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SOME KEY POINTS

* Apply the Basics and BMPs.

* Be Smart- Use Appropriate,
Innovative Technology.

* Protect Roads Against Storms.

* People are Like Gold--Precious! 1
Get Them and Keep Them. g : “*L

* Use Specialists when Needed. v

* Find Useful References on Topics.
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CLIMATE VARIABILITY AND RESILIENCE

2017 OROVILLE DAM SPILLWAY

90,000 CFS MAX FLOW
-200,000 PEOPLE EVACUATED
- $$ 1.1 BILLION SPILLWAY REPAIRS

MONTPELIER,
VERMONT
JUNE 4, 2023

MONTPELIER
JULY 11, 2023
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There are things we can do!!
(Improved Design Standards; Conservative,

Cost-Effective Designs; Apply BMPs)
KEY ADAPTATION AREAS

ROAD MAINTENANCE

ROAD LOCATION

ROAD SURFACING

CULVERTS

BRIDGES AND FORDS

SLOPE TREATMENTS

EROSION CONTROL "

Sierra Nevada Climate Change Vulnerabil

ROAD MAINTENANCE
Prevent Water Concentration




Road Maintenance Guides

F t Road Vidgt:r;l'itlEes . ¢ Develop a field guide with
orest Roads and the Environmen Penn State U, Penn DOT, EPA

Reading the Traveled Way

Reading Beyond the Traveled Way

Smoothing and Reshaping the Traveled
EV

Maintaining the Ditch and Surface
Cross Drains

Envir y Sensitive
for Dirt and Gravel Roads

Alan L. Gesford, P.E.
John A. Anderson, Ph.D.

March 2006
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ROAD DESIGN & MAINTENANCE
Disperse Water Rapidly

W
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e with Outsloping, Relling Grades, wnd Reinforced Dips.

DRAINAGE, DRAINAGE, DRAINAGE

“SEEPAGE, DRAINAGE AND FLOW NETS”
1967
CALTRANS, USACE, DWR

“Seepage analysis and control are among the most
important problems faced by Civil Engineers”

“Drainage inadequacies and omissions are causing
some of the most serious civil engineering failures
of our time”

Harry R. Cedergren

—

Rolling Dips
(Broad Based Dips)
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ROAD MAINTENANCE
Increase standard cross-drain size
(24-36 Inch vs 12-18 Inch)

-

MULTIPLE SMALL PIPES
ALSO PLUG EASILY

B

ROAD LOCATION
'Avoid Channel Migration Zones

4
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ROAD LOCATION RIPRAP ARMORING
1. Move the Road

2. Armor Streambanks-Redirect Flow
: ; s

GABIONARMORING™

Plant Grass or Shrubs
in Compacted Backfill

Maximum Expected

2'- 4 Freeboard High Water Level
(Typical)
)
4°-6" Gravel or Geotextie

Filter Layer (ensure intimate Y 113 Riprap Present Stabilized
contact between Geotextie i Layer Thickness Stream Channel
and Soll) (Typical) Bottom

30% of rock to be "headers” "\
extending % thickness of riprap.
Ifthis is not possible, dump bottom
porton of rirap and arrange top -4 D peoth for scour
layer o grade by hand. Protection

£ (Typically 3- 6)
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12.3_Physical states of soil-aggrogate mixturos. (Adapted from Yoder and
Witczak, 1976)

ROAD SURFACING

Armor the Road Surface

. 7 7

Aggregate with Aggregate with High
Aggregate with Sufficient Fines for Amount of Fines
ines Maximum Densicy (230 percent)

+ Grain-to-grain contact + Graio-to-grain contact

* Grain-to-grain contact with increased resistance destroyed, ageregate is [Figure 12.4 Gradation ranges of roadway surfacing materials and their performance characteristics.
 Vasisble demsity against deformation “floating’ i soil (Adaptod from R. Charles, 1997 and the Association of Asphalt Paving Technologists)
+ Increased to maxiamum + Decteased density GRAIN SIZE DISTRIBUTION

+ High Permeability (Gradation Curve)

* Low permeability

+ NouFrost Susceptible  Lowpermesbity SEVEANALYSIS
+ Frostsusceptvle
 Highuabily whea « Frostsuscepitie
confined, low if uncon- + Lowstability and low 2 .
fined + Relatively high stabilty strength YNEEEEE
inconfned ruacon- \ =
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CULVERTS
Increase Capacity, Improve Design

‘Q50-100 vs Q25
-Width 2 Bankfull Width

-HW/D =1.0

BETTER WORSE
HW/D<1 HW/D>1

HIGH HEADWATER:PIPE DIAMETER RATIO

FLOW DETERMINATION METHODS

* United States Geological Survey (USGS)
Regression Equations & StreamStats

* Local Guaging Data

* High Water/Bankfull Marks

* Rational Method (for Small Watersheds)

* Other Methods -Corps of Engineers -HEC
-Natural Resources Conservation
Service -TR-55
-Federal Highway Administration,
AASHTO, State methods, etc.

Figure 8.3 Culvert backfill and compaction. (Adapted from Montana Department of State Lands, 1992)

At Jeast 30 cm of cover
for CMP or one-third of
diameter for large
culverts. Use 60 an
Roadbed cover for concrete pipe.
TR g
Base and Sidewall 1l 2
material should be e
compacted. Compact the
fill 2 minimum of one >
culvert diamater on each g
side of the culvert.  Whnes

ST e

N R )

N_~Tamp backfill inaterial at
T el rintervals (ifts) of
v,y Sli020an

gravel or soil
culvert bed
(no rock larger than & cm)

FLOW DETERMINATION

» Compare a Couple Methods
» Consider Weather Variations and Period

of Record
*What About Changes in the Watershed?
*Don’t Forget About
*Bulking
*Sediment
*Debris
...And then...Climate Change

—
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RESILIENT CULVERTS

Western Pacific

Increase Capacity—How Much??

Increase Design Flow by 20-30 percent ST S Ao |
| eRTRESRT e \DTHH T
N 0 v, P
Increase Recurrence Interval Q100 vs Q25 (from . ¢ 50 S ¥ on Guam
. 1 z E E NEERGT L)
USGS regression equations) N s o k~.,\ AR
2 : P I NRe \
g Z E o N ool
Longer Frequency on IDF Curve — 100 vs 50 yr B : —— >
. . . k| E] 0. ohnpei Y
curve with Corresponding Increased Rainfall O . 2 {;:_. Sty
- - & & .ra o C s i)
Intensity (i) SO R o %
T .
Temperature Scaling to adjust rainfall intensity (i)
Jote: Comn s for ) e nts: - ¢ I]IN MII‘IUTES’stu e IN HOURS‘ 21
‘ . -t DURATION

CULVERTS
Stream Diversion

Good Installation

T DA S
Ry N e

a. Armored dip over a low fill to prevent stream diversion.

Poor Installation

10
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Stream Diversion Prevention Dip Diversion Prevention Fill Armor

CULVERTS CULVERTS
Plugging Problems Prevent Plugging with Added Trash Racks

In Mountains, 85 % of culvert failures are from
plugging

11
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CULVERTS
After fires with mobilized
sediments—Add Riser Trash Racks

DAMAGED CULVERTS CULVERTS

Less Capacity-More Risk Use Stream Simulation Concepts
I | : :
i

12



CULVERTS
Use Stream Simulation Concepts

Stream Simulation Design

STREAM SIMULATION:
An Ecological Approach
to Providing Passage
for Aquatic Organisms
at Road-Stream
Crossings

Pennsylvania Dirt, Gravel, and Low Volume Road
Maintenance Program

Stream Crossing Replacement
Technical Manual

Stﬁr_eam Sivmulation

-]

CULVERT COSTS
Stream Simulation

Stream Simulation culverts generally cost
more initially

Life cycle costs are often equal or less

Culvert passes larger flows = less damage or
replacement/repair

Less problems with debris = less
maintenance

Less need for armoring

10/24/23
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BRIDGE ISSUES e «

1 B ‘ R T

Obstructions

B

BRIDGES BRIDGES
Remove Debris/Trees in Channel Maintain Capacity and Freeboard
Avoid Mid-Channel Supports % A !

~aym ' o -

B b o

2 s e 0 G

= S S R 8 A

14
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BRIDGES BRIDGES
Aggradation--
Remove the Deposited Sediment!

BRIDGES BRIDGE REPLACEMENT
Use Scour Protection ABC-AcceIgrated Bridge Construction

o i ? Justin Dahlberg,
lowa State U.

Bridge Eng. Center

Precast Concrete
Beams/Units

—

15



Where to Use a
Low-Water Crossing

Low Traffic Use
Delays are Acceptable/Non-critical Route
Broad/Flat Channels (Slightly Entrenched)

Grade Control Structures/Barriers
$$%-Least Expensive Alternative

—

FORDS or LOW-WATER CROSSINGS

10/24/23
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FORDS or LOW-WATER CROSSINGS

Bankfull Cross.

Natural Channel Shape

LOW VENT-AREA RATIO (VAR)
Ay <<Aq

Road Profile —
Armored Road Surface.
Natural Channel Shape

HIGH VENT-AREA RATIO (VAR)
Ay 2 Ay

HIGH
VAR
(Better!)

10/24/23
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SLOPE STABILIZATION

Drains/Walls/Buttresses/Nails
— S Y

)

SLOPE TREATMENTS
Deep Patch Shoulder Reinforcement

:\§~*’-‘

SLOPE TREATMENTS
MSE & GRS Walls

P
) E

Deep Patch Shoulder Reinforcement

Road Edge

~ \
Subdran Structuna N
Geognd reinforcament 7 . el —0-——4—:-»\.‘_
{Typical 1-4 layars) < % o et
or { <

7%
’ve’
Sy
-~
~
~

(Allermatively, use closely
spaced layers of gectextila) Excavate, and backfll
wicompacied, select malerssl

CROSS-SECTION OF TYPICAL DEEP PATCH
ROAD EMBANKMENT REPAIR

10/24/23
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SLOPE TREATMENTS SLOPE TREATMENTS
Problems with Shallow-Rooted Vegetation Deep-Rooted Vegetation

SLOPE TREATMENTS SLOPE TREATMENTS
Soil Bioengineering Debris E[ﬁgw Damage

19



SLOPE TREATMENTS
Debris Flow Protection

SLOPE TREATMENTS
Debris Flow Protection

S !

EROSION CONTROL
Drainage Control and Ground Cover

Control of Water

Grounpl Cover

10/24/23

20



10/24/23

EROSION CONTROL INFRASTRUCTURE ASSESSMENT
CP AND RISK

Deep Rooted Vegetation, Nets, RE

2 g e Have good asset inventories
e $ T Form an interdisciplinary team
> Identify the assets at risk

Examine site data and history

Study relevant climate data/stressors
Study relevant hydrology projections
Conduct risk assessment

Rank asset vulnerability

Prioritize needed work

-USFS- Transportation Resiliency Guidebook, Appendix B

-FHWA- Adaptation Decision-Making Assessment Process (AD:
-CANADA-Public Infrastructure Engineering Vulnerability Committee (PIE

TOOLS/PRODUCTS

Eldorado
National Forest

Georgetown Ranger District o
o

/7 \

/) /A2 mile

@ Culverts > 36" Change in 25-year flood
~_ Paved road within -1500t0 0 cfs
165" of a stream 0o +1500 cfs
- Paved road A/ Forest boundary
“~ Unpaved road

21
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Selected References

Arranged by Topic: %
Best Management Practices - General 147 a
Environmental Analysis 148 o
. . . Planning Issues and Special Applications 148 -
Storm Damage Risk Reduction Guide for Low-Volume Roads Basic Considerations for Low-Volume Roads 151 ®
Hydrology for Drainage Crossing Design 152 o
- Tools for Hydraulic Design: Manning’s Formula, Riprap, Filters, & Geosynthetics 152
http://www.fs.fed.us/td/pubs/pdfpubs/pdf12771814/pdf12771814dpi100.pdf Drainage of Low Vohume Ronds e Fie et S o
Culvert Use, Installation, and Sizing 153 (]
Fords and Low-Water Crosings 154 =
. . . - . Bridges e - 155 =
US Forest Service Climate Change & Transportation Resiliency Guidebook e e o ke il 1% o
Erosion Control: Physical, Vegetative, and Biotechnical Methods 157 0
Stabilization of Gullies 158 [}
PSW-GTR 272, Chapter 4: Infrastructure Vulnerability 2
B MANAGEME

Protection Agency. Draft 2001. National Management Measures to Control

Environmental
Non-point Source Pollution 3 0014, Work Assignment
US. Forest Service Climate Change and #2-20. Prepared for Office of Water, U_S. Environmental Protection Agency by Tetra Tech,
- b ;: Fairfax, Virginia. A comprehensive guide to measures for reducing water pollution from roads
Transportation Resiliency Guidebook and logeing activitles,

Climate Change Vulnerabllity and lFu..-n..g;... Department of Natural Resources. 1994. Water Quality Management Practices on
5 orest Lands.

Adaptation for Infrastructure and B

Recreation in the Sierra Nevada y | Y i of Natural R Division of Forestry. 1994. Visual Quality

Best Management Practices for Forest Management in Minnesota.

Montana State University. 1991. Montana Forestry Best Management Practices. Montana
State University Extension Service. July BMPs also produced by Montana Department of State
Lands in 1992.

Ontario Ministry of Natural Resources. 1988. Environmental Guidelines for Access Roads and
Water Crossings. Queen’s Printer for Ontario, Canada.

RiskiReductionGuide3 U.S. Department of Agriculture, Forest Service. 2000. Water Quality Management for
i S; i Pract

- 3 System Lands in Cal; ctices. Vallejo, CA: Pacific
jforiLowzVolumetRoads 7 Southwest Region. U.S. Department of Agriculture, Forest Service. 186 pp.

B R LomVotine Roncs BMPS: 147

o
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Gordon R. Keller PE, GE
Geotechnical Engineer
Quincy, California
gordonrkeller@gmail.com
530-284-6441
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