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MnDOT Library Catalog.  Results are categorized as most relevant or other. 
Summary:  Links are provided for full-text, if applicable, or to the full record citation.  If the resource was only 
available as a PDF download, I saved and attached the PDF for you.   I completed my searches using the supplied 
keywords:   wet ponds, NURP ponds, stormwater bmp, stormwater best management practice, phosphorous, 
phosphorous removal, stormwater re-use. 
 
1. Keeping the Water Clean: How Transportation Agencies Manage Roadway Stormwater Runoff 

Transportation authorities are required by the Clean Water Act (CWA) to manage the stormwater runoff that discharges to 
the nation’s waters through regulated municipal separate stormwater sewer systems (MS4s) along streets, roads, and 
highways. State departments of transportation (State DOTs) have several challenges when implementing stormwater best 
management practices (BMPs) and Total Maximum Daily Load (TMDL) plans. Compliance challenges include right-of-way 
availability, site constraints, geotechnical requirements, safety, cost, and whether the state DOT actually has any control of 
the source of the pollutant. Regulatory agencies and MS4s could achieve more efficient control strategies through a 
comprehensive analysis of pollutant sources, BMP performance, the identification of water body impairments, and actual 
watershed loads. Examples of these control strategies by pollutant category are described. The article concludes with 
highlights from National Cooperative Highway Research Program (NCHRP) report 918, "Approaches for Determining and 
Complying with TMDL Requirements Related to Roadway Stormwater Runoff." 
TR News, Issue 328. 

 
2. NCHRP Research Reports: Infiltration of Highway Stormwater: Protecting Groundwater and Infrastructure 

This article summarizes new tools developed via the National Cooperative Highway Research Program (NCHRP) that can 
assist stormwater practitioners in evaluating infiltration best management practices (BMPs) for highway infrastructure 
projects. Highlighted are special considerations for utilizing infiltration BMPs in karst landscapes characterized by caves, 
sinkholes, swallets (i.e., stream-to-sinkhole features), underground streams, and springs. NCHRP Report 802: Volume 
Reduction of Highway Runoff in Urban Areas—Guidance Manual provides an overview of issues in infiltration as well as its 
benefits. The accompanying volume performance tool is an Excel-based application that calculates planning-level estimates 
of long-term volume reduction—including the amount of runoff that is infiltrated, evapo-transpired (i.e., surface- or soil-
evaporated or transpired via plants), and discharged to surface conveyances—from user-provided location and planning-level 
project information. NCHRP Research Report 922: Stormwater Infiltration in the Highway Environment—Guidance Manual 
provides more-detailed guidance that is based on a decision-making framework oriented around the phases of the project 
design and delivery process. This framework is intended to help state departments of transportation make early and efficient 
decisions about the use of infiltration, including identifying favorable, marginal, and clearly unsuitable sites. TR News, #328 

 
3. From the Ground Up: Building a TMDL Implementation Program for MS4 Permit Compliance 

Virginia Department of Transportation's (Virginia DOT’s) municipal separate stormwater sewer system permit contains 
specific conditions for the total maximum daily load (TMDL) of pollutants headed to the Chesapeake Bay. With a service area 
within four river basins, the TMDL permit requires the agency to determine its load and required reductions in pollutants for 
each basin, as well as an action plan of best management practices (BMPs) to achieve this goal. This article discusses Virginia 
DOT's TMDL implementation including using a dual-benefit approach, pursuing partnerships, and estimating project costs. 
Additional topics covered are contract mechanisms for BMP implementation, purchasing nitrogen credits, and staffing. Data 
includes: Completed Potomac River Basin calculation table for 36% cumulative reductions, Completed Rappahannock River 
Basin calculation table for 36% cumulative reductions, Virginia DOT's BMP project costs, Total nitrogen total phosphorus 
(TN:TP) ratios based on BMP Type, and Virginia DOT's Chesapeake Bay TMDL Progress through FY19 by river basin. 
TR News, Issue 328  

 
4. NCHRP Report 792: The Long-Term Performance and Life-Cycle Cost of Stormwater Best Management Practices 

National Cooperative Highway Research Program (NCHRP) Report 792 provides practical information for state departments 
of transportation to improve their highway drainage systems to comply with regulations. The research describes the 
performance and cost of stormwater best management practices (BMPs) in a highway environment and offers tools to 
maintain a high-performing stormwater program. This article discusses report methodology, the spreadsheet tool provided in 
the report, maintenance requirements for BMPs, the development of BMP performance estimates, whole-life cost models, 
and the evaluation of nonstructural control measures. 
http://www.trb.org/Publications/Blurbs/175579.aspx 

 

http://www.trb.org/Publications/Blurbs/175579.aspx
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5. PROJECT:  Stormwater Pond Maintenance and Wetland Management for Phosphorus Retention 
The LRRB produced the Stormwater Maintenance BMP Resource Guide in 2009 and the Decision Tree for Stormwater BMPs 
in 2001. Recent studies, such as Urban Stormwater Ponds can be a Source of Phosphorous, suggest that stormwater ponds 
may not offer the best long-term solution. This research will study stormwater ponds and determine both their cost 
effectiveness and long-term effectiveness as a best management practice. 
https://tinyurl.com/kfc35b9f 

 
6. Optimal Design of Stormwater Basins with Bio-Sorption Activated Media (BAM) in Karst Environments – Phase II: Field 

Testing of BMPs 
Two new designs of stormwater Best Management Practices (BMPs) using Biosorption Activated Media (BAM) were 
developed, implemented, and tested: (1) blanket filters, located within a stormwater management facility, and (2) vertical 
infiltration reactors. The blanket filter, comprised of a 1-ft top-soil layer and 3-ft BAM layer, removed 60%-66% of total 
nitrogen (TN), nitrate-nitrite (NOₓ), and ammonia (NH₃) from roadway runoff. Mean removals of TN, NOₓ, and NH₃ within a 3-
ft top-soil layer (containing no BAM) range from 78%-92%, exceeding mean removals observed in the blanket filter. Within a 
blanket filter, a 3-ft BAM layer removes considerably more nitrogen, and particularly NOₓ, as compared to 1.5-ft layer of 
BAM. Similarly, a 3-ft soil layer above the BAM layer may remove considerably more nitrogen as compared to a 1-ft soil layer. 
It is estimated that through a 20- to 30-year design life, the cost of each pound of TN removed by blanket filters (a 3-ft layer 
of BAM placed in the vadose zone with 1-ft soil coverage) is $611-$715, while each pound of NOₓ removed will cost $1,360- 
$1,590. Of six media configurations tested within vertical reactors, nitrogen removal was best achieved by a 4-ft layer of 
BAM; a mean 49% TN and over 53% NOₓ was removed from incoming stormwater. It is estimated that through a 20- to 30-
year design life, the cost of each pound of TN removed by vertical reactors placed in the vadose zone is $453-$498. It is 
estimated that each pound of NOₓ removed will cost $701-$732. 

 
7. Stormwater Drainage Design and Best Management Practices with Applications to Roadways and Climate Change 

Stormwater runoff is generated from precipitation, snow and ice melt events that flow over impervious surfaces and cannot 
soak into the ground. It has been long recognized as the major contributor to water quality impairment. This project 
conducts an analysis of need via an extensive literature review. It shows that there is a critical need to provide a training 
course that can help better understand stormwater management and provide information for appropriately selecting and 
implementing Best Management Practices. Based on the results of the literature review, this project proposes to develop a 5-
hour in-person training course that is intended for preparing participants to identify and analyze stormwater-associated 
problems and to select and design Best Management Practices appropriately for stormwater control. The designed course 
includes five modules, and each module is comprised of the scope statement, lesson topics, and learning objectives. The 
course covers the basic topics of stormwater, including Concept of Stormwater Management, Common Terms and 
Definitions used in Stormwater Management, Stormwater Runoff, Stormwater Functions, Stormwater-associated Problems, 
Storm Drainage System, Best Management Practices, Selection of Best Management Practice, Applications of Best 
Management Practice, General Principles for Stormwater Design, and Specific Principles for Roadway Drainage. For each 
topic, step-to-step instruction is provided. 
https://rosap.ntl.bts.gov/view/dot/54427 

 
8. Approaches for Determining and Complying with TMDL Requirements Related to Roadway Stormwater Runoff 

Stormwater practitioners at state departments of transportation (DOTs) and other transportation agencies are faced with 
challenges of compliance with total maximum daily loads (TMDLs) due to the number of impaired water bodies and 
regulatory compliance deadlines. The DOT highway system is unique in being a linear municipal separate storm sewer system 
(MS4) agency with a relatively small footprint scattered throughout the state and having generally limited impacts in a 
watershed. This report provides guidance to DOTs with the necessary scientific background and strategies to improve TMDL 
evaluations and assist in the decision-making process for the development of and compliance with TMDLs. This report equips 
the DOT practitioner with practical information on how to determine and address TMDL requirements related to roadway 
stormwater runoff. An effective TMDL compliance strategy involves solutions within the DOT right-of-way and watershed-
based stormwater management efforts. The report lays out the foundation of various approaches for DOT compliance with 
TMDLs by addressing the following objectives: 1) Analyze data, statistics, and information about stormwater runoff from 
roadways and other land uses or other pollutant sources; 2) Identify strategies for determining the significance and 
contribution of stormwater pollutants from roadways within a given watershed; 3) Identify practical feasibility of 
implementing traditional structural and nonstructural best management practices (BMPs); 4) Identify approaches for 
determining the relationship between performance and cost effectiveness of BMPs; and 5)Identify approaches for 
determining the efficiency and effectiveness of innovative water quality solutions not commonly used by stormwater 
practitioners at state DOTs and other transportation agencies, such as stormwater banking, pollutant trading, off-site 
mitigation, off-site source control, and other holistic compliance strategies. 
http://www.trb.org/Main/Blurbs/179158.aspx 

https://tinyurl.com/kfc35b9f
https://rosap.ntl.bts.gov/view/dot/54427
http://www.trb.org/Main/Blurbs/179158.aspx
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9. State-of-the-Practice Report: Stormwater BMP Maintenance and Operations 

This Community of Practice (CoP) report includes an overview of the State-of-the-Practice for maintenance and operation of 
stormwater Best Management Practices (BMPs) to comply with MUNICIPAL SEPARATE STORM SEWER SYSTEM (MS4) 
National Pollutant Discharge Elimination System (NPDES) Permits for State Departments of Transportation (DOTs). BMPs are 
designed to reduce the discharge of pollutants from all regulated activities undertaken by the DOTs within their highway 
right-of-way and related facilities. Some BMPs also mitigate changes in hydrology associated with the development of 
highways and ancillary facilities. The objective of this report is to provide information on the state of the practice of 
stormwater BMP maintenance and operation for DOTs and provide information on the elements of an idealized DOT 
stormwater BMP maintenance and operation program. Information in this report was developed based on an internet survey 
sent to each of the state DOTs in the U.S. The survey investigated DOT practices for maintenance of stormwater assets, 
specifically treatment BMPs installed pursuant to compliance with the DOT’s NPDES Permit. This report provides an overview 
of the state of practice for stormwater BMP maintenance and recommends areas of future research to improve the 
stormwater maintenance program. The survey found that in general, DOT maintenance programs are based on regular 
inspections and correction of identified deficiencies. DOTs are challenged with available tools to prioritize maintenance and 
rate performance of BMPs in the field. Therefore, DOTs can consider varying inspection frequency to coincide with estimated 
need. Asset management planning is increasing as a tool among DOTs, including planning for stormwater assets. However, 
stormwater asset management plans are generally in the early stages of development, and maintenance cost information, 
particularly by BMP type, is generally not captured. Indeed, few DOTs are tracking maintenances costs for their stormwater 
programs. This information needs to be collected to allow DOTs to report NPDES compliance costs and forecast this rapidly 
increasing portion of the DOT budget. BMP maintenance costs also represent a substantial portion of the whole life cost for 
the BMP. Accurate maintenance costs will allow practitioners to select the least-cost, permit-compliant practice for each 
project, as well as reduce long term costs through design refinements. 

 
10. Research for the AASHTO Committee on Environment and Sustainability. Task 119. Enhancing the International 

Stormwater BMP Database to Serve as a Highway Specific BMP Database 
State departments of transportation (state DOTs) are faced with increasing stormwater treatment demands, with tightening 
treatment criteria and additional pollutant targets. To meet these requirements, DOTs need ready access to reliable 
information about stormwater treatment Best Management Practices (BMPs) in order to choose effective solutions 
appropriate for project specific conditions. The International Stormwater Best Management Practices Database (BMPDB) is a 
repository of BMP field studies, performance summaries, and monitoring guidance. The State DOT Portal is a web tool that 
provides streamlined access to BMPDB study data and performance statistics that are relevant to state DOTs and other 
transportation agencies. The State DOT Portal may be accessed at: https://dot.bmpdatabase.org The related project NCHRP 
25-25/Task 120 developed information on how to access and use the Portal along with an analysis of data of interest to state 
DOTs. https://dot.bmpdatabase.org/ 

 
11. Storm Water BMP Tool Implementation Testing 

Under project 2015-ORIL 7, a screening tool was developed to assist Local communities with selecting post-construction 
storm water best management practices (BMPs) to comply with the Ohio Environmental Protection Agency’s (Ohio EPA) 
statewide Construction General Permit for Storm Water Discharges OHC000004 (CGP). The current project involved 
partnering with BMP design professionals for Local communities to pilot test the Tool on actual new development and 
redevelopment roadway projects. After participating in training sessions for use of the Tool, participants were asked to use 
the Tool on active or completed projects, and then provide feedback on Tool performance, ease of use, and suggestions for 
improvements. This final report summarizes the feedback collected through this Tool pilot testing process. 
https://rosap.ntl.bts.gov/view/dot/34901 

 
12. A Watershed Approach to Mitigating Stormwater Impacts 

This report provides a practical watershed-based decision-making framework and spreadsheet-based Watershed-Based 
Stormwater Mitigation Toolbox that will enable state departments of transportation (DOTs) to identify and implement offsite 
cost-effective and environmentally beneficial water quality solutions for stormwater impacts when onsite treatment and/or 
mitigation is not possible within the right-of-way. Using the watershed approach developed by the U.S. Environmental 
Protection Agency, the framework accommodates varying degrees of extant watershed planning, is applicable in a variety of 
watershed types, and includes methods to demonstrate the net environmental benefit of potential water quality solutions. 
The Watershed-Based Stormwater Mitigation Toolbox considers conditions under which conventional onsite best 
management practices (BMPs) are infeasible or inadequate, contains conventional BMPs and mitigation options that 
augment conventional BMPs, offsite water quality solutions (e.g., outside of the project area or right-of-way), and solutions 
that mitigate water quality impacts from existing and new impervious surfaces. 
https://www.nap.edu/login.php?action=guest&record_id=24753 

https://dot.bmpdatabase.org/
https://rosap.ntl.bts.gov/view/dot/34901
https://www.nap.edu/login.php?action=guest&record_id=24753
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13. NCHRP Report 792: The Long-Term Performance and Life-Cycle Cost of Stormwater Best Management Practices 

National Cooperative Highway Research Program (NCHRP) Report 792 provides practical information for state departments 
of transportation to improve their highway drainage systems to comply with regulations. The research describes the 
performance and cost of stormwater best management practices (BMPs) in a highway environment and offers tools to 
maintain a high-performing stormwater program. This article discusses report methodology, the spreadsheet tool provided in 
the report, maintenance requirements for BMPs, the development of BMP performance estimates, whole-life cost models, 
and the evaluation of nonstructural control measures. 
http://www.trb.org/Publications/Blurbs/171471.aspx 

 
14. Stormwater Infiltration in the Highway Environment: Guidance Manual 

This report provides information, guidance, and tools for planners, designers, regulators, and policymakers to determine 
when it is appropriate to use infiltration approaches to manage stormwater in the highway environment. The limitations, 
risks, and benefits of infiltration best management practices (BMPs) are examined in the context of the built and natural 
environments (e.g., surface water, groundwater, soils, and infrastructure). The Guidance Manual supports decision-making 
about the siting, selection, and design of stormwater infiltration BMPs, including effective system design in cases when 
projects include infiltration. http://www.trb.org/Main/Blurbs/180229.aspx 

 
15. Stormwater Drainage Design and Best Management Practices with Applications to Roadways and Climate Change 

Stormwater runoff is generated from precipitation, snow and ice melt events that flow over impervious surfaces and cannot 
soak into the ground. It has been long recognized as the major contributor to water quality impairment. This project 
conducts an analysis of need via an extensive literature review. It shows that there is a critical need to provide a training 
course that can help better understand stormwater management and provide information for appropriately selecting and 
implementing Best Management Practices. Based on the results of the literature review, this project proposes to develop a 5-
hour in-person training course that is intended for preparing participants to identify and analyze stormwater-associated 
problems and to select and design Best Management Practices appropriately for stormwater control. The designed course 
includes five modules, and each module is comprised of the scope statement, lesson topics, and learning objectives. The 
course covers the basic topics of stormwater, including Concept of Stormwater Management, Common Terms and 
Definitions used in Stormwater Management, Stormwater Runoff, Stormwater Functions, Stormwater-associated Problems, 
Storm Drainage System, Best Management Practices, Selection of Best Management Practice, Applications of Best 
Management Practice, General Principles for Stormwater Design, and Specific Principles for Roadway Drainage. For each 
topic, step-to-step instruction is provided. https://rosap.ntl.bts.gov/view/dot/54427 

 
16. Leading Landscape Design Practices For Cost-Effective Roadside Water Management 

This report summarizes findings of Domestic Scan 16-02 on leading landscape design practices for cost-effective roadside 
water management within transportation agencies and other organizations. The purpose of this scan was to investigate how 
transportation agencies are applying principles and practices of green infrastructure (GI) for roadside water management to 
mitigate adverse impacts of flooding, drought, and temperature extremes affecting their infrastructure. Although a great 
deal of information is published by environmental and national highway agencies, there appears to be a limited number of 
state Department of Transportation (DOT) agencies that are fully implementing these practices and recommendations. The 
intent of the published information is largely to help agencies deal with regulatory requirements to provide clean water to 
receivers of their locale. This scan proposed to discover those agencies that were successfully utilizing GI in their practices, 
what was and was not successful, and how to assist agencies to more fully, cost-effectively, and successfully provide cleaner 
water while simultaneously providing more environmental, social, and economic benefits. After a peer-to-peer exchange and 
discussions of what were considered significant findings from 12 agencies meeting over four days, participants agreed that 
eight categories were required for successful GI implementation. Not all these categories or findings are necessarily being 
exercised in more than one or two jurisdictions. Nevertheless, the team determined that by using all the approaches and 
solutions combined would provide successful, long-term results, despite varied climates, geographies, and topographies. The 
eight categories are: definition of GI; maintenance; watershed approach versus project site approach; information 
development and sharing; public outreach; asset management; design; and construction inspection of temporary and 
permanent best management practices. The scan team’s conclusion was that successful management of stormwater and GI 
is best accomplished by using a holistic approach. Planning, asset management, maintenance, and a watershed approach are 
inter-related and impact each other. Long-term success in both regulatory compliance and environmental stewardship is 
greatly improved when GI is approached as an entire system rather than segmented on a project-by-project basis. 
https://www.domesticscan.org/16-02-leading-landscape-design-practices-for-cost-effective-roadside-water-management 

  

http://www.trb.org/Publications/Blurbs/171471.aspx
http://www.trb.org/Main/Blurbs/180229.aspx
https://rosap.ntl.bts.gov/view/dot/54427
https://www.domesticscan.org/16-02-leading-landscape-design-practices-for-cost-effective-roadside-water-management
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17. New Tool Supports Watershed-Based Stormwater Management 
This issue explores NCHRP Report 840, A Watershed Approach to Mitigating Stormwater Impacts, which provides a toolbox 
and guidance that helps transportation agencies compare and select stormwater best management practices. Agencies can 
customize the tool to their environmental priorities and local conditions. The Toolbox also provides scientific support for a 
watershed-based approach that agencies can use as they work with regulators to make stormwater management decisions. 
The issue highlights the next steps necessary to put the research into practice. 

 
18. Performance Evaluation of Combined Linear BMPs for Reducing Runoff from Highways in an Urban Area 

Roads, highways, and developed land can alter hydrologic pathways, cause erosion and pollution to nearby waters. Best 
management practices (BMPs) are commonly used to reduce adverse effects of post-construction runoff (e.g., peak flows 
and runoff volumes). By applying the personal computer stormwater management model (PCSWMM), this study took an 
idealized catchment area approach to evaluate the performance of linear BMP alternatives for retaining the first inch of 
stormwater runoff from highways and roads in Illinois. Various combinations of BMPs consisting of vegetated filter strip, 
bioswale, and/or infiltration trench were analyzed. Two types of grass covers were considered: prairie grass and turf grass. 
One-inch of 24-h accumulated rainfall was used for all of evaluated scenarios. The sizes and dimensions of the evaluated 
BMPs were extracted from Illinois Department of Transportation (IDOT) projects. Stormwater runoff from combined post-
BMP construction under the two different grass covers were compared to pre-BMP construction under the condition of bare 
soil cover. Results indicated that runoff reduction ranges from 96 to 99% for combination of vegetated filter strip-bioswale, 
89 to 100% for vegetated filter strip-infiltration trench, and 100% for bioswale-infiltration trench. Results also showed that 
prairie grass cover is more effective than turf grass in reducing runoff from various soil types. Findings from this study can 
benefit DOT to develop cost-effective solutions to manage storm runoff from roads and highways. 

 
19. PROJECT: Innovative and Integrative Best Management Practices (BMPs) for Surface and Groundwater Protection  

This project focuses on the design, development and implementation of stormwater BMPs based on use of activated media 
for both stormwater and groundwater protection 
https://trid.trb.org/Results?txtKeywords=%22best+management+practices%22+%22storm+water%22#/View/1470273 

 
20. Effective Post-Construction Best Management Practices (BMPs) to Infiltrate and Retain Stormwater Runoff 

Performance analyses of newly constructed linear BMPs in retaining stormwater run-off from 1 in. precipitation in post-
construction highway applications and urban areas were conducted using numerical simulations and field observation. A 
series of simulations were conducted using an idealized catchment on a four-lane highway located on sites with soil types 
ranging from clayey to sandy material across state of Illinois. The use of turfgrasses and prairie grass vegetative surface 
covers in pre-BMP scenarios in promoting infiltration and reducing stormwater run-off were investigated. Three types of 
BMPs—bioswale, infiltration trench, and vegetated filter strips—as well as combinations thereof, were studied for 
determining their ability to control stormwater run-off in an idealized catchment. This report also documents the 
maintenance cost, construction cost, and life-cycle analyses of those BMPs to identify cost-effective solutions. The effects of 
erosion and a sediment accumulation rate of 1 t/ac/y on BMPs during the 2-year and 10-year lifespans of bioswales and 
infiltration trenches were studied using full-scale field tests. The simulation and field test results provide insight for 
developing guidelines for cost-effective BMPs to control stormwater run-off in linear projects. 
https://rosap.ntl.bts.gov/view/dot/32460 

 
21. The Nationwide Urban Runoff Program (NURP) is a research project conducted by the United States Environmental 

Protection Agency (EPA) between 1979 and 1983. The term "NURP ponds" refers to retention basins (also called "wet 
ponds") that capture sediment from stormwater runoff as it is detained, and that are designed to perform to the level of the 
more effective ponds observed in the NURP studies.[6] Some practitioners may assume that a "NURP pond" design conforms 
to some particular standard issued by EPA, but in fact EPA has issued no regulations or other requirements regarding the 
design of stormwater ponds. (However, some states and municipalities have issued stormwater design manuals, and these 
publications may include a reference to a "NURP pond".) 
https://en.wikipedia.org/wiki/Nationwide_Urban_Runoff_Program#About_%22NURP_ponds%22 

 
 
22. Innovative Design for New Post-Construction Stormwater Management Standards at Port of Oakland 

In 2015, TraPac, LLC (TraPac) initiated a project to expand into and modernize Berths 25 and 26 at the Port of Oakland 
(POAK). In 2015, POAK developed new post-construction stormwater management standards to comply with the NPDES 
permit program that is imposed on the California State Water Resources Control Board. TraPac’s development required 
compliance with the POAK’s new post-construction stormwater management standards. This paper outlines the constraints 
that needed consideration, the post-construction best management practices (BMPs) selected, and their implementation in 
an innovative design for compliance with the new post-construction management requirements. 

https://trid.trb.org/Results?txtKeywords=%22best+management+practices%22+%22storm+water%22#/View/1470273
https://rosap.ntl.bts.gov/view/dot/32460
https://en.wikipedia.org/wiki/Nationwide_Urban_Runoff_Program#About_%22NURP_ponds%22
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23. Reducing Stormwater Runoff and Pollutant Loading with Biochar Addition to Highway Greenways 

This study examines the reduction of nutrient loading and stormwater runoff volume by biochar amendment to the soils of 
highway greenways. Biochar is a charcoal-like material formed by combusting waste organic matter in an oxygen-limited 
environment and has high internal porosity and low particle density. Amending biochar to highways soils may increase total 
porosity and water retention, increase soil hydraulic conductivity, and enhance sorption and transformation of nitrogen 
compounds. In lab experiments, biochar was amended to three representative Mid-Atlantic soils: silt loam, sandy loam, and 
loamy sand. Biochar amended at 2 or 6% mass fraction to these soils increased available water content by 20-70% depending 
on the soil. Biochar amendment almost always increased unsaturated hydraulic conductivity; however, the impact of biochar 
amendment on saturated hydraulic conductivity was less significant. These findings suggest that biochar amendment to a 
roadway soil may result in reductions in stormwater runoff, but will depend on the roadway soil and amount of biochar 
added. To evaluate if biochar-induced changes in soil hydraulic might reduce stormwater runoff, four greenways were 
constructed in the laboratory: two filled with sandy loam soil and two filled with the mixture of sandy loam and 4% biochar 
by mass. The biochar amendment increased water retention and saturated hydraulic conductivity. These effects reduced 
runoff by 13% with respect to biochar -free soil, consistent with what was expected from laboratory experiments. Data 
collected over multiple wetting and drying cycles showed gradually increasing soil water retention. These data suggest time- 
dependent formation of soil aggregates will enhance the soil’s ability to retain and treat stormwater as biochar and soil age. 
In a field experiment, biochar was amended at 4% to a sandy loam in a roadway filter strip along a four -lane divided 
highway. Over 74 storm events, biochar amendment reduced average stormwater runoff volume and peak flow rate by 84 
and 77%, respectively. In comparison, tillage alone of biochar-free soil reduced average stormwater runoff volume and peak 
flow rate by 54 and 51%, respectively. Thus, biochar amendment increased the ability of the tilled roadway soil to reduce 
stormwater runoff and peak flow rate by ~ 50% . This effect was 2 to 3 times more significant than what might be expected 
from lab and pilot -scale experiments in this soil/biochar mixture. The reason for the greater stormwater treatment in the 
field was soil macropores, which accounted for 84% of the flow under saturated conditions. In summary, biochar amendment 
to three representative roadway soils indicated that biochar amendment will improve soil hydraulic properties. Experiments 
demonstrate that these effects enhance stormwater treatment, resulting in reductions in stormwater runoff volume and 
peak flow rate. A cost analysis indicated that biochar is less expensive than most other best management practices. 
 

24. Raingardens for stormwater management :potential of raingardens in a Nordic climate 
Stormwater from highways can be a source of pollutants as well as sudden flushes of water, both which require management 
to limit damage to the surrounding environment including down-stream recipients. The National Transport Administrations, 
Trafikverket in Sweden and Statens Vegvesen in Norway are responsible for the management of large roads and highways 
outside urban areas. Together with the Norwegian Public Roads Administration, a compilation of current practice and 
knowledge within stormwater best management practices was put together (Trafikverket, 2018). The focus was primarily 
current management methods, which includes the use of ponds and, in some cases, forebays with combined sedimentation 
and infiltration facilities. As a result from that work, rain gardens were highlighted as a potential method of interest, 
however, although examples exist especially in urban environments, rain gardens are not an established method for 
managing runoff from highways in Sweden and Norway. A number of questions remain for rain gardens to be considered, 
including their main function, costs and robustness to the cold and varied climate of the north. Therefore, the aim of this 
project was to describe the potential for using rain gardens to manage, buffer and clean stormwater runoff from highways in 
Sweden and Norway. 

 
25. Storm Water BMP Tool Implementation Testing 

Under project 2015-ORIL 7, a screening tool was developed to assist Local communities with selecting post-construction 
storm water best management practices (BMPs) to comply with the Ohio Environmental Protection Agency’s (Ohio EPA) 
statewide Construction General Permit for Storm Water Discharges OHC000004 (CGP). The current project involved 
partnering with BMP design professionals for Local communities to pilot test the Tool on actual new development and 
redevelopment roadway projects. After participating in training sessions for use of the Tool, participants were asked to use 
the Tool on active or completed projects, and then provide feedback on Tool performance, ease of use, and suggestions for 
improvements. This final report summarizes the feedback collected through this Tool pilot testing process. 
https://rosap.ntl.bts.gov/view/dot/34901 

 
26. Construction Stormwater Field Guide 

Construction sites can be a source of sediment and other pollutants to waterways. Best management practices (BMPs) are 
devices and activities that reduce or eliminate pollution sources and can include silt fences, settling basins, and even training. 
This guide is a quick reference for inspectors and resident engineers in construction on topics related to installation, 
maintenance, and inspection of common BMPs. Using this guide helps departments of transportation (DOTs) stay in 
compliance with federal, state, and local regulations for improving stormwater quality and provides guidance where local 

https://rosap.ntl.bts.gov/view/dot/34901
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publications may currently be lacking. This publication includes discussion of BMPs, organized by their use. Categorization of 
BMPs may vary from state to state; however the basic recommendations for field implementation remain consistent. The 
information presented in this guide is based on techniques and control measures considered generally effective in many 
areas of the country. This guide is not meant to be a design manual or pollution prevention plan, nor is it meant to 
supersede, substitute, or make more stringent well-defined practices or regulatory standards. 
https://environment.transportation.org/center/products_programs/reports/field_guide_construction_stormwater.aspx 
 

27. Maintenance Stormwater Field guide 
Highways and other transportation-related sites can be a source of sediment and other pollutants to rivers, lakes, and coastal 
waters. Best management practices (BMPs) can be used by maintenance workers to reduce the discharge of pollutants from 
highway storm drain systems. The intent of this guide is to be a quick reference for maintenance staff on topics related to 
BMP inspection and common operational practices. Good housekeeping and other pollution source control measures are 
presented. Using the tips in this guide will help in complying with federal and state regulations for stormwater quality. It will 
also help achieve a greater level of environmental stewardship. This guide is not a design manual or a substitute for a 
pollution prevention plan. This publication includes descriptions of BMPs and how to maintain them. It is organized based on 
common highway and facility operational practices. Oftentimes a single BMP can be used for many different operations (e.g., 
street sweeping can be part of normal road maintenance, cleanup required after winter application of sand, and specialized 
bridge maintenance practices). The information presented in this guide is based on techniques and control measures 
considered generally effective in many areas of the country. Local conditions may require that the practices discussed in this 
guide be altered, or used with other measures. This guide may also be augmented by Departments of Transportation (DOTs) 
to provide more information to suit local practices and field conditions. The information provided for each BMP includes 
maintenance frequencies and performance standards. In all cases, this information is to provide guidance specific to highway 
and DOT facility operation. In no case is such information meant to supersede, substitute for, or make more stringent well-
defined practices or regulatory standards. 
https://environment.transportation.org/center/products_programs/reports/field_guide_maintenance_stormwater.aspx 
 

 
 

https://environment.transportation.org/center/products_programs/reports/field_guide_construction_stormwater.aspx
https://environment.transportation.org/center/products_programs/reports/field_guide_maintenance_stormwater.aspx

