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+ Realistically replicate the flood-

producing storms in the ba:

- Carry the raintall prot

thraugn the analysis correctly

Storm Templases

Runoff

TVA partnered with NWS to calibrate a 140-basin
continuous hydrology model, used operationally

62year continuaus simulation

Yearly volume, flood volume and
flood peak were hjectives

Good model fit

What harm
would failure
cause?
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- Carry the rainfall probabilities TWA partnered with NWS to calibrate a 140-basin

thraugh the analysis carrectly continuous hydrology model, used operationally
=

Seasonaliey Starm Templates Point to Basin

IHH; . - S 6B-year continuous simulation

Yearly volume, flood volume and
flood peak were objectives

Good model fit

What harm
would failure
cause?




Creating a Storm
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Rainfall

Storm Typing

Three different storm types cause floods for Twa:
+Mesoscale with Embedded Convection (MEC)
MickLatitude Cyclone (MLC)
+ Tropical Stoem Remnant (TSR)

Hand typing was done to train sutomation per:
+ Seasanality
- Magnitude of areal eoverage

- Realistically replicate the flood-
producing storms in the basin

- Carry the rainfall probabilities
through the analysis correctly

Storm Templates

110 gridded hourly templates were created to
represent the wide range of temporal and
spatial paiterns passible

Point to Basin

atkans g At

wa' Al storm types have
distinct seasons

T TwA reservoir policy Is
highly seasonal, as are soi
moisture conditions

Sauivalent years
SR aLCland MEC. > 1,000 for TSR




Storm Typing

Three different storm types cause floods for TVA:
« Mesoscale with Embedded Convection (MEC)
- Mid-Latitude Cyclone (MLC)
- Tropical Storm Remnant (TSR)
Hand typing was done to train automation per:
- Seasonality
- Magnitude of areal coverage
- Existence of a nearby tropical storm track
- Precipitable Water (Pw)
- Convective Available Potential Energy (CAPE)
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Seasonality

MEC

Mesoscale Storms Embedded Convection

46 Natewarthy Starms TVA Studv Area 1948-2013

Beta Distribution
Mean = Jul 16

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dac
MONTH

MLC

Seasonality - Mid-Latitude Cyclones

68 Noteworthy Storms TVA Studv Area 1906-2012
Large Areal Coverage

]|A|.-!. Oct Nov Desc lan FI:M Apr May lu

MONTH

TSR

Seasonality - Tropical Storm Remnants

TVA Study Area 1896-2014

61 Moteworthy Storms
| BetaDistribution
Mean = Au an
-1 I I i
lan  Feb Mar Apr Jun Jul Aug Sep Oect Nov Dec

MONTH

All storm types have
distinct seasons

TVA reservoir policy is
highly seasonal, as are soil
moisture conditions




Point Precip

Point-precip study created
gridded maps of storm
depth by type and probability

Large study area captured man

independent storms. > 5,000
equivalent years of record for

IMLC and MEC. > 1,000 for TSR




Storm Templates

110 gridded hourly templates were created to
represent the wide range of temporal and
spatial patterns possible
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Point to Basin

Techniques for development of Watershed PF relationships differ
based on storm type and watershed size:

- Large, well-behaved MLCs and TSRs

- Chaotic MECs

- Very large storms (in progress)

- Involves transposing largest o | o PR pd
: posing larg L L | —
stor.msmto the water'shed, . Zus S S—" S——— g [~
station cross-correlation, point & 1, \}///://
to area relationships, and %“—' N
. . 80
stochastic storm generation = s el \
- Ability to quantify 2 w el L
uncertainties throughout - 3?%%%-' #--

09 05 104 102 10* 104 10% 100 107 10*
ANNUAL EXCEEDANCE PROBABIITY

MLC Areal Reduction Factors

Detailed basin ARFs behave
well wrt basin size, therefore
we plan to simply interpolate
ARF for many basins, rather
than perform a detailed point-
to-basin study

WATERSHED AREA (mi?)




Subasin Variable

&_Hour_Runoff ~

Resaroir Variabla

Inflow -

Runoff

Time Stepe 18

Simulations for Boone
4.150e~6

TVA partnered with NWS to calibrate a 140-basin
continuous hydrology model, used operationally

4.000845 5000845 E.0008+5

68-year continuous simulation

Simulation

0

Yearly volume, flood volume and
flood peak were objectives

Good model fit




.
Operations

TVA created a rules-based
RiverWare model to represent
operations spanning our highly-
integrated system

1400 -

Model was run for the 68-yr - -
continuous record and rules were ; - _.,;
adjusted based on operator £ .., ;:'Enff'"'”"”'”'""”"” -
feedback # %
4
1

50000 100000 150000 200000 250000 300000
Maximum Outflow
Unprecedented storms were also run
and rules were adjusted based on
operator feedback
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Warming Up
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Creating a Storm

1.,

1. Sample 1,000s of depths
from the PF curves by bins,
and choose one

2. Randomly select storm template
3. Scale storm template:
in place depth==>probability==> transposed depth

4. Set storm at the correct date

5.

5. Cut storm into rainfall randomly
selected from the bootstrap




Calculating Runoff

Subasin Vanable
&_Hour_Runoff ~

S hme f
Reservorr Vanable Subcatchment Runoff

Inflow hd
Time Stap: 18 1000 1

200
Simulations for Boone

4150846 =_ ==

4.050e+5

)asin
nally

7] 1ns 2m 215
Datetime

Reservoir Inflow and Outflow

SoHolston

u T T T
6000e+5 7.0000+5 5000845 9.0008+5 1.0008+6
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T
4000045 5000045
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Simulation
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Routing the Flood




UNCERTAINTY VARIANCE {In?)

Contribution to Uncertainty Variance

| Precipitation-Freguency Cherokee Dam Watershed

= Spatial Correlation

N Point 1o Area Relationship

102 10¢
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Example Hazard Curve

Example Single Storm




Example Hazard Curve

Headwater (ft)
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0Old Estimate

Data Mining

SoHolston>=1744 [Bent Branch)
SoHolston>=1742 [Morning Glory]
1400 « SoHolston<1742
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Max Pool Elevation AEP

Peak Elevation Boone and South Holston




Example Single Storm

Boone Precip . Boone Accumulated Precip

cip [in)

Accum Pr

Jec 041993 Dec 08 1

SoHolston_Pool (max = 1747.8; TOG=1742)

SoHolston_outflow (max = 35,941) e . Watauga_Outflow (max = 14,314}

Boone_Pool (max = 1385.3; TOG=1385) L - FtPatH_Pool (max = 1263.0; TOG=1263)

Inflow/Outflow at Boone

SHH Qutfiow
WTH Outflow
BOH Local
BOH Iaflow
BOH Outflow

BOH Gutfiow
FPH Qutflow







