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NS 673: Assessing the Need for Floodplain Culverts Based on Geomorphology: 
Literature Search 
7/21/2022 
Prepared for: Marcus Bekele 
Prepared by: Karen Neinstadt 
Resources searched: Transport, TRID (including Research in Progress), Web, MnDOT Library Catalog, ASCE Library 
Search Strategy: floodplain*, “flood plain*, (crossing* OR culvert*), geomorph* 
Summary: Results are compiled from the databases and keywords named above.  Results are organized by more and 
less relevant below.  These results are from approximately the last five years.  Full-text is available upon request.  In 
some cases, the URL is included. 
 

More Relevant Results 
  
Title: Potential interaction between transport and stream networks over the lowland rivers in Eastern India. 
Authors: Roy Suvendu; Sahu Abhay Sankar 
Citation: Journal of Environmental Management. 2017. 197 p316-330  
Publisher: Academic Press Incorporated 
Abstract: Extension of transport networks supports good accessibility and associated with the development of a region. 
However, transport lines have fragmented the regional landscape and disturbed the natural interplay between rivers 
and their floodplains. Spatial analysis using multiple buffers provides information about the potential interaction 
between road and stream networks and their impact on channel morphology of a small watershed in the Lower 
Gangetic Plain. Present study is tried to understand the lateral and longitudinal disconnection in headwater stream by 
rural roads with the integration of geoinformatics and field survey. Significant (p < 0.001) growth of total road length 
and number of road-stream crossing in the last five decades (1970s-2010s) contribute to making longitudinal and lateral 
disconnection in the fluvial system of Kunur River Basin. Channel geometry from ten road-stream crossings shows 
significant (p = 0.01) differences between upstream and downstream of crossing structure and created problems like 
downstream scouring, increased drop height at outlet, formation of stable bars, severe bank erosion, and make barriers 
for river biota. The hydro-geomorphic processes are also adversely affected due to lateral disconnection and input of 
fine to coarse sediments from the river side growth of unpaved road (1922%). Limited streamside development, 
delineation of stream corridor, regular monitoring and engineering efficiency for the construction of road and road-
stream crossing might be effective in managing river geomorphology and riverine landscape. 
 
Title: Highway Hydraulic Engineering State of Practice 
Authors: Watkins, Melanie Kueber; Barkdoll, Brian; Watkins, David W; Zelinski, Katelyn 
Abstract: This synthesis documents significant changes in highway hydraulic engineering practices implemented by state 
departments of transportation (DOTs) over the past decade. The synthesis focuses on eight subtopics of highway 
hydraulic engineering: roadway drainage; culvert aquatic organism passage; bridge scour computations and 
countermeasures; advanced hydraulic modeling; regulatory requirements; floodplain impacts and mitigation; coastal 
hydraulics; and alternative project delivery methods.  Information for this study was gathered through literature review, 
a survey of state DOTs, and follow-up interviews with four selected agencies for case examples.  Findings indicate that 
34% of 38 responding states indicated that their hydraulic policy or guidance changed within the past 10 years with 
respect to maximum allowable spread in travel lanes and/or the design event frequency for permanent/final designs.  
Findings also indicate that 55% reported changes in culvert replacement and rehabilitation practices for Culvert Aquatic 
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Organism Passage.  A little over half made a change to their scour calculation method, scour countermeasure selection, 
or design method.  Almost all of 26 responding states reported some use of advanced hydraulic modeling—either 
unsteady or 2D/3D flow modeling—for projects.  Of the 38 states that responded, 55% indicated they have 
programmatic agreements for the FHWA National Environmental Policy Act project development process; 11% have 
Programmatic Agreements for Section 404 of the Clean Water Act (CWA); 21% have Programmatic Agreements for local 
floodplain requirements; 24% have Programmatic Agreements for the National Pollutant Discharge Elimination System; 
and changes to these regulatory requirements were made in the last decade by 21%, 29%, 32%, and 47% of state DOTs, 
respectively.  Of the 24 states that responded to changing policy or guidance for floodplain impacts, 75% indicated no 
change or that they are following previous policy or guidance.  Of the 21 states that responded to changing policy or 
guidance within the last 10 years to include request for proposal (RFP) language for hydraulic aspects of alternatively 
delivered projects, 57% replied yes to including such language.  
ISBN: 9780309481564 
Serial: NCHRP Synthesis of Highway Practice 
Publisher: Transportation Research Board 
ISSN: 0547-5570 
Issue: 551 
Pagination: 132p 
Publication Date: 2020-00-00 
Report/Paper Numbers: Project 20-05, Topic 50-02 
 
Title: Data-Driven Prioritization and Empirical Predictions for Bridge Scour in Nebraska 
Abstract:  Background  Bridge scour is a leading cause of bridge closures and failures in the country and Nebraska. Over 
the last few years, high-profile bridge closures in Nebraska have been widely publicized in the media citing scour as the 
primary issue. The indirect economic impacts of bridge closures can be substantial on the Nebraska economy, 
particularly in the agricultural and rural sectors. According to a recent TRIP report, trucks carry 91% of the ton-miles for 
the movement of perishable agricultural items highlighting the need for critical rural routes to remain open.   Bridge 
scour is the gradual removal of sediment and soil from the areas surrounding bridge piers and abutments, resulting in 
significantly reduced capacity and safety of the bridge. In general, scour is controlled by three parameters, the hydraulic 
flow (of the channel), erodibility of the soil, and the geometry of the site (e.g., constrictions due to a bridge pier and 
angle-of- attack). Bridge scour can be broadly classified into three categories:  1. Degradation - the general and 
progressive lowering of the channel bed due to erosion. 2. Contraction - the removal of material from the bed and banks 
across all or most of the channel width associated with a contraction of the flow area at the bridge which causes an 
increase in velocity and shear stress on the riverbed at the bridge. This can be the natural narrowing or human made 
narrowing of a stream channel. 3. Local - the removal of material around piers, abutments, spurs, and embankments 
caused by an acceleration of flow and resulting vortices induced by obstructions of the flow.  Clear-water scour occurs 
when there is no movement of the bed material upstream of the bridge crossing at the flow causing a bridge to scour. 
Live-bed scour occurs when the bed material in the channel upstream of a bridge is moving at the flow causing a bridge 
to scour.     Bridge inspections are performed to assure safe and continued operations. Due to the unpredictable stream 
behavior, scour may occur globally over the entire channel area or locally at an individual pier or abutment. The 
underwater inspection of foundations is included due to the continual changes in the stream/river and its floodplain and 
to determine the underwater member's condition with certainty. The goal of any inspection is to ensure that the 
changes in the channel conditions are within an acceptable tolerance or if a trend is evidenced that may compromise 
that stability of the bridge and therefore require action (or countermeasure). Scour critical bridges are typically 
inspected at more frequent intervals than the typical biennial schedule, including during and immediately following 
flooding events. In these cases, personnel and resources are required to perform these inspections, and sometimes 
bridge structures are closed for unsafe or unknown conditions.  Significant scour holes may develop during a flood 
event, but will not be observed during inspection as the hole fills in with sediment as the water recedes. In this case, 
field monitoring of scour can improve confidence in the inspection of scour critical bridges. Field scour evaluation can be 
carried out using either portable monitoring devices or fixed instrumentation. FHWA outlines two categories for scour 
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evaluation equipment including physical probes (e.g., sounding weights, extensible rods) and sonar instrumentations 
(e.g., echo sounders and fathometers). Both types can provide more accurate measurements of the depth of scour near 
the bridge piers and abutments.  Numerical scour evaluation is generally conducted using the Hydraulic Engineering 
Circular No. 18, which is commonly known as HEC-18. This evaluation scheme is used for all new bridge construction as 
well as existing bridges identified as scour susceptible. HEC-18 encompasses a seven-step specific design approach to 
evaluate the total scour which includes more detailed hydrologic and hydraulic analyses. To align with the risk-based and 
data-driven approaches, the FHWA Scour program outlines the risk-based factor for the importance of the structure and 
the targeted frequency flood event. The general design procedure for scour to determine the type, size and location 
(TS&L}, as outlined in Chapter 2, is outlined briefly here:  1. Select flood event(s) that are expected. 2. Develop hydraulic 
parameters to estimate scour. 3. Use the six-step specific design approach to estimate total scour. 4. Plot total scour 
depths. 5. Evaluate the results for reasonableness. 6. Evaluate and modify the proposed bridge size, configuration, 
foundation elements. 7. Perform bridge foundation analysis.  Within the FHWA specified process, two critical steps rely 
on site-specific details. This includes step  2 - to  develop  hydraulic  parameters  and  step  5  - to  evaluate  the   results  
for reasonableness. Different materials will scour at various rates. Loose granular soils can rapidly erode by flowing 
water,  whereas  cohesive  soils,  which  are  common  to  specific areas of Nebraska, are  more  scour-resistant  (61. 
However, HEC-18, in  section 3.1, conservatively assumes that the ultimate scour in cohesive soils can be as deep as the 
scour in loose granular soils (or sands). While this assumption is expected to be conservative because of the increased 
critical shear stress in cohesive soils, this can lead to highly improbable scour estimates and the potential for over-
designed and costly bridge foundations. However, significant challenges arise in order to verify the magnitude of scour 
for these varying soils. This is primarily due to the cyclic nature of the scour process where scour is deepest during the 
peak of a flood but may be hardly visible as floodwaters recede and scour holes fill with sediment. Therefore, there is a 
critical need to develop improved hydraulic parameters and to provide guidance on reasonableness for scour estimates 
that reflect Nebraska soils.  Objectives  The first objective of this project is to reduce the uncertainty in the scour 
prediction equations specific to Nebraska soils and hydraulic conditions using empirical field data collected in this 
project. Particular attention will be paid to the scour predictions of clayey and cohesive soils, which are currently 
presumed to be overly conservative in the existing FHWA HEC-18 approach.  The second objective of this project is to 
evaluate and provide guidance on reasonable scour estimates for Nebraska soil and hydraulic conditions. This objective 
is done to address engineering judgment on whether the numerical scour predictions are "conservative" or "over-
conservative". Guidance will be provided using real field measurements to benchmark and clarify the ranges of 
acceptable scour in this area from the highly detailed, high-fidelity site assessments.  
Status: Active 
Funding Amount: 115,662.00 
Sponsor Organizations:  
Nebraska Department of Transportation 
1500 Nebraska 2 
Lincoln, NE 68502 United States 
Project Managers:  Halsey, Lieska 
 
Performing Organizations:  
University of Nebraska, Lincoln 
1400 R Street 
Lincoln, NE 68588 United States 
Principal Investigators:  
Wood, Richard 
(402) 472-1916 
rwood@unl.edu 
Start Date: 2019-07-01 
Expected Completion Date: 2021-12-31 
USDOT Program:  Transportation, Planning, Research, and Development 
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Title: Long-Term Bed Degradation in Maryland Streams (Phase IV): Western Shore of the Coastal Plain Province 
Authors: Parola Jr, Arthur C; Oberholtzer, Ward L; Altland, Drew 
Abstract: Estimation of potential long-term down-cutting of the stream bed is necessary for evaluation and design of 
bridges for scour and culverts for fish passage. The purpose of this study was to improve predictions of this potential 
long-term bed degradation (LTBD) in Maryland streams through the measurement and analysis of stream bed and 
waterway structure survey data and bridge plans. LTBD was defined as the vertical change in the channel profile other 
than that caused by local or contraction scour. A total of 22 sites in Baltimore City and Harford, Baltimore, Anne Arundel, 
Prince George’s, Calvert, Charles, and St. Mary’s counties were selected for data collection. Drainage areas of these sites 
in the Western Shore of the Coastal Plain province ranged from 0.7−30.5 mi² . At each sampling site, the vertical drop at 
the outlet of the structure was measured with a pocket rod and a hand level. These rapid measurements were 
conducted where a step, a series of steps, a steep section, or a riprap-protected streambed was at the outlet of a culvert 
or a bridge with a paved or riprap-protected invert or downstream apron. Five of the six factors that may influence a 
site’s risk of LTBD were investigated. These include (1) the valley slope, (2) the effective floodplain width, (3) discharge, 
(4) downstream channel entrenchment, and (5) bed material characteristics. The possibility of developing regional 
relations between LTBD and percent impervious area was evaluated for the physiographic province, but the data were 
inconclusive. Three relations between LTBD and the risk factors were examined: LTBD and valley slope; LTBD and an 
index combining Factors 1-4; and LTBD and an index of bed mobility. Data indicated no trend in LTBD with either of the 
two indices. The relation based on valley slope was compared to a relation based on drainage area. The comparison 
revealed that valley slope was a better predictor of the susceptibility of a site to LTBD than drainage area. The relation 
between valley slope and LTBD was recommended to estimate LTBD for streams with slopes of less than 0.014 ft/ft. The 
relation should not be applied, however, to structures located in deep deposits of sediment created by backwater from 
dams or other structures or to structures located in streams with evidence of active channel degradation or recent 
downstream channelization. The development of rate relationships for LTBD was also considered, but the number of 
available structure plans was insufficient to develop a rate relation. The development of a rate relation should be 
explored further in future research on LTBD in Maryland.  
 
Record URL: http://www.roads.maryland.gov/OPR_Research/MD-18-SP609B4H_LTBD_PhaseIV_Report.pdf; 
/common/images/covers/large/1522712.png 
Edition: Final Report 
Corporate Authors:  
RK & K 
81 Mosher Street 
Baltimore, Maryland 21217 United States 
Maryland Department of Transportation 
State Highway Administration, Office of Policy and Research 
707 North Calvert Street 
Baltimore, MD 21202 United States 
Pagination: 45p 
Publication Date: 2018-07-00 
Report/Paper Numbers: MD-18-SP609B4H 
 
Title: Evaluating Effectiveness of Floodplain Sites along the Lamoille Valley Rail Trail: A Blueprint for Future Rail-River 
Projects 
Authors: Underwood, Kristen L; Worley, Lindsay; Drago, Stephanie; Dewoolkar, Mandar M; Rizzo, Donna M; Bomblies, 
Arne; Wemple, Beverley C 
Abstract: Floodplains perform many functions of value to society, including conveyance and storage of floodwaters for 
reduced downstream impacts, sediment and nutrient deposition to support soil formation, and maintenance of pulsed 
overbank flows to support diverse habitats. When constructed along Vermont’s river valleys in the mid-to-late 1800s, 
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railroads often isolated large areas of natural floodplain, leading to decreased flood and sediment storage, and 
increased downstream flood stages, sediment and nutrient delivery. Where rail lines have been federally-banked and 
converted to recreational trails, floodplain reconnection could be achieved by modifying the rail embankment through 
lowering or installing cross culverts or bridges. With the Lamoille Valley Rail Trail (LVRT) in the Lamoille and Missisquoi 
River basins as a focal study area, this research has generated tools and planning frameworks for transportation and 
river managers to identify and prioritize candidate reconnection sites, and to holistically evaluate the benefits of these 
projects alongside potential impacts to adjacent infrastructure or land uses. Effectiveness of completed and proposed 
floodplain reconnection sites along the LVRT was evaluated at various spatial scales using a suite of tools. At the 
watershed and reach scales, a screening protocol was developed, leveraging stream geomorphic assessment data to 
prioritize potential floodplain reconnection sites for further vetting through field inspection. Ten out of twelve floodplain 
reconnection sites completed along the LVRT in 2006-2008 were predicted as a priority in a retrospective application of 
this screening protocol. Low-complexity (Height Above Nearest Drainage) hydraulic modeling results confirmed that 
most completed projects provided significant increases in the floodplain capacity for floods of 2- to 500-year recurrence 
intervals. Event-scale monitoring conducted at selected sites has confirmed accumulation of fine sediment and 
phosphorus. A conservative estimate of a half-ton of phosphorus deposited during one storm on 57 acres highlights the 
water quality benefits of restoring floodplains. Reconnection alternatives were evaluated in more detail using two-
dimensional hydraulic modeling (2D HEC-RAS) at a demonstration reach of the Black Creek near East Fairfield spanning 
two completed reconnection sites and one proposed site on the LVRT. Modeled reconnection alternatives resulted in 
modest changes in flooding parameters due to an unexpected, existing degree of cross connection between floodplains 
of the Black Creek and Elm Brook tributary. Nevertheless, this research project has created a framework for more 
holistic analysis of floodplain reconnection opportunities at similar sites across Vermont and beyond. The hydraulic 
modeling products and scenarios developed for this project are being adapted to support analysis and modeling of fine-
sediment and phosphorus attenuation as the Vermont Agency of Transportation continues to collaborate with the 
Vermont Agency of Natural Resources and other stakeholders to develop a phosphorus-crediting framework for 
floodplain reconnection projects.  
 
Record URL: 
https://vtrans.vermont.gov/sites/aot/files/Underwood_LVRT_Final_Report_final20200831_clean_updatedTechDocPg.p
df; /common/images/covers/large/1757969.png; https://rosap.ntl.bts.gov/view/dot/55251 
Edition: Final Report 
Corporate Authors:  
University of Vermont, Burlington 
Department of Civil and Environmental Engineering, 33 Colchester Avenue 
Burlington, VT 05405 United States 
Vermont Agency of Transportation 
Montpelier, VT United States 
Federal Highway Administration 
1200 New Jersey Avenue, SE 
Washington, DC 20590 United States 
U.S. Department of Transportation 
1200 New Jersey Avenue, SE 
Washington, DC 20590 United States 
Pagination: 50p 
Publication Date: 2020-08-31 
Report/Paper Numbers: 2018-02 
 
Title:  Rapid Diagnostic Framework for Assessing Bridge and Culvert Sensitivity to Hydraulic Forcing 
Authors: Chris Van Dyke;  Tasnuba Jerin; Nancy Albright, M.ASCE; Ben Blandford 
Citation: Natural Hazards Review / Volume 22 Issue 2 - May 2021 
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Abstract: Flooding, intense scour, and bank erosion often contribute to the failure of bridges and culverts. While 
geomorphic assessment techniques have been devised to evaluate whether structures are vulnerable to the effects of 
high-magnitude flooding, they generally require prolonged onsite appraisals. Because of financial constraints, however, 
many state transportation agencies cannot hire staff dedicated solely to geomorphic assessments. As such, agencies can 
benefit enormously from having access to a simple, holistic, and robust method for quickly evaluating the sensitivity of 
bridges and culverts to severe hydraulic forcings—one that leverages data gathered during existing inspection routines 
and accounts for the condition of structures and their criticality. This paper outlines the development and application of 
the Bridge and Culvert Sensitivity Index (BCSI), which was originally created on behalf of the Kentucky Transportation 
Cabinet. Using information from the National Bridge Inventory and Cabinet-specific inspection data points, the BCSI 
(when combined with geostatistical methods and dynamic mapping) facilitates a multilevel hierarchical analysis of 
bridge and culvert inventories, allowing agency personnel to quickly appraise the performance of structures from the 
district level down to the level of individual structures. Applying the BCSI in Kentucky identified clusters of bridges and 
culverts in the western, eastern, and north-central parts of the state that exhibit heightened sensitivity to hydraulic 
forcings. 
 
Title:  Urban Stream Assessment Procedure: A Framework for Assessing Stream Health in the Urban Environment 
Author: Brian Murphy, P.E., D.WRE, M.ASCE 
Citation: Watershed Management Conference 2020 
Abstract: Various multi-scale hierarchical river health approaches and assessments have been developed and 
implemented with a variety of scientific and management purposes. Although many existing biological and 
geomorphological assessments offer insights into stream function, none were developed for or exclusively capture the 
functions of streams in the urban environment. Quantitative aspects of existing screening tools are limited in urban 
streams due to the unique combination of hydrogeomorphic and anthropogenic factors in the urban environment. 
Analyzing the physical, biological, and social drivers within the concept of the urban stream syndrome coupled with 
recent advances in stream assessments connects the health of urban streams with past, present, and future impacts. 
The urban stream assessment procedure (USAP) provides an innovative framework and conceptual model to 
comprehensively assess stream functions in the urban environment and quantify their health at multiple scales. The 
specific aim is to identify the highest function and lowest maintenance “version” of an urban stream that is achievable 
given the context—varying hydrologic regimes, geomorphic conditions, ecological diversity, social contexts, and 
community goals. It is designed to classify urban stream reaches and corridors according to their hydrological, 
geomorphological, vegetation characteristics and to support identification of reaches that might be candidates for 
rehabilitation. Employing a multi-scale framework yields greater success in assessing stream function, diagnosing 
watershed-wide drivers, and implementing strategies to enhance streams in the urban environment. Furthermore, the 
USAP framework can assist water resources managers in assessing and managing health specific to urban streams 
through applicable spatial and relevant parameters and metrics. 
 
Title:  The Renaissance of the Olentangy River: 5th Avenue Dam Removal and Lower Olentangy River Ecosystem 
Restoration Project 
Authors: Jason Sanson, P.E.; and Travis White, P.E. 
Citation: World Environmental and Water Resources Congress 2019 
Abstract: The 5th Ave. Dam was a low head dam located just upstream of the 5th Avenue Bridge crossing the Olentangy 
River, near Downtown Columbus, OH. A local non-profit watershed group submitted and received approval from the 
Ohio Environmental Protection Agency (OEPA) in 2005, on an action plan that identified the 5th Ave. Dam as one 
element that adversely affected the water quality of the Lower Olentangy River. The city of Columbus worked 
collaboratively with various partners to remove the dam in 2014 and undertake an environmental restoration (in 
combination referred to as ecosystem restoration) of the Olentangy River near the dam and its pool area. Initially 
constructed in 1935, the 500 feet wide and 8 feet tall dam provided a constant pool for the cooling water intake at the 
Ohio State University power plant. The impounded segment of the river extended several thousand feet upstream of the 
5th Avenue Dam and did not meet use attainment goals set by the OEPA. The dam removal, subsequent restoration of 
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the Olentangy River resulted in net improvements to water quality and aquatic community composition and furthered 
efforts to meet use attainment goals. 
 
Title:  Testing a Watershed-Scale Stream Power Index Tool for Erosion Risk Assessment in an Urban River 
Authors: E. Papangelakis; B. MacVicar;  P. Ashmore;  D. Gingerich 
Citation: Journal of Sustainable Water in the Built Environment / Volume 8 Issue 3 – August 2022 
Abstract: Successful watershed planning requires a watershed-scale approach to the assessment of erosion hazards. 
Stream power, or the rate of energy expenditure of flowing water, is a driver of river erosion and morphologic change. 
Stream Power Index for Networks (SPIN) is a newly developed geographic information system (GIS)-based toolbox that 
uses simple inputs to calculate total stream power, specific stream power, and their change between past, present, and 
future land-use conditions. We tested the ability of SPIN to identify areas of erosion risk by comparing its outputs 
against an independent database of erosion mitigation sites in an urban river. Objectives were to (1) validate the 
channel slope and threshold particle size calculated by the toolbox against data collected from field sites, (2) assess the 
utility of the toolbox outputs for interpreting spatial patterns of erosion control structure construction and maintenance, 
and (3) evaluate how the toolbox can be used to support or enhance current erosion monitoring techniques. Channel 
slope and threshold substrate size values calculated by SPIN matched those measured in the watershed. Both total and 
specific stream power increased between the rural (preurban) and urban land-use conditions, and maps generated by 
the toolbox provided a visual assessment of areas of expected erosion risk. The density of erosion control structures 
increased with total and specific stream power, and threshold stream power ratio values were identified above which 
erosion control structures were widespread. Stream power indices were also related to the condition of erosion control 
structures when defined as the distance between the channel erosion and the infrastructure. The SPIN toolbox makes a 
novel contribution to erosion hazard assessment at a watershed scale. In combination with existing local monitoring and 
assessment techniques, this method should improve decision making around erosion mitigation strategies in urban 
rivers. 
 

Less Relevant Results 
 
Overview of Practices for Adopting 2D Hydraulic Modeling 
https://www.fhwa.dot.gov/engineering/hydraulics/pubs/hif19058.pdf 
 
Title: Evaluating Post-Wildfire Flood Impacts on Transportation Infrastructure for Mitigation Planning 
Authors: Valentin, Vanessa; Stormont, John 
Abstract: Wildfires have seen a sharp increase in severity and frequency due to changes in climate, especially in the 
Southwestern U.S., where prevailing conditions of arid climate such as heat waves and droughts can have a dramatic 
effect on the risk of fire. This study investigated the impacts of post-wildfire floods on transportation infrastructure. 
Drainages and bridges were specifically targeted as they are especially vulnerable to fire-related damage, whether 
directly from fire heat or from subsequent flash flooding that results from fire-induced changes to the watershed. The 
specific objectives of this study were to: (1) identify post-wildfire flash flood impacts as well as risk mitigation and 
rehabilitation alternatives for transportation infrastructure, (2) evaluate the sensitivity of a hydrology model to site-
specific input data and identify transportation infrastructure components at risk of inundation, and (3) develop a 
decision-support approach for prioritizing and selecting mitigation and rehabilitation options. In response to these 
objectives, we developed a modeling framework which integrates pre- and post-wildfire rainfall-runoff modeling and 
floodplain mapping under different climate and burn severity scenarios. Results from a case study analyzed using the 
model showed that preventing partial or complete blockage of the culverts will preclude roadway inundation under 
different climate and burn severity scenarios. Thus, the resulting modeling framework can be used as a screening tool 
for identifying potential problem areas and deciding where to focus further analyses on failure mechanisms, damage 
assessment, risk mitigation alternatives, and resource allocation. Finally, the proposed decision-making approach 

https://www.fhwa.dot.gov/engineering/hydraulics/pubs/hif19058.pdf
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explores a wildfire vulnerability assessment process for transportation infrastructure and provides suggestions, 
resources, and examples for prioritizing infrastructure components and selecting mitigation and rehabilitation measures 
while considering asset criticality and other characteristics.  
 
Record URL: 
https://static1.squarespace.com/static/526c7a98e4b023d8f09390ed/t/5e0a72f98863c530b1ef2473/1577743118017/S
PTC15.1-50-F-Valentin+Final+Report+123019.pdf; https://rosap.ntl.bts.gov/view/dot/55580 
Supplemental Notes: This document was sponsored by the U.S. Department of Transportation, University Transportation 
Centers Program. 
Edition: Final Report 
Corporate Authors:  
University of New Mexico 
Department of Civil, Construction and Environmental Engineering 
Albuquerque, NM 87131 United States 
Southern Plains Transportation Center 
University of Oklahoma 
201 Stephenson Pkwy, Suite 4200 
Norman, OK 73019 United States 
Office of the Assistant Secretary for Research and Technology 
University Transportation Centers Program 
Department of Transportation 
Washington, DC 20590 United States 
Pagination: 90p 
Publication Date: 2019-11-30 
Report/Paper Numbers: SPTC15.1-50-F 
 
Title: Guidelines for Selection and Application of Manning’s Roughness Values in Two-Dimensional Hydraulic Models 
Abstract: Measures to improve the accuracy, reliability, and consistency in selecting roughness values for the application 
of two-dimensional (2D) hydraulic models at highway crossings and in transportation corridors will represent a major 
step forward in the evolving state of practice. Some state departments of transportation (DOTs) have readily embraced 
the application of 2D models for transportation facility planning, analysis, and design; other states have held back and 
taken a more wait and see approach as the tools and techniques have continued to advance.   At present, whether a 
one-dimensional (1D) or a 2D modeling approach is taken, inconsistencies can exist from state to state, and even within 
states at the various district levels, on how to develop accurate and reliable hydraulic models. The fundamental issue is 
the selection and assignment of Manning’s roughness values for a variety of channel types and land uses in the overbank 
floodplain areas.   Manning’s roughness values along with channel and floodplain geometry (i.e., topographic and 
hydrographic surface data) are recognized to be the two most important components for developing and calibrating 
hydraulic models.   Identifying feasible, cost effective, and consistent guidelines to improve the state of the practice in 
selecting roughness values for hydraulic modeling is highly desirable. The potential payoff to owners of transportation 
assets, in particular roadways, bridges and culverts, is significant if the accuracy and reliability of hydraulic models can 
be improved. Therefore, definitive and detailed guidelines on proven hydraulic modeling is needed to improve the state 
of practice on a national level and in the rapidly advancing field of 2D hydraulic models.   The objectives of this research 
are to (1) develop guidelines for selection and application of Manning’s roughness values in 2D hydraulic models for 
transportation related riverine settings and (2) propose modifications to the AASHTO Drainage Manual, the Federal 
Highway Administration (FHWA) Hydraulic Design Series (HDS) Number 7: Hydraulic Design of Safe Bridges, and the 
FHWA’s Every Day Counts (EDC) 2D Hydraulic Modeling Reference Manual (the EDC Manual will be available for the 
research team after the contract award). Herein, both FHWA HDS -7 and EDC manual are referred to as FHWA manuals.  
Record URL: http://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectID=4790 
Contract Numbers: Project 24-49 
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Status: Active 
Funding Amount: 500000 
Sponsor Organizations:  
National Cooperative Highway Research Program 
Transportation Research Board 
500 Fifth Street, NW 
Washington, DC 20001 United States 
Federal Highway Administration 
1200 New Jersey Avenue, SE 
Washington, DC 20590 United States 
American Association of State Highway and Transportation Officials (AASHTO) 
444 North Capitol Street, NW 
Washington, DC 20001 United States 
Project Managers:  Abu-Hawash, Ahmad 
 
Performing Organizations:  
Pennsylvania State University, University Park 
University Park, PA 16802-4710 United States 
Principal Investigators:  
Liu, Xiaofeng 
Penn State Univ. 
Start Date: 2020-08-21 
Expected Completion Date: 2023-02-21 
 
Title:  Green Guardian 
Authors: James G. MacBroom, P.E., M.ASCE and Mark R. Arigoni 
Citation: Civil Engineering Magazine / Volume 87 Issue 6 - June 2017 
Abstract: As part of a detailed flood control project, the City of Meriden, Connecticut, unearthed a hidden stretch of 
Harbor Brook, the waterway that passes through its downtown. Combining flood control and economic revitalization, 
the project included the creation of Meriden Green, a new urban park that doubles as a flood storage facility. 
 
Title:  Role of Hydrodynamic Forces in Shaping the Dynamics of Channel Evolution in Urban Watershed 
Authors: Yosif A. Ibrahim, Ph.D., P.E., Aff.M.ASCE; and Asad Rouhi, Ph.D. 
Citation: Journal of Hydrologic Engineering / Volume 26 Issue 8 - August 2021 
Abstract: This study explores the impact of urbanization on stream channel erosion. The effect of changes in flow 
regimes and the associated changes in hydrodynamic forces were studied using monitored data for nine outfalls in 
Fairfax County, Virginia. The Stormwater Management Model (SWMM) simulated the flow and velocity hydrographs at 
each outfall site, using continuous rainfall records for the period 2004–2014. The cumulative stream flow work was used 
to study the impact of change in hydrology and hydraulics on the dynamics of channel evolution. The cumulative stream 
flow work at each section was determined by integrating the stream power (discharge time velocity) with time. The 
results show heterogeneity in the responses of the downstream channel reaches. However, the aggregation of results 
shows that the cumulative stream flow work accounts for about 70% of the variance in the observed changes in stream 
cross sectional areas. The cumulative stream flow work was suggested as a method for sizing stormwater detention 
facilities to meet the channel protection criteria for adequacy of outfalls. The advantage of the method is that it 
accounts for both the generated runoff at point of discharge and the connectivity of the site to the downstream 
watercourse. The study suggests that the channel protection criteria for adequacy of outfall should be based on limiting 
the post-developed cumulative stream flow work to its pre-developed conditions. 
 
Title:  Reliability-Based Three-Dimensional Assessment of Internal Erosion Potential due to Crevasse Splays 



 
 

 
10 

Authors: Lourdes Polanco-Boulware, S.M.ASCE; and John D. Rice, M.ASCE 
Citation: Journal of Geotechnical and Geoenvironmental Engineering / Volume 143 Issue 4 - April 2017 
Abstract: Geomorphic features in the soil layers underlying a structure often have a significant effect on the 
underseepage behavior and the potential for initiating internal erosion. Based on the assumption that the 
preponderance of the underseepage risk to a levee reach is due to the geomorphic features along that reach, 
methodology has been developed to perform a stochastic assessment of the properties of the seepage regime with the 
intention of assessing the probability of internal erosion initiation. The methodology consists of a response surface-
Monte Carlo analysis that takes into account the uncertainty in the subsurface geometry and soil properties in assessing 
the seepage regime associated with the feature. Three-dimensional finite-element seepage analyses are used to develop 
the response surface to take into account the inherent three-dimensional aspects of the feature. As a result of the 
analysis, probability distribution functions with respect to hydraulic gradient and factor of safety against heave are 
developed. The methodology can be adapted to any type of geomorphic feature and, as an example, a crevasse splay 
deposit is presented. 
 
Title:  Three-Dimensional Modeling of the Hydraulic Function and Channel Stability of Regenerative Stormwater 
Conveyances 
Authors: Jessica M. Thompson, S.M.ASCE; Jon M. Hathaway, M.ASCE; and John S. Schwartz, M.ASCE 
Citation: Journal of Sustainable Water in the Built Environment / Volume 4 Issue 3 - August 2018 
Abstract: Regenerative stormwater conveyances (RSCs) are an innovative approach to repairing local channel incision at 
stormwater outfalls while simultaneously treating stormwater runoff, providing groundwater recharge, and establishing 
floodplain connectivity. Although RSCs are increasingly being utilized for watershed restoration, little research has been 
performed on these systems. This study uses the commercially available computational fluid dynamics program, FLOW-
3D version 10.1 developed by Flow Science, Inc., and hypothesizes that RSC system design can be improved to maximize 
velocity and energy dissipation while minimizing erosion potential. Results found that it is possible to create a 
strategically designed system that maximizes velocity and energy reductions, providing insight that is currently lacking 
regarding the design of RSCs. Overall it was determined that lower length to width (L/W) ratios are preferred for 
reducing velocities and energies, and study results suggest designing with a L/W pool ratio of 0.7. It was also found that 
the design of the first two pools of the system appears to be most critical for dissipating erosive flows and that a 
minimum number of pools is necessary to adequately reduce velocities and energy before discharging to the receiving 
stream. These findings are beneficial to the design community as they allow a better understanding of how RSCs 
function and how manipulation of system geomorphology can improve stability. 
 
Title:  Quantifying Spatial Patterns of Channel Geometry and Stream Incision in Urban Drainage Network 
Authors: Joshua N. Cole; Andrew J. Miller, Ph.D.; Erin Stapleton; and Claire Welty, Ph.D. 
Citation: Journal of Hydrologic Engineering /Volume 22 Issue 2 - February 2017 
Abstract: Digital topographic data derived from airborne light detection and ranging (LiDAR) provide high-resolution 
information for characterizing the morphology of channels and riparian zones, and can be used to map the spatial 
distribution of channel incision resulting from flashy runoff response in small urban streams. Here the researchers 
present a methodology for extraction and analysis of transects throughout the drainage network in order to quantify 
longitudinal patterns of bankfull channel geometry and to identify the spatial distribution of channel incision. Owing to 
local gaps in LiDAR coverage and anomalies in channel and riparian zone morphology, the set of extracted transects are 
censored to remove those that would otherwise yield spurious results. Two procedures are then utilized to identify the 
bankfull stage along individual transects: (1) an iterative spline procedure based on minimizing slope angle and distance 
from the channel for points that exceed a minimum elevation threshold above the thalweg, and (2) a slope-difference 
algorithm that identifies local maximum values of the change in slope by evaluating a fixed distance backward and 
forward from each point on the transect. Each of these approaches generates an independent estimate of bankfull 
stage, depth, and width for individual transects. These are supplemented by a third estimate by a human operator. All 
three approaches are compared along a study domain with a deeply incised channel. Longitudinal trends in bankfull 
depth and width derived for all three approaches reveal that the major trends are detectable regardless of which 
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method is used. The method can be used to identify differences in channel geometry between incised urban streams 
and less-incised streams. 
 
Title:  Golden Opportunity 
Authors: Nick Southall; April Sawyer; Sam Diaz, P.E.; Chris Hammersmark, Ph.D., P.E., M.ASCE 
Citation: Civil Engineering Magazine / Volume 92 Issue 2 - March 2022 
Abstract: A river and floodplain restoration project in California's Central Valley is working to undo the ecological 
challenges caused by decades of hydraulic gold mining. The new riparian and aquatic habitats created will help restore 
natural river processes, prevent flooding, and improve conditions for native fish. 
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