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Connecting people, products and places
safely and efficiently with customer focus,
accountability and environmental sensitivity to
enhance the economy and vitality of North Carolina
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Hydraulic Tool Categories

*Flood Warning/ Planning Tools
*Hydraulics Data

Stormwater

*Hydraulic Calculators



ncdot.gov Hydraulic Tools

Flood Warning/ Planning Tools
FIMAN-T: Flood Inundation Mapping Alert Network for Transportation

» Gauge-based tool providing near real time awareness of flood impacts to roads and bridges within limited areas
around riverine and coastal gages

T-SAPP: Transportation Surge Analysis Prediction Program

» Predictive tool based on ADCIRC modeling provided by UNC-RENCI Center capable or providing advance
awareness of potential coastal roadway flood impacts for entire NC coast specific to individual storms

BridgeWatch

« Bridgewatch is a real-time bridge flooding warning system that relies on stream gauges and weather radar to
indicate when bridges and culverts are near flooding, actively flooding, or weather conditions are favorable for
flooding

RIT: Roadway Inundation Tool

* Planning tool with estimated roadway inundation based on static flood recurrence intervals from FEMA studies

CRIS: Coastal Roadway Inundation System

* Planning tool for coastal road inundation based on intervals of static, level pool flooding along the NC coast
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FIMAN-T

Leverages North Carolina’s 15-year investment in _ :
flood warning gauges and geospatial data. AN S

Provides real time and forecasted roadway
inundation depths for high-risk locations.

Visualized current and forecasted road flooding
both upstream and downstream of gauged sites
(Riverine and Coastal)

T o et b e s B kel s e e

Visualize NCDOT asset impacts. b e p TR

Provides bridge hydraulic performance (freeboard
and overtopping) for over 100 bridges.

e L e

Advanced reporting tools.

Export tools to Google Earth.
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FIMAN-T: Home Screen
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FIMAN-T Display “Tabs”

A il i i
¥ T Flood Inundation Mapping
\@ FI MAN Tand Alert Network for Transportation SL27 T -

R

« Current  Scenario  Forecast  Historic

Neuse River at Kinston Q

Last updated: 9/12/1996 12:00, PM Site ID: 02089500 Owner: USGS Gage datum: 9.8ft NAvDss _1; »
RFC Forecast Peak: 23.3 (ft) at 9/17/1996 2:00 PM B

[ aiie P TR ] IR o EE: R R R T RETT e 4
Current: Current hydrograph, inundation, road/bridge/asset impacts, forecasted ¢
peak. o

Scenario: Planning tools for various stream gage levels and impacts.
Forecast: Time-based forecast inundation, road/bridge/asset impacts etc.

Historic: Historic flood peaks, inundation, road/bridge/asset impacts for
| comparative purposes.
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FIMAN-T: Current Conditions: Bridge Hydraulic Performance
*‘ F | M A N e grlwodogtgr;] rrllde?mrllrﬂfg?%iggsportation .

Search Gages  Roads Summary  Bridge Summary Legend Weather Radar Show Local Roads ~ Show Assets ~ Show Bridges

Neuse River near Goldsboro
Current Stage: 26.2 Ft

Elevation: 0.0 (NAVD 88)

Bridges  Assets

£ Export to Excel

Road Elevation Low Chord Current/ Freeboard (ft)
Road Name Bridge Number Flood Source (ft) Elevation (ft) Scenario WSEL A

NEUSE RIVER
NC581 @ 950314 65.2 60.7 645 -38
OVERFLOW
[CTRYT
o X - . NEUSE RIVER
¥ : i k : o ) NCi11 @ 950042 63.0 59.8 60.5 0.7
&Y ! ) OVERFLOW
POND OFF
NCill @ 950054 63.9 60.7 605 02
NEUSE RIVER

NC 581 (Arrington
Bridge Rd) @ 950018 NEUSE RIVER 775 69.1 68.7 04

NEUSE RIVER
US13/Us117 @ 950052 744 722 712 10
OVERFLOW

Y
% Current  Scenario  Forecast Historic

Bridges

Neuse River near Goldsboro Q Doihlcad vz ki
e =] Warning
Last updated: 9/12/1996 12:00, PM  Site ID: 02089000 Owner: USGS Gage datum: 41.9ft NAvDse . Normal
RFC Forecast Peak: 26.2 (ft) at 9/12/1996 2:00 PM B Not Reporting

Event: 10/12/2016 A 76 Roads - 20.4 Mi. 18 Assets | Road Inundation Levels

5Ft
Stage: 26.2 ft Hurricane Matthew Interstate USHwy StateHwy  Loc 10 Bridges x ; SRt
6811t N Peak Stage: 29.75 ft o 1 2 o 05 TF

Stream Elevation Historical Peaks (D Roads Affected B DOT Assets Affected  FH 0-05Ft
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FIMAN-T: Forecast Tab

Flood Inundation Mapping
and Alert Network for Transportation

Neuse River at Kinston - Stage 0

Search Gages  Roads Summary ge’ Legend Weather Radar Show Local Roads ~ Show A

15ft

Stage (ft.)

10ft

5ft

Oft

-] - L] b=l o~ o~ wy
o = a . - -
¥ F & > & 2 >
2 E & &

Click and drag on any section of the chart to zoom to a shorter time period

Scenario Forecast Historic

Drag to simulate forecasted flood height (Min. Libr Legend
Stage (ft) . 9.3 20 2 19.9 20 20 201 203 20 21 21.4 213 22.7 23 232 : 2 ! B NCDOT Assets

% A N A
Hours from 48 54 60 66 72 78

Bridges
Il Pressure/ Weir
=] Warning
Last updated: 9/12/1996 12:00. PM  Site ID: 0208g500 Owner: USGS Gage datum: 9.8t navpes C U R R E NT - Normal

RFC Forecast Peak: 23.3 (fl) at 9/17/1996 2:00 PM E Not Reporting

Event: 10/14/2016 5 Roads - 0.9 Mi. |MDAC )5Assets N e aesdacane
vy Loca

: S >5F
al 11 Bridges e
5 S 2-5Ft
7 0.5-2Ft
0-05Ft

Neuse River at Kinston Q,

Hurricane Matthew
Peak Stage: 28.31 ft

Stream Elevation Historical Peaks (@ Roads Affected  HH DOT Assets Affected [

10
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FIMAN-T Forecast Tab

Flood Inundation Mapping

and Alert Network for Transportation il o S

Search Gages RoadsSummary  Bridge Summary Legend 'Weather Radar

|l.|
~

Stage (ft)

Hours from
now

Stage: 19.1 f
28.8 ft nav

Stream Elevation

T P L g DO 0 e ¥

Show Local Roads  Show Assets  Show Bridges

Current Scenario Forecast Historic -

Drag to simulate forecasted flood height (Min. Library Stage 15.2 Ft)
199 20 20 201 203 206 21 214 219 223

30 36 42 48 54 60 66 72 78 84 920 96

Neuse River at Kinston Q Download KMZ

Last updated: 9/12/1996 12:00. PM ~ Site ID: 02089500 Owner: USGS Gage datum: 9.8ft nAvDss p E/—\ K | M DACTS

RFC Forecast Peak: 233 (ft) at 9/17/1996 2:00 PM
Event: 10/14/2016 B ¢0Roads- 100Mi, 27 Assets
Hurricane Matthew Interstate USHwy StateHwy  Local 11 Bridges
Peak Stage: 28.31 ft 0 0 1 59

HistoricalPeaks (9 Roads Affected BB DOT Assets Affected

Legend
NCDOT Assets
A
Bridges
[l Pressure/Weir
=] Warning
B Normal

Not Reporting
Road Inundation Levels
NS -5Ft
~S 2 -5 Ft
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FIMAN-T Historic Tab / Event Viewer

Floed Inundation Mapping
and Alert Network for Transportation

SearchGages  Roads Summary  Bridge Summary Legend  Weather Radar Show Local Roads

Historic
Event
Inundation

Peachtree St [ ]
Max Depth: 5.0 ft.

Current Scenario Forecast Historic

Neuse River at Kinston Q

FIMAN ABOUT MAP USER

Show Assets  Show Bridges

Historic Flood Summary

(Select anevent in the table below to view flood inundation and impacts on the map)

Historic Event Name Date Peak Stage (ft)

Hurricane Matthew 10/14/2016 28.31

Hurricane Floyd 09/23/1999

July 1919 Flood 07/24/1919

Hurricane Fran 09/17/1996 233
1-50of Sitems
GS, MWS, MCEM, and other sources.

ric ﬂoodp\am mapping sl y be rounded to the nearest FIMAN map inundation mapping

ble.

= Road and Bridge i road elevations and bridge data and may not reflect

Legend
NCDOT Assets
A

b load KM2Z Bridges
ownioa Il Pressure/ Weir
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RFC Forecast Peak: 23.3 (ft) at 9/17/1996 2:00 PM H | STO p | C E\/ E NT | MPA

Event: 09/21/2018
Stage: 19.1 ft Hurricane Florence

Peak Stage: 25.78 ft c 0
Stream Elevation Historical Peaks ()

B 87Roads- 176 Mi.
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288 ft mav

Roads Affected BB

L& & Normal
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[ ) [ ]
FIMAN-T: Validation
O . :
Bed FIMANT Sersmrantornes, - aen

SearchGages RoadsSummary  Bridge Summary Legend Weather Radar

| Slick Rock Road downstream of Goldsboro
FIMAN-T Inundation and Road Flooding Depth Ground Truth

Photo
taken her

Current  Scenario  Forecast

Neuse River near Goldsboro Q
Last updated: Feb 12 2020 at 915 AM  Gage datum: 41 gfl a3 Site ID: 020¢

ows 1.5 feet of water over road.
S (v S i = A 2

DOT Assets Affected 8

b

G
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Hydraulic Tools

T-SAPP: Transportation Surge Analysis Prediction Program

What is T-SAPP?

« Storm Surge forecast values (Statewide) are
downloaded from APS THREDDS Server Every 6 hours
during events.

« GCeoprocessing tools to process, develop inundation
Mmapping, inundation depths, roadway depths, bridge
overtopping, etc.

* Interactive web mapping application

« Comparison to past storm events (Fran, Floyd,
Matthew, Florence, Dorian, Isaias, lan)

Hindcasts About

PREDICTED MAXIMUM STORM IMPACTS - NOT REAL TIME

Displaying analysis for storm lan Advisory 32 completed September 30, 2022 10:00 AM. (]
in the map view or the tables. Filters can be reset with the blue arrow at the bottom.

Danville

»act Summary (Inundated Miles)

lighways NC Routes Secondary R... Non-System R...
0.6 2.3 9.3 1
alem
126 121 120.7 1322 el
gh Point
. 146.1
16.6 18.8 194.7 292.9
W

- County from the dropdown filters. Selecting a Depth Category row

by Predicted Max Flood Depth

Rockingham
Max Dapth Length Depth
" Route Class
(ft) (mi) Catagory
070 0.1 dary R
0.80 <01 05-20ft  Secon dary Route
Florence
d 0.30 <01 0- NC Route
10 0 20

0.30 0 0-

0.30 0 0-0. Myrte Bunchy
. List can be filtered by selecting a Storm, Division, County from the ERE, Ga AQ, NC JTWC, Es orth Cars e
2gory from the table above. Map of Active Storm Road Inundation Charts - Miles Impacted by County

14
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T-SAPP: Current Metrics

ltem Metric

Active Sites

Monitored
Roadway Miles

Coastal Bridges
Monitored

Historic Flood
Events Included

Historic Impacted
Roadway Miles
Mapped

Historic Flood
Inundation Area
Mapped (7 events)

N/A
(Entire
Coastline)

10,990 miles
199

7

Fran (1996), Floyd
(1999),

Matthew (2016),
Florence (2018), Dorian
(2019), Isaias (2020),
lan (20222)

6,637 miles

46,459 s5Q.
miles

Hydraulic Tools

15
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T-SAPP: Home Screen

ortation Surge Analysis
ion Program

Hindcasts

PREDICTED MAXIMUM STORM IMPACTS - NOT REAL TIME

Displaying analysis for storm lan Advisory 32 completed September 30, 2022 10:00 AM.

User Request

Use the filters to control what is shown in the map view or the tables. Filters can be reset with the blue arrow at the bottom.

Q Select Division

Select County

Download Roadways Table

A Filter by Route Class —

Darwille
Coastal Impact Summary (Inundated Miles) o = g
Depth Categ... Interstates US Highways NC Routes Secondary R... Non-System R... s,
B8/
0 - 0.5t 4] 0.6 7.3 9.3 11
alem
Greenshoro
0.5 - 2.0ft 0 12,6 12.1 120.7 1322 Db 7
gh Point 216t
2.0-5.0ft 0 3.5 4.5 64.4 146.1
" - — — _\Raleigh
50+ o H 03 338 Ashebora :
Total 16.6 18.8 194.7 292.9
a3 f Sanford
Data can be filtered by selecting a Division or County from the dropdown filters. Selecting a Depth Category row
filters the roads in the map and the list below.
s a0s a0 I\
s ST
Roadways by Predicted Max Flood Depth pa,e“i{me %)
a &
i . Rockingham ‘\ i
t -
County Road Name Mex Dopth en? Dapth Route Class , fl
(ft) (i) Category o \\ /
b e T
I | Lumberton ,/ 3
Camden 0.70 Secondary Route
Hyde Nebrasks Re 0.80 <0.1 0.5-2.0f Secondary Route
= Florence
Pasquotank Salem Church Rd 0.30 <0.1 0 \NC Route
— Perquimans N Church St 210 <0.1
Camden Texss Rd 0.30 =0
Hyde US 264 H 0.30 <0 o

Select a road abov by selecting a Storm, Division

dropdown filters or by select th Category from t e.

0

harts - Miles Impacted by C.
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User Request

Hindcasts About

T_SAPP: Event Viewer

PREDICTED MAXIMUM STORM IMPACTS - NOT REAL TIME

Download Roadv

Displaying analysis for storm lan Advisory 32 completed September 30, 2022 10:00 AM.
Filter by Route Class
N

=

ed

Select County

No category

N A

o Select Division
Al

Use the filters to control what is shown in the map view or the tables. Filters can be reset with the blue arrow at the bottom.

Coastal Impact Summary (Inundated Miles) "y

Depth Categ... Interstates US Highways NC Routes Secondary R...  Non-System R... ) o -
: Basemaps
0 -0.5ft 0 0.6 2.3 9.3 1 2 »
Orchard Creek Rd X
0.5 - 2.0ft 0 12,6 12.1 120.7 1322 B i
. ; Max Depth (ft): 5.20 1g Imagery
A A

Open in Google Maps

Data can be filtered by selecting & Division or County from the dropdown filters, Selecting a Depth Category row

filters the roads in the map and the list below.

Roadways by Predicted Max Flood Depth

Length
County Road Name e Deptiy 9 Dapth Route Class
(ft) {mi) Category
M~ ) Navigation

Q, orchard x

Pamilico Orchard Creek Rd 1.00 0.1 05.20f Secondary Route

Pamlico Orchard Creek Rd 1.70 0.1 05-20f Secondary Route Sweers (Night)

Pamlico Orchard Creek Rd 5.20 0.1 5.0= Secondary Route

; Terrain with Labels
Select a road above to zoom into on the map. List can be filtered by selecting a Storm, Division, County from the NC CGIA, Maxer, Microzoft | NHC, JTWC, Exri| North Cercline Geoc NCGS), North Caroline Departmen Fowered bug
Map of Active Storm Road Inundation Charts - Miles Impacted by County

dropdown filters or by selecting a Depth Category from the table above.
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T-SAPP: Dash boa rd

e Analysis

Hindcasts About User Request

PREDICTED MAXIMUM STORM IMPACTS - NOT REAL TIME

Displaying analysis for storm lan Advisory 32 completed September 30, 2022 10:00 AM.

Select County A Filter by Route Class

Q Select Division

Use the filters to control what is shown in the map view or the tables, Filters can be reset with the blue arrow at the bottom. ; T R =

&

Coastal Impact Summary (Inundated Miles) Miles Impacted by County & Depth Category

Depth Cateqg... Interstates US Highways NC Routes SecondaryR...  Non-System R... 150
0 - 0.5t 0 0.6 2.3 9.3 11 . m
0.5 - 2.0t o 12.6 121 120.7 132.2 ;—EE
146.1 20 =
_---‘_ - -
Total b e ce D et . N 1 = ot et = &

Data can be filtered by selecting & Division or County from the dropdown filters, Selecting a Depth Category row
filters the roads in

he map and the list below.

i
Roadways by Predicted Max Flood Depth =
Miles Impacted by County & Route Class
County Road Name Max: Daptly Lan?th Dapth Route Class n
(ft) (mi) Category 50
| Sea 100
Camden SA-99825 0.70 <01 05-20f Secondary Route é

wn
ra

Hyde Nebraska Rel 0.80 <01 05-2.0f Secondary Route 50
Pasquotank Salem Church Rd 0.30 <0.1 0-0.5f IC Route .
_ == —

o

— Perquimans N Church St 210 <0.1 US Highway
Baauforn Bertie Brunaw Gates Harford  HydeNew HanoveOrslow PamlicoPasguotank Pender Parguimans Tyrrell Washington
Camden Texas Rd Q.30 < 0.1 0-0.5ft Secondary Route
e = = = = 2 - US Highway NC Route S - Non-
Hyde US 264 Hwy 0.30 <Q. 0-0.5ft US Highway i -
£ At iR nen “na AT Ane SR i,

|~

Select a road above to zoom into on the map. List can be filtered by selecting a Storm, Division, County from the

dropdown filters or by selecting a Depth Category from the table above. Map of Active Storm Road Inundation Charts - Miles Impacted by County @
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T-SAPP: Historic Event Viewer

sportation Surge Analysis

ction Program Hindcasts About User Request

HINDCAST STORM INUNDATION IS SHOWN AT THE MAXIMUM IMPACT.

Download Roadways Table

. N . k - q Select Storm Hindcast Select Division Select Count Filter by Route Class =
Use the filters to control what is shown in the map view or tables. Filters can be reset with the blue arrow at the bottom. o g : Q v 7 2 A ! : =
: Cedar Hill ¢ i
Coastal Impact Summary (Inundated Miles) & 4 o 0 = S
g = g8
R, s 4R
Depth Categ... Interstate US Highway NC Route Secondary R... Non-System R... - I g 32
0 - 0.5t 2.7 9.5 59.1 1
0.5ft 0 7 5 59. 66.1 EctbrooR !
0.5 - 2.0ft 0 2.5 1550 105.5 113 g --"
; ¥ Hightsville
2.0-5.0ft o 0.3 5.2 19 21.6 = ! y
1 ] I .. Kings Grant
5.0+ 0 0 0 o 0.1 ' | o8
I = L Navassa L 73 = 74
Total 54 29.8 183.7 200.9 B 7
] » "1
S 4 40
L : w
Roadways by Predicted Max Flood Depth S Fayetailia Leland ". ‘ ct ; fi7
B Deoth TR . Wilmington
lax Dept eng apt Eners 1 A
County Road Name ) (mi) Category Route Class . Belville i~
' e Forest Hills
Easy Hill re

Clairmont

' y i . Winter Park

nvale X

s

selecting a Storm, Division, County from the

e
above.
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NCDOT BrldgeWatch

What is BridgeWatch?
* Real-time monitoring for structures over water.

« Alerted immediately when levels exceed set threshold

« Alerts help identify flooded roadways and scour critical
structures impacted by heavy rainfall

20



ncdot.gov

Bridge Watch: How it works

Environmental
Monitoring

Stream Gauges
Weather Radar

NWS Alerts

Monitoring
Location

Bridges

Culverts

Counties
Ferry Ramps

Landslides

Levels/Thresholds
Monitored

Water Elevation >
Bridge Deck

Inches of Rainfall
> 50yr Storm Over
Watershed

Storm Surge 10%
Chance of
Exceeding Bridge
Low Chord

Alert

Texts

Emails
GIS Map

Web
Application

Excel Report

Measured Response

U
c12345%823 8910

Post-Storm
Inspection

Road Closure

21
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Bridge Watch: Flood Warning and Asset Management

BridgeWatch

Public Safety Through Real-time Structure Monitoring

Statistics: Monitoring locations represent NCDOT assets at which
parameters are compared to external data sources. Currently,
BridgeWatch monitors over 15,000 bridges, approaches, and culverts.
Additionally, 25 ferry ramps, 14 levee and flap gate locations near

Critical Conditions: The severity and indication of real-world
conditions at a monitoring location depends on the alert type and
level. There are three alert categories: gauge, rainfall, or storm surge.
Color coding of alert levels, that follows the National Weather Service
flood risk colors, indicates alert priority. Gauge alerts, based on real-
time water levels, are considered the most reliable and highest
priority during a storm event. Alert notifications sent via SMS text or
email include key details such as severity, type, location of asset, and
values exceeded.

Princeville, and 21 Western Division landslide locations are monitored.

art Supercenter

NORTH CAROLINA

Overview: BridgeWatch is an online asset-management service that collects and process data from stream gauges,
weather radar, National Weather service, and National Hurricane Center and compares these external datasets to user
defined limits. The program sends alert notifications via email or cell phone when user defined thresholds are exceeded.

o B = Sunday, December 18, 202

sz ©) ae
% Onth < (USGS Allert) (Magenta
L BN N NE Alert - Warning) Structure
G AT oM o sk Overtopping 32_PYL_FG_02
5 (Edgecombe County)@ US-64
& Tar River Lat/long: 35.

*

5
@

& Princeville
£

r -
§ Structure 32_PVL_FG_0263 G

Bridgers Fod Store

—~ - L oo
Aike's Sub

. e : ..‘%&:

i L - 4
Example of flap gate structure in Brid atch with thresholds linked
to upstream USGS gage (left), the text alert format for the flap gate
(upper right) and field verification of alert (lower right).

Alert Types

B2 Gauge Alert, Overtopping, (Warning-Magenta): |ssued when on-site water surface elevation gauge indicates
water is overtopping the bridge, bridge approach, or the roadway over a culvert.

B Gauge Alert, Low Chord, (Warning-Red): The low chord is typically the lowest structure member (beam) above
the stream or river. Officials are notified when flood waters reach this level. Low chord alerts are not issued for
culverts.

== Gauge Alert, Freeboard, (Watch-Orange): Officials are notified when stream levels rise close to a critical level at
a structure, which indicates that flooding is approaching the bridge structure or road overtopping for culverts.
Generally these alerts are triggered when stream levels are within 2-ft of low chord for bridges or within 2-ft of
overtopping roadway for culverts. Some coastal bridges use 1-ft below low chord.

*< Rainfall Alert, NEXRAD or QPF, (Watch-Yellow): The system actively monitors NEXRAD for over 15,000 of
structure drainage areas statewide. Officials are notified if rainfalls (actual or forecasted) trigger predetermined
rainfall intensity thresholds.

B8 storm Surge Alerts: National Hurricane Center advisories are monitored and forecasted storm surge levels are
compared to bridge elevations. Custom alerts are available for when forecasted storm surge may impact
bridges.

22



ncdot.gov

BridgeWatch: Stage Threshold Examples

Freeboard Alert
[2-ft below Overtopping |

Low Chord Alert

Freeboard Alert

| No Low Chord Alert &t
. level set for Culverts &

23
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Bridge Watch: Flood Warning and Asset Management

Report Start:  2020-08-03

Dtz

Report End: 2021-11-12

BridgeWatch Alert Dashboard

Division level structure alerts for all strom events and Route level generated at 2/28/22 15:27

CAUTION: External email. Do not click links or open attachments unless you verify. Send all suspicious email as an attachment to Report

Spam.

Gauge malfunctions and the possibility of system miscalibration are sources of error that make field verification of BridgeWatch
alerts a necessary part of using the system. Do not rely solely on alerts for critical decision making.
Low Chord bridges: 730431 (In Pitt County)

_Red_ Alert - Warning

NCEM Low Chord

Structure: 730431

County: Pitt County

Road: SR1591

Stream: PARKER CREEK
Lat/Long: 35.644,-77.346
Gage: 30115

Time: 2023-01-26 02:55:00 EST
Event Value: 11.02

Threshold Exceeded: 11.01
Scour Critical (Item 113): 8
Drift: G

Substructure Condition (60): &
Channel Condition (61): 8

& BridgeWatch Alert Dashboard

0

Active Alerts

| Counity
I Alarmance Alexander Alleghary Ansan fshe Mvery Beautort —— —— =
R [ acve | 6976 || imactve | 8786
_\::‘:_ Overtopping Low Chord 500-Year 200-Year
— 67 47 3 8
100 Fepr
'.""" Evacuation Aoute
-f.\: vew 8 18 0 1

(Device Alert) (Orange Alert -
Watch) Freeboard Br 730431

(Pitt County)@ SR1591

&

PARKER CREEK Lat/long:

35.644,-77.346 Time:

11:35PM

Thursday, January 26, 2023

(Device Alert) (Red Alert
- Warning) Low Chord Br

730431 (Pitt County)@

SR1591 & PARKER CREEK Lat/

long: 35.644,-77.346 Time:

2:10 AM

Primary Route
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Active Watchlist Alerts

No active alerts at this time.
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Export Data (button on right side):
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# of Alerts

This dashboard checks the BridgeWatch

APl every hour for new data.
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>mmunity | ESRI | North C
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Bridge Watch: Flood Warning and Asset Management

wwa.arcgis.com fashboa * O = B &b M - ()

© BridgeWatch Alert Dashboard -- ADMIN

Active Watchlist Alarts

‘Watchhist Tickets Powared by Eari

Archived Alerts + Ticke

1

Export Data (button on right side)

st Updated: 3/31/2023 3.0
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Flood Planning Tools-Storm Prep

RAFT: Resilience Analysis
Framework for Transportation

« CRIS: Coastal Roadway
Inundation Simulator

« RIT: Roadway Inundation Tool

APPLICATIONS

- PN T

g
o
‘
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a
g
a
m
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G )

COASTAL ROADWAY INUNDATION ROADWAY INUNDATION TOOL
SIMULATOR (CRIS)

This tool allows the user to see potential overtopping
Users can simulate coastal flooding on both primary depths and flood effects at each primary road river
and secondary roads and export results to a KML for crossing and quantify potential effects based on
further visualization. Simulations are limited to coastal standard FEMA recurrence intervals (10, 25, 50, 100 &

counties only. 500yr flood).
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Coastal Roadway Inundation Simulator (CRIS)

* Predicts impacts of roadway inundation for 23 coastal counties

* |nundation levels range from 1to 17 feet

« Historic Storm Hindcast Module displays impacts from six past hurricanes

Scenario Builder 0.1-0.5 1 deep

Inundation Level Naehile J K : 0.5-2ftdeep
Rockybadunt v ® 2-5fdeep
e -5iideep
3 County Boundary

Golfsbibrg

N

Hiveion

Ground Inundation

Inundation Metrics
ntial re

| Pote roac mi
| inundation 437
Max inundation ft
depth 55
verage inundation
depth 18ft

| 01-05ft 61mi
o5-2ft 204 mi

Interstate omi

Us Highway 30mi

State Highway 35 mi
Secondary Road 372mi

33mi

@ 4 CRIS| =i Historic Storm Hindcast Module

l Hindcast Scenario

Route Type

Interstate

US Highway

State Highway

0mi

14 mi
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CRIS: Goals

» Quantify and simulate
InuNndation iIMpacts

. P

an for:

- mergency response
-vacuation

Road closure

—uture resiliency

e Assist with maintenance of
roadway infrastructure

28
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CRIS: Metrics and Process

« NC QL2 LIDAR (2014-2015) used to assign roadway
centerline elevations (NAVDS8S8 FT) Potential road

inundation

Inundation Depth
(NAVDS8)

01-o05ft 7 mi

71 mi

* LIDAR-based modeling used to produce M inundation
inundation boundaries o

5.9 ft

Average inundation

depth 2aft

« Points were generated every 50 feet along road
centerlines

« At each point, roadway elevations were compared
to the selected inundation profile to calculate rersate omi
inundation depth

US Highway 10 mi

Aligatr River Bridge (US-64)
. . . . . State Highway o mi - e
* Mileage statistics determined by multiplying the eRous
numper of impacted points by 50 h -

Secondary Road 61 mi

Evacuation Route 10 mi
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Roadway Inundation Tool (RIT)

. & .m RIT

« Based on multi-frequency OarT|
riverine flood studies
*10-, 25-, 50-, 100- and 500- e o)

year recurrence intervals

» Statewide coverage

* Primary and secondary g ibie
roads

* Originally an ArcGIS Online
dashboard

« Built using open-source,
scalable technologies

.

N Washington St (NS-g87!

Road Elev: 7.6 i
WSE: 8.4 1t

Depth: 06 1t
Recurr Int: 10-year

' Route Class: 5

Evac Route: N

Legend

0.1-0.5ft deep
0.5-2 ft deep
2 -5 ftdeep
> 5 ft deep
@ Potential Impacts
[ County Boundary

| mm Ground Inundation
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RIT: Goals

* Visualize and quantify road
iInundation
 Help NCDOT plan for:
Emergency response
Evacuation
Road closure
* Climate change resiliency
» Provide quick, flexible access to

data without reliance on GIS
software

» |dentify roads that may require
higher maintenance or eventual
replacement

Division 2
County Beaufort
Road Elev 691
WSE 721t
Depth 031
Recurr it 50-year
Route Class 5

S Unknown ValueiPotential Impacts? N

Creekside Dr (NS-g5622) :
i

Road Elev: 20338

. WSE:Z0841

Depth: 46 1t

Recurr Int: 500-year
Route Class: 5
Evac Route: N

31
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Hydraulics Data

 Hydraulics Data Reservoir

* This Repository is the final gathering place for records and
documents utilized by the NCDOT as they relate to the Hydraulic
aspects of design & maintenance.

 Drainage Investigation Dataset
* Available on ATLAS

 The NCDOT Drainage Investigations dataset is a statewide point layer
containing locations of Drainage Investigations for tracking and
review.

« MPE — Multi- Sensor Precipitation Estimates (MPE) —

e This simple mapping application enables you to visually see

precipitation estimates over time for project sites. -
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Hydraulics Data Reservoir

“onnect NCDOT i .
BUSINESS PARTNER RESOURCES # Home Help ™ TeamStes @

Available on Site

Hydraulics Data Reservoir - Home

+ Archived BSR/CSR "

Hydrallic Desan This Repository is the final gathering place for records and
Reports (BSRs/CSRs) M.C. DEPARTMENT OF TRANSPORTATION

® SCO u r Assessm e ntS YR ; Hydraulics Unit documents utilized by the NCDOT as they relate to the

Hydraulic aspects of design & maintenance.
. . Hydraulic Drainage
« Archived Redline
D ra i n a g e p | a n S Wi | | Roo-u . Reports Hydraulics Data Reservoir * Hydraulic_Design_Reports
* Reports A" 1> Hycrsadics (B Hydrules Data Ressivolr
be added soon. “

+ r achments = Search HDR by Structure

= Hydraulic Design Reports

- Hydraulic Design Hydraulic Design Reports (BSR/CSR)
Q search Hydraulic Design Reports by Structure Number Reports (BSRs/CSRs)

Counties Alamance to Jackson temp  Counties Johnston to Yancey

. v Structure_Number ~ Name Latitude  Longitude ~Report_Year County Division
umber

* Scour Assessment Reports . 000000 1951 NO TIP BASON CK (2 MI E OF
Hydraulic Drainage 000000 36.17505  -79.48273 1951 Alamance
. OSSIPEE) UK
Plans (redlines)
Plans

000000 1951 NO TIP STA_4120 MICHAEL BR
Scour Reports 000000 1951 Alamance
WO_5-9-42-205 UK

-

~

Drainage Plans Recent
- 00 0000 1950 NO TIP STA_8930 SOUTHERN RR US
Reports 000000 1950 Alamance 7
54 B WO_5-9-42-206 UK
= Maintenance Misc
+ Maintenance Review 00 0000 1939 NO TIP STA_435 DRY CR NC 87
000000 36.12712 -79.48981 1939 Alamance 7
+ PSR WO_5102 [-79.489809,36.127123] UK
= Encroachments 00 0000 1957 NO TIP STA_223451 BACK CR US 70
000000 36.09350  -79.33573 1957 Alamance 7
‘WO_815014 UK
00 0000 1988 r0611 stream us70 byp WO_81470201
000000 1988 Alamance 7
UK
00 0000 1995 B2501 trib to big alamance cr sr1146
000000 36.04217  -79.48735 1995 Alamance 7
WO_81470701 UK
000000 00 0000 1999 U2406 DRY CR NC 100 BYP UK «ss  36.11051 -79.49019 1999 Alamance 7
00 0000 2000 U2905 STA_3665 STREAM NEW_RTE
000000 2000 Alamance 7

UK
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Drainage Investigation Dataset

« A statewide point layer containing locations of
Drainage Investigations for tracking and
review.

« |Locations contain information related to the
location, division involved and related
documents.

« Data is used to help facilitate understanding of
past investigations and correlation between
requests receive to help understand if they are
potentially related to past incidents or a larger
drainage problem.

«  While the layer itself is not restricted, the
documents linked to this layer are restricted,
and must be requested from the Hydraulics
Unit using the provided form.

« Use of this dataset for project scoping or
screening is merely pre-decisional.

ATLAS Search Tool

‘ 1| | @
© 8 B & 0 N
=
Kingsport _ Eristel
<® Drainage = —
Investigations v 'f""""" @
o 60 o%‘a
poxvillé- &Q e 2
7 o
. b e W
A ,ﬁ?'w@'
00
- ° 4% ° gato o
@® Map Drawings = Po ;ﬁ a@#&w‘%: &
pe 9o% \ "
Greenvile
® Map Labels = h
o
®_Zoom to
Drainage Investigations w
CountyCode 79 L
The Hydraul
Division 9
DocumentDate 2/20/2005, 7:00 PM
Latitude 35.64555
Longitude -80.48408

ViewDocumentation

DocumentName

DocumentationReques

About

'I}.y nehburg
Bl.\clg’sm{,g “ Roanoke

[ North
/ Charleston_

/ "o MtPleasant
/" Charleston

Additional Resources

lics Unit within NCDOT was tasked to create this dataset. Annual maintenance of t

Help

ew
DI_79_SR2541_20050221.pdf
Rowan

SR2541

To request this document, please
contact the Hydraulics Unit by
filling this form
https://forms.office.com/g/ANUC2
xbEbK
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Multi-Sensor Precipitation Estimates

Multi-Sensor Precipitation Estimates
- e MPRO s ——
/\ e > Multi-Sensor Precipitation Estimates

NC - ARy e 1 I

Atz -

Welcome, mlauffer! | My Info | Logout

Welcome, Matthew Lauffer.. Not you? Click here to logout.

Use the links above or below to navigate this website. View a tutorial on the usage of this website.
The precipitation estimates provided hersin are derived from the NVWS WSR-220 Doppler Radar. Radar preciptiation Select Layers: Time Period:
estimates can be grossly inaccurate, so radar-based precipitation values are calibrated with the routinely availakle hourly
surface gages. The combined product provides the spatial resolution of radar with the increased accuracy of surface gage MPE
networks. These gage-calibrated radar estimates are known a5 Multi-sensor Precipitation Estimates, or MPE.
There are still errors in MPE. A study by the State Climste Office of North Carolina suggests thst MPE compares well with . . o
2n nd=pendent daily precizitation gape network over the Caralinas. Detsis of this study are availzble anins, Precip Estimate mﬁ“&:’%‘é
The MPE grids used in this tool are routinely preduced by the National Weather Service and National Centers for D My Pm]e‘:l Sites
Environmentsl Prediction Start: TAM EST Tue,
Geographic Feb 14, 2023
=, —— MAP End: 7AM EST Mon,
iz . . f May 15, 2023
- This simple mapping apphication enables you to visually see accumulated Cou I'Il‘j Lines ]
MPE estimates over time. When zoomed in, roads. water faatures. and town O cii
names can be overlsyed for reference. Addiionally, your project sites can be Cities
e nated on the map for additional reference. The past 8, 12, 24, 48, and 72 D .
hours are available to view spatially. 1-week, 30- and 80-day options are also Rivers & Streams L d
@ ® available. 0 egend:
HUC-6
= = — o MY PROJECTS HUC-8 » County Lines
~ This page shows a list of all projects that you are subscribed to recsive Transportation <= 2in.
~ precipitation alents from. Each project has & list of associated sites. &
. Aecumulated MPE valuss are listed for all s2es in taxt format. You can alsa mm 2-4in.
wizwi =l projecis. [T interstates mm 4-6in.
- — — O Primary Roads mm 6-8 n.
= MY ALERTS a Secondary Roads - ?{; 1(1]2"'
This iz the alert mansgament system. This is whers o go to manage your & mm Y-lein.
mail alet subscriptions. 12-14in.
“# Make PDF 14-16in.
a - o 16-16.75n.
b GET MORE MPE DATA mm 16.75-17.51in.
Quickly get the MPE values for any latitude/longituds in and around Morth mm 17.5-18.25in.
Caralina. mm 18.25-19in.
= 19-19.75in.
mm 19.75-23.75 in.
Cardinal Data Request System
Mouse Coordinates (lon *W_lat *N): -78.70578,36.43683
Cardinal is 3 high-powserad, usi ted, one-stop-shop for North Caroling = L = - 1 -
weathar and climste dsta housed at the Morth Caroling State Chimats Office -
Cirdinal makes westher and comats data mare acesssitle to users, witn m
features and promgts that take the guesswork out of station and parameser [ah
identification and selection. The system includes 3 step-by-step interface to
request data, as well as a My Requests page for users to acoess their

requzsted data and to view their current, in-progress, recently completed
and past dats requests.
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Stormwater

NC-SELDM Catalog Tool
BMP Decision Support Matrix

eStormwater Control Measure
Summary Sheets
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Hydraulic Tools

NC-SELDM Catalog Tool

AutoSave Catalog_2021.04.05_protected.xlsx - Excel O Search McDaniel, Andrew H.
File Home Insert Page Layout Formulas Data Review View Help BLUEBEAM ProjectWise Acrobat 15 Share .2 Comments
D10 = f hd
B (e D E Fl~

.

2 These cells require user inputs: I:]

2l

4 Project Number:

5 Name & Firm:

6

7 Upstream basin characteristics (from StreamStats - see the 'Detailed Instructions' worksheet).

¢

9 Parameter Code Parameter Description Value Unit
10| CSL10_85fm Change in elevation between points 10 and 85 percent of length along main channel to basin divide divided by length between points. feet per mile

1 DRNAREA Area that drains to a point on a stream. sguare miles

12 LC11IMP Average percentage of impervious area determined from NLCD 2011 impervious dataset. percent

13 PCTREG1 Percentage of drainage area located in Region 1 - Piedmont / Ridge and Valley. percent

14 PCTREG2 Percentage of drainage area located in Region 2 - Blue Ridge. percent

15 PCTREG3 Percentage of drainage area located in Region 3 - Sandhills. percent

16 PCTREG4 Percentage of drainage area located in Region 4 - Coastal Plains. percent

17

18 Highway drainage area characteristics (from preliminary design plans - see the 'Detailed Instructions' worksheet).

19 HIGHWAY DRAINAGE AREA CHARACTERISTICS
20 Parameter Name Parameter Description Value Unit
21 Drainage area size Highway and bridge deck area that drains to the highway-stream crossing of interest. acres
22 Avg. highway slope Average highway slope draining to the stream (elevation change btw. highest and lowest points divided by the length of the flow-path). percent
23 Avg. drainage length Average length of the flow-paths between the highest and lowest elevations on the highway that drain to the stream. feet
24
25 Output (raw output below, details in the 'Report’ worksheet).
36 OUTPUT BASED ON INPUT PARAMETERS
37 Qutput Output Explanation '
38
= EN/A Error - check input parameters
40
4 No result returned - check for errors in the input parameter cells.

42 Valid result returned based on input parameters.
43 -
. | Detailed Instructions Weorkspace | Report Example Workspace Example Report [ »

Ready C& Display Settings H m - 1 +  100%

37
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BMP Decision Support Matrix

BMP Selection Criteria

Removal Efficiency for Parameters of Concern (POCs)’

Bacteria
Metals
Dissolved Metals
Total Recoverable Metals
Nutrients
Dissolved Nitrogen
Total Nitroge
Dissolved Phosphorus
Total Phosphorus
Oil and Grease
Organics
Temperature
Total Suspended Solids
Trash
Water Quantity
Runoff Volume Reduction
Peak Flow Control

Hydraulic Tools

L Bloﬂllrauor:‘ Bioretention™  Bioswale™ =) oA Fill.r‘aIr:! Green Infiltration D L e Rainwater Sand e S Swale™ o
embank- Conveyance Detention w/ Level Basin™" = e Friction Pavement Scour ) . 1aa Improve-  water Detention
- " . — = . Roof Basin - = = 1 Harvesting Filter ™ M a i
ment wfo WS w/ wfo WS w/iWS wfolWS w/iWS Basin Spreader Course Detention™  Infiltrating Hole ment Wetland Dry  Wet Basin
Med Med High Med Low Low High High Low Varies Med Low High Low High
Low Low Med Med Low Low High High Low Varies Low Low Med Low Low
Low High Med Med Med High High Med Varies Low Low High Low Med
Low | Med | Med | High | Low | Med Low Low Med | High | Low High Low Low High Low Varies Low Low Med Low | Low Low Low
Low Low | Med | Med High Low Med Low Low Med | High Med High Low Low High Low Varies Low Low High Low | Med Med Low
Med"* Med"* Med"' Med"" Low Low Med"' Low High Low Low High Low Varies Med"' Low Med Low | Low | Med™ Low
Med Med High Med Med Low High Med High Low Med High Low Varies Med Low High Low | Med Med Med
High High High High Med Med High N/A High Med Med High Med Varies Med Med High Med High Low
High High High High Med Med High Med High Low Low High Med Varies Med Med High Med High Low
Med Med High Med Low Med High High High Low High Med Low Med High Low Low High Low
High High High High High High High
High High High High N/A High High Med

Med Low | Med | Med High Med | High

Med | High

Med

High

Varies

Low

Low Low Med Med |

Med

| med |

High

Varies

High

Siting Constraints and Other Implementation Considerations

Space Requirement

Environmental Issues®
Contaminated Soils’
Physical Site Limitations®

Karst Topography
Shallow Bedrock®
Shallow Water Tabl

Steep Slopes (>5%

Cost Considerations
Construction Cost
O&M Cost

' "High", "Med", "Low", or "N/A

Low Med Med

Use liner Use liner Use liner Use liner Use liner

Yes

Med

Use liner

Low

Yes

Med

No

Yes

Use liner No

Yes

Low

Yes

Use liner

Yes

Use liner

Yes

Use liner

Use liner

Yes Yes Yes Yes Yes

Yes

Yes

Yes

No

Yes

Yes No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No Yes No No No

Yes

No

Yes

No

Yes

Yes No

Yes

Yes

No

Yes

Yes

No | ves

No

Yes

No Yes No No No

538 55-555 $-5% 5-55 535

Yes

No

Yes

$5-585

No

535

Yes

No

$5-555

No

Yes

Varies

No

5555

Yes

558

No

Noe

No

$-55

No

sss | 55 | 555 | s%5_ | sss

| 538 |

$-5%

55-55%

Varies

[ ssss |

S

| ss-888 |

5-55

w 1a

. P EMC-based pollutant reduction. *® Load-based pollutant reduction.

* All NCDOT Bioretention and Filtration Basin facilities include underdrain; if no underdrain, see Infiltration Basin.

* Water quality and quantity performance varies based on size of system and use of captured water.

* For Sand Filter, an enclosed chamber type system (e.g., Austin/Delaware) is assumed.

® Note that nitrogen concentrations in roadway runoff are generally low; this reduces the removal efficiency of many BMPs.
© "yes" indicates BMP s suitable for locations with a particular siting constraint. "No" indicates that the BMP is not suitable.

" When contaminated solls are present, consultation with the Geotech Unit and Hydraulics Unit is highly recommended.

* For suitable BMPs, it may be necessary to increase practice footprint and/or install an impermeable liner to achieve desired performance.
? For suitable BMPs, an impermeable liner may be required. Additional investigation and consultation with Geotech and Hydraulics Units recommended.
" ror green roof, slope refers to roof pitch. Note that design modifications are required for roof pitch >8% (per NCDEQ).
" With media amended or enhanced to increase dissolved P removal.

2 Green roofs are not typically a significant source of bacteria.
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Stormwater Control Measure

Summary Sheets

 To be a part of the 3D series
(Drainage Summary) sheets in plan
sets

« Auto-populated from entries in the
stormwater management plan

[rowures e At I 108-05-21)

STATE OF NORTH CAROLINA
ute: N 2 Oniya DIVISION OF HIGHWAYS

SUMMARY OF STORMWATER CONTROL MEASURES SUMMARY CONTROL

TEPRGECTG. SHEETHO.
Tazs 03

SUMMARY OF STORMWATER: CONTROL MEASURES

Corst

s scu e e | sramow | e | | Loeghuie s weuTire S e

Lo

et
sneeT

seu TR

stancn

LrmmeL

T [ T T 3 e

T o i ErE)

P Iy o7 i FArTy
B e G )
0 = G RET

Hydraulic Tools

Completing 3D Series Hydraulic Summary Plan Sheets,
Including Drainage Summary Sheets and Stormwater Control

Measure Summary Sheets

August 5, 2021

Construction plan sheets include 3D Series drainage summary sheets. Traditionally these sheets have incleded the
summary of pipe apd drainage structure types. With the implementation of Project Delivery Metwork version 2.0

the 30 series sheets will now also include stormwater control measure summaries for projects where stormwater

controls are included. Mot all projects will include stormwater control measures, thus these shieets should be the

last sheets within the 3D series.

Drainage Summary Sheets:

Drainage summary sheets should be filled out per guidance in the “Drainage Summary Sheet - Steps for Hydraulic
Users” located on the Connect site here:

Jiconnect. ncdot.gov/resources/ hydro/Geopak®0Applications¥0Documents/ Drainagefe205ummanyal 0&h

et 20-%20Hydro% 205t eps. pdf

Once the traditional drainage summary sheets have been filled out the user should add the stormwater control
summary sheets starting with the next available consecutive page numbser.

Stormwater Control Measure Summary Sheets:

The Highway Stormwater Program (H5P) has amended the Stormwater Management Plan (SMP) template to
automate the creation of the stormwater control measure summary sheet. Hydraulic design engineers are
required to complete a Stormwater Management Plan (SMP) for all projects and should always use the latest SMP
template version found on the Connect Site here:

hitps://connect. ncdot. goviresources/hydro/Pages/HSPProduct Pages aspa "PRODsSMP

Users should complete the SMP per the instruction included in that document. As a general summary, users
shauld fill out the "General Project Information’ and "Waterbody Information’ tabs along with any applicable
stormwater control measure tabs (Swales, Filter Strip, PSHs & Energy Dissipators, Level Spreader & HSB, Other
Toolbox BMPs, Other Mon-Toolbox BMPs). These tabs are illustrated in Figure 1
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Hydraulic Calculators

* Hydroplaning Assessment Too
*This tool will assist in completing
hydroplaning assessments, when required, on
the projects
» Outlet Analysis
«Coming Soon

40
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Hydraulic Tools
Hydroplaning Analysis Tool

General Inputs Date Fi e
TIP Example Designer Dlezigner's MName
County Johnstan MCDOT Division No. Divisian 4

Project Description Short Diezcription of the Project

Tupical SectiontArea of Typical Section 1- Assumed 5

Concern Long. Grade [targ]ent zection) [Ex Alignment L
Assessment Type Preliminary StationiMilepost Range Sta. or Mile Marker
Analysis Description Greater than 26 bt of Impervious Direction Marthbound

Pavement

|
Analysis Notes Den=e graded asphalt and 2 U.q2
ftift cross slope over 3 lanes fails

Pavement Innuls

Longitudinal Grade [32) 5 Mean Profile Depth [in.] 0.024
s s e s s m e n Surface Type Dense Graded Asphalt [DGAC)
1 Fd 3 4 5 [ 7 & 3 10 11 12
Description Lt Lane1 Lane 2 Laned | Lane4 |Shoulder
Shoulder

Design Speed [mph) 45 Fill] Fii] il il 45
Cross Slope [Ftift) -0.04 002 0oz 00z 0.0z .04
Width [It.) 12 12 12 12 12 14

side Shoukder

Relative Elevation
(in}

0 10 i 30 40 a0 &0 70 80
Lateral Distance (f.)

Risk Analysis Results
Based on AYERAGE WFT, PAYDEN HPS Model, and a worst-case scenario rainfall intensity [infhr)

Scenario Roadway Typical ]

Description fride Should  Lane | Lane 2 Lane 3 Lane 4 | Shoulder
Rainfall Intensity finthr] (] 20 20 1] 20 40

Water Film Thickness [in] 0081 0.036 0038 (5] 0.030 0136

Driver Speed [mph 450 3.0 ] 0] ] 450
Hydroplaning Speed” [mph 50| Bl |

" The speed has been adiusted up +5 mph to account kar Madern Tires,



https://connect.ncdot.gov/resources/hydro/DrainageStudiesGuidelines/NCDOTHydroplaningAssessmentTool.xlsm
https://connect.ncdot.gov/resources/hydro/DrainageStudiesGuidelines/NCDOTHydroplaningAssessmentTool.xlsm

ncdot.gov

Inputs

e General

e Pavement
e Roadway

HyvAdratilic Tanlg

General Inputs

Date TI26/2022

TIF Example Designer Designers Mame
County Johnston NCDOT Division No. Division 4
Project Description Short Description of the Project
Typical Section 1 - Assumed 5%
Typical Section/Area of Concern  Long. Grade (tangent section) [Ex Alignment L
1.01
Assessment Type Preliminary Station/Milepost Range Sta. or Mile Marker
A tasmin - Greater than 36 fi. of Impenvious Direction Morthbound
Pavement Inputs
Longitudinal Grade (%) 5 Mean Profile Depth (in.) 0.024

Surface Type

)

Description

Design Speed|
Cross Slope |
Width (ft.)

Relative Elevation
(in.)

Dense Graded Asphalt (DGAC)

Dense Graded Asphalt
05 1+ Open Graded Friction Course (OGFQ)
0{ | Concrete Pavement (PCC)

05 NG Ultra-Thin Bonded Wearing Course
User-Defined

loulder

45

70

70

70

70

——
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Scenario Results

Risk Analysis Results

Risk Analysis Results

Hydraulic Tools

(Based on AVERAGE WFT and PAVDRN HPS Models)

Predicted Water Film Thickness (in.)

Plane Number 1 2 3 4 5 6 10 11 12
Based on AVERAGE WFT: PAVDRN | Intensity (in/hr) side Shouldg  Lane 1 Lane 2 Lane 3 Lane 4 | Shoulder
0.1 0012 -0.014 -0.014 -0.009 0005 | -0.004
— . 0.25 -0.002 -0.006 -0.006 0.002 0.009 0.010
Description SI 0.5 0.009 0.003 0.003 0.015 0.024 0.027
: T 1 0.025 0.016 0.016 0.034 0.047 0.051
Rainfall Intensity (in/hr) 5 0048 0036 0036 0061 0080 | 0088
Water Film Thickness [in] 3 0.066 0.051 0.051 0.082 0.106 0113
- 4 0.081 0.064 0.064 0.100 0.128 0.136
Driver Speed (mph)
Hydrnplaning Speed* {mph] l Predicted Driver SpEEd [mph]
- Plane Number 1 2 3 4 § 6 10 11 12
* The speed has been adjusted up +5 Intensity (in/hr) side Should] Lane 1 | Lane2 | Lane3 | Laned | Shoulder
0.1 450 70.0 70.0 70.0 70.0 450
0.25 450 70.0 70.0 70.0 70.0 450
Possible Hydroplane Conditions 0.5 45.0 64.0 64.0 64.0 640 | 450
. 1 45.0 62.0 62.0 62.0 62.0 45.0
High 2 45.0 58.0 56.0 58.0 58.0 45.0
3 450 450 450 450 450 450
Predicted Hydroplaning Speed (mph)
H;-gh : HP S js = 4 m ,D h B e JI ow th e Pﬂf These speeds are increased by 5MPH fo account for Gunaratne research.
Plane Number 1 2 3 4 5 6 10 11 12

Low: HPS isz 2 mph Below The Pr
Mitigation methods needed and proy
driver responsibility.

None: HPS is greater than Predicte

Intensity (in/hr)

side Shoulds

0.1

0.25

0.5

| G| B | =

Lane 1

Lane 2

Lane 3

Lane 4

Shoulder
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Typical

Analysis Description

Superelevation Transition

Hydraulic Tools

Section/Area of Concern Rollover Transition [Ex 3.0]

Superelevation Transitions

Assessment Type Final

Superelevation Transition

# of lanes 3 Factor 15

Lol aanth Dianca Craded Achbhalt

Risk Analysis Results
Based on AVERAGE WFT, PAVDRN HPS Model, and a worst-case scenario rainfall intensity (in/hr)

Pavem

Longity Max WFT Condition within the SE Rollover
Rainfall Intensity (in/hr) 2.0

Surtacd |water Film Thickness (in) 0.106
Driver Speed (mph) 58.0
Hydroplaning Speed* (mph) _

Descrif * The speed has been adjusted up +5 mph to account for Modern Tires.
Design Speed (mph) 45 70 70 70 70 45
Cross Slope (ft/ft) -0.04 -0.02 0.02 0.02 0.02 0.04
Width (ft.) 12 12 12 12 12 14
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Hydraulic Tools

Hydraulics Designer: Designer's Nama (S
Reviewer: . . ﬂ ﬁ
Date: E—— Final Hydroplaning Assessment 6pe %
Project TIP #: Exarmple
Design | Rainfall | Long. Cross | Pavement | Pavement ydroplaning ' FI'.' Lani o User-Defined
Area of Concem Analysis Description Alignimant Station Direction Lane Speed | Imtensity | Slope Slope Width Surface 'H'FT..'I 5 4 ™ 5 . Analysis Notes Pavemant
Ll bl L B B L Vaterial fin) (mph) (mph) Notes
_ _ 0,02 AN cross skaps on
T“’"n i 1 . "';'F_LEJG'“ m“;_m':'"m L S'I .‘” — Mcwrthiound Lane 4 T0.0 20 13 002 360 DGAC 0.7 561 540 “H::'“I "'m;"
fyroplaning
. Mo Hydroplaring potential
Typical Section 1 - Max. Long Grade 52, or Wi
) IAtgaton L Mawrthinound Lana 4 T0.0 20 13 0.03 360 DGAG o.o7 540 wi 003 &t Exerior Lang:
[kangent section) [Ex 2.1] Markes psi
Concrete Paveman
Typloal Section 1 - Max. Long Grad Mitigation L bvoluan il [ T T Larw 4 0.0 20 13 003 ;|0 poc .08 Bil | {PCC)shows no pobenial
[aangant section) JEx 2.2 Marh g for Mydropianing
Ukra-Thin Bonded
Typical Section 1 « Max. Long Grade i Sta. or Miln ‘i maring Course Suriaos
{tangeni seciion) JEx 2.3] Mt L Marier Pt riecrandd Ll 4 oo F] 33 0.03 6.0 UTEWG Dos S0 shows no potenal for
Hydroplsining
a Open Graded Frction
Taplosh Sackon 1 A 208 e Mt L S, or Wi Mot Lane 4 0.0 20 33 003 360 oGFC 0.4 580 | Couwse Suriace shows o
[tangent section) [Ex 2.4] Wi patential for Hydropianing
54, of Ml Faais wih Danse Graded
Foflover Trarsition [Ex 3.0] Superehnvaton Transiion L S:“L Mcxrthiound Lana 4 T0.0 20 5 002 360 DGAG o =80 st \
Raligwes Trarsilion [Ex 3.1] Spsirribirelion MGatGn L Pt iecrandd Ly 4 oo 0 2.5 a0z 6.0 PCC (1) S0 B PCC)
Saa. of M Shiows & high polantial for
Rollover Trarsition [Ex 3.2] Supensevation Miigason L Mcwrthiound Lana 4 T0.0 20 25 00z 360 UTBWGC 0.s 540 " :
FRoflover Trarsition [Ex 3.3] Supensievation Migason L e o Wi Mcxrthiound Lana 4 T0.0 20 z5 002 360 OGFC 0.o7 =80 :Dt-m Ggml Fpm
InSal Uniform Cross-sinpe After Riollover Greaier than 38 8 of impervous S5 or Mie Fails when using Disnss
1 [Ex4.0] Pasasrant L P et hicnnd Ly 1 0. 0 25 0.0z 240 DGAC o 580 p  (DGAL]
Concrate Paremant
Inital Linilorm Croas-siope Afe Rolovwer S4a. of M (PCC) Shovs more
T = IEI:-L1| Metagantion L Fcwrithibound Larss 1 .o 20 2.5 =002 240 PCC oor BE1 =80 ol e
Conditons
UktraThin Borced
Infsal Uinionm Cross-siope A Rolovwer Sta, or Wil Wearng Course Shows
Trangition [Ex 4.2] tgaton L Mavker teorthiound Lane 1 faili} 20 28 L il 240 UTEWC o.ar AT 580 ow for
yrdropiksning conditions
I o o Opan Graded Fraction
fneal 1 i t‘:“ Mtgatn L 5“"'“_ st nd L 1 a1l 20 25 002 240 OGFC 0.0 580 Coursa Suripca shows fo
S polential for Hydroplaning




Connect NCDOT ;
BUSINESS PARTNER RESOURCES e

Doing Business ~ Bidding & Letting Projects =~ Resources Local Governments

Co n ta Ct U s Asset Management = Environmental  Geotechnical GIS Materials & Tests  Photogrammetry = Contract Standards = Mapping Resources

Hydraulics

The Hydraulics Unit provides technical expertise, guidance, design and

quality assurance to manage stormwater, riverine and coastal impacts
in and around roadways for the protection of the public, the

Contact the U n |t environment and NCDOT assets.

# » Connect NCDOT ™ Resources B Hy

Guidelines Employee Directory
Staff contacts for Hydraulics

Drainage Studies Guidelines

0 0 Programs LING
Keep up-to-date on the Hydraulics : . Highway Floodplain Program
Unit policies, procedures, i riooo I sutnes PRI conranaton Toms, b rraues end o Organization
innovations, updates, advertisements, ' i | Hydraulics Organization Chart
etc.... by signing up to i i Highway Stormwater Program Questions for the Hyraulics Unit
receive the Hydraulics Unit Gontactthe Uit
Newsletter. To sign up, just a Stay in the Flow
COmpIete the S”T]ple . General Resources g edures, | tions, updates,
fOrm @ HVdraUIlcs Unlt Consultant Resources for Hydraulics acerisemen © y mmgl -
Announcement Notifications o ! eceve e Hydrauls Unk Newsiter T

@ Hydraulics Unit Announcement



https://forms.office.com/g/U5uJqvPhEM
https://forms.office.com/g/AM0eYLkQxT
https://forms.office.com/g/AM0eYLkQxT
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