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_ _ _ ADefine terms
Discussion Topics AWhy does this matter

ANhy& how structures
fail

AStream Sim design
methodology

AUpper White River
case study and
hydraulic results

ACost Comparisons
APolicy
recommendations
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Why does this matter?

CLIMAT CHANGE HAS ARRIED AND WE ARE
GOING BROKE CONTINUALLY FIXING UNDERSIZED
STRUCTURES WITH UNDERSIZED STRUCTURES!
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Definitions

AFlood Resiliency i Aroad
crossing structure that is
capable of surviving a flow
greater than the design flood
with minimal maintenance
required

AAOP (Agquatic Organism
Passage) 1 Aroad crossing
structure that allows passage of
aquatic organisms of all species
and life stages in addition to
other terrestrial, amphibian,
reptile species of importance.
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Definitions

ACritical infrastructure 1
Road crossing of importance
where loss can have
dramatic impacts on public
safety, emergency
management, and
commerce.

AEconomics i The true cost
of structures and how we
pay for it all
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What Should Road Crossing Do ?

Produce Designs That:
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AOP Aquatic Species Topics.pps
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Failure Mechanism During Floods

Failure Mechanism

AHydraulic Exceedance
(capacity)

ASedi ment Sl

ANoody Debris Lodgment
(slower by collection of
woody debris and
sediment buildup)

ADebris flow (Large /
catastrophic -Natural or
from upstream crossing
failure)
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How and Why do Structures Fail ( In Floods)
Plugging Hazard Mechanism Increased plugging hazard

HW/D< 1

ADesign flood overtops structure
(hydraulic capacity exceeded)

, .  Undersized hydraulic capacity
AAbrupt Transitions s T .
APoor vertical alignment with
channel)

APoor stream to structure
geometry (skewed)

AStructure and geometry disrupt
sediment transport

A**Poor geomorphic location*** ~_Poor horizontal ali

Furniss et al 1998
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?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

Slmulated high-gra lent channel |
Mitkof Island AK: Ton‘géss&NF
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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)

Site Risks

V Channel Stability

V Vertical Adjustment
Potential

V Headcut Potential

V Lateral Migration
Potential

V Floodplain Conveyance

/connectivity T ’}'u‘fy;}gf;%g’@r M:Fagy,
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Tropical Storm Irene Augus
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Tropical Storm Irene Total Rainfall - Northern New York & Vermont

August 27th & 28th, 2011
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Tropical Storm Irene Affected Structures
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Upper White River Watershed

A Town of Pittsfield, VT

I 10% of culverts replaced (25 of 237) following Irene
I 18 culverts wereupgraded from1 5 0 t tollowidg@glrene

A Town of Granville, VT

I Replaced 18 culverts i total culverts in town unknown
A13 replacements were 240 or sm
I Total replacement cost of Thatcher Brook/Town Line Rd

106 x 706 arch pipe = $50, 6

A Town of Rochester, VT

i 31 culverts damaged by Irene
A 15 were still unrepaired as of May 2012

State wide 1,477 structure
were damaged or destroyed
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Damage on GMNF

A 24 Forest Service System Roads 21 miles
A Estimates repair costs = $6.4+ million
A $284,000 in trail damage

Forest Road 58 - $688,000 Kelley Stand Road System
$3,500,000
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What structures survived the floods
with no real damage?

2000 DOUBLE FACED GUARD RAIL
STA: 15+02.75 — STA: 124+15.25 (E ROADWAY
CONTRAGTOR TO EXCLUDE GUARD RAIL ] WEATHERING STEEL GUARD RAIL (TYP.)
POST AT STA: 12+09.ou—\ SETRAGEE CARE / SEE VIRANS STANDARD G—1 ATTACHED
» e = = -
T e | = 5
2 ) — == 3
1.5:1 BEVELED END TREATMENT I ; 2:1 BEVELED END| TREATMENT
1990 i ‘ EXISTING GROUND—\ ‘\:CLASS I — R Ll CLASS 3 RIPRAP & ‘ ' ‘ '
) BACKFILL (TYP.) 12" GRUBBING MATERIAL (TYP.)
" ELEV. = 19855 ELEV. = 1985.5
: . — FLOW | !
—— i E—— |
| -
£36" ROCK WEIRS (TYP.) e ELEV: =¢1950:5
1980 +32° (TP ‘ g B
i CHANNEL SLOPE| +5% =
I STREAM GRADIENT = £7.8% BETWEEN WEIRS (TYP.) =
ElEV.=19770 | | | | ol =
ELEV. =1975 | | _ _ | __ _ |\ _ 1~ _~ 4 _ - °r_- 4~ -~ _ >4 - - |-——-"“‘1__ |- n S )
STRIP FoonNs—/ 10 MIN.
20400 20+10 20420 20430 20440 20450 20480 20470 20480 20+90

SELECT GRANULAR

L] » e T 7 Ty |
I I I I I l | I 18(W) X §9'(H) X 646°1)
r e a I u a I O BACKELL (1) ROATHAVSEIHED ALUMINUM STRUCTURAL PLATE

ARCH CULVERT

VARIES

- - GROUT KEYWAY PER MANUFACTURER'S ‘ = Vi Q100 = 1989.0 I
Design Study Site ‘ |
218
g y \ SUITABLE EXCAVATED MATERIAL
APPROVED BY THE C.OR.
- CLASS IV ‘ T 36" ROCK WEIR (TYP.) ﬂwmss 8
Jenny Coolidge Brook
| |
| T
STRIP FOOTING =
(Tvp) | i |
Structure - Bottomless SPPA | E |
12" (TYP.)
X Cx . 3 a\
g

5.49x1.75x16.66 m @ 5.1% as built gradient "‘ Bl
On 3m high concrete footing i




ST SERVICE

Jenn

y Coolidge Brook i Pre & Post Flood Profile

Post flood
profile
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Jenny Coolidge Brook
Preliminary Hydraulic Analysis

JC1 Plan:jerun2 subritical wineff 2/21/2013
Geom: jc geo initial w_ineff  Flow: jc flowl

jenny coolidge 1
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A Original ABuilt conditions modeled
A Roughness determined by empirical mkiineds & Jarrett method
A Regression equations used to determine flows.

A Flood indicators surveyed in the field both up and downstream

A Modeled Q500 flow approximately matches flood indicators in st
locations
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Stream Simulation Flood Proof!

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

D. McKinley J.Krohn

Lost largest boulders near outlet and some roughness along stem walls.
Structure and road undamaged and structure passes all aquatic organisms



