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AASHTO Innovation Initiative
[Proposed] Nomination of Innovation Ready for Implementation
Sponsor
Nominations must be submitted by an AASHTO member DOT willing to help promote the innovation. If selected, the sponsoring DOT will be asked to promote the innovation to other states by participating on a Lead States Team supported by the AASHTO Innovation Initiative.
1. Sponsoring DOT (State):  MaineDOT
2.  Name and Title: Alexander Mann
    Organization:  MaineDOT
    Street Address:  SHS 16, Child Street
    City:  Augusta
    State:  Maine
    Zip Code:  04330
    Email:  Alexander.Mann@Maine.Gov
    Phone:  207-215-6328
    Fax:  Click or tap here to enter text.
Innovation Description (10 points)
The term “innovation” may include processes, products, techniques, procedures, and practices.
3. Name of the innovation:
Culvert Outlet Diffuser System
4. Please describe the innovation. 
The diffuser system is designed to increase hydraulic capacity by decreasing outlet losses and, more generally, hydraulic losses. This is useful for undersized pipes or pipes that require rehabilitation, because rehabilitation generally reduces culvert diameter and therefore reduces culvert capacity.                                         A diffuser system is comprised of an efficient inlet, the smooth walled culvert, the culvert outlet diffuser, and an outlet weir. The diffuser itself is a horizontally flared culvert outlet. The sides of the diffuser outlet flare at a 6o angle relative to the culvert walls, so that the outlet becomes a horizontal oval with the height equal to the pipe diameter and the width twice the pipe diameter. The outlet has a cross-sectional area twice as large as the cross-sectional area of the pipe.
5. What is the existing baseline practice that the innovation intends to replace/improve?
The existing baseline practice is to have a pipe end abruptly, with the outlet the same size and shape as the pipe. This type of outlet allows the kinetic energy of the moving water to exit the pipe. The water exiting the pipe at a high velocity typically results in outlet scour, with associated downstream impacts. The kinetic energy leaving the system is lost energy, and results in decreased capacity and efficiency, as well as higher inlet water levels and potential flooding.                                                                             
6. What problems associated with the baseline practice does the innovation propose to solve?
The combination of increased development and climate change has led to an increased frequency of high flow events, resulting in many existing pipes becoming undersized. The addition of a diffuser system to structurally intact but undersized pipes can increase capacity enough to eliminate the need for replacement. In addition, because of an aging infrastructure, a significant number of culverts are failing and require replacement or rehabilitation. Slip-lining is a primary method of pipe rehabilitation, but slip-lining decreases pipe diameter and, therefore, pipe capacity. In the past, this decreased capacity has often prohibited the use of slip-lining, resulting in pipe replacement, with higher costs and more traffic disruption.  The addition of the diffuser system to a slip-lined pipe recovers a large portion of the energy that would normally be lost at the outlet, resulting in pipe capacity comparable to that of the pipe prior to slip-lining. This allows slip-lining to be more broadly used as a cost-effective alternative to pipe replacement. Because the work is done at the ends of the pipes, traffic disruption and associated costs are minimized.  The increase in capacity resulting from the addition of the diffuser system decreases water depth at the inlet, thus decreasing ponding and potential flooding. In addition, because the water exits the pipe at a significantly lower velocity, is spread out over a larger area, and is contained within the outlet weir, the problem of outlet scour is greatly reduced.
7. Briefly describe the history of its development. 
The culvert diffuser system was developed through a multipronged research process. This involved a thorough literature review, Computational Fluid Dynamics (CFD) modeling, hydraulics lab modeling, and full-scale field testing at two sites in Thorndike and Mattawamkeag Maine to demonstrate both the functionality and the increased performance of the diffuser system.
8. What resources—such as technical specifications, training materials, and user guides—have you developed to assist with the deployment effort? If appropriate, please attach or provide weblinks to reports, videos, photographs, diagrams, or other images illustrating the appearance or functionality of the innovation (if electronic, please provide a separate file). Please list your attachments or weblinks here.
MaineDOT
’s Technical Report 14-17 “Outlet Diffusers to Increase Culvert Capacity” June2016  https://rosap.ntl.bts.gov/view/dot/31351 discusses in detail the process of exploring, developing, deploying, and testing the first field diffuser system  It also outlines design requirements for diffuser systems in general.
TR News  Research Pays Off, Issue 329, September October 2020, Uncovering the Past: Maine DOT Rediscovers the Benefits of Culvert Outlet Diffusers, http://onlinepubs.trb.org/onlinepubs/trnews/trnews329.pdf 
AASHTO HydroLinks Newsletter, Issue 19, Fall 2020, Following the Flow of a Successful Research Project – Culvert Outlet Diffusers https://design.transportation.org/wp-content/uploads/sites/21/2020/12/Hydrolink-Issue-19-Final.pdf 
MaineDOT pamphlet “Utilizing a New Method of Using Culvert Outlet Diffusers to Increase Culvert Capacity & Extend the Useful Life of Aging Infrastructure”
Video - a short video was produced showing both field and lab testing of the diffuser system.
A poster was produced to outline the lab and field work. This poster was presented at the 2018 National Hydraulic Engineering Conference, and at the 2021 Transportation Research Board Annual Meeting.
A decision tree was created to help determine whether a diffuser outlet system was an appropriate solution for a given site.
Attach photographs, diagrams, or other images here. If images are of larger resolution size, please provide as separate files.      See the Word document Final Figures.
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State of Development (40 points)
Innovations must be successfully deployed in at least one State DOT. The AII selection process will favor innovations that have advanced beyond the research stage, at least to the pilot deployment stage, and preferably into routine use.
9. How ready is this innovation for implementation in an operational environment? Please select from the following options. Please describe.
☐ Prototype is fully functional and yet to be piloted  
☐ Prototype has been piloted successfully in an operational environment  
☒ Technology has been deployed multiple times in an operational environment
☐ Technology is ready for full-scale implementation
Two fiberglass diffusers have been deployed in operational environments as of this date. A third diffuser, a 3D printed prototype, has now been deployed at the Thorndike diffuser site.
 The Thorndike fiberglass diffuser is to be moved to a new location in northern Maine (township T9R5) later this summer. A fourth diffuser, also 3D printed, is designed and planned for a site in Exeter New Hampshire to be installed next year.
10. What additional development is necessary to enable implementation of the innovation for routine use? 


Click or tap here to enter text.
11.  Are other organizations using, currently developing, or have they shown interest in this innovation or of similar technology??  ☒ Yes  ☐ No
If so, please list organization names and contacts. Please identify the source of this information.
	Organization
	Name
	Phone
	Email

	New Hampshire DOT
	Timothy Mallette
	603-244-8844
	 

	DLVEWS Inc        Snap-Tite
	Don LeBlanc President Stephen Boggess, Director
	207-992-3080
         502-873-6412
	   

	University of Maine Advanced Composites Lab
	Dr. Roberto Lopez-Anido
	207-581-2119
	 


Potential Payoff (30 points)
Payoff is defined as the combination of broad applicability and significant benefit or advantage over baseline practice.
12. How does the innovation meet customer or stakeholder needs in your State DOT or other organizations that have used it?
The culvert diffuser system increases the capacity of an existing or rehabilitated culvert. When culverts are in deep fill sections, they are both very expensive to replace and cause significant disruptions to traffic and commerce during replacement. The culvert diffuser system can meet the capacity requirements of an existing or rehabilitated culvert with a much lower cost (about one quarter the cost) and much less traffic disruption. This allows the DOTs’ limited budgets to be stretched to cover more projects.
13. Identify the top three benefit types your DOT has realized from using this innovation. Describe the type and scale of benefits of using this innovation over baseline practice. Provide additional information, if available, using quantitative metrics, to describe the benefits. 
	Benefit Types
	Please describe:

	Improved Asset Performance
	
A recently slip lined culvert on US Route 2 in Mattawamkeag Maine was undersized for a major storm event and water overtopped the road. The diffuser system installed subsequently increased the capacity of the culvert by about 40%, eliminating the need for replacement of the existing pipe. 
	Environmental Benefits
	
The diffuser and outlet weir serve as an effective energy dissipator, addressing environmental concerns related to outlet scour and downstream sedimentation.
	Ease of Installation
	
The installation of the diffuser system by the local maintenance crew demonstrated that this innovation can be installed by maintenance staff and that the installation creates no traffic disruption.


Provide any additional description, if necessary:
In the State of Maine, approximately 10% of the 40,000 MaineDOT culverts are in fills that are at least 10 feet deep, making them very expensive and disruptive to replace. This is believed to be typical of other states as well. Because of aging infrastructure, changes to land use, and climate change, many of these culverts are at the end of their useful life and are good candidates for rehabilitation using diffuser outlet systems. Expanding these numbers to include the entire country, the scale of the potential benefits is quite significant.
14 How broadly might this innovation be deployed for other applications. in the transportation industry (including other disciplines of a DOT, other transportation modes, and private industry)?
This basic design is already being used in hydropower installations as draft tubes, in some industries to reduce outlet velocity, and in pipe system transitions to minimize losses when going from a small pipe to a larger one. Essentially anywhere there is a significant loss of energy at the outlet of a pipe or in a pipe expansion this innovation would be beneficial. This would include underdrain systems in addition to cross-culverts.
Market Readiness (20 points)
The AII selection process will favor innovations that can be adopted with a reasonable amount of effort and cost, commensurate with the payoff potential.
15. What specific actions would another organization need to take along each of the following dimensions to adopt this innovation?
	Check boxes that apply
	Dimensions
	Please describe:

	☒
	Gaining executive leadership support
	
Convincing the management that diffuser systems are an effective way of increasing a culverts capacity is essential.
	☒
	Communicating benefits
	
Demonstrating and communicating the increased capacity of the diffuser system through lab demonstrations and field tests is important. Cost benefit analysis would make the cost savings of using pipe rehabilitation with diffuser outlets instead of pipe replacement evident. 
	☒
	Overcoming funding constraints
	
Diffusers are made for specific sites at this point. Even though the diffuser is more expensive than a similar length of pipe, the benefits more than compensate for the higher cost of the diffuser. The avoided higher construction costs and inconvenience to traffic represent significant savings from the diffuser installation.
If diffusers were commercially produced on a larger scale, the cost savings would be even more significant.
	☒
	Acquiring in-house capabilities
	
The required design procedure is outlined in the Maine DOT report “Outlet Diffusers to Increase Culvert Capacity”
	☒
	Addressing legal issues (if applicable) (e.g., liability and intellectual property)
	
MaineDOT holds the patent for the diffuser system and intends to keep the design open for general use.
	☐
	Resolving conflicts with existing national/state regulations and standards
	
Click or tap here to enter text.
	☐
	Other challenges
	
Click or tap here to enter text.


16. Please provide details of cost, effort, and length of time expended to deploy the innovation in your organization.
Cost:  The cost of the diffusers was dependent on the culvert size, which ranged from about $6000 for a 15” culvert to about $13,000 for a 20” culvert for the fiberglass diffusers. The 3D printed 15” culvert diffuser cost about $3000. If the installation is completed in conjunction with the slip lining rehabilitation there will be little extra construction costs required.
Level of Effort:  Identifying appropriate sites, and the standard environmental review approvals represent the largest level of effort for diffuser implementation. Locating and contacting a manufacturing company to make the diffuser could also represent a significant effort initially.
Time:  The installation time has been one day for the two initial sites. The environmental review process and the scheduling and manufacturing of the diffuser can take several months.
17.  To what extent might implementation of this innovation require the involvement of third parties, including vendors, contractors, and consultants? If so, please describe. List the type of expertise required for implementation.
 The manufacturing of the diffuser requires a third party. The installation can be done by existing DOT maintenance personnel. With some initial training, the addition of the diffuser system could be done in conjunction with the slip-lining process. In this case, the slip-lining contractors could include the diffuser installation as part of the project. Training material will have to be developed and training of DOT staff, consultants, and contractors will make the implementation of the diffuser systems more sucessful.

[image: ]
The velocity profile of a CFD model of David Yarnell’s 18” Vitrified Clay pipe with a diffuser outlet. Also shown is a representation of the inlet and outlet chambers. Red represents high velocity flow and blue represents low velocity flow. A rapid reduction in flow velocity can be seen in the diffuser section. The velocity is further reduced in the outlet pool.
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Hydraulic testing of a pipe with an improved inlet at the University of Maine at Orono hydraulics lab. The piezometers located at intervals along the length of the pipe show a gradual reduction in pressure from the inlet to the outlet. The last two piezometer tubes represent the level of the outlet pool and are at atmospheric pressure. 

[image: ]
When a diffuser was added to the same pipe, the pressure in the pipe immediately began to drop, and stabilized at the readings shown above. As above, the final piezometer tube shows the level of the outlet pool, and is at atmospheric pressure. The readings starting at the inlet and progressing through the pipe are gradually decreasing, and are all below atmospheric pressure. This represents the vacuum generated by the diffuser, which is responsible for the increased flow rate. A drop in the inlet water level after the diffuser was added was also noted (from 11.25” to 10”) and is evidence of the higher flow rate.
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The fiberglass diffuser for the 15” cast iron pipe in East Thorndike Maine being transported to the site.
[image: ]
Attaching the diffuser to the 15” Cast Iron Pipe.
[image: ]
The Thorndike diffuser operating
[image: ]
This graph shows the performance curves for the 15” pipe (in red) and the pipe with the diffuser added (in blue). The pipe reaches a maximum performance of about 11.3cfs, whereas the pipe with the diffuser reaches a maximum flow rate of 19.3 cfs.
[image: ]
The installation of the Hydro-Bell inlet on the Mattawamkeag pipe.
[image: ]
Installation of the Mattawamkeag diffuser.
[image: ]
The Mattawamkeag diffuser, outlet pool, and weir at a low flow rate.
[image: ]
The Mattawamkeag Diffuser at a low flow rate.
[image: ]
The Mattawamkeag diffuser operating during high flow created by a during a drawdown test on August 9, 2019
[image: ]
Mattawamkeag Drawdown performance curves for the unimproved pipe (in red), and the diffuser outlet system (in blue) consisting of a Hydro-Bell inlet, the existing pipe, a diffuser outlet and an outlet weir. The maximum flow rates in the pipe range from 23.5cfs to 26.5cfs. The maximum flow rates in the diffuser system range from 33cfs to 35cfs.

Diffuser Design and Implementation Flow ChartRun CFD Analysis
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Possibility of Weirs for Outlet Pool
Can Symmetric Flow be Created
See List of Important Design Recommendations
Yes
Replace
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