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Research Need Literature Search 
Topic:  NS 577 - Feasibility of using wetland bank program to create strategic storage for 
vulnerable highway infrastructure 
Date:  July 5, 2019 
Prepared for: Marcus Bekele, Jeff Meek 
Prepared by:  Sheila Hatchell (Sheila.hatchell@state.mn.us, 651-366-3733) 
Resources searched: TRID, RIP, Internet 

Keywords/phrases searched: wetland replacement program, wetland bank development, 
wetland impacts, wetland banking, new wetland bank, wetland impacts road construction, 
wetland bank location, vulnerable highway infrastructure, “flood protection” infrastructure, 
vulnerable culverts, vulnerable bridges  

Summary:  This seems to be a very minimally-researched topic area, at least in recent years.  I 
was able to locate nothing directly related to your request, but included some sources I thought 
you would be interested to know about as you continue to shape the need statement. This 
research was conducted for the current five years, 2013-2019. 

 
 

Results from TRB’s TRID Database 
 
 
Title:  Legal Requirements for State Departments of Transportation Agency Participation in 
Conservation Plans  
Author: James M. McElfish Jr. 
Source: NCHRP Legal Research Digest no. 75 
Date: 2017 
 
Abstract:     Many state transportation highway development projects must mitigate impacts to 
natural resources. This is frequently done through compensation for loss of wetlands, purchase of 
land for lost public uses, or through complex agreements to avoid impacts to endangered species. 
When these mechanisms are tailored to individual projects or are not developed until late in the 
project development process, they can be costly and time-consuming. They can also lead to public 
opposition, resulting in expensive and protracted litigation. A number of state transportation agencies 
have purchased property to establish wetland mitigation banks to establish “credits” to compensate 
for wetland losses. This process requires extensive coordination procedures between state natural 
resource agencies to avoid last minute negotiations that can exacerbate expense and create 
negative publicity. A few state transportation agencies participate in Habitat Conservation Plans 
(HCPs). HCPs can cover a general area and therefore are not limited to individual transportation 
projects. This digest describes HCPs and their relation to wetland mitigation banking, regional 
planning, and the National Environmental Policy Act (NEPA). Purchase and sale of wetland banks, 
habitat, and stream credits may be characterized as real property or personal property transactions. 
This digest covers mechanisms used in California, Wisconsin, and other states to set up, monitor, 
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and maintain HCPs on private or public property through endowment funds and the use of 
conservation easements. It also includes recent updates to related federal regulations and policies. 
Full Text:  https://www.nap.edu/download/24901 
 

Title: Validation of Wetland Mitigation in Abandoned Borrow Areas – Phase II 
Author: Kurt W. Johnson 
Source: University of Minnesota, Duluth 
Date: 2016 
 
Abstract:  Road construction in northeast Minnesota often causes wetland impacts that require 
compensatory mitigation. Borrow areas excavated for road construction material can be developed 
into wetland mitigation sites if hydric vegetation, hydric soils and adequate hydrology are provided. 
Fourteen wetland mitigation sites were constructed north of Virginia, Minnesota along the U.S. Trunk 
Highway 53 reconstruction project corridor. The sites were established with the goal of mitigating for 
project impacts to seasonally flooded basin, fresh meadow, shallow marsh, shrub swamp, wooded 
swamp, and bog wetlands. Monitoring results indicate that the 14 mitigation sites range in their 
potential to receive wetland mitigation credit. All but one of the sites consistently meet wetland 
hydrology criteria. The sites contain a variety of plant communities dominated by wet meadow, 
sedge meadow, and shallow marsh. Floristic Quality Assessment (FQA) condition categories for the 
sites range from “Poor” to “Exceptional.” Invasive plant species, particularly reed canary grass and 
narrow leaf cattail, are present on a number of sites and should be controlled. Tamarack and black 
spruce plantings have been successful on some of the drier areas and should be expanded to 
increase the quality and potential mitigation credit for other sites. These sites have shown the 
potential for creating mitigation wetlands in abandoned borrow pits in conjunction with highway 
construction. Adaptive management, particularly water level regulation, early invasive species 
control, tree planting, and continued long-term annual monitoring can make mitigation sites like 
these successful options for wetland mitigation credit. Continued site monitoring to determine 
potential for mitigation credit is recommended. 

Full Text: http://www.dot.state.mn.us/research/TS/2016/201611.pdf 

 

Title: Blending Science and Engineering: Laguna Creek Bridge Bank Protection 
Author: Steven Olmsted 
Source: Eleventh International Bridge and Structures Management Conference 
Source: Transportation Research Circular no. E-C224, November 2017 
Date: November 2017 
 
Abstract:  Laguna Creek Bridge Scour Remediation, State Project Number H8913 01C, Federal Aid 
No. 160-B(205)T, is a scour remediation project on the existing Laguna Creek Bridge located in 
Arizona Department of Transportation’s (DOT) Northeast District. Laguna Creek Bridge is located on 
U.S. Route 160, Tuba City–Four Corner Monument Highway, MP 420.1, over Laguna Creek in 
Apache County, Arizona. The bridge is within the boundaries of the Navajo Nation Reservation. This 
site is approximately 25 mi east of the town of Kayenta, Arizona. This project was administered by 
Arizona DOT, who maintains the facility. The project scope consisted of installation of riprap gabion 
spur-dikes upstream and downstream of the existing structure and along the bridge abutments, in an 
effort to mitigate scour, provide bank protection, and reduce channel meandering at the bridge. The 
original bridge structure was constructed in 1961 by the U.S. Department of Interior. In 1984, the 
original bridge was retrofitted with barriers. During the period from 2004 to 2008, bridge inspections 
identified excessive scour at both of the pier locations. In 2012, a replacement bridge was 
constructed just to the south of the previously existing bridge structure. Bridge abutments repairs 
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and countermeasures were recommended, but were found to be insufficient to address the current 
problem. Since then, inspection efforts have continued to identify and monitor the accelerating 
meandering of the wash and subsequent undercutting of the abutment fill. The goal of the project 
was to provide protection of the existing bridge and roadway against the effects of local scour and 
severe channel meandering just upstream and downstream of the bridge crossing. In 2015 Arizona 
DOT set out to develop a statewide stormwater modeling program. The effort was designed to 
centralize the agency’s response to systemwide water issues, introduce next-generation science and 
engineering modeling techniques (2-D hydrological and 3-D visualization), advance risk-science-
technology-engineering development goals, and launch the Arizona DOT Resilience Program. The 
U.S. Geological Survey (USGS) Arizona Water Science group was key to the new program and 
supplies Arizona DOT direct (real-time) storm monitoring and data collection, indirect (post-storm 
event monitoring and data collection), and next-generation hardware/software and surface water 
flow data collection capabilities. This partnering effort would contribute to expediting and improving 
Arizona DOT’s efforts in planning and responding to incidents of flood, over-topping, system 
hotspots, hydraulic-related failure, and extreme weather events in connection with (1) National 
Environmental Protection Act of 1969 jurisdictional and wetland delineation and streamlining; (2) 
highway stormwater runoff management; (3) evaluating scour potential and countermeasure 
development at water crossings; (4) drainage structure siting, design, and construction; and (5) 
response to federal extreme weather regulatory activities. The first of six pilot efforts to address 
different types of water exposure on Arizona DOT’s highway system were initiated in 2016. The 
Laguna Creek project was identified as the main pilot to test a suite of USGS next-generation 
technologies as they relate to transportation infrastructure: lidar, unmanned aerial systems (drones), 
rapid deployment streamgage, noncontact velocity sensors, video camera and particle tracking data 
collection, and 3-D land surface models. 

Full Text:  http://onlinepubs.trb.org/onlinepubs/circulars/ec224.pdf 

 

Title: From engineering to evolutionary, an overarching approach in identifying the resilience of 
urban design to flood 
Authors: Mohanad Abdulkareem and Hisham Elkadi 
Source: International Journal of Disaster Risk Reduction, vol. 28, no. 0., pp. 176-190. 
Date: 2018 
 
Abstract: Resilient urban design has become an essential theme for cities to withstand the 
rapidly escalating natural and human-induced disasters, yet cities and their infrastructure are 
becoming vulnerable and more threatened as the flood protection measures are still following 
the same line of thinking of flood control structures. There is an urgent need for new approach 
for resilience steaming from the urban form itself, beyond the focus on construction-based 
infrastructure like dams, levees and or channelization.This paper is presenting an introductory 
sense of urban form resilience building on the resilience definition of maintaining the minimum 
functionality of a system and how this conception can systemically corresponds with resilience 
perspectives. The aim is to develop a measurable sense of urban design resilience. Hence, the 
paper carried out theoretical investigation into two complementary domains; the urban design 
and resilience thinking. Finding out the urban form most essential commodity and to which one 
of resilience perspectives it could possibly associate to achieve resilient urban form. The paper 
is aiming at establishing a common ground where the two domains can possibly congregate. It 
also suggests possible effective future approaches using the principles of ecological and 
evolutionary resilience. 
 
Full text:  Request from the library 
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Title:  Predicting and communicating flood risk of transport infrastructure based on watershed 
characteristics 
Authors: Astrid Michielsen, et al. 
Source: Journal of Environmental Management, vol. 182, pp. 505-518,  
Date: 2016 
 
Abstract:  This research aims to identify and communicate water-related vulnerabilities in 
transport infrastructure, specifically flood risk of road/rail-stream intersections, based on 
watershed characteristics. This was done using flooding in Värmland and Västra Götaland, 
Sweden in August 2014 as case studies on which risk models are built. Three different 
statistical modelling approaches were considered: a partial least square regression, a binomial 
logistic regression, and artificial neural networks. Using the results of the different modelling 
approaches together in an ensemble makes it possible to cross-validate their results. To help 
visualize this and provide a tool for communication with stakeholders (e.g., the Swedish 
Transport Administration - Trafikverket), a flood ‘thermometer’ indicating the level of flooding risk 
at a given point was developed. This tool improved stakeholder interaction and helped highlight 
the need for better data collection in order to increase the accuracy and generalizability of 
modelling approaches.   
 
Full text:  Request from the Library 
 

 

Title: New measures needed in fight back against major downpours 
Author:  Christian Arias  
Source: Transportation Professionals, published by: Barrett Byrd Associates (United Kingdom), 
Date: 2015.   
ISSN: 1478-4467  
 
Abstract:  Building expensive drainage infrastructure is not always enough to combat flooding. 
Existing assets must work better says one water management specialist, who calls for creation 
of a new policy forum. 
Full text:  Request from the Library 
 
 
Title: Green Machine 
Author: Robert L. Reid 
Source: Civil Engineering, no. 84, issue 11  
Date: November 2014 
 
Abstract: This article describes the Corktown Common, a new urban park in Toronto (Canada) 
that is constructed on top of a massive flood protection structure and a former industrial site. 
The park features a number of components design to channel storm water, including buried 
pipes, pumps, and water treatment equipment, as well as an artificial marsh and carefully 
contoured terrain. The artificial marsh functions as part of the stormwater control system and 
helps to recycle water to irrigate the park’s plants and trees. The author describes the design 
process for the park and its infrastructure; the governing bodies and private companies involved 
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in approving and building the park; the long history of bringing this project to fruition (since 
1989); strategies used to de-water the peat march underlying the proposed park; the 
designation of a flood protection landmark (FPL); the use of native plantings in the park; the 
inclusion of walking trails, a wooden boardwalk, off-leash areas for dogs, and connections with 
pre-existing walking and bicycling paths; the incorporation of the foundations for the electrical 
transmission towers that serve that area of the city; a water play area that uses potable water 
from Toronto’s water system; changes in the nearby river channels to assist in flood prevention; 
challenges encountered in constructing the nearby condominium buildings; and changes in the 
local roadways, notably in the drainage system for the roads. The authors conclude by lauding 
the transformation of a formerly contaminated brownfield site into a popular, “green” outdoor 
destination that also provides flood protection and allows additional revitalization of a previously 
underused part of the city. 
 
Full text: Request from the Library 
 
 

Results from Research in Progress (RIP) Database 

Title: Utilizing Graceful Failure As An Opportunity for Flood Mitigation Downstream to Protect 
Communities and Infrastructure 
Principal Investigators:  Janey Camp, Craig Phillip 
Sponsor: Vanderbilt Center for Transportation Research (VECTOR) 
Date: March 30, 2018 -    
This RIP record is a bit on the scrappy side.  No start or end date included. Without further 
investigation, it’s impossible to tell of the research was started, is in progress, or is completed. 
 
Project Summary: In 2011, the research team observed how “graceful failure” through planned 
damages to the Birds Point Levee by the US Army Corps of Engineers was enacted to alleviate 
extreme flooding on the Mississippi River. This action, while flooding croplands as planned in 
the past, actually reduced flooding and damage to waterway infrastructure and communities 
downstream. Recent trends and future climatic projections indicate that there will have more of 
these “extreme” flooding situations in our future. Therefore, this project will focus on identifying 
locations beyond Birds Point on the inland waterway system and associated tributaries where 
“graceful failure” or planned breach of levee infrastructure can be used as a means of flood 
protection for downstream communities and infrastructure. Advanced spatial analysis 
techniques will be used along with a set of criteria to be developed to identify probable locations 
for such mitigative approaches. Each location that is identified as a viable candidate will then be 
analyzed in terms of capacity for flood water detention, potential impacts to local infrastructure, 
and population potentially affected by the new floodway. This project will provide alternatives for 
flood mitigation not typically employed to reduce the need for disaster response and assist in 
transportation planning during extreme flood conditions. 
 
 
Title: Networks Subject to Extreme Flood Events 
Principal Investigator: Alice Alipour 
Sponsor: Midwest Transportation Center, Iowa State University 
Project started 4/1/2015 and still active according to the RIP record. 
 
Project Summary:  Among various infrastructure systems, transportation networks are known 
as one of the most critical infrastructure systems as they directly contribute to essential societal 
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functions, quality of living, and the economy. It is, thus, extremely important to assess the 
components of transportation networks holistically and plan for the consequences of possible 
failure or disruption in their normal service. Furthermore, appropriate arrangements must be 
made for prompt response and emergency recovery after extreme events to maintain the 
resilience of the community. To achieve this goal, this project focuses on highway transportation 
networks subject to extreme flood events and introduces a comprehensive analytical framework 
to investigate the resilience measures that contribute to the efficient management of such 
networks. For this purpose, a multi-scale data-driven approach will be developed to address the 
critical issue of vulnerability of civil infrastructure systems at both component and system levels. 
Based on the flood risk data collected from different parts of the network, the functionality 
measures are evaluated at regular time intervals to estimate the expected socio-economic 
losses due to operational closures and extreme events. One of the unique aspects of this 
approach is to go above and beyond the physical boundaries of the network and examine the 
direct and indirect impacts of network disruptions on the entire society. Towards this goal, 
appropriate resilience measures are introduced in terms of robustness, redundancy, rapidity, 
and resourcefulness. The outcome of this study can be immediately used by decision-making 
authorities, state departments of transportation (DOTs), and nongovernmental organizations 
(NGOs) to identify the most efficient management strategies for mitigation actions prior to and 
restoration efforts following the occurrence of flooding events. 
 

Results from the Internet 
 
Minnesota Board of Water and Soil Resources – Resources on wetlands, drainage, 
mitigation and banking.   
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