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HydInfra = Hydraulic Infrastructure 
 

MnDOT’s 
 Culvert and Storm Drainage System  
Inventory and Inspection Program 

 
 

(Culverts less than 10 foot span) 
 
 
 

Presenter
Presentation Notes
What works best – where?
Weighted sonar (or sonar on a rod/pole so you can drop below waterline) – fast and turbulent waters
Boogie board works well in cold temps, we particularly like it on the Red River of the North





Big storm + bad pipe = wrecked road 

We could have fixed it cheaper, sooner 

Presenter
Presentation Notes
US 52 after storm 23Sep2010



Pipe with Holes 
causes Piping  
and Road Void 

Road fill washes out at each 
burst of rain 
 
 
CMP Storm Drain at MnDOT Oakdale Office 
in 2015 



While some steep slopes are prone to failure 
leaking pipes lubricate the slide 

Soil crack to left of pipe end indicates slope failure.  
US Highway 8, April 2016 

Photo by 
MnDOT Oakdale 
Surveys 



D6 Jacked Pipe creates road void 27SEP2011 – Rob Coughlin 

Void in Road – Evidence of a loss of soil from the 
road around or near the pipe or other feature.  



Typical Culvert Failure 
has a pavement patch 

 
MN 95 2015 Eric Brenna 

Water flows along the outside of 
pipe carrying road fill away. 



 

End Goal: 
Lifecycle Cost Analysis in 

Asset Management 

Presenter
Presentation Notes
Culvert Repair Cost is our most recent milepost on the road to Drainage Asset Management.  HydInfra and Maintenance’ Drainage Performance Measure provided the foundation to build the Culvert Repair Cost app.



 HydInfra Inspectors inspect drainage 
features with Trimble GPS devices 

(Terrasync or ArcPad software) 

Key Experts in each District process the data with Pathfinder Office 
software and upload the data files  through a web portal. 



HydInfra 
Culvert and 
Storm Drain 
 
Pipes by 
Condition 
 
July  2016 



Maintenance records Culvert Repair Cost  
with ArcGIS Online Application for iPad or PC 

 



Map of 1465  
Culvert Cost Repairs  

by MnDOT Maintenance  
2014-2015 Cost Summary 



1. District Hydraulics\WRE Engineers  & Designers 
 

2. District Maint. Supervisors and Engineers 
 

3. District HydInfra Inspectors 
 

4. District Maint. Drainage Repairers 
 

5. Asset Management group – Agile Assets leaders 
 

6. MnDOT Planning and Management 
 

7. Federal guidance and best practices 
 

8. Ideas from other States and entities 

Bridge Hydraulics is the Hub  
for Drainage Asset Management 

 

Feedback gets incorporated from all around and back: 

TAM software transition from 
HydInfra and Culvert Repair Cost 
to Agile Assets begins September 
2016 



HydInfra sprang from the  
1986 Culvert Inspection Manual 
 

with some  
important  
differences  . . .  

Presenter
Presentation Notes
I still consult the 1986 Manual like a Baptist consults the Bible.



MnDOT Hydraulic Engineers 
designed HydInfra in 1996  

• Condition Ratings 1 – 4  
• Flags and Measures record defects 
• Criteria for each Material type 
• Culverts less than 10 foot span 
• Automated from the get-go 

– Centralized database 
– GPS  
– GIS  
– Hired a specialist for database development – Thomas Martin 

 
 

 



HydInfra spawned the FLH Culvert Manual (2010) codes and later  
NCHRP 14-26 Culvert and Storm Drain Inspection Manual (2016) 

HydInfra  2005 manual 
equated need for repair 
with condition rating  and 
FHWA FLH 2010  manual 
paraphrased the ideas. 
NCHRP 14-26 manual  
used HydInfra’s Other 
Materials Criteria for 
Action Indicated. 
Compare the Notes 
sections too. 



HydInfra described as “The Best”  
among DOT’s Culvert Management Systems* 

* Feb 2015, Marie Venner, consultant who has researched and written 2 FHWA guides to Culvert Management Systems  

Put Your Drainage Asset 
Management System to Work  
presented at the National 
Hydraulic Engineers Conference 
in Iowa City, August 2014. 
 
(Concrete Pipe Association 
requested we present at their 
conference in Texas 2015 but 
we had to refuse.) 
 
2016 American Public Works 
Conference  in Mpls -- Culvert 
Inspection and Repair -- We 
could have fixed it cheaper, 
sooner! 
 

http://www.dot.state.mn.us/bridge/pdf/hydraulics/Put%20your%20Drainage%20Asset%20Management%20System%20to%20Work%20-%20HydInfra.pdf
http://www.dot.state.mn.us/bridge/pdf/hydraulics/Put%20your%20Drainage%20Asset%20Management%20System%20to%20Work%20-%20HydInfra.pdf


HydInfra can capture all kinds of 
Drainage Feature Types 

• Pipes  – Culvert, Storm Drain, Drain Tile, Tunnels, etc. 

• Structures  – MH, CB, DI 

• Special Structures  – Aprons, Weirs, (catch all) 

• Ponds  – Infiltration, Wet, Dry, etc 

• WQ devices–  swirling separators, skimmers etc. 

• Ditches 
• Discharge Points  – Outfalls (MS4) Infalls , etc. 

• Illicit Discharges 
• Environmental  – pH, resistivity locations 



Highway Culvert Inspections are scheduled 
according to Performance Measures 

  

– Start with inventory and inspection cycle 
– Later target to reduce numbers of bad pipes 

 

Presenter
Presentation Notes
If you measure it, it will happen



HydInfra Condition Rating Criteria 
aim to  

protect the roadway 
  

Holes or Joint Separations  
in pipes create  

Piping and Road Voids 
 
 

Presenter
Presentation Notes
Criteria are continually re-examined to align with this purpose.



Condition Rating Codes suggest the need for repair 



Pipe Materials  & 
 

Liner HDPE 
Liner PVC 
Liner Cured in Place 
Liner Metal 
Liner Other 

“Liner” materials describe 
 a lined pipe: 

   Corg. Steel (CSP) 
   Structural Plate 
   Polymeric-Coated 

Bituminous-Coated 
Aluminized Steel 

  Corg. Aluminum (CAP)  

Corg. Plastic (HDPE) 
PVC 

   Perforated Plastic 
   Polypropylene 
   SRPE (Steel Reinforced PolyEthylene) 

Timber 
Vitrified Clay 
Other 

Concrete 

to track 
performance 



Each  
Material Type 
has explicit 
rating criteria 
 
 

HydInfra Culvert and Storm 
Drainage System Inspection Manual  

http://www.dot.state.mn.us/bridge/pdf/hydraulics/hydinfra-culvert-and-storm-drainage-system-inspection-manual.pdf
http://www.dot.state.mn.us/bridge/pdf/hydraulics/hydinfra-culvert-and-storm-drainage-system-inspection-manual.pdf


 “Flags” and “Measures” 
describe the defects 

Condition Indicators 
–Needs Repair? 
–Piping 
–Cracks 
–Holes 
–Deformation 
–Misalignment 
–Max Joint Separation 
–# Separated Joints 
–Separated Apron 
–Spalling/Flaking 
–Pitting/Rusting 
–Infiltration 

Roadway Indicators 
–Void in Road 
–Road Distress 
–Inslope Cavity 
–Erosion/Scour 
 

Not in Condition Rating 
–Needs Clean?  
–Plugged 
–Silt 
–Sediment % Full 
–Standing Water 

 

Presenter
Presentation Notes
Defects are recorded in the database and used to answer everyday questions.



Together  
 
Materials, explicit criteria 
and defect flags  
 
create solutions  
 
 
 
 
 
 
 



9Research  
Pipe Materials 

 
Inspection flags 

 show hotspots 
for 

Joint Separation 
in Concrete Pipe 

This 2011 map was created after Highway Culvert inventory was  
completed but before most Districts were focused on repairing pipes. 



Flowchart Suggested Repair Report  
for estimating repair costs  

Example shows northeast MN potential pipe repairs on the map 

Bad pipes are sorted into 
Repair Methods from traits 

http://www.dot.state.mn.us/bridge/hydraulics/hydinfra/pdf/Flowcharts_for_Suggested_Repair_Report_HydInfra2013.pdf


 Statewide Pipe Repairs Cost Estimate  
from Suggested Repair Report 

2010 

http://ihub/bridge/hydraulics/hydinfra/pdf/2010723hydinfrarepairmethodsworkplan.xlsx


The sorting process for repair suggestion  
is described in a 3-page flowchart on the web  

Find the Flowchart_for_Suggested_Repair_Method (PDF)  Send suggestions for improvement to bonnie.peterson@state.mn.us  

http://www.dot.state.mn.us/bridge/hydraulics/hydinfra/pdf/Flowcharts_for_Suggested_Repair_Report_HydInfra2013.pdf


Correlate sets of defects –“flags” 
with Material Type 

Presenter
Presentation Notes
Common combinations of defects show up for a given pipe material.  We research them to determine cause and effect. Pipe size, shape and cover can be correlated with material defects.



Choose your  
biggest, worst culverts  

that have piping and road voids 
with shallow cover, 

and highest ADT 
(and highest price tag) 

 

2. Prioritize based on today’s requirement 



Choose the pipes that  
Maintenance can repair now 

 with little cash: 
 

Resets, Paved Inverts, Joint Repair 
 

Or Prioritize based on today’s funds 



Know which pipes to fix before  
the paving project (not after) 

. 

HydInfra Project Design Report  



Use Project Design Report to sort out 
drainage features that need repair 

 

How to use the Project Design Report is on the HydInfra webpage 

http://ihub/bridge/hydraulics/hydinfra/pdf/Project%20Design%20Reports%20and%20HydInfra%20Rating%20not%20just%20a%20number.pdf


Culvert Repair Cost  

The purpose of the  
Culvert Cost app  
is to estimate the costs 
of future repairs  
by capturing  
Labor, Equipment and 
Materials costs  
of current repairs  
done by Maintenance 



• Trench New Pipe 
• Slipline 
• Replace Aprons 
• Reset 
• Extension 
• Joint Repair 
• Hole Repair 
• Paved Invert 
• Fill Voids 
• Remove Only 
• Abandon Only 
• Other 

 

Fix the invert of the pipe by pouring, troweling or covering 
the invert with concrete or other material, usually in a 
larger metal pipe (accessible for interior repair).  May also 
include filling voids in road bed.  Repaired Length = length 
of paved invert. 

Paved Invert 

Paved Invert repair, done in 1971, on steel plate culvert 
still looks good in 2015.  Has a channel that keeps most 
flows away from galvanized steel sides.  2005 Photo from 
Bergstrand, D1 

Presenter
Presentation Notes
1971 paved invert still good in 2005  D1  S:\Hydraulics\Design_Aids\Pipes and Materials\Repair Methods\Paved Invert\D1_Sandstone_1984_steel_pipe_with_paved_CONCRETE_INVERT



Fresh  
Paved Invert 

  
Pipe is 

condition 2  
if repair is 
successful   

 
D6 Rob Coughlin, 2013 



Maintenance is switching culvert materials 
for longer lifespan  

Culvert Cost app shows Plastic and Aluminized 
pipe installed by Maintenance (green and blue 
dots, galvanized are red dots) 

MnDOT Research shows projected 
lifespan for Galvanized Steel (red 
northeast MN is bad for galvanized) 



 

Presenter
Presentation Notes
2015 MnDOT Research suggests that Aluminized steel pipe last much longer than Galvanized in most areas.
These are associated with the project report located at  http://www.dot.state.mn.us/research/TS/2015/201531.pdf 
The report provides information on the data sets and assumptions used to generate the maps, the executive summary is useful in summarizing key findings and considerations. It is recommended that you read Chapter 5 before using the maps, particularly section 5.3  on Limitations and Caveats to zone map and pipe selection table.
 
This project used existing resistivity and conductivity data (confirmed with field measurements) in the CalTrans equation to compute service life for steel pipes.  The result was a set of maps that provide service life estimates for a range of coatings and gages.  Part of our work on asset management is to provide supporting information that can be used to make decisions on the most cost effective (LCC) selection, this research supports that goal. In the future the plan is to incorporate this information and additional guidance on pipe material selection into the Chapter 2 of the Drainage Manual.  In the meantime feel free to use the report results as appropriate.  
 
Here are some of the things that should be considered when using these maps:
Select a design service life needed to meet your needs. Examples might be 100 year for Interstate, 75 year for highway culverts and 50 year for entrances.
Equations are based on the assumption that there is a low abrasion potential such as grassed roadway ditches.  If abrasion occurs the maps will overestimate service life. Abrasion occurs when sediment is transported e.g. visible sediment movement and/or higher velocity.    
Localized conditions such as bogs, swamps, peat or standing water may accelerate deterioration and maps may overestimate service life. Consider proximity of these features to the pipe site particularly if water from these areas (with potentially more corrosive water then the surrounding soil would predict) will flow towards and through the pipe.
Where appropriate consider coatings (aluminized or polymeric coated) or increasing gage (thickness) to extend metal pipe service life. 
Wet conditions accelerates metal pipes deterioration.  Even if pipes are initially designed to be dry, flatter ditch grades that are prone to sedimentation, or agricultural tile drainage could increase the  frequency and duration that culverts are exposed to wet conditions. These factors are not included in the map development but should be considered by the engineer designing a culvert.
There are many other factors that may influence the selection of pipe material not just service life or initial cost e.g. risk, foundations, wet/water, deflection potential, steep slopes, constructability or past performance (consider that most historical CMP are galvanized with the minimum gage).  Each site has unique constraints and it is up to the hydraulic designer to make and document the decision on what pipe materials should be allowed and if alternatives should be provided.  In some cases such as locations where there is differential settlement or steep slopes metal pipe may be the best option regardless of it’s durability.
 
The following Disclaimers apply to all data and links provided.
Disclaimers
General disclaimer of warranties/liabilities; applies to all users
Neither the State of Minnesota, the Minnesota Department of Transportation nor their employees make any representations or warranties, express or implied, with respect to the use of or reliance on the data provided herewith, regardless of its format or means of transmission. There are no guarantees or representations to the user as to the accuracy, currency, completeness, suitability or reliability of this data for any purpose.  THE USER ACCEPTS THE DATA "AS IS" AND ASSUMES ALL RISKS ASSOCIATED WITH ITS USE.  The Minnesota Department of Transportation assumes no responsibility for actual,  consequential, incidental, special or exemplary damages resulting from, caused by or associated with any user's reliance on or use of this data, even if appraised of the likelihood of such damages occurring. 
Disclaimer of warranties for contractors
Notice of Disclaimer: The Minnesota Department of Transportation makes the information on this site available on an "as is" basis.  ALL WARRANTIES AND REPRESENTATIONS OF ANY KIND WITH REGARD TO THE INFORMATION ARE EXPRESSLY EXCLUDED, INCLUDING THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.  Under no circumstances will MnDOT, or any of its officers or employees be liable for any consequential, incidental, special or exemplary damages even if appraised of the likelihood of such damages occurring.  MnDOT does not warrant the information against errors, omissions or deficiencies of any kind. The use of any of this information for work which is under contract with MnDOT does not relieve the contractor from any obligations assumed by the contract, or from complete and proper fulfillment of the terms of the contract, nor does it entitle the contractor to compensation for damages or loss which could be attributed to such use. 
Disclaimer of duty to continue provision of data 
Due to the dynamic nature of the Internet, resources that are free and publicly available one day may require a fee or restricted access the next, and the location of items may change as menus, homepages, and files are reorganized. The user expressly agrees that use of MnDOT's Web site is at the user's sole risk. The State does not warrant that these services will be uninterrupted or error free. The documents and related graphics published on these servers could contain technical inaccuracies or typographical errors. Changes are periodically added to the information herein. The State and/or its respective agencies and programs may make improvements and/or changes in the information and/or programs described herein at any time. 
Maps and related data
The State of Minnesota makes no representations or warranties expressed or implied, with respect to the reuse of the data provided herewith regardless of its format or the means of its transmission. There is no guarantee or representation to the user as to the accuracy, currency, suitability, or reliability of this data for any purpose. The user accepts the data “as is." The State of Minnesota assumes no responsibility for loss or damage incurred as a result of any user’s reliance on this data. All maps and other material provided herein are protected by copyright. Permission is granted to copy and use the materials herein. 
Disclaimer of endorsement
The State of Minnesota is a distributor of content sometimes supplied by third parties and users (for example, we distribute Adobe Reader so people can read PDF files appearing on this site). Any opinions, advice, statements, services, offers, or other information or content expressed or made available by third parties, including information providers, users, or others, are those of the respective author(s) or distributor(s) and do not necessarily state or reflect those of  MnDOT and shall not be used for advertising or product endorsement purposes. Reference herein to any specific commercial products, process, or service by trade name, trademark, manufacturer, or otherwise, does not constitute or imply its endorsement, recommendation, or favoring by the State. 
Linking policy
Any website can link to the Minnesota Department of Transportation Web site. If you link to this site, you may not portray any person or subject in a false or misleading light. You must also refrain from creating frames, or using other visual altering tools, around the MnDOT identity. Lastly, you may not imply that the state of Minnesota or the Minnesota Department of Transportation is endorsing your product or services. 
Minnesota Department of Transportation staff members will evaluate each requested link based upon the following criteria: 
The suggested Web site must either be a state or local government agency/quasi-agency or non-profit entity, or must provide information related to state or local government or other statewide interest. Commercial Web sites will not be considered unless they provide significant information or services of a statewide interest or are in partnership with a state entity. 
Disclaimer for external links
The State of Minnesota is not responsible for the contents of any off-site pages referenced. The State cannot control and is not liable for the defamatory, offensive, or illegal conduct of other users, links, or third parties. The risk of injury from the foregoing rests entirely with you, the user. Links from the State of Minnesota's Web pages on the World Wide Web to other sites do not constitute an endorsement from the State. These links are provided as an information service only. It is the responsibility of the Web surfer to evaluate the content and usefulness of information obtained from other sites. MnDOT's Internet site contains links to other related World Wide Web Internet sites and resources. Since MnDOT's Internet site is not responsible for the availability of these outside resources or their contents, you should direct any concerns regarding any external link to its site administrator or Webmaster.



HydInfra-Culvert Cost  
Capabilities: 

1. Performance Measures 
2. Prioritize Repairs 
3. Estimate Costs – “Suggested Repair Method” 
4. Maintenance Planning 
5. Project Pre-design 
6. Respond to flood damage 
7. MS4 Water Quality record keeping  
8. Utilities locations – “Call before you dig” 
9. Research pipe materials 
10. Lifecycle cost analysis 
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