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The Process

STAGE 1: RESEARCH -
& GATHER IDEAS STAGE 2: Flood Modeling
A total of 198 project ideas wer -, =
| A QuaLrY was critical to:
\ 160+ 200+ SCDRO's PROJECTS
% Letters to Piorglle CAonsduItant, Project ideas had to meet
local, state & in Public cademia r ir fth -
Federlenites Meelings  &NPO' comemtgatonrantnoeng. 1. RANK projects

low and moderate income and
flood damaged areas.

STAGE 3:

EVALUATE 5o
PROJECTS :
149 Grant Eligible Flood Risk

project |dee_13 were F;%d;‘;:itrl]i):
ranked against each

other by 8 categories
and awarded a
maximum of 80 points.

| STAGE 4: BENEFIT [

| COSTRATIO ] STAGE 5: FINAL
I The top 37 ranked project RANKING

ideas were analyzed to o
determine how much the All 198 project ideas were scored.
I All 149 qualified project ideas were

benefit would outweigh the .
I mitigation cost. Up to 20 points ranked. SCDRO to determine how to
allocate grant funding.

were awarded.
I I I D D D D D S e .

through
guantitative means
BCA

Raster
Deliverables for
future use

Galn better
understanding of
watersheds



Flood Modeling

Step 1:

Step 3:
Hydrologic

Calibration

Modeling

* USGS Gages

HEC-HMS e Dams

e Curve number

EJSSO;)I and Land Step 2: Hydraulic

* Precipitation 2D Modeling

HEC-RAS Step 4: Results

e Mesh, breaklines

e Terrain e Water Surface

« Manning’s n value E'evar']tlon
» Boundary conditions ept
e Time

» Hydrology results

» Velocity & Direction
\_ 4




2D Models

Santee Watershed
2015 Oct Storm Event

Pee Dee Watershed
2016 Hurricane Matthew

16 Models

22 Meshes
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Step 1: Hydrologic Model using HEC-HMS

Watershed

Delineation
(HUC 8)

Precipitation

Curve Number

(Land Use & Soil Type) (CoCoRaHS &

MesoWest)

s Charlotte

Boundary

Condition
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Step 1: Precipitation

CoCoRaHS
(Daily Precipitation,

VVolunteer Data)
el |

- Dublin

eorgia

Precipimtign (inches) N

Hydrograph

(Standardize &
Correct)

Mesowest Precipitation Hydrographs

Stations

—— C6311
KMKS
—— KCHS

iy [
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o e— — oo
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— Kzl

9/30/2015

10/1/2015

10/2/2015

—— KNBC
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SPLS1
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—— TT167
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E2371

€6005

ES828

=9l Thiessen Polygons

e & Inverse Distance

10/3/2015  10/4/2015  10/5/2015  10/6/2015

Date

10/7/2015

10/8/2015  10/9/2015
KLRO

Weighing

(All Locations)
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Step 1: Gage Hydrographs

USGS Gage Data
(Historical Data)

Boundary Condition

Hydrograph

(Dam Discharge, or Coastal)

Calibration Check
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Missing Data




HEC-HMS 4.2 (Hydrologic) & 2D HEC-RAS 5.0.6
(Hydraulic) Modeling

Hydrologic Engineerin
Ce):/nter (IgIEC) ° °

* Developed by the U.S.
Army Corps of
Engineers

* HMS for runoff, Rain-
on grid input

* Perform two-
dimensional (2D)
unsteady flow river
hydraulic calculations

* Products include:
peak flow, water
surface elevations,
flooding depths,
velocity, direction of
flow, time, etc.




Step 2: Hydraulic Model using HEC-RAS

Mesh &

Breaklines
(2D Cells)

: Manning’s n
Terrain 9

val Boundary
(LIDAR from SCDNR) zlibiz

(Roughness for speed)

Conditions

LitflePeeDee
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Step 2: Hydraulic Model using HEC-RAS

Average

Watershed Model AT Number of Cells =l

Mesh &

Name Size

(feet) -
Santee Lake Marion LM 384,086 200 B re a k I I n e S
Santee Cooper River 1 Cc1 238,281 250
Santee Cooper River 2 cz 230,522 200
Santee Cooper River 3 C3 238,180 200
°
Santee Santee River 1 51 250,842 200 N u m be r Of Cel IS
Santee Santee River 2 s2 246,692 200 under 300k
Santee South Carolina scct 286,699 150
Coastal !
Santee  Charleston Harbor ~ CH1 273,807 125 3 On |y M aj or
Santee Bulls Bay BB1 153,433 200 H
Pee Dee Lower Pee Dee LPD1 316,029 350 B reakl I neS and any
Pee Dee Lower Pee Dee LPD2 307,402 350 other appl icable
Pee Dee Lower Pee Dee LPD3 230,263 350 | Ocatl ons su Ch as
Pee Dee Little Pee Dee LiPDA1 86,874 300 b
Pee Dee Little Pee Dee LiPD2 28,070 300 e rm
Pee Dee Little Pee Dee LiPD3 94,144 300
Pee Dee Little Pee Dee LiPD4 214228 300
Pee Dee CC Sampit CCS 117,802 400
Pee Dee Lynches L1 211,064 300 —
Pee Dee Lynches L2 230,068 300 g -? 4‘ E
e !
Pee Dee Lumber Lumber 234,251 250 i .;;J. u
Pee Dee Black B1 250,440 475 ; ":";ﬁ’ . .~

Pee Dee Waccamaw W1 201,629 275 ,-“J ! »



Step 2: Hydraulic Model using HEC-RAS
Terrain

e Main Source: SCDNR

e e Added Bathymetry from
o NOAA, USACE, & Coastal

N e Carolina University for
et e AN Coastal Areas

« Added an Average Lake
Bathymetry to account for
drought

South Carolina LiDAR Acquisition Status (8/2017)

LIDAR Resolution Status Contour Aceuracy (Feet)] Puint Density (Points/Sq. Meter)

[ quality Level 2 (1 Foot Contours) Quality Level(Q1) 1 ! 8

= Oualts Leve (1) 2 ] 2 - -
[ Quality Level 3 (2 Foot Contours} 2 T e .

OQuatlity Towvel (Q1) 3 - - J— J
: R ————.



Step 3: Calibration

USGS Gages
Lakes & Dams (Department of
Interior)

Refine Hydrology and Hydraulics




Step 3: Lake Calibration

Water Surface Elevation (ft)

76.5

76

5

= = =l
ha o =~ = =
(45} Ly (45} = (4} m

-
M2

71.5

Madel —Averaged Smooth
—LJSGS Gage 02171635  —USGS Gage 02172000
=—=S5CDONR WSE =5 Lakes WSE [

9/30

10/5

1010 10154
Time

10/20

Known:

1. Precipitation

2. Lake WSE

3. Discharge from Lakes

Unknown:

1. Lake Marion to Lake
Moultrie

Solution:

 Iterative process with hot
start file



Step 3: USGS Gage Calibration

L C o LgerFD 3 1243000

S A 3010s

= 02432000° 02435000 Lit= FD 4
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Legend
[J20Mode Meshes

A Santee USGS Gages
A Pez Dee USGS Gages

USGS Gages

(Department of
Interior)

Goals:

1. Within 20% of the peak flow

2. Within 1 foot of peak stage

3. Within 6 hours of the peak
time

Results:

o 27 outof 39 gages

e 6 did not meet time

e 6 only metlgoal



Step 3: Photos & High Water Marks

Location Trustworthy




Step 3: Hydrology Calibration

All N?ut;-
er mModa-
Calculated Calibrated NLCD Classification els Lg:': ' oL .. Lumber Black Waccamaw Lynches
Watershed Precipitation Precipitation (cSantee, Dee Sampit
ooper,
Lake Marion Lake Marion LM 16 48 16.48 etc.)
Santee Cooper River 1 C1 1959 1959 Other 0.03 0033 0033 0033 00323 0033 0.033 0.033
Santee Cooper River 2 c2 18.59 18.59 Open Water 003 0.033 0.033 0033 0033 0033 0.033 0033
Santee Cooper River 3 c3 18.03 18.03 SEE Pl B 0013 0035 0035 0035 0035 0035 0035 0035
Santee Santee River 1 S 19.42 19.42 pace
Santee Santee River 2 52 18.80 18.8 Developed, Low Inten- 4 05 0063 0.063 0063 0063 0.063 0.063  0.063
Santee  South Carolina Coastal ~ SCC1 16.31 16.31 sity
Santee Charleston Harbor CH1 19.30 193 Eﬁ:ﬁé?@eds Medium 0.075 0094 0094 0094 0094 0094 0094  0.094
Santee Bulls Bay BB1 18.73 7.25 )
Pee Dee Lower Pee Dee LPDA 6.98 459 gﬁ:ﬁ?ped High In- 01 0125 0125 0125 0125 0125 0125 0425
Pee Dee Lower Pee Dee LPD2 373 418 Barren Land 0.03 0035 0035 0035 0035 0.035 0035 0035
Pee Dee Lower Pee Dee LPD3 10.29 9.54 )
boe oo Lo Pos Doo LPD1 874 674 Deciduous Forest 012 016 017 016 016 014 0.16 0.16
Pee Dee Little Pee Dee LiPD2 887 539 Evergreen Forest 012 016 017 016 016 014 0.16 0.16
Pee Dee Liftie Pee Dee LiPD3 10.74 12.00 Mixed Forest 012 016 017 016 016 014 0.16 0.16
Pee Dee Little Pee Dee LiPD4 13.76 13.76 Scrub/Shrub 005 007 007 0.07 007 0.07 0.07 0.07
Pee Dee CC Sampit ccs 955 955 Grassland/Herbaceous ~ 0.03 0035 0035 0035 0035 0035 0035 0035
Pee Dee Lynches L1 5.01 5.01 Pasture/Hay 004 005 005 005 005 005 0.05 0.05
Pee Dee Lynches L2 871 8.71 Cultivated Crops 0035 0045 006 0045 0055 004 0.045  0.045
Pee Dee Lumber Lumber 13.61 13.61 Woody Wetlands 01 012 017 012 015 0085 012 012
. w—— - e e Emergent Herbaceous 01 015 017 015 016 0.1 015 015

Pee Dee Waccamaw W1 13.38 13.38 Wetland



Step 4: Results

Water
Surface Velocity & Direction Depth & Boundary
Elevation & Flow

2D Models Allows Results anywhere in Model!
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Benefit-Cost Analysis

Step 2:
Mitigation

Step 1: Existing
Condition

Step 3: Analysis Step 4: Benefit-

Cost Ratio
Model

Model

Reduce Mesh Size
for better Accuracy

New boundary
Conditions

Iterate to Replicate
Results

Export Results

Verify Data (Google
& POC)

Implement
Mitigation

Export Results

Structures (Bing)
Water Depth
Probability Curve
(PELV A05)

Annualized Average
Loss

Loss of Service, etc.

Repetitive Loss
Data

4

.

Convert Data to a
dollar amount

Benefit / Cost




How Mitigation was Implemented?

1. Precipitation
Reduce Precipitation by stormwater system’s capacity

2. Terrain
Burn Raster with detention pond, channel, stormwater network

3. Model

Alter structure such as a bridge, or add a levee with a connection



Reduced Precipitation
Hurricane Matthew Flooding Potential Mitigated Flooding

ek y B -

# Stormwater:
Additional 9,250 ft.
of 2 to 4 ft. Pipe

37 Structures see a flood reduction of a 0.5 ft. or more
87 Structures removed from flooding



Reduced Precipitation
Hurricane Matthew Flooding Potential Mitigated Flooding

F

Stormwater:
Additional 10,000

ft. of 30 in. Pipe

185 Structures see a flood reduction of a 0.5 ft. or more

32 Structures see a flood reduction of a 1 ft. or more




Altered Terrain
Hurricane Matthew Flooding Potential Mitigated Flooding

Channel:
4 miles of 200 ft.
wide by 6 ft. deep

23 Structures see a flood reduction of a 0.5 ft. or more
7 Structures see a flood reduction of a 3 ft. or more




Altered Terrain

Potential Mitigated Flooding
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Channels &

Driveway Culverts







