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Discussion Topics 
ÁDefine terms 

ÁWhy does this matter 

ÁWhy& how structures 

fail 

ÁStream Sim design 

methodology 

ÁUpper White River 

case study and 

hydraulic results 

ÁCost Comparisons 

ÁPolicy 

recommendations 

 Green Mountian NF 



Why does this matter? 

CLIMATE CHANGE HAS ARRIVED AND WE ARE 

GOING BROKE CONTINUALLY FIXING UNDERSIZED 

STRUCTURES WITH UNDERSIZED STRUCTURES! 



Definitions 

ÁFlood Resiliency ï A road 

crossing structure that is 

capable of surviving a flow 

greater than the design flood 

with minimal maintenance 

required 

 

ÁAOP (Aquatic Organism 

Passage) ï A road crossing 

structure that allows passage of 

aquatic organisms of all species 

and life stages in addition to 

other terrestrial, amphibian, 

reptile species of importance. 
K.Bates 

GW Jefferson NF 



Definitions 

ÁCritical infrastructure ï 

Road crossing of importance 

where loss can have 

dramatic impacts on public 

safety, emergency 

management, and 

commerce. 

 

ÁEconomics ï The true cost 

of structures and how we 

pay for it all 

K.Bates 



What Should Road Crossing Do ? 

Produce Designs That: 

Passage for all aquatic organisms 

Maintains Geomorphic Processes 

Provides Ecological Connectivity Withstand flood flows  

Doesnôt need maintenance 

Low life cycle cost 

Durable 
No/low failure to infra structure 

Wildlife passage 

Passes watershed products (debris & sediment) 

Ensures public safety 

AOP Aquatic Species Topics.pps


Failure Mechanism During Floods 

Failure Mechanism 

ÁHydraulic Exceedance 

(capacity) 

ÁSediment ñSlugò 

ÁWoody Debris Lodgment 

(slower by collection of 

woody debris and 

sediment buildup) 

ÁDebris flow (Large / 

catastrophic -Natural or 

from upstream crossing 

failure) 

 

Tongass NF 

North Carolina 



How and Why do Structures Fail ( In Floods) 
Plugging Hazard Mechanism 

ÁDesign flood overtops structure 

(hydraulic capacity exceeded) 

ÁAbrupt Transitions 

ÁPoor vertical alignment with 

channel) 

ÁPoor stream to structure 

geometry (skewed) 

ÁStructure and geometry disrupt 

sediment transport  

Á***Poor geomorphic location*** 

 

Undersized hydraulic capacity  

Abrupt transitions adjacent to structure 

Poor design profile (vertical alignment) 

Increased plugging hazard 

Poor horizontal alignment 

HW/D < 1 HW/D > 1 

Furniss et al 1998 



Simulated high gradient channel 

Mitkof Island, AK.Tongass NF 

Reference reach 

Mitkof Island, AK.Tongass NF 

At bankfull flow 

?How Do We Achieve Flood Resiliency and AOP? 

Or Can We Have Our Cake And Eat It Too! 

Stream Simulation Design: A channel that simulates 

characteristics of the adjacent natural channel 

(reference reach), will present no more of a challenge to 

movement of organisms than the natural channel. 

 



Analytically Driven Stream Simulation Design 
Design the channel (shapes, banks, bed, bedforms) considering 

risk, long term changes and engineering constraints then wrap 

the structure around it. The reference reach provides the 

standards (range of allowable measurements for cross section 

dimension, extra width is derived by analysis) 

K.Bates 

Site Risks 

VChannel Stability  

VVertical Adjustment 

Potential  

VHeadcut Potential 

VLateral Migration 

Potential 

VFloodplain Conveyance 

/connectivity 
 

 

White River N.F. 

Colorado 



Tropical Storm Irene August 28, 2011 

 



Area of 

Interest 

5 to 7+ò of rainfall in less than 48 hours in 

steep mountainous terrain  



Tropical Storm Irene Affected Structures 

Jenny 

Coolidge 

Area 

Economic Analysis Area 



Upper White River Watershed  
ÅTown of Pittsfield, VT 

ï10% of culverts replaced (25 of 237) following Irene 

ï18 culverts were upgraded from 15ò to 18ò following Irene 

ÅTown of Granville, VT 

ïReplaced 18 culverts ï total culverts in town unknown 

Å13 replacements were 24ò or smaller  

ïTotal replacement cost of Thatcher Brook/Town Line Rd  

    10ô x 7ô arch pipe = $50,600 

ÅTown of Rochester, VT 

ï31 culverts damaged by Irene  

Å15 were still unrepaired as of May 2012  

 State wide 1,477 structure  

were damaged or destroyed 



Å24 Forest Service System Roads 21 miles 

ÅEstimates repair costs = $6.4+ million 

Å$284,000 in trail damage 

Damage on GMNF 

Forest Road 58 - $688,000  Kelley Stand Road System 

$3,500,000  



Stream Simulation  

Design Study Site  
 Jenny Coolidge Brook 

What structures survived the floods  

with no real damage? 

Structure - Bottomless SPPA 

5.49 x 1.75 x 16.66 m @ 5.1% as built gradient 

On 3m high concrete footing 



Jenny Coolidge Brook ï Pre & Post Flood Profile 

Pre flood /    

As-built profile  

Post flood 

profile  

Stream gradients - ~3 to 6% 

Residual Pool depth ï 

0.35 m (stream) to 0.47 m (structure) 

Outlet aggradation - +0.48 m 

Inlet and adjacent upstream reach 

degradation ï - 0.5 to 0.6 m 

 

Structure - Bottomless SPPA 

5.49 m x 1.75 m x 16.66 m 

On 3m high concrete footing 



Jenny Coolidge Brook  

Preliminary Hydraulic Analysis 

ÅOriginal As-Built conditions modeled 

ÅRoughness determined by empirical methods (Limerinos & Jarrett method) 

ÅRegression equations used to determine flows. 

ÅFlood indicators surveyed in the field both up and downstream 

ÅModeled Q500 flow approximately matches flood indicators in several 

locations 
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Green Mountain National Forest - FR17A - Bottomless Arch Outlet 
 Competed Construction 2010 Post TS Irene Sept. 2011 

Lost largest boulders near outlet and some roughness along stem walls.  

Structure and road undamaged and structure passes all aquatic organisms 

Stream Simulation Flood Proof! 

D. McKinley J.Krohn 


