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Wide Ranging Benefits 

• Healthier populations of fish and wildlife 
• Improved water quality 
• Restored wetland functions  
• Decreased flooding 
• Reduced closures and safer roads 
• Increased recreation and tourism benefits 



Economic benefits of healthy waters 
and increased recreation 

  



What is the challenge? 

• Replacement costs are paid primarily by municipal 
transportation departments 
 

• Easy to calculate the incremental cost of culvert 
improvements 
 

• The initial cost to upgrade a crossing may be difficult to 
justify with limited budgets. 
 

• There is very limited data about the total life cycle 
costs of culverts. 
 



Understanding true life cycle cost 

• Total  life cycle cost = (initial replacement/ 
construction cost) + … 

• 50% increase in stream span = 20% to 33% 
increase in total project cost. (Gubernick 2011) 

 
  



Understanding true life cycle cost 

Total  life cycle cost = (initial replacement & 
construction cost)   
  + (cost of annual maintenance) 
  + (total structure life span) 
  + (cost of flood failure/damage) 



Flood Resiliency Lessons – 
New York & Vermont  

• Tropical Storm Irene 
– Linking flood resiliency and ecological connectivity.  

 
– Modest increases in initial investment to implement 

stream simulation designs yield substantial societal 
and economic benefits 
 

– Often times, a municipality will spend LESS $ and 
LESS TIME over the long term (~50-75 years). 

 



 
Massachusetts 



• Installation, operation, and maintenance 



• UW Madison cost benefit analysis  
• Green Bay culvert inventory of 1615 culverts  
• Findings suggest that the initial investment to install larger culverts 

(that do not constrict the stream) has many environmental benefits and 
often has net direct economic benefits!  
 

Lowering long term culvert costs 



Green Bay Data: 1,615 crossings.  Results from 495 stream constricting sites. 



Bankfull width structures are 
better protected from abrasion 

from stream bed load movement 
 

 
Increase the culvert lifespan 



Probability of “catastrophic” culvert 
failure over the long term is much 
lower with stream spanning culverts 
 
 

Failure rates as a function of 
time for conventional and 
stream simulation culverts. 

Reduce chance of failure 



 



• In most forest environments, the dominant culvert failure mechanism 
is wood and sediment blocking the inlet. 

• White River watershed in Vermont following flooding from Tropical Storm Irene in 
2011.  $728,000 damage to roads.  70% due to debris plugging culverts. 

Woody debris transported during floods is often < BFW in length 

Reduce chance of failure 



(Gillespie et. al. 2014) 



• Added costs to repair damage to roads, streams, 
property, and delayed travel. 
 

• Widespread road closures and detours can be 
detrimental to tourism, forestry, industry, and public 
safety 
 

• Project costs during a major flood are generally higher 
than planned replacement costs. 

 

Avoid added cost of flood damage 



 



TP40 Versus NOAA Atlas 14 Precipitation Depths 
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Shawano County: 
TP40:  5.40” 

Atlas 14 (Rep. Loc. = Mean):  5.40” 
No Change 

 

Ashland County: 
TP40:  5.40” 

Atlas 14 (Rep. Loc. = Mean):  7.37” 
Increase 36.5% 

 

Change in Precipitation Depth From 
TP40 to NOAA Atlas 14 (Rep. Loc.) 

100-Year, 24-hour (Percent) 

Grant County: 
TP40:  6.20” 

NOAA Atlas 14:  7.69” 
Increase 24.0% 

 



Decreasing culvert maintenance 
• More stream constriction = more maintenance trips 

 
• Larger culverts = less debris removal, shoulder repair, 

riprap repair, fixing road surface, etc. 
 



Recommendations 
• Culvert inventories  

– prioritize both flood prone and ecologically important 
crossings 

• Early coordination 
– cost sharing opportunities 

• Better documentation of true total life cycle 
culvert costs 
– understand the fiscal benefits of investing in larger 

structures 

• Improvements for adequate funding and financial 
incentives for long-term improvements 
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