Real-time decision support system developed
by the USACE - Hydrologic Engineering Center

— Relies on suite of HEC software (HEC-HMS,
HEC-RAS, etc.)

— Provides a real-time flood forecasting
environment integrating HEC software

— Utilizes python scripts to import real-time data
from the internet

— Utilizes python scripts to publish and
disseminate results to necessary stakeholders



Real Time Simulation (HEC-RTS)

= Why is it important?
— LIFE SAFETY
— Time matters — Most basins in Nashville have a
very short reaction time
= Who is the suite of Nashville HEC-RTS models
iIntended for?

— Modelers

= National Weather Service (NWS)
» Metro-Nashville Staff/Contractors

— Beneficiaries
= Metro emergency services

= NWS forecasters
= Public



Nashville HEC-RTS Watersheds



Input Data to the Model

= Data is very important to the model
performance

= All data derived from publicly available web
sources

« HEC-RTS model relies on several sources of
data

— Stage/Flow Time Series Data — USGS

— Gridded Precipitation
= Lookback — Gagelnterp-derived (15-min); NWS QPE
(1-hr)
= Forecasted — NWS/NOAA QPF (6-hr); NWS NOAA
HRRR (1-hr)



Input Data to the Model



HEC-RTS Tour



HEC-RTS Modules

= Setup
— Models imported
— Program order (MFPp HMSe- RAS)
— Data Setup
= Acquisition
— Data Acquisition
— Data QC
= Visualization
— Visualize data and make initial forecasting decisions

= Modeling
— Where all the magic happens

— Create forecasts and execute individual modeling
components



Setup Module



Data Acquisition Module



Data Visualization Module



Modeling Module



Modeling



Modeling - Precipitation



Modeling - Hydrology



Modeling - Hydraulics



Data Dissemination



Real World Application — Remnants of Harvey Event

= Hurricane Harvey devastated the Texas coast
from 25-29 August 2017

= Harvey system eventually worked its way to
middle Tennessee a couple days later

* The system stalled over Nashville on the evening
31 August

 The event resulted in flooding throughout
Nashville

= About 30 water rescues were performed mostly in
the Whites Creek Basin (a trib to the Cumberland
River

= Event also produced several tornadoes In the
Middle Tennessee area includina Davidson Co.



Harvey Event Cumulative Rainfall



Harvey Event Precipitation Totals



Whites Creek Watershed HEC-RTS Model



Action Level Tool



Inundation Mapping



Characteristics of the Event



Post-Flood Evaluation



Next Steps

= Develop processes and outputs that will provide
the most useful information to the necessary
decision makers and emergency personnel in the
Nashville Government

= A flood exercise will be held in August to better
understand the needs of emergency managers

« Expand HEC-RTS model development to the
remaining major watersheds in Metro

» Build a comprehensive HEC-RTS model for the
entire Metro region as opposed to individual basin
models

» |Incorporate HEC-FIA to provide real-time structure
by structure damages and population at risk



Conclusions

HEC-RTS provides an integrated environment to
conduct flood forecastin smg detailed H&H modeling
software developed by HEC

Interface is relatively user-friendly and provides direct
access to commonly used H&H software packages

Ability to create output products useful to emergency
person is only limited by our imagination

The speed at which information and warnings can be
distributed can save lives and property

Supports collaborative relationships between local,
state, and federal agencies

Once completed and implemented, the Nashville
HEC-RTS system will be one of the most advanced
systems nationally



Questions??

Roger D. Lindsey, PE, CFM, DTM
Metro Nashville Water Services

Roger.lindsey@nashville.gov
615-862-4706
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