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Overview

« 2-D Rain-on-Grid Flood Mitigation Studies
« Background
* Modeling methods and assumptions and output
* Flood mitigation studies and online viewer

« Dam-Rainfall Runoff Modeling
« Background
* Modeling methods and assumptions and output
« DamWatch
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Background — 2D Flood Mitigation Studies

Existing Riverine Flood Studies (~28,000 miles)

i)
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Background — 2D Flood Mitigation Studies

Eastern Band C

Unstudied Streams (~76,000 miles)
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New Flood Studies and Building Level Risk Assessments for Unstudied
Streams (12,723 square miles/11,135 stream miles)
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2-D Modeling Rainfall Losses

° H E( :_ H M S or S p re ad S h eet TR I | T S I =SE=n
Subbasin "Subbasin® Results for Run "Run 1" Project: WAKE_131_lLake_Lynn_Dam  Simulation Run: Run 1
0.0 Subbasin: Subbasin
.
. D I re Ct I Iyeto g rap h D eve | O p m e nt 0.2 Start of Run: 01Jan2000, 00:00 Basin Model: WAKE-131 Watershed
End of Run: 02Jan2000, 00:05 Meteorologic Model: Met 1
Compute Time:24Mar2020, 15:21:12 Control Specdifications:Control 1
0.4+
g Date Time Precip Loss Excess Dire
L £ 06 @ @ any ¢
. OSSeS — e O 8 01Jan2000 09:40 0.03 0.02 0.01
0.8 013an2000 09:45 0.03 0.02 0.01
01Jan2000 09:50 0.03 0.02 0.01
- 1.0 011an2000 09:55 0.03 0.02 0.01
013an2000 10:00 0.03 0.02 0.01
* Rainfall - NOAA Atlas 14, SCS Type Il
’ 1.2 01Jan2000 10:10 0.04 0.02 0.02
5,000 013an2000 10:15 0.04 0.02 0.02
4,500 ’ \l 01Jan2000 10:25 0.04 0.02 0.02
| 013an2000 10:30 0.04 0.02 0.02
4,000 | 013an2000  [10:35 0.05 0.02 0.02
- 20, 10,4, 2,1, 0.5, 0.2, 0.01% A
, ’ ’ ’ ’ M ’ M , M 3,500 \ 01Jan2000 10:45 0.05 0.02 0.03
| 013an2000 10:50 0.05 0.03 0.03
3,000+ l’ 01Jan2000 10:55 0.06 0.03 0.03
eve n S 01Jan2000 11:00 0.06 0.03 0.03
& 2,500 \ 01Jan2000  [11:05 0.08 0.03 0.04
= 01Jan2000 11:10 0.07 0.03 0.04
* 1% plus — Upper band of the 95%
0 — O 013an2000 11:20 0.09 0.03 0.05
01Jan2000 11:25 0.09 0.03 0.05 3
[ 1,500+
01Jan2000 11:30 0.10 0.04 0.06 £
Cl Of rai nfa” e i I
1,000 01Jan2000 11:40 0.35 0.12 0.24 4
01Jan2000 11:45 0.99 0.14 0.35 L
- 500 D10an2000  [11:50 0.38 0.21 0.67 B
« Climate Runs — assumed 10, 20 e =
’ ’ a T T T T T T T T 01Jan2000 12:00 0.79 0.11 0.63 &8
M 00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:0c 01Jan2000 12:05 0.13 0.02 0.15 i
O | 01Jan2000 013an2000 12:10 0.12 0.01 0.10 1
a_n O I n C re aS e O -ye ar Legend (Compute Time: 24Mar2020, 15:21:12) 01Jan2000 12:15 0.14 0.02 0.12 L
. . 0 Run 1 Element: Subbasin Result:Frecipitation 01Jan2000  [12:20 0.11 0.01 0.10 L
rainfall depth for climate run T R R e
01Jan2000 12:30 0.08 0.01 0.07 2
Run:Run 1 Element:Subbasin Result: Outflomw EPE——— PERET= EIGE] GIGE] e By w
— —— Run:Run 1 Element:Subbasin Result:Bazeflow >

 Areal reduction factor — not applied.
DA size was limited to smaller areas to
reduce need for ARF

DPs
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2-D Modeling Hydrology and Hydraulics

« HEC-RAS 2-D Rain-on-Grid

» Hyetographs applied directly to mesh
Including losses based on CN
methodologies

 Terrain
 Latest QL2 LIDAR data

* Bridges — Embankment only — bridge deck
already removed from terrain

 Culverts - Hydro-corrected for DA > 1sg mi
using NCDOT culvert inventory
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Terrain Data Hydro-corrected

bPs’
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HEC-RAS 2-D Mesh Geometry Clty of GreeneV|IIe Watershed (0302010304)

b

£ Breaklmes — major roads, levees
and rivers, and outflow

(.r
-

Average Mesh Spacmg 100-300
ft and 50-100 ft at breakllnes




ty of Greeneville Watershed (0302010304)

-C

HEC-RAS 2-D Mesh Geometry

Outflow — Normal

depth based on slope

of ma

N river

cfs/sqmi (major rivers already
modeled and captured on

Inflow — Baseflow only -1
DFIRMs)

0302010304 _outflow
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Manning’'s Roughness (n)
* National Land Cover Dataset (NLCD) 2016

0.025-0.05 Open Water
_ 0.04 0.03-0.05 Developed, Open Space
_ 0.1 0.08-0.12 Developed, Low Intensity
_ 0.12 0.06-0.14 Developed Medium Intensity
- 0.15 0.12-0.20 Developed, High Intensity
_ 0.03 0.023-0.03 Barren Land (Rock/Sand/Clay)
_ 0.13 0.10-0.16 Deciduous Forest
- 0.13 0.10-0.16 Evergreen Forest
_ 0.13 0.10-0.16 Mixed Forest
n 0.1 0.07-0.16 Shrub/Scrub
0.045 0.025-0.05 Grassland/Herbaceous
0.06 0.025-0.06 Pasture/Hay
n 0.06 0.025-0.06 Cultivated Crops
W‘3 “ 0.12 0.045-0.15 Woody Wetlands
%Wm n 0.08 0.05-0.085 Emergent Herbaceous Wetlands



Model Validation

e Run model simulation based on Hurricane Matthew rainfall to
validate the 2D rain-on-grid model

 Modeled Hurricane Matthew water surface elevations (WSEL) are examined
at High Water Mark (HWM) and gage locations with a target of being within 1
foot of the modeled versus observed WSEL

* NFIP Claims, Public Assistance and Individual Assistance - structural impact
data points were analyzed. The impact data points that had attributes
indicating potential flood damage were assessed with a goal of greater than
50% of these structures falling within the modeled Hurricane Matthew
inundation area.
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City of Greenville Watershed 2-D Modeling Flood Extents (10-ft DEM) — Raw Output

bPs’
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Legend

s CNIMS Unmapped Streams
|| city of Greenville Watershed
Depth 1pct

[ | 0000999451-05

[ Jos-1

[ | 1.000000001-15

1 1500000001 - 2

I 2.000000001 - 5.757949792
I 5757949793 - 6.997908327
B 6997908328 - 8.326435328
B 5326435329 - 1018637313
B 10.18637314 - 12.48915327
I 1248915328 - 22 58595848

A

1,000 500 0 1,000
Feet

1 inch = 1,000 feet




City of Greenville Watershed 2-D Modeling Flood Extents — %2 Square Mile Drainage Area

bPs’

Legend

= CNMS Unmapped Streams
|| city of Greenville Watershed
Depth 1pct

[ ] o0.000999451-05

[ os-1

[ 1.000000001 - 1.5

[ 1.500000001 -2

I 2000000001 - 5.757949792
I 5.757949793 - 6.997908327
I 6 997908328 - 8.326435328
B = 326435329 - 1018637313
I 10.18637314 - 12.48915327
Il 1248915328 - 22 58505848

D 112 Square Mile DA

N
1000 500 0 1,000
[ — [

1inch = 1,000 feet
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City of Greenville Watershed 2-D Modeling Flood Extents — 1/4 Square Mile Drainage Area

bPs’
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Legend

= CNMS Unmapped Streams
|| city of Greenville Watershed
Depth 1pct

[ ] o0.000999451-05

[ o05-1

1.000000001 - 1.5

I 1.500000001 - 2

I 2.000000001 - 5.757949792
I 5.757949793 - 6.997908327
I 6.997908328 - 8.326435328
I 5326435329 - 10.18637313
I 1018637314 - 12.48915327
I 1248915328 - 22 58505848

D 1/2 Square Mile DA
[ 114 saquare mie DA

N
1000 500 0 1,000
— e — F =t

1inch = 1,000 feet




City of Greenville Watershed 2-D Modeling Flood Extents — Depth > 1-ft

bPs’
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Legend

= CNMS Unmapped Streams
City of Greenville Watershed

Depth 1pct

[ ] oooosgg9451-05

[ Jos-1

[ 1000000001 - 15

I 1500000001 - 2

I 2000000001 - 5.757949792
I 5 757040793 - 6 997908327
I 6997908328 - 8.326435328
I 2326435329 - 10.18637313
I 1018637314 - 1248915327
I 1245015328 - 22 58595848

[ 122 square Mile DA
[ 144 suare mike DA

Depth 1pct GT 1-ft

I 1 - 22 58505848

M
1000 500 0 1,000
— e — et

1inch = 1,000 feet




City of Greenville Watershed 2-D Modeling Flood Extents — Depth > 1-ft and Polygons > 15,000 sqft

Legend

s CNMS Unmapped Streams

|| City of Greenvilie Watershed
Depth 1pct

[ ] 0.0o0eg8451-05

[ os-1

[ 1.000000001 - 1.5

I 1500000001 - 2

I 2000000001 - 5.757040702
I 5757940703 - 6.007008327
I c 007008228 - 8.326435328
I ¢.226435220 - 10.18837313
I 10.18637314 - 1248915327
Il 1242015328 - 22 58505848

: 1/2 Square Mile DA
D 1/4 Square Mile DA

Depth 1pct GT 1t

B 1 - 2258505848

B o<oth 10ct GT 18 Area GT 15,000sqft

N
1.000 500 0 1.000
[ NXC g — e — =t
m 1inch = 1,000 feet
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HB200 Flood Mitigation Studies

* Flood Risk Assessment — Building-level flood damage
assessments for all return periods

* Non-structural building mitigation strategies — Evaluated for
all structures

* Areas of mitigation interest — identified by structures with
highest cost-to-benefit ratio based damages based on 30
and 50-year time period

« Data will be shared through a new GIS web application for
non-regulatory products

« Mapping will not be published on regulatory DFIRMs

North Carolina Emergency Management



Rainfall-Runoff Modeling Overtopping Analysis for Dam Alerts

Alleghary

BETE Surry Stokes Rockingham Caswell Person vance Warren Northampton
Granville Hertford

Watauga Wilkes "l Halifax PerquimansPasgquotank
20KIn Forsyth - Oranoe : _ Chowan
Guilford P e T - Franklin . Bertie
Caldwell pjeyander Davie 21 Edgecombe
Iredell Davidson walke Martin
Randolph Chatham isen

MitchellAVETY

Madison Yancey Washington TvTel

Burke
Buncombe McDowell Catawba Rowan

Swail < - i Johnston G o
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Graham Henderson StanlyMontgomery Hamett Wayne
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Rainfall-Runoff Modeling
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Background

[£] Graph for Subbasin "Subbasin” o [= = 7] Time-Series Results for Subbasin "Subbasin” = LB (S
N u u ; ; H
N C D Q O Subbasin "Subbasin® Results for Run "Run 1" Project: WAKE_131_lLake_Lynn_Dam  Simulation Run: Run 1
. EQ — Overtopping analysis in :
o2d Startof Run: 01Jan2000, 00:00 Basin Modsl: WAKE-131 Watershed
. End of Run:  02Jan2000, 00:05 Meteorologic Model:  Met 1
Compute Time:24Mar2020, 15:21:12  Control Specifications:Control 1
2018-2019 — Approximately 268 -
e Date Time Precip Loss Excess Dire
£ 087 ) ] () {
u B 011an2000  [09:40 0.03 0.02 0.01 1nm
o.e- 01Jan2000  [09:45 0.03 0.02 0.01 i
dams in the Neuse and Lumber =
1.04 011an2000  [09:55 0.03 0.02 0.01 1
01Jan2000  [10:00 0.03 0.02 0.01 1
- - 013an2000 10:05 0.03 0.02 0.01 1
02 013an2000  [10:10 0.04 0.02 0.02 1
E.2o0 01Jan2000  [10:15 0.04 0.02 0.02 1
/\ M [pan2000  [10:20 0.04 0.02 0.02 Z
4,500 013an2000  [10:25 0.04 0.02 0.02 z
1 01Jan2000  [10:30 0.04 0.02 0.02 H
. . 4,000 01Jan2000  [10:35 0.05 0.02 0.02 z
« Goal Is to see the amount of rainfa | e e | om | em
3,500 \ 011an2000  [10:45 0.05 0.02 0.03 z
| 01Jan2000  |10:50 0.05 0.03 0.03 Z
3,000 | 011an2000  [10:55 0.06 0.03 0.03 3
- | D13an2000  [1L:00 0.06 0.03 0.03 E
B 2500 01Jan2000  [11:05 0.08 0.03 0.04 E
= { 013an2000  [11:10 0.07 0.03 0.04 B
z 2 poo- 01Jan2000  [11:15 0.08 0.03 0.04 &
- - = 01Jan2000  [11:20 0.09 0.03 0.05 z
cause possible dam failure
' 013an2000  [11:30 0.10 0.04 0.06 z
p 011an2000  [11:35 0.18 0.07 0.12 <
1Jumn | [panzo00  [1i:40 0.35 0.12 0.24 E
013an2000  [11:45 0.43 0.14 0.35 £
5007 D13an2000  [11:50 0.88 0.21 0.67 E
01Jan2000  [11:55 118 0.21 0.55 €
[ ) a n - 0 T T T T T T T T 013an2000  [12:00 0.74 0.11 0.63 E
00:00 03:00 08:00 09:00 12:00 15:00 18:00 21:00 000t 01Jan2000  |12:05 0.18 0.02 0.15 m
] ] ] ] | 01Jan2000 01Jan2000  [12:10 0.12 0.01 0.10 i
» Legend (Compute Time: 24Mar2020, 15:21:12) 01Jan2000 12:15 0.14 0.02 0.12 L
0 Run 1 Element: Subbasin Result:Frecipitation 011an2000  |12:20 0.11 0.01 0.10 L
P ——— Resutt Loss 01Jan2000  [12:25 0.10 0.01 0.09 2
013an2000  [12:30 0.08 0.01 0.07 z
Run:Run 1 Element:Subbasin Result: Outflow EPE——— PERET= EIGE] GIGE] e By W
——— Run:Run 1 Element:Subbasin ResultBazeflow >

 Site selection
 Structural height >25-ft
« Maximum storage > 50 ac-ft

[ NXC 7
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Dam Overtopping Methodology

e Data Collection
 Watershed Delineation

* Reservoir stage-storage and spillway rating
curves

 Watershed Parameters and Rainfall

« Hydrologic and Hydraulic Overtopping
Analysis

North Carolina Emergency Management



Data Collection

CREESON LAKE DAM Q(B
WINSTON-SALEM, NORTH CAROLINA
G ] - ETPA PROJECT # 20 07 102 ==
 Dam "as-builts” or dam surveys e
« Dam Safety where available S B =
* Field survey for dams with oy
insufficient data to model
* Landuse — Latest 2016 National
Land Cover Dataset (NLCD) e s N7 s
« Solls - NRCS Soil Survey E R 5 )
Geographic Database | f *
(SSURGO)
([

Terrain — NCEM QL1 or QL2
LIDAR

bPs’
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Watershed Delineation

Creeson Lake Dam

(FORSY-157)

« NCEM 3-10-ft LIDAR
DEM

« ArcHydro

« Qutlet — Immediately

downstream of dam

North Carolina Emergency Management

Legend
A Outlet

I: Watershed

raster

Value

- High : 1006.86

-

o
- Low : 804.203




Longest Flow Path

Legend
A Outlet
Longest Flow Path
Watershed
raster
Yol High : 1006.86
= igh : :
- Low : 804.203
N

500 250 0 500
— e — Fec}
1 inch = 500 feet

A




Stag e - Sto rag e C u rveS - Terrain Preprocessing ~ Tw' Watershed Processing v Attribute Tools ¥ Network Tools v ApUtilities ~ -

¥

: 1 o]

i

Q Drainage Area Characterization X

* ArcHydro
« Terrain
Morphology

Drai Area gy, aBuffer 2

« Start at Normal e . .
Pool = = ¥
 0.5-ft elevation i J
interval Drainage EAV  [DrainEAV |

Extrusion (linear units) |0 ]

Slicing Option
O Slice Count [10 |

Slice Increment

® (linear units) |05I |

[[] Overwrite existing characterizations

;: 0K Help Canoel

.

ot




SpI”Way Ratl ng Cu 'ves The whole spillway system rating curve (cfs)

« ArcHydro g
 0.5-ftintervals £ 200
. Normal pool to g

several feet g
above top of g
dam :
« Spreadsheet for S oo
primary and -
secondary
spillway rating
curves

Reservoir Water Level (RWS) Elevation (ft)
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Watershed Parameters

Hyetographs for 24-Hour Rainfall Distributions

 Lag Time — SCS

watershed lag
mgthoo_l - —
* Infiltration losses — e
SCS Composite /// —
S~ —
Curve Number / ////-———
* Precipitation — ] —T -
p // —

NOAA Atlas 14 5 ~

N\

HHHHH
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Hydrologic and Hydraulic Modeling

& HEC-HMS 4.6.1 [E\Dams\HB200\FORSY-157_Creeson Lake Dam\HMS\Forsy-157_Creeson_Lake_Dam\W

i HEC-HMS File Edit View Components GIS Parameters Compute Results Tools Help
« Single watershed, single L

Forsy-157_WinTR-20

rese rVOI r £y V-Ba q"M;dnE- &4 Basin Model [Forsyth-157_Watershed)] E‘E@

» Loss Method — SCS CN =
» Transform — SCS Unit D\u
Hydrograph and Lag | —

Time
- Baseflow — none
* Precipitation — SCS type = [rim o

1l or Ill storm | B HydrologicEl.. — O X & HydrologicEl. — O X

¢ 24-hOU|’ SImU|at|On - lE#E”b':‘aE‘" Less  Transform  Options lg,;..zubbagin loss Transform  gptions
longer for larger

Basin Name: Forsyth-157_Watershed Basin Mame: Forsyth-157_Watershed
Wate rShed Element Name: Subbasin Elem ent Hame: Subbasin
Initial Abstraction (IM} Graph Ty... | Standard (PRF 484) R
*Curve Mumb... | 66.78 *lag Time (MIN) | 28

*Inipervious (%) | 0.0




Overtopping Analysis Results

Stage-Frequency Storm Event

879

878

Top of Dam

[e]
~
~N

[e]
~
[«)]

Elevation (ft)

875

Top of DAM 878
Normal pool 872
storm event rainfall depth elevation freeboard
25 5.94 874.6 34
50 6.7 875 3
100 7.49 875.4 2.6
200 8.32 875.8 2.2
500 9.47 876.5 1.5
1000 10.4 877.1 0.9

bPs’
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800

1000
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State and Locally Owned Dam Gauge Sites

Alleghany
Ashe Surry Stokes Rockingham Caswell Person

Granville

Watauga Wilkes ]
MitchelAVerY
Yancey Caldwell pjayander Davie
Iredtell i L
Burke Davidson \Wakis
McDowell Catawba Rowan

Yadkin ) :
i Alamance . Durham FETIT

Madison

: ) Buncombe
SwainEastemn Band Cherokee
Graham Jackson Hender:
Transylvania

Lincoln Carmus Lee Johnston

Staanomgomery Moare
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Cleveland -
GastoNpyacklienbu g
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Uniicn Anson Richmond Hoke Cumberiand
Scotland
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Brunswick
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L Edgecombe

Randolph Chatham Wilson

Hamett Wayne

Sampson Duplin

Northampton Gates

Hertford
PerquimansPasquotank

_ Chowan
Bertie

- Tymell
‘Wa gt n
Martin B

Pitt

Greene Beaufort

Craven - pamiico
Jones

Carteret

State and Locally Owned Dams

ry Proposed Gage

. State/Local High/Int Hazard Dam
0 25 50 100
e e i £5




Dam Alert Application

* Purchased DamWatch from US
Engineering
« Cloud based application
 Active alerts for dams based on
forecast and observed rainfall and
overtopping analyses results or e
gauges readings at dams =
o
« DamWatch Data
« 555 total overtopping analyses
« 130 water level sensors

« Dam breach analyses
boundaries

« USGS and NCEM stream
gauges

€ C @ dmtscegovusdagov
mDamWatch | Nres
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