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Why Flood Warning…
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“We don’t burn out because of 
what we do…  

We burn out because life makes 
us forgot WHY we do it.”

- Inky Johnson



Presentation Outline

• FIMAN – Quick Overview
• System Planning
• Modeling and Inundation Mapping
• Use Cases / Success Stories (Pre, During, Post-event)
• Outreach, Training & Maintenance
• “The Gap” and The Future



FIMAN



SYSTEM PLANNING



System Planning

• Goals
• Requirements 

Analysis
• Users
• Reporting 

What

• Site Review
• Risk Scoring
• Rank and Prioritize

Where • EM Only
• Public
• Stakeholders
• Admins

Who

• Pilot
• Phases

When



Planning:  Requirements
• Meetings, Meetings, Meetings
• System Requirements
• User Types
• Alerting Requirements
• IT Requirements
• Database Design
• Software
• Web Hosting
• Costing / Funding Options



Planning:  Database Design



Planning: Hardware

• Sensor Type
• Traditional Custom-Made Gage
• All-in-one Low-Cost Sensors

• Data Collection and 
Communication

• Frequency and Telemetry Speed
• What works for your geography
• Redundancy

• Installation
• Site Datum Surveys (important)



Sensor Types



Installation

Installation Guidebook

Google “FEMA Urban 
Installation Guidebook”



Planning:  Where To Install Sensors?
CITYWIDE RANKING STEPS
• Quantitative Assessment of Project Area 

(City, County, Watershed, State)
• Installation Goal = At Roadway Crossings

• Right of Way
• Installation Logistics
• Maintenance

• Risk Score per Crossing
• Flood Risk
• Building
• Road
• Critical Facilities
• Network Connectivity
• Drainage Area / Impervious
• Etc.



Planning:  Where To Install Sensors?

Statewide Ranking Steps
1. ID Vulnerable Municipalities
2. Calculate Building Impacts
3. Damage Aggregation
4. Calculate Roadway / Bridge 

Impacts
5. Collect Critical Infrastructure

Develop Weighted Ranking System
SCORE WEIGHTS



Planning:  Where to Install Sensors?



Planning:  Where To Install Sensors?



Planning:  Ranking
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Water Name River Basin Road Name
Drainage 
Area (Sq. 

Mile)

Bridge 
Status

Freeboard (ft) AADT
Critical 

Facilities 
Impacted

Asset Type(s) of 
Impacted Critical 

Facility

Total 
Building 
Impacts

Residential 
Building 
Impacts

Non-Residential 
Building Impacts

Public Building 
Impacts

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
Bonus 
Factor 

(Schools)
Priority Score Overall 

Ranking

MILLS BRANCH NEUSE Antioch Rd (SR1433) 2539.0 3 -2.8 <Null> 3 Fire Station, School 256 210 43 3 10.0 5.0 7.8 4.0 8.0 10.0 10.0 816 1
LONG CREEK CATAWBA N New Hope Rd (NC279) 46.3 1 -5.8 20000 7 Treatment Plant 58 36 22 0 4.9 10.0 10.8 10.0 10.0 4.6 0.0 804 2
WATAUGA RIVER WATAUGA Dewitt Barnett Rd (SR-1114) 36.0 3 -10.1 3200 2 School 65 49 10 6 4.7 5.0 15.1 8.0 8.0 4.7 10.0 789 3
BRYANT SWAMP LUMBER N Main St (NC131) 227.2 2 -1.97 7800 4 Fire Station, School 177 108 64 5 7.9 8.0 7.0 8.0 8.0 7.7 10.0 781 4
PIGEON RIVER FRENCH BROAD Charles St (SR1642) <Null> 1 -4.7 2000 0 <Null> 303 249 46 8 10.0 10.0 9.7 8.0 0.0 10.0 0.0 774 5
SOUTH PRONG BAY RIVER NEUSE Main St (NC55) 5.8 2 0 5300 6 School 586 480 99 7 2.6 8.0 5.0 8.0 10.0 10.0 10.0 759 6
ATLANTIC OCEAN PASQUOTANK Tulls Creek Rd (SR1222) <Null> 1 9999 3000 2 Fire Station, School 1082 874 206 2 10.0 10.0 0.0 8.0 8.0 10.0 10.0 750 7
NEUSE RIVER NEUSE Hardy Bridge Rd (SR1152) 689.0 3 -0.82 1800 1 Hog Farm 314 245 67 2 10.0 5.0 5.8 8.0 5.0 10.0 0.0 746 8
ATLANTIC OCEAN WHITE OAK Harkers Island Rd (SR1335) <Null> 3 9999 3600 6 School, Fire Station 2278 2098 170 10 10.0 5.0 0.0 8.0 10.0 10.0 10.0 740 9
OCONALUFTEE RIVER LITTLE TENNESSEE Acquoni Road (SR-1378) 129.0 1 -2.9 8500 1 Substation 124 62 51 11 7.5 10.0 7.9 8.0 5.0 7.5 0.0 738 10
ATLANTIC OCEAN PASQUOTANK Nags Head Fishing Pier 161.9 1 9999 <Null> 11 Treatment Plant, Fire, P  8410 7079 1312 19 7.6 10.0 0.0 4.0 10.0 10.0 10.0 715 11
TRENT RIVER NEUSE  off Gull Pointe (old treatment p 431.7 1 9999 <Null> 4 Fire Station, School, Fire 2237 2100 131 6 10.0 10.0 0.0 4.0 8.0 10.0 10.0 710 12
PAMLICO RIVER TAR-PAMLICO NC33 5.5 3 1 1900 9 School 591 465 110 16 2.6 5.0 4.0 8.0 10.0 10.0 10.0 708 13
PAMLICO SOUND NEUSE Dock off of 1st St <Null> 1 9999 <Null> 2 Fire Station 2190 1856 321 13 10.0 10.0 0.0 4.0 8.0 10.0 0.0 700 14
ATLANTIC OCEAN LUMBER Beach Dr SW (SR1898) 6.6 3 -9 4600 0 <Null> 309 280 29 0 2.7 5.0 14.0 8.0 0.0 10.0 0.0 700 15
SOUTH FORK MUDDY CREEK YADKIN Ebert Rd (SR2902) 42.2 3 -9.04 3900 1 Treatment Plant 34 31 3 0 4.8 5.0 14.0 8.0 5.0 4.3 0.0 692 16
CULLOWHEE CREEK LITTLE TENNESSEE ullowhee Mountain Rd (SR-100 18.5 2 -3.7 3000 4 University, School 35 23 5 7 4.4 8.0 8.7 8.0 8.0 4.4 10.0 678 17
NEUSE RIVER NEUSE Main St (SR1731) 5271.6 3 -4 170 0 <Null> 868 565 302 1 10.0 5.0 9.0 4.0 0.0 10.0 0.0 670 18
ATLANTIC OCEAN CAPE FEAR S Navassa Rd (SR1435) <Null> 3 -4 4600 0 <Null> 213 175 38 0 10.0 5.0 9.0 8.0 0.0 7.9 0.0 656 19
SALEM CREEK YADKIN W Clemmonsville Rd (SR1120) 62.3 3 -2.8 13000 9 Treatment Plant 14 1 13 0 7.2 5.0 7.8 10.0 10.0 1.6 0.0 654 20
CATAWBA RIVER CATAWBA Brookshire Blvd (NC16 SBL) 1484.0 3 20 37000 2 Power Plant, Substation 181 165 13 3 10.0 5.0 0.0 10.0 8.0 7.7 0.0 653 21
NEUSE RIVER NEUSE amed bridge north of HF Lee P <Null> 2 -1.6 <Null> 0 <Null> 296 164 131 1 10.0 8.0 6.6 4.0 0.0 10.0 0.0 652 22
KENDRICK CREEK PASQUOTANK uncombe Ave US-64 BYP (NC32 216.5 1 -3.84 870 0 <Null> 147 83 64 0 7.9 10.0 8.8 6.0 0.0 7.6 0.0 644 23
SOUTH YADKIN RIVER YADKIN US601 758.9 3 -6.69 4600 0 <Null> 32 16 11 5 10.0 5.0 11.7 8.0 0.0 4.3 0.0 622 24
SOUTH FORK CATAWBA RIVER CATAWBA Armstrong Rd (NC273) 656.1 2 13.2 <Null> 1 Fire Station 268 221 46 1 10.0 8.0 0.0 4.0 5.0 10.0 0.0 620 25
GRANTS CREEK YADKIN Old Mocksville Rd. (SR1910) 55.9 2 -2.85 4900 0 <Null> 177 154 19 4 7.2 8.0 7.9 8.0 0.0 7.7 0.0 618 26
SOUTH FORK CATAWBA RIVER CATAWBA Southfork Rd (SR1248) 395.3 3 0.8 610 2 Treatment Plant 25 7 18 0 10.0 5.0 4.2 6.0 8.0 4.3 0.0 610 27
SOUTH FORK NEW RIVER NEW Kings Creek Rd (SR-1308) 324.0 3 -8.1 <Null> 0 <Null> 27 18 9 0 10.0 5.0 13.1 4.0 0.0 4.3 0.0 609 28
JACOB SWAMP LUMBER Alamac Rd (SR2289) 23.9 3 2.3 3200 2 Fire Station, Hog Farm 436 388 47 1 4.5 5.0 0.0 8.0 8.0 10.0 0.0 607 29
JONATHAN CREEK FRENCH BROAD Hall Dr (SR1394) <Null> 3 1.2 1500 0 <Null> 448 364 84 0 10.0 5.0 3.8 8.0 0.0 10.0 0.0 606 30
LUMBER RIVER LUMBER Lowe Rd (SR1550) 4231.0 3 1.33 1100 0 <Null> 850 782 67 1 10.0 5.0 3.7 8.0 0.0 10.0 0.0 603 31
SALEM CREEK YADKIN S BROAD STREET 42.5 1 1.9 5900 2 University 69 26 36 7 4.9 10.0 3.1 8.0 8.0 4.7 10.0 602 32
BIG HORSE CREEK (Gage on Old Field Bra NEW NC-194 52.0 2 -5.3 29000 0 <Null> 31 14 12 5 7.2 8.0 10.3 10.0 0.0 4.3 0.0 602 33
NC 42 CANAL TAR-PAMLICO E Church St (NC42) 12.0 1 -2.3 1900 1 Fire Station 47 23 23 1 4.2 10.0 7.3 8.0 5.0 4.5 0.0 601 34
ATLANTIC OCEAN CAPE FEAR Kure Beach Fishing Pier 1.0 1 9 <Null> 6 School 6256 5770 462 24 0.0 10.0 0.0 4.0 10.0 10.0 10.0 600 35
ROCKY RIVER YADKIN Harris Rd (SR1449) 47.1 3 -4.46 13000 0 <Null> 112 105 7 0 4.9 5.0 9.5 10.0 0.0 7.4 0.0 600 36
NEWPORT RIVER WHITE OAK US70 2027.0 3 2.9 25000 1 Treatment Plant 201 180 19 2 10.0 5.0 0.0 10.0 5.0 7.8 0.0 595 37
ATLANTIC OCEAN PASQUOTANK Avon Fishing Pier 1.0 1 9999 <Null> 6 Treatment Plant, Fire St 4115 3282 804 29 0.0 10.0 0.0 4.0 10.0 10.0 0.0 590 38
ATLANTIC OCEAN PASQUOTANK  ramp off Club Rd at Whalehead 1.0 1 9999 <Null> 7 Treatment Plant, Fire St 3187 2785 396 6 0.0 10.0 0.0 4.0 10.0 10.0 0.0 590 39
LITTLE ALAMANCE CREEK CAPE FEAR Overbrook Dr 450.4 1 -2.24 3300 0 <Null> 54 52 2 0 10.0 10.0 7.2 8.0 0.0 4.5 0.0 588 40
SINGLETREE SWAMP LUMBER Meadowlands Trail 7.0 2 -3.7 <Null> 0 <Null> 289 286 3 0 2.7 8.0 8.7 4.0 0.0 10.0 0.0 585 41
PAMLICO SOUND TAR-PAMLICO Carteret St (NC92) 45.7 2 0 3100 0 <Null> 382 355 25 2 4.9 8.0 5.0 8.0 0.0 10.0 0.0 584 42
YADKIN RIVER YADKIN I40 EBL 1967.9 3 6.19 51000 2 Treatment Plant 86 54 32 0 10.0 5.0 0.0 10.0 8.0 4.9 0.0 582 43
MORAVIAN CREEK YADKIN River St (NC-268) 24.3 1 0.2 14000 2 Community College 19 3 11 5 4.5 10.0 4.8 10.0 8.0 1.8 10.0 577 44
SOUTH PRONG BAY RIVER NEUSE Cooper Rd (SR1344) 12.2 3 -3.5 11000 0 <Null> 181 121 58 2 4.2 5.0 8.5 10.0 0.0 7.7 0.0 577 45
SOCO CREEK LITTLE TENNESSEE Casino Dr 37.3 1 -3.6 <Null> 0 <Null> 154 138 16 0 4.7 10.0 8.6 4.0 0.0 7.6 0.0 574 46
CAPE FEAR RIVER CAPE FEAR N Poplar St (NC41) 16.9 3 24.7 14000 2 Hog Farm 209 156 47 6 4.3 5.0 0.0 10.0 8.0 7.8 0.0 571 47



Planning: Flood Warning Users

• User Roles Planning
• Public
• Stakeholders
• Emergency 

Management Staff
• Role Based Views / Reports
• System Admin 

Redundancy



MODELING AND INUNDATION 
MAPPING



Modeling and Inundation Mapping

GOOD
GREAT



Site Threshold Settings

Flexible / Database Fields in Schema  
(Thresholds can be Stage or NAVD)



New Feature:  QPF Overlays



Types of Modeling / Inundation Mapping

Type Pros Cons

Real time – Rain on 
Grid Modeling and 
Mapping

Highly Accurate with good rainfall 
data and pre-built model
Incorporates some forecast into 
peak mapping

Processor Intensive
Modeling and Mapping Time
Cost

Site Specific Flood 
Inundation Library 
Development

Established system
Low Cost
Easy to Explain
Relatively Good Validation

Limited Mapping Extents
May not accurately represent flood 
hydrograph
Confluence complications

Probabilistic 
“Seamless” 
Inundation Mapping

Provides seamless mapping for 
entire reach / basin
Relatively Good Validation

Extensive modeling required
Risk Raster Datasets required
Model maintenance may be costly
Difficult to Explain



Inundation Library Modeling
“Library” of flood inundation 
mapping near gaging stations

 + Gaging Stations
 + Telemetry
 + Pre-made inundation libraries
 + Web tool to efficiently 

communicate
     Real-time flood mapping 

solution

Start with Hydraulic model
Add Survey / Calibrate
Iterative Modeling for all 
“Stage Targets”

“Stage” target in 
each model. 



New:  2D Inundation Libraries
• Most Inundation Libraries Do 

well with 1D Modeling
• 2D modeling is being used for 

Sites with:
• Complex Flow Situations
• Multiple Tributaries and Split 

Flow
• Backwater Areas
• Dual Opening Bridges
• Closed System Conveyances
• Highly Urbanized Areas



Probabilistic “Seamless Mapping”

Gage Processing, Interpolation Surface 
Development, and PAC Extraction

Interpolated 
RI: 38yr

MINUS

Depth = 4.3’

WSE=655.6



USE CASES / SUCCESS STORIES



During the Event:  Helene Success Stories



During the Event:  Helene Success Stories
(If you can call it that at all…)



During the Event:  Helene Success Stories
First Floor 

Elevations tied to 
each Building

Recommended Gage 
Alert matching FFE 

Flooding



Post Event:  Validation

36



Post Event:  Historical Storm Display



Post Event:  Post Event Mapping



Post Event:  Post Event Mapping



Post Event:  Post Event Mapping



Post Event:  Losses Avoided



OUTREACH, TRAINING & 
MAINTENANCE



Alert Types



Custom Alert Worksheets

47

“F
RO

N
T”

“B
AC

K”



Maintenance
• Maintenance is Critical
• “Maintenance Champion”
• Firmware Updates (Annual)
• Daily / Weekly “Health Checks”

• Battery Levels (Critical)
• Past Stage Readings
• Telemetry / Cell Signal

• Focus before / after “Flooding 
Seasons”



LOCAL EFFORTS



What Can We Do Without a Flood Warning 
System?
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What Can We Do Without a Flood Warning 
System?
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What Can We Do Without a Flood Warning 
System?
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May 2019 Post Flood Analysis - USACE

53



Oklahoma Hydronet



“THE GAP” AND THE FUTURE



“The Forecast Gap”  &  The Future



The Future



Brandon Claborn, PE, CFM | WSB |  brandon.claborn@wsbeng.com 

David Key, PE, CFM | ESP Associates, Inc.  |  dkey@espassociates.com 

Concluding Thoughts | Questions

mailto:brandon.claborn@wsbeng.com
mailto:dkey@espassociates.com
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