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AgendaAgenda

 Hydrologic modelingHydrologic modeling

 Hydraulic modelingHydraulic modeling

 2D project applications2D project applications
•• CSVTCSVT

•• Little Juniata River BridgeLittle Juniata River Bridge
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Hydrologic ModelingHydrologic Modeling

 USGS Regression methodsUSGS Regression methods
•• WRIR 00WRIR 00--41894189

•• SIR 08SIR 08--5102 5102 -- updateupdate

 Latest technologyLatest technology
•• NSS & NSS & StreamStatsStreamStats

•• WMSWMS
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WMSWMS

•• HECHEC--HMSHMS

USGS RegressionUSGS Regression

 WRIR 00WRIR 00--41894189
G d t th h 1997G d t th h 1997•• Gage data through 1997Gage data through 1997

•• Two regionsTwo regions

 SIR 08SIR 08--51025102
•• Gage data through 2006Gage data through 2006

•• Four regionsFour regions
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gg

 PennDOT evaluated both methodsPennDOT evaluated both methods
•• Guidance will be issued in PDM and SOL for Guidance will be issued in PDM and SOL for 

DMDM--2 Chapter 102 Chapter 10
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Hydrologic ModelingHydrologic Modeling

 Latest technologyLatest technology
•• NSS & NSS & StreamStatsStreamStats

•• WMSWMS

•• HECHEC--HMSHMS
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NSS & NSS & StreamStatsStreamStats

 NSS NSS –– National National 
St fl St ti tiSt fl St ti tiStreamflow Statistics Streamflow Statistics 
ProgramProgram

 StreamStatsStreamStats
•• WebWeb--based GIS systembased GIS system

•• Watershed delineationWatershed delineation
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•• Flow estimatesFlow estimates

 Uses USGS SIR 08Uses USGS SIR 08--51025102
equationsequations
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WMSWMS

 Hydrologic modelHydrologic model
•• Automated watershedAutomated watershed

delineationdelineation

•• Compute geometricCompute geometric
parametersparameters

•• Compute hydrologicCompute hydrologic
variablesvariables
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variablesvariables

•• Run hydrologic modelRun hydrologic model

 GIS data processorGIS data processor

HECHEC--HMSHMS

 WindowsWindows--based hydrologic simulation modelbased hydrologic simulation model

 Incorporates advances in precipitation input Incorporates advances in precipitation input 
and soil moisture methodsand soil moisture methods

 Applicable to wide rangeApplicable to wide range
of watershedsof watersheds
•• Size/coSize/complexitymplexity
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Size/coSize/complexitymplexity

•• Land useLand use

 GeoHMSGeoHMSGISGIS
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Hydrologic Software InformationHydrologic Software Information

 NSS NSS –– USGSUSGS
•• water.usgs.gov/water.usgs.gov/oswosw/programs//programs/nssnss/summary/summary

 StreamStatsStreamStats –– USGSUSGS
•• water.usgs.gov/water.usgs.gov/oswosw//streamstatsstreamstats//pennsylvaniapennsylvania

 WMSWMS
•• www aquaveo com/wmswww aquaveo com/wms

NTM Engineering Services :: Hydrologic & Hydraulic Modeling :: Stormwater Planning & Design
:: Bridge Design & Inspection :: Technical Training & Course Development :: www.ntmeng.com

•• www.aquaveo.com/wmswww.aquaveo.com/wms

 HECHEC--HMS HMS –– US Army Corps of EngineersUS Army Corps of Engineers
•• www.hec.usace.army.mil/software/hecwww.hec.usace.army.mil/software/hec--hmshms

Hydraulic ModelingHydraulic Modeling

 HECHEC--2 2 –– no longer supportedno longer supported

 HECHEC--RASRAS
•• Continually updatedContinually updated

•• New featuresNew features

 SMSSMS
•• StateState ofof thethe art softwareart software
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•• StateState--ofof--thethe--art softwareart software

•• Interfaces with many programsInterfaces with many programs
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HECHEC--RASRAS

 OneOne--dimensional stepdimensional step--backwater programbackwater program

 Steady and unsteady flowSteady and unsteady flow

 Bridges, culverts, dams,Bridges, culverts, dams,
weirsweirs

 National standard forNational standard for
hydraulic modelinghydraulic modeling
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hydraulic modelinghydraulic modeling

 Used to model almost ALL of PennDOT’s Used to model almost ALL of PennDOT’s 
bridge replacement projectsbridge replacement projects

HECHEC--RAS v4.1 New FeaturesRAS v4.1 New Features

1.1. New RAS New RAS MapperMapper
Fl d l iFl d l iFloodplain Floodplain 
DelineationDelineation

2.2. Additional UnsteadyAdditional Unsteady
Flow optionsFlow options

3.3. Groundwater Leakage for Storage AreaGroundwater Leakage for Storage Area
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4.4. Water Quality Modeling EnhancementsWater Quality Modeling Enhancements

5.5. Sediment Transport Modeling EnhancementsSediment Transport Modeling Enhancements
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1D HEC1D HEC--RAS AssumptionsRAS Assumptions

 Cross sections perpendicular to flow directionCross sections perpendicular to flow direction

 Single water surface elevation at each sectionSingle water surface elevation at each section

 Flow (velocities) in one directionFlow (velocities) in one direction
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1D HEC1D HEC--RAS LimitationsRAS Limitations

Potential1D 
Solution Realistic 2D Solution 
With Pier

No Pier

Solution 
Mound
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1D HEC1D HEC--RAS LimitationsRAS Limitations

 Increases are averaged across the sectionIncreases are averaged across the section
•• Does not reflect localized impactsDoes not reflect localized impacts

•• Applies the increase over a much larger areaApplies the increase over a much larger area

 Increases propagate farther upstreamIncreases propagate farther upstream

NTM Engineering Services :: Hydrologic & Hydraulic Modeling :: Stormwater Planning & Design
:: Bridge Design & Inspection :: Technical Training & Course Development :: www.ntmeng.com

SMS SMS 
(Surface(Surface--water Modeling System)water Modeling System)

 OneOne--, two, two--, and three, and three--dimensional dimensional 
h d d i d lih d d i d lihydrodynamic modelinghydrodynamic modeling

 Primary application to compute water surface Primary application to compute water surface 
elevations and flow velocitieselevations and flow velocities

VelocityWS Elev

NTM Engineering Services :: Hydrologic & Hydraulic Modeling :: Stormwater Planning & Design
:: Bridge Design & Inspection :: Technical Training & Course Development :: www.ntmeng.com



ASHE Harrisburg Meeting February 11, 2011

Modern Advances in Hydrologic and 
Hydraulic Studies 9

TUFLOWTUFLOW

 2D and 1D solutions of the free2D and 1D solutions of the free--surface flow surface flow 
titiequations equations 

 Finite difference modelFinite difference model

 Models all flow regimes and is very stableModels all flow regimes and is very stable

 Approved for use by PennDOT in Sept 2010Approved for use by PennDOT in Sept 2010
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 SOL 432SOL 432--1010--0303

 Submitted for FEMA CertificationSubmitted for FEMA Certification

2D Modeling Applications2D Modeling Applications

 Beneficial where complex 2D flow patterns Beneficial where complex 2D flow patterns 
ld b diffi lt t t i t diti lld b diffi lt t t i t diti lwould be difficult to represent using traditional would be difficult to represent using traditional 

1D network models1D network models

 Consider 2D model when:Consider 2D model when:
•• Structure on channel bendStructure on channel bend

•• Structure near confluenceStructure near confluence
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•• Multiple structures on wide floodplainsMultiple structures on wide floodplains

•• Flooding impacts need to be more accurately Flooding impacts need to be more accurately 
defineddefined
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Central Susquehanna Valley Central Susquehanna Valley 
Transportation Transportation (CSVT(CSVT) Project) Project

 New bridge crossing over New bridge crossing over 
WB S h RiWB S h RiWB Susquehanna RiverWB Susquehanna River
(WBSR)(WBSR)
•• Alternatives AnalysisAlternatives Analysis

•• Piers as only impact to 100Piers as only impact to 100--year floodplainyear floodplain

 FEMA floodway and potential map revisionFEMA floodway and potential map revision
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CSVT CSVT –– 1D HEC1D HEC--RAS ModelRAS Model

 Increases applied to entire floodplain widthIncreases applied to entire floodplain width
•• 100100--year floodplainyear floodplain -- 2,800 feet wide2,800 feet wide100100 year floodplain year floodplain 2,800 feet wide2,800 feet wide

•• Any increase in 100Any increase in 100--year WSEyear WSE CLOMRCLOMR

 Minor increases traveling far upstream due to Minor increases traveling far upstream due to 
flat slope of the riverflat slope of the river
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Pier Impacts to WSEPier Impacts to WSE

 Recent lab experiments performed by Center Recent lab experiments performed by Center 
f T t ti R hf T t ti R hfor Transportation Researchfor Transportation Research

 Backwater Effects of Piers in Subcritical Flow Backwater Effects of Piers in Subcritical Flow 
(R. Charbeneau and E. Holley, 2001)(R. Charbeneau and E. Holley, 2001)
•• 2D mound forms upstream of piers2D mound forms upstream of piers

•• 2D effects are local and are dissipated within an 2D effects are local and are dissipated within an 
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upstream distance equal to channel widthupstream distance equal to channel width

•• WSEL changes are less than those calculated WSEL changes are less than those calculated 
using Yarnell’s equationusing Yarnell’s equation

CSVT CSVT –– 2D TUFLOW Model2D TUFLOW Model

 WBSRWBSR

 55--meter gridmeter grid

 Study reach Study reach --
1 mile wide &1 mile wide &
3.5 miles long3.5 miles long

 Proposed bridgeProposed bridge
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 Proposed bridge Proposed bridge 
alternativesalternatives
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CSVT CSVT –– TUFLOW CalibrationTUFLOW Calibration

 2004 Ivan Flood2004 Ivan Flood

 Gage recordGage record

 Aerial photosAerial photos

 2D results2D results
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CSVT CSVT –– Pier ImpactsPier Impacts
Higher WSEL 
increase ~0.6 feet 
localized to pier
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CSVT CSVT –– Pier ImpactsPier Impacts

 Alternatives analysis Alternatives analysis 
t i i i i tt i i i i tto minimize impactto minimize impact
•• Number of piersNumber of piers

•• Width of pierWidth of pier

•• Spacing between Spacing between 
pierspiers

•• Pier locations inPier locations in
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Pier locations in Pier locations in 
channelchannel

CSVT CSVT –– 2D Model Benefits2D Model Benefits

 Key consideration in the alternatives analysisKey consideration in the alternatives analysis

 Indicated more realistic impacts versus the 1DIndicated more realistic impacts versus the 1D
HECHEC--RAS solution, which showed the increase RAS solution, which showed the increase 
across the entire channelacross the entire channel

 More accurately evaluate pier configurations to More accurately evaluate pier configurations to 
determine the design that minimized impacts to determine the design that minimized impacts to 

NTM Engineering Services :: Hydrologic & Hydraulic Modeling :: Stormwater Planning & Design
:: Bridge Design & Inspection :: Technical Training & Course Development :: www.ntmeng.com

the floodplain and adjacent propertiesthe floodplain and adjacent properties

 Allow more accurate assessment of impacted Allow more accurate assessment of impacted 
areas for ROW purchaseareas for ROW purchase
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SR 1001 Over Little Juniata River SR 1001 Over Little Juniata River 

 33--span bridge span bridge 
l tl treplacement over replacement over 

Little Juniata RiverLittle Juniata River
•• 100100--year event year event 

passes under bridgepasses under bridge

•• No overtoppingNo overtopping

Ti t R t ib tTi t R t ib t
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 Tipton Run tributaryTipton Run tributary

 FEMA floodwayFEMA floodway

Little Juniata River Little Juniata River –– 1D Limitations 1D Limitations 

 Complex 2D flow Complex 2D flow 
characteristics atcharacteristics atcharacteristics at characteristics at 
structurestructure
•• Severe skew angle Severe skew angle 

of the Little Juniata of the Little Juniata 
River to the bridgeRiver to the bridge

•• Tributary Tributary 
confluence at the confluence at the 

Tipton Run

Little Juniata
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upstream bridge upstream bridge 
faceface

•• Multiple roadways Multiple roadways 
in the floodplainin the floodplain

Little Juniata 
River
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Little Juniata River Little Juniata River –– 2D TUFLOW Model2D TUFLOW Model

 LJ RiverLJ River

 Tipton RunTipton Run

 2000’ wide 2000’ wide 
floodplainfloodplain

 SR 1001 and SR 1001 and 
Tipton RunTipton Run
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Tipton Run Tipton Run 
bridgesbridges

 Relief culvertsRelief culverts

Little Juniata River Little Juniata River –– ConfluenceConfluence

100-year 
Flow Depth
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100-year Water 
Surface Elevation

Flow Depth
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Little Juniata River Little Juniata River –– Pier ImpactsPier Impacts

 Proposed decreases in water surface elevationProposed decreases in water surface elevation
•• Narrower piersNarrower piers

•• Larger hydraulicLarger hydraulic
openingopening
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100-year Flood 
Elevation Decreases

Little Juniata River Little Juniata River –– 2D Model Benefits2D Model Benefits

 Reflects the confluence location for different Reflects the confluence location for different 
fl d tfl d tflood eventsflood events

 Accounts for the 2D flow direction and Accounts for the 2D flow direction and 
velocities under the bridgevelocities under the bridge

 Defines localized decreases due to larger Defines localized decreases due to larger 
hydraulic openinghydraulic opening
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 Did not require a FEMA map revisionDid not require a FEMA map revision
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Hydraulic Software InformationHydraulic Software Information

 HECHEC--RAS RAS –– Army Corps of EngineersArmy Corps of Engineers
•• www.hec.usace.army.mil/software/hecwww.hec.usace.army.mil/software/hec--rasras

 SMSSMS
•• www.aquaveo.com/smswww.aquaveo.com/sms

 TUFLOWTUFLOW
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 TUFLOWTUFLOW
•• www.tuflow.comwww.tuflow.com

Continuing EducationContinuing Education

 NTM TrainingNTM Training
•• Introduction to HECIntroduction to HEC--RASRAS

www.ntmtraining.com

 PennDOT H&HPennDOT H&H
ProfessionalProfessional
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Development SeriesDevelopment Series
•• WMSWMS

•• HECHEC--RASRAS
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Thank you!Thank you!
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