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Flood Inundation Projects Completed in Kentucky

Hopkinsville, Kentucky

=USGS

Prepared in cooperation with the City of Hopkinsville, Kentucky, Community Development Services

Flood-Inundation Maps for an 8.9-Mile Reach of the South
Fork Little River at Hopkinsville, Kentucky

Pamphlet to accompany

Scientific Investigations Map 3242

U.S. Department of the Interior
U.S. Geological Survey

http://pubs.usgs.gov/sim/3242/

Frankfort, Kentucky

ZUSGS

science for a changing world

Prepared in cooperation with City of Frankfort, K ky, Office of Emergency Management

Flood-Inundation Maps for a 6.5-Mile Reach of the
Kentucky River at Frankfort, Kentucky

=

Pamphlet to accompany
Scientific Investigations Map 3278

U.S. Department of the Interior
U.S. Geological Survey

http://pubs.usgs.gov/sim/3278/



http://pubs.usgs.gov/sim/3278/
http://pubs.usgs.gov/sim/3242/

Flood Inundation Project Objectives

Develop detailed libraries of flood inundation maps for a
river reach of interest.

Use the flood inundation maps in conjunction with the
National Weather Service (NWS) Advanced Hydrologic
Prediction Service flood warning system to show
predicted areas of flood inundation.

— Helps with preplanning flood response and early flood
warning

Provide online portals for the public to view USGS flood
inundation study information and interact with the flood
inundation map libraries.

The flood inundation maps, along with online
information regarding current stages from USGS
streamgage and forecasted stages from the NWS, provide
emergency management and local residents with critical
information for flood response activities.



Flood Inundation Project Phases

Phase 1 — Project Scoping and Planning
— Site selection, modeling approach, and data collection

Phase 2A — Hydraulic Analyses
— Build and calibrate hydraulic model

Phase 2B — Mapping

— Create and submit map products to NWS and USGS
Flood Inundation Mapping Program (FIMI)

Phase 3 — USGS Flood Inundation Mapping
Science (FIMI) and NWS Advanced Hydrologic
Prediction Service (AHPS) Web Implementation

— Put maps on the Internet



USGS Streamgage

USGS streamgage(s) within study domain

\4

USGS 03437500 SOUTH FORK LITTLE RIVER AT HOPKINSVILLE, KY (instantaneous)

14 T
— Gage height, feet

Gage height, feet

50000

40000

30000

20000

DHscharge, cublc feet per secand (Mean)

10000

A1
B

LISGS 03290500 KENTUCKY RIVER AT LOCK 2 AT LOCKPORT, KY (daily)

mean = B173.81

| — Discharge, cubic feet per secand {r-learl]|

30

Stage Discharge Rating: 03437500

1T T T TTTITIT T TTTIT
— Measured Points

25

20

Stage (ft)
=
(%)

10

10t 10°

10t 102 10° 10%
Discharge (cfs)




Phase 1 — 2A: Scoping/Approach, Data Collection, Modeling

Study Area Digital Terrain/Elevation Model FEMA Flood Insurance Study

845TOW BS20W

FRANKLIN COUNTY,

KENTUCKY
AND INCORPORATED AREAS

COMMUNITY NAME ~ COMMUNITY NUMBER

FRANKFORT, CITY OF 210075
FRANKLIN COUNTY.
(UNINCORPORATED 210280
AREAS)

Federal Emergency Management Agency

me:
21013cv0008

(ol x|
Ele Options
Upstream RS: 211353 -] 32> ]e] = 2 .
Downstream AS:  [210.406 ¥ el L
Agimuth Angle B
T Legend =
Y¥S G 10%

Ground
Levee

Inett
Bank Sta




Phase 2B: Flood Inundation Depth Grid
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Phase 3: Mapping and Web Implementation
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Final Products — USGS Published Maps
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Final Products — USGS Flood Inund

ation Mapper
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Hopkinsville, KY — Flood Inundation Project




Project Team

 Local Stakeholder:

— Dave Herndon, Planning
Services Coordinator,
Community and Development
Services, City of Hopkinsville
Kentucky.

e Technical Partners:

— Mike Griffin, USGS 22 USGS

— Jeremiah Lant, USGS science for a changing world
e jlant@usgs.gov
* (502) 493-1949
* National Weather Service
Coordinator:
— Kris Lander, NWS

e kris.lander@noaa.gov
* (816) 268-3124

HOPKINSVILLE
SUFAFACE AND STORMEATER

ILITY
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Phase 1: Study Area — South Fork Little River
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Phase 1: Modeling Approach

Stage (ft.) Elevation (ft.) NAVD88
Highest Inundation Stage: 21.0 541.0
Major Flood Stage: 20.0 540.0
Moderate Flood Stage: 17.0 537.0
Flood Stage: 15.0 535.0
Action Stage: 13.0 533.0
Lowest Inundation Stage: 10.0 530.0
Gage 0 Datum: 0.0 520.0

Mapping Interval (ft): 1.0

List of Modeled Stages (ft): 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 21.5*
*21.5 which corresponds to the 1.0-percent annual exceedance probability
defined by FEMA at the USGS streamgage at South Fork Little River Highway 68
By-Pass at Hopkinsville, Kentucky (station no. 03437495).



Phase 1: Hopkinsville, KY — 3.28 ft LIDAR DEM

= * .
il 'y ' f
AHPs Site (HLBK2)
USGS 03437495

™




Phase 1: Data Collection and Processing
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Phase 2A: Hydraulic Modeling
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Phase 2A: Model Calibration

e 1) Current Stage-Discharge Relation

— Criteria: Water surface profiles are to be within
+- 0.5 ft. of the established USGS stage
discharge rating.

* 2) High Water Marks or Multiple Recent
Flood Events

— Criteria: Water surface profiles are to be within
+- 1.0 ft. of the measured high water marks.



Phase 2A: Model Calibration

e 1) Current Stage-Discharge Relation

— Criteria: Water surface profiles are to be within +- 0.5
ft. of the established USGS stage discharge rating.

Stage Discharge Rating: 03437495
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Phase 2A: Model Calibration

e 1) Current Stage-Discharge Relation

— Criteria: Water surface profiles are to be within +- 0.5
ft. of the established USGS stage discharge rating.
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Phase 2A: Model Calibration

e 1) Current Stage-Discharge Relation

— Criteria: Water surface profiles are to be within +- 0.5
ft. of the established USGS stage discharge rating.
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Phase 2A: Model Calibration

e 1) Current Stage-Discharge Relation

— Criteria: Water surface profiles are to be within +- 0.5
ft. of the established USGS stage discharge rating.
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Phase 2A: Model Calibration

e 1) Current Stage-Discharge Relation

— Criteria: Water surface profiles are to be within +- 0.5
ft. of the established USGS stage discharge rating.
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Phase 2A: Model Calibration

e 1) Current Stage-Discharge Relation

— Criteria: Water surface profiles are to be within +- 0.5
ft. of the established USGS stage discharge rating.
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Phase 2A: Model Calibration

e 1) Current Stage-Discharge Relation

— Criteria: Water surface profiles are to be within +- 0.5
ft. of the established USGS stage discharge rating.
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Phase 2A: Model Calibration

e 1) Current Stage-Discharge Relation

— Criteria: Water surface profiles are to be within +- 0.5
ft. of the established USGS stage discharge rating.
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Phase 2A: Model Calibration

e 1) Current Stage-Discharge Relation

— Criteria: Water surface profiles are to be within +- 0.5
ft. of the established USGS stage discharge rating.
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Phase 2A: Model Calibration

e 1) Current Stage-Discharge Relation

— Criteria: Water surface profiles are to be within +- 0.5
ft. of the established USGS stage discharge rating.
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Phase 2A: Model Calibration

e 1) Current Stage-Discharge Relation

— Criteria: Water surface profiles are to be within +- 0.5
ft. of the established USGS stage discharge rating.
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Phase 2A: Model Calibration

e 1) Current Stage-Discharge Relation

— Criteria: Water surface profiles are to be within +- 0.5
ft. of the established USGS stage discharge rating.
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—— Measured Points
® ® Model Points
25
20 Flood map 11
o Stage 20 ft
%15
g}
10
5
0 i | i I i I i IR I I I |
10 107 10° 101 102 10° 104
Discharge (cfs)




Phase 2A: Model Calibration
e 2) Multiple Recent Flood Events

— Criteria: Water surface profiles are to be within +- 1.0 ft.
of the measured high water marks.

Date USGS_ streamgage Peak watt_ar-surface Model wat_er—surface _Elevatiun
(station number) elevation (ft) elevation (ft) difference (ft)
June 21. 2011 03437495 531.94 531.92 -0.02
03437500 526.30 526.27 -0.03
November 21, 2011 03437495 535.17 535.19 +0.02
03437500 528.21 529.15 +0.94
December 5. 2011 03437495 537.89 538.14 +0.25

03437500 532.39 532.42 +0.03




Phase 2B: Mapping
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Phase 2B: Flood Inundation Map
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Phase 3: Web Implementation

T s L =

[ 9

ig SGS Flood Inu-nrdation Mapper

‘ - 3 ¢ ] S
B ZoomHistory R o | 1 A ~ g W . Ry Available Layers

L} |
LN |
LBV

KENTUCKY: South Fork Little River at Hwy 68 by-pass at Hopkinsville

Flood Tools Historical Flooding HAZuUS Web Cam Services and Data

S FKLITTLE R AT HWY 68 BY-PASS AT HOPKINSVILLE,KY
Estimated Flood Observed | Predicted
Conditions B '
! Action stage

21.50 -]

10.00 -

k. Adjust flood opacity

Selected Gage Height:
21.50 feet '

Selected NAVDSS Altitude: X . T T T T T T T
541.50 feet 3/13/13 3/14/13 3/15/13 3/16/13 3/17/13 3/18/13 3/19/13 3/20/13 3/21/13

Current Gage Height:  7.99 feet |
Discharge: 162 cfs

USGS Site Number: 03437495 Provisional Data, Subject to Revision )
NWS Site ID: HLBK2 Forecast Subject to Revision S

http://wim.usgs.gov/FIMI/FloodInundationMapper.html



http://wim.usgs.gov/FIMI/FloodInundationMapper.html

Phase 3: Web Implementation
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Frankfort, KY — Flood Inundation Project
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Project Team

Local Stakeholder:
— Deron Rambo, Director of Emergency
Management & E-911 for City of Frankfort,

Kentucky

Technical Partners:
— Mike Griffin, USGS
e mgriffin@usgs.gov
« (502) 493-1913
— Jeremiah Lant, USGS

e jlant@usgs.gov
* (502) 493-1949

National Weather Service Coordinators:

— Kris Lander, NWS
* kris.lander@noaa.gov \‘\EATII‘. e
. (816) 268-3124 ~> # Je
— Mike Callahan, NWS = & z
* mike.callahan@noaa.gov - 3
v ¢

* (502) 969-8842 x493

science for a changing world
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Phase 1: Study Area — Kentucky River

Study area
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Phase 1: Frankfort, KY - Modeling Approach

Stage (ft.) Elevation (ft.) NAVDS8

Highestinundation Stage: 52 513.58
Major Flood Stage: 40 501.58
Moderate Flood Stage: 35 496.58
Flood Stage: 31 492,58
Action Stage: 29 490.58
Lowest inundation Stage: 27 488.58
Gage 0 Datum: 0 461.58

Mapping Interval (ft): 1.0

List of Modeled Stages (ft): 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40, 41,42,43,44, 45, 46, 47, 48, 49, 50, 51, 52

FEMA Elevations for 10, 2, 1, 0.2 % Flood: 10% = 496.0 ft, 2% = 503.0 ft,
1% = 508.0 ft, 0.2% = 510.0 ft



Phase 1: Frankfort, KY — 5 ft LIDAR DEM
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Phase 1: Frankfort, KY — 5 ft DEM




Phase 1: Frankfort, KY — Bathymetry




Bathymetry
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Phase 1: Frankfort, KY — Bathymetry Processing
Raw Points
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Frankfort, KY — Bathymetry Processing
Cleaned Points
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Frankfort, KY — Bathymetry Processing
Projected Points




Frankfort, KY — Bathymetry Processing
Sample Cross Section
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Frankfort, KY — Bathymetry Processing
Interpolation




Phase 1: Frankfort, KY — Bathymetry Processing
Merge with LIDAR




Phase 1: Frankfort, KY — Bathymetry Processing
Include Levees




Phase 1: Frankfort, KY — Bathymetry Processing
Final DEM




Phase 1: Frankfort, KY — Bathymetry Processing
Sample Cross Section

7

e il
Rfass /¢




Phase 1: Frankfort, KY — Bathymetry Processing
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Phase 2A: Frankfort, Kentucky - Model Calibration
Stage Discharge Rating

* Criteria: Water surface profiles are to be within +- 0.5 ft. of the
established USGS stage discharge rating.

Stage Discharge Rating: 03287500
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Phase 2A: Frankfort, Kentucky - Model Calibration
Stage Discharge Rating

* Criteria: Water surface profiles are to be within +- 0.5 ft. of the
established USGS stage discharge rating.

Rating Rating wat;':?sduiace dEiIf'::rE::':::ne : H

stage elevation S (modl rating) Ql;;hgrge Rgtlng: .{?3.?875':.]0. .
(feat) (feet) (feet) (feet) [ I.
270 438 58 488 74 0.16 — Measured Points
28.0 489 58 489 56 —0.02 ® @ Model Points
200 49058 49035 023

30.0 49158 49142 —0.16

31.0 40258 49227 —0.31

32.0 49358 49336 —0.22

33.0 404 58 40424 034

340 405 58 495 36 022

35.0 49658 496.51 —0.07

36.0 49758 4974 —0.18

37.0 408 58 40857 —0.01

38.0 499 58 499 42 —0.16

30.0 500.58 500.62 0.04

40.0 501.58 501.53 —0.05

410 502.58 502.74 0.16

42.0 503.58 503.63 0.05

43.0 50458 504.82 0.24

440 505.58 505.68 0.1

45.0 506.58 506.88 03 ________,_..-—f-"

46.0 507.58 507.76 0.18 ——TTITI

47.0 508.58 508.63 0.05

48.0 50958 500.81 023 [ L R RN
490 510.58 510.64 0.06 103 104 10°
50.0 511.58 511.48 0.1

Discharge (cfs)




Phase 2A: Frankfort, Kentucky - Model Calibration
2010 Flood Event with High Water Marks

* Criteria: Water surface profiles are to be within +- 1.0 ft. of the
measured high water marks.

Flood Event - May 2010
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Phase 2A: Frankfort, Kentucky - Model Calibration

2010 Flood Event with High Water Marks

* Criteria: Water surface profiles are to be within +- 1.0 ft. of the
measured high water marks.

High-water-
mark station . Elevation
|distance High-water- Model difference

mark water-surface .

from most . . (model high-

elevation elevation
downstream water mark)
) (feet) (feet)
cross section) (feet)
(feet)

24.680.61 50728 50726 —0.02
22.287.00 307.00 506.91 —0.09
20.614.58 306.57 506.69 0.12
13.819.53 506.50 506.36 .14
18.819.53 506.53 506.36 —0.17
15.701.44 305.65 505.52 -0.13
14.661.57 305.11 50528 0.17
1382544 5461 505.10 0.49
13.101.34 50542 505.15 —0.27
12.301.77 305.37 504 .97 =0.40
11.201.91 3496 50478 —{.18
11.137.62 30544 504.76 —{.68
0.760.12 3475 50435 —0.40
8.013.01 0455 50420 —.35
8.634.60 504 .63 504.17 —.46
1.831.73 504.00 504.01 0.0
1.700.92 30452 503 .90 —0.53
5.607.48 3442 503.67 .75
4.674.390 30406 503.23 —.583
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Phases 2B — 3: Frankfort, KY Web Implementation
USGS Flood Inundation Mapper
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science for 3 changing world
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Phases 2B — 3: Frankfort, Kentucky - NWS Flood
Inundation Mapper

Home News Organization
Weather Forecast Office Louisville, KY Ohio River Forecast Center

Kentucky River at

Frankfort Lock, KY
(FFTK2) Hydrograph l

River ata Glance ] Download I inundation ] Probability Information I

E How to print this map Find your location by address or ZIP code:
Data Type

© Inundation Levels
@ Flood Categories
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Inundation Levels
Stage
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About Inundsation
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FAQ
User Guide
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Legend
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Click on mapped inundation to see water depth values for that location.

e: Selected Inundation Mouse Location Lat: 38.220650

12013 11:30:00 UTC  NAVDS88: 4896 ft Depth: 0 ft Lon: -84.921570
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Disclaimer

Latitude/Longitude Disclaimer: The gauge location shown in the above map is the approximate location based on the latitude/longitude coordinates provided
6 - to the NWS by the gauge owner.
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Questions?

'R N - 3 ~ -3 .

a USGS

science for a changing world

Jeremiah Lant, Hydrologist, USGS

Kentucky Water Science Center F== 34 5
jlant@usgs.gov

(502) 493-1949
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