Natural Hazards and the Built Environment:
a State of Practice Perspective
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Floods follow Fires
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Proparad in cooparabion vwith Colorado Department of §ansportation

Probability and Volume of Potential Postwildfire
Debris Flows in the 2012 Waldo Canyon Burn Area
near Colorado Springs, Colorado

Open-File Report 2012-1158
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Old School Reconnaissance

[T

Rockfall us 24
fence

dabris

e

o1

Walde Canyon
culvert




New School: YouTube

i __+ Note the Rockfall Fence

Courtesy Ed Flanz =222
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In the week before GEER arrived

When GEER arrived
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What now?
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Debris basin
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Nets and U.S. 24 Culvert
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Design Considerations

= Fisher Canyon Debris Dam
» Singular hazard design

= Williams Canyon —
Residences
e Condemnation

~ = waldo Canyon —
.~ 4-lane U.S. Highway 24

 Temporary need, risk transfer

.= Downtown Manitou Springs
« Partnership and coordination
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We’'ve had an implicit goal of safety

_ Federal Highway Legislation (MAP-21) has seven
= explicit National Performance Goals

Safety
Infrastructure Conditions: State of Good Repair

Congestion Reduction

System Reliability- improve efficiency
Freight Movement and Economic Vitality
Environmental Sustainability

Reduced Project Delivery Delays

No Ok wdE
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Aspen Fire

BURNED PERIMETER
BY DATE ~ 2003

‘? L Lesmnon Highmay

At. Lemmon, Tucson, AZ
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Design and repair considerations here
address some other goals:

Safety

Infrastructure Conditions: State of Good Repair
Congestion Reduction

System Reliability- improve efficiency

Freight Movement and Economic Vitality
Environmental Sustainability

Reduced Project Delivery Delays

NOo Ok WwDdhPRE

~_ State of Practice: A more explicit
____, discussion of performance goals Is
= expected.
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September 2013 Northern Colorado Flood

Sept. 9, 2013 A slow-moving cold front stalled over Colorado.

Heavy rains are produced along Colorado’s
Front Range from Colorado Springs to the
Wyoming border.

Sept. 11, 2013

Parts of Larimer and Boulder Counties

Sept. 12 to received upwards of 20 inches of rain. Federal
Sept. 15, 2013 emergency declaration is issued in 15 counties.
Sponsored by the

National Science

GEER members evaluated social media response Foundation
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Road Network Impacts

Highway Status Highway Status
4 between as of
;__“‘ September 12 - 16, 2013 September 24, 2013

by

= e mmmmms C|nsed to all traffic
a ‘i‘rﬁ »-:I Closed - Emergency Only
i Closed - Local Access Only
Open with Resfrictions
Open to All
Mo Reported Dﬁmﬁge Eupeu:t Hnrmal Travel
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Other Impacts

9-10 deaths

> 11,000 people evacuated
1,750 people rescued by air and ground
17,322 damaged homes and businesses
2055 destroyed homes and businesses

486 miles road damage, 118 miles need
permanent repair

e $2.89 billion impact
_ $450 million FHWA outlay

)/07/14
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Emergency Relief (ER or ERFO) from FHWA

o Catastrophic and from external cause
.« Generally within right of way
~ * In-kind, to standard, or with betterment

What if there is no “standard” ?
- When is a betterment justified with ER funds?

Application of ER Program is not easy or routine
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RESILIENCE =
The ¢ ility to

_____ anticipate, prepare for,
74 respond to, and
" recover from significant
- multi-hazard threats+
with minimum damage
to social well being, the
economy, and the =
—~_environment. =-USDOT*
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Standards
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NHI Courge No. (30220

Rockfall Hazard Rating System
Participant's Manpual
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RHRS FACTORS

1 Structural Condition

2 Strength/Stability

3 Water/Climate

4 Rockfall History

5 Ditch Effectiveness

6 Vehicle Risk (Exposure)

7 Sight Distance

8 Roadway Width

9 Size/Volume
10 Slope Height
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Design Template
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See[‘l'yplr.al Section

rock for Structural Section

Class 2 Riprap Filter

Geotextile
Type IV-B

Notes:
1) Wood and Rock Added for Channel Stability
and Fish Habitat Enhancements

: b
Ay o
Root Wad Bank Stabilization Non-grouted riprap
See Sheet 2 of 2 for details. toe protection

2) Highway Embankment Shifted Away

Low Flow Channel from River
2-Year Floodplain (Geomorphic) 3) New Vegetated Floodplain Bench for Habitat
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Sponsored by the

Oso Landslide National Science
»Nnohomish County, WA

RESILIENCE STANDARDS
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ocation and General Slope
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530

_22 March 2014 — What happened ?
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GEER Reconnaissance

"+ Two months elapsed
¢ Last recovery at same time
SIX people, 4 days
Excellent County support in field
- ISGS presence since day one

. Some remarkable observations reported...
ol N Understanding that can be applied in practice
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Seismic Signals
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_ Lidar Topography
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_ Lidar Topography
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WSDOT High-Resolution Mosaic
24 March 2014
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Record of Extension
WSDOT ngh Resolutlon Mosalc 24 March 2014
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Prior public view of Risk, Resilience and
\-é;pndards

o Steelhead Haven subdivision was platted in 1962
e Slide movement every decade since 1950s

| o A few building permits were issued after 2006

'. ~* All properties complied with hazard ordinances
0 ~ « Studies were primarily for other purposes

Basically, there is some of each: risk, resilience and standards
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Risks considered "Unacceptable” for Existing
Slopes in Australiat and Hong Kong?

with at least that many Fatalities
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SR 530 Reconstruction

Remember:
Risk
Resilience
Standards
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Velocity (fps) 7% "SRH-2D ANALYSIS Q=20,000 cfs
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Solution

ﬁ WSDOT
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A final concept

Highway departments (and others) are using risk
based plans to manage their assets and to achieve

. performance goals.

The SR 530 embankment on the Oso landslide is
- now an asset subjected to risks.
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ALL GEOTECHNICAL RISK

External Agency Impacts

2 of ALL Risk

Sources on
GEOTECHNICAL
Assets with
respect to ALL
Performance
Goals

Can be done
for GAM
Section,
Corridor or
entire
inventory

Operational Risk

Physical Failure

Natural Hazards

Retaining Walls

Slopes

Embankments

Subgrade

Performance Goals

Asset Class
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Geotechnical Asset
Management (GAM)
Risks

Physical Failure

Natural Hazards

Retaining Walls

Slopes

Embankments

Subgrade
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Physical Failure Risk PO
Source & & & E©

F Physical Failure

Retaining Walls

Safety

Slopes

Condition
Performance

Time Embankments

Subgrade
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Natural Hazard Risk
Source

F Natural Hazards

N Retaining Walls

Slopes

Safety

Condition
Performance

Time Embankments

Subgrade

Performance Goals



My Question for you:
~ Therisk of what? Let's be clear.

Your Questions for me?
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