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OBJECTIVES

* Present key planning, design, &

maintenance issues important to
low-volume roads (LVR).

* Understand environmental
mitigations and their importance.

* Discuss appropriate and new
technologies for LVR.

* Present useful references on each
topic.




SOME KEY POINTS

* Apply the Basics and BMPs.

 Use Appropriate, Innovative
Technology.

* Protect Roads Against Storms.
* Eliminate/Close Un-needed Roads.

* People are Like Gold--Precious!
Get Them and Keep Them.

» Use Specialists when Needed.
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What i1s a Low-Volume Road?
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What Is a Lw-Vqume Road?
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USDA Forest Service

e 77,000,000 Hectares of Land

155 National Forests
— Most Forests have 3-6 Districts

* More than 600,000 Km. Of Roads
— 7% Paved
— 18% Surfaced with Aggregate
— 75% Native Soll Surfacing

0 ResEonsible for Forest and Watershed



Roads Best Management
Practices

Key Practices (Summary)

 Involve the Road Users

« Minimize Road Standards (but Be Safe)

* Avoid Wet, Unstable and Steep Areas

« Design Drainage Crossing Structures

* Control Road Surfaces Water

* Disconnect the Road from the Drainages

* Provide AOP and Wildlife Crossings on Roads
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Roads Best Management
Practices

Key Practices (Cont.)

Stabilize Failing Slopes

Armor/Surface your Roads

Develop, but Rehabilitate Quarries/Borrow Pits
Apply Erosion Control Measures

Involve and Train your Road Personnel!
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A Well Built
Minimum Impact Road

* Planning/Environmental Analysis
* Location

» Design

» Construction

 Maintenance

1+ Roao losure or Oberalon




PLANNING




oad Planning

In Coupe
Road

Permanent Road

Shire Road

e

Arterial / Highways
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An Environmental Analysis
Process

Identification of the Project
Scoping

Data Collection and Interpretation
Design of Alternatives

Evaluation of Effects

Comparison of Alternatives

A Decision and Public Review
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GOOD PLANNING AND
DESIGN IS CRITICAL

Design may be relatively basic—

Today key issues are commonly:
-Social

-Financial

-Environmental
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¢. Full structural section
placed upon a reshaped
compacted subgrade.

2 coarse soil,
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SAMPLING & TESTING




You Get What You Inspect,
Not What You Expec










Road Maintenance Guides

ot Roade oo TItES A Field Guide with
orest Roads and the Environment Penn State U, Penn DOT. EPA

Reading the Traveled Way

Reading Beyond the Traveled Way

Smoothing and Reshaping the Traveled
Way

Maintaining the Ditch and Surface
Cross Drains

Environmentally Sensitive Maintenance
for Dirt and Gravel Roads

October 2007
Reissue
Ver: 1.1
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POOR OR MISSING SIGNS







ROADSIDE
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HYDRAULIC TOOLS




NATIONAL
COOPERATIVE
HIGHWAY
RESEARCH
PROGRAM

REPORT 544

Environmentally Sensitive
Channel- and Bank-Protection

Measures
m’:“?“‘ E_ngineering
Donald Gray - Bo ok

John McCullah

Chapter 16 Streambank and
Shoreline Protection




ES Depurtment of Tramsportation Publication Ne, FIFWA NHLAT-00
Fodersd Iighnay \deimintraton Vg 2008

NHI Course No, 132013

Geosynthetic Design & Construction Guidelines
Reference Manual










Crown Section

0, : l
Log slash <—46%

or brush
2
Outslope Section
C—=4-6% —>
M

Inslope with Ditch Section

INSLOPE vs OUTSLOPE
ROAD TEMPLATE

O \\\md slope
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Place Outlet Pipe at
Natural Ground
Level or Riprap
Armor the Fill
Matenal







the road
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For Inslope Road, slope to depth of Inside Ditch.
For Outslope Road, 1-2 inches (25-50mm) deep, or
match depth of Inside Edge: and 6-12 inches (150-300mm)

Armor Dip and Mound Surface
depth at Outlet.

as needed with 2-6 inches (50-150mm)

of Aggregate \ Re
WP IO Ve

- Averad

20-40 ft - 25-100 ft —————
(7-12m) (8-30m)

ROLLING DIP PROFILE DETAIL
b AT 4 S
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Rolling Dip or —~

Ditch Cross Drain

Armored Armored

Ford
(or Culvert)

Approach

7 U \/‘_‘__,J‘\. 7
y ™ Y %
e 7
5,

Armor or stabilize the actual stream crossing (ford) structure and add surface armoring to the roadbed and approach. Drain water off the road

surface before reaching the crossing. Road surface armor should be a minimum of 150 feet and should extend to the nearest cross-drain
structure. Actual distance depends on road grade, soil type, rainfall, etc.

For fords, set stream channel armoring at the elevation of the natural stream bottom. Armor outlets and fills as needed.

Figure7.7.3  SEDIMENT PROTECTION MEASURES AT STREAM CROSSINGS
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Determining Design Flows

*USGS Regression Equations

‘http://water.usgs.gov/osw/streamstats/

Gauging Data

‘Mannings-Slope-Area Method with High
Water Marks

‘NRCS Programs Win TR-20

‘Rational Method

Sediment and Debris
Matching Channel Shape
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Culvert Hydraulics
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DESIGN ISSUES

*Alignment

Length

Bedding, Backfill and Compaction
Multiple Pipe Spacing

Inlet / Outlet Protection
Headwalls, Wingwalls, Inlets

-Dewaterini



Atleast | foot (300 mm) of
cover for CMP or one-third

of diameter for large culverts.
Use 2 feet (600 mm) cover for

Roadbed concrete pipe.
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L
Tamp backfill matenal at regular
- intervals (lifts) of 6 to 3 inches

Base and sidewall fill - @.R3
material should be com- ? >

e ‘-“r L1
pacted. Compact the fill ~ “2&® _ a 1
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% i streambed

Existing ground

Gravel or soil
cul vert bedding

(no rock larger than 3 inches (75 mm))




Multiple

Pipes

Better

)

Pipe

One Big

Iple Smaller

than Mult
Pipes!



nstallation-Inlet-Outlet Protection

Headwall with or Roadbed width

« -
without wing-
walls
N
\ L y
S Fill 1 foot %,
Entrance (300 mm) Min . R4
clevation Compacted Op

fill

K
“Natural
ground

Outlet elevation

channg] >
at ground level

B I Splash apron

Distance between headwalls | with Key

Typical culvert installation with headwalls and splash
apron or plunge pool with riprap for energy dissipa-
tion and scour control.

/)
V U
% {

3106 fee
b feet (1-2 m) wide

with roughened o
rocky sy

trface

Key 1 to 3 feet (0.3-
1.0 m) deep

Riprap lining

Detail of outlet with riprap Detail of splash apron
and plunge pool. with scour cutoff key.




Installation-Dewatering










Problems and Mitigations-

Plugging
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Trash rack options for culverts to prevent plugging from debris. Note that some trash racks are
located at the pipe and others are located upstream of the pipe, depending on site conditions,

height of the fill, and access for cleaning and maintenance. Location at the pipe is typically
preferred.



Problems and Mitigations-Plugging




Problems/Mitigations
Stream Diversion
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Problems/Mitigations-
Diversion Prevention

Culvert Installed with Protection using an Armored
Overflow Dip to Prevent Washout and Fill Failure

(A) Roadway Cross Drain (Dip)

e 7 © c:ooo_u T
(B) Culvert S RT( ) PP
(C) Overflow Protection Dip GO e

(D) High point in the road profile Pipe
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hallow

margin ~__

Bankfull Width

Minimum Pipe Cover
ypically 12" (300 mm)

Compacted Fill
(Armor with Riprap
as needed)

Traditional, common pipe-type
structure that is under-sized and
can be problematic.

Road Surface

Natural Channel Profile

Embedded Pipe Arch set below
channel level to a depth of expected
scour, with the streambed constructed
to simulate the natural channel.

OR
Arch Pipe with Spread Footing set on
a solid, scour-resistant foundation,
keeping or reconstructing the natural
streambed.

TRADITIONAL CULVERT vs STREAM SIMULATION PIPES




ssze  |STREAM SIMULATION: o AL 130
=i | An Ecological Approach Q s
;r":"?;r‘dopmemw to P rOVi d i ng P assa g e U.S. Department of Transportation

T Trarspatatr for Aq uatic O rgan isms Federal Highway Administration

0877 1801—SDTDC at Road-Stream Hydraulic Engineering Circular No. 26, First Edition
s Crossings

@ CULVERT DESIGN FOR AQUATIC

ORGANISM PASSAGE

http://www.fhwa.dot.gov/engineering
/nhydraulics/pubs/11008/hif11008.pdf

Federal Lands Highways

http://www.stream.fs.fed.us/fishxing/aop_pdfs.ntml



Select Useful References

« FHWA HDS-5. 2005. Hydraulic Design
of Highway Culverts.

* http://www.fhwa.dot.gov/engineering/hy
draulics/pubs/nds5si.pdf

 CDF. 2004. Designing Watercourse
Crossings for Passage of 100 Year
Flood Flows, Wood, and Sediment.
Cafferata, et al.

ment/PDF/100yr32links.pd






Low-Water Crossings




Types of
Low-Water

Crossings

Rough, Naturally Rocky
or Bedrock Surface
A e o0

Maximum Expected
High Water Level 7

UNVENTED (SIMPLE, UNIMPROVED) FORD

Maximum Expected
High Water Level

Improved, Reinforced
Roadbed with Concrete
Planks, Concrete Slab,

Asphalt, Geoweb, etc. UNVENTED (IMPROVED) FORD

Reinforced Road Surface
(Concrete Slab, Grouted
Gabion, Asphalt, etc.)

Maximum Expected

Culverts High Water Level

NN
\\\\ \\\\\\\\‘\\\\\\\\\\\\\\\\

:
SO0

U,
RO

VENTED FORD WITH TRADITIONAL CULVERT PIPES
Low Vent-Area Ratio (VAR)

Reinforced
Road Surface

High Water Level

L Original Ground / Maximum Expected

Concrete Box
Structure

Base Flow Level

2
2
NG NGNGPNDPGNGNGNGNPNGN

VENTED FORD WITH CONCRETE
(High Vent-Area Ratio)

OX CULVERTS

Maximum Expected

Armor Approaches to Concrete Reinforced High Water Level
; protect against Erosion Superstructures -
7 SEa T 'y el e Y e U e VT °¥~. SR A e o S AZ\AA AN
"s| Base Flow |: %
5 8 ¥ Concrete
\V/ < AV R Level—-\ B 7 .
| : - Abutment
e, - S e ol .
WA ZAZAYN AN Y 3R PNV N ANV 7
A ) Tod-Concrete & N K _
Piers, or Place Footing
Pilings, etc into Bedrogk or
Scour Resistant

Material

LOW WATER BRIDGE
(Very High Vent-Area Ratio)






Where to Use Low-Water Crossings

‘Flashy Flows-High Flow
Fluctuation

Low Traffic Use

*Traffic Delays are Acceptable

Debris Prone Channels

Broad, Flat Channels

m



Design Issues

Structure-Site Compatibility
Roadway and Site Geometry
Aquatic Organism Passage
*Hydrology-Low and High Flows
*Hydraulics-Capacity, Velocity, Scour
Driving Surface Structural Design
*Traffic Safety
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Design Issues-Traffic Safety

DO NOT DRIVE THROUGH FLOODED FORDS!

500 Pounds »

Lateral Force

Dangerous

1,500 Pounds
Buoyancy Force

1,000 Pounds '

Lateral Force
Very
Dangerous

Vehicle begins to float when the water level reaches the vehicle chassis.
This allows the lateral forces to push the vehicle off the road.

Muddy Water ———————x , Extremely

Hides Washout Danger ous

to drop into unexpected deep water.

Source: USGS




Design Issues-Traffic Safety
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Problematic Designs

‘.‘T.Th

* Channel I%arier




lematic Designs

Flood Level N Road Profile —\

Armored Road Surface
Bankfull Cross-Section Area ¢ 7 Natural Channel Shape
Acr) '
LOW VENT-AREA RATIO (VAR)

Culverts (Vents) Area Av << ABF
(Ay)

Flood Level N Road Profile —

Armored Road Surface

Natural Channel Shape
Bankfull Cross-Section Area
(Aer) HIGH VENT-AREA RATIO (VAR)

Ay = Ag

Box Culverts (Vents) Area

Better!

VENT - AREA RATIO (VAR)



Useful References
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Low WATER STREAM CROSSINGS: o i Dok &and Eng|neer|ng B

RAE N LA, O

DEesiGN AND CONSTRUCTION RECOMMENDATIONS i " o V’_-_COHSI d eratl ons: s

FINAL REPORT

Sponsored by
the lowa Department of Transportation
and the lowa Highway Research Board
CTRE Project 01-78
lowa DOT Project TR-453

Decemeer 2001

@.—(c/'mf

Center for Transportation
Research and Education

Department of Civil and Construction Engineering

[OWA STATE UNIVERSITY

"%,‘ lowa Department
“ap’ Of Transportation
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SCOUR PROBLEM AREAS

1‘— Abutment Abutment —p>
Original
Channel
Level = LJ j
(0]
X E

¥ Channel Degradation

4/% Level or Scour due to
Local Scour Level |j_:| Channel Contraction

SCOUR THROUGH A STRUCTURE CAUSED BY
NATURAL CHANNEL DEGRADATION, CONTRACTION,
OR LOCAL SCOUR AROUND PIERS



I-90 over Schoharie Creek Failure

INEW YOrK= (1955- 1967)
150 Meters'iong-= 5. spans

. (50 Year Event) | =
A 10 Killed C



Protect
Against Scour
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The Problem

Creers teep- {mear
wertical) c..t- ope

T -“lihrll"" Loose
Ly ”

] 1 ! . > = - "2
—_—— e 1 ' 1 sidecast fill
L_un:u.ntm__e-:l - . : on a steap
wster ull.". :.i' 4 oW EI.‘FB:;;;EG'H E:GPE
..u"-_l_'..:l1'!- 4 l . ".L uncompactad ,u

‘ ﬁll mater: n.l.

LS

Solutions

Cut slope laid back
1o a stable angle

Fill compacted in
15-30 cm thick layers

Vegstation on All
slope swface,
preferably 2:1 or
flatter

Rock butizess
with underdrain

Eetaimmg struchare

Fotential fill

Mote: This draeing showrs a a
failure surface

wartety of slope stabilization
measures which can be wsed to
stabilize cuts and flls.




Common Stable Slope Ratios
for Varying Soil/Rock Conditions

Soil/Rock Condition Slope Ratio (Hor:Vert)

C Most rock Ya:1to 2:1

U Very well cemented soils Ya:1to Y2:1

T Most in-place soils Ya:1t0 1:1

S Very fractured rock 1:1to 1%:1
Loose coarse granular soils 1%:1
Heavy clay soils 2:1to 3:1
Soft clay rich zones or 2:1to 3:1
wet seepage areas

F Fills of most soils 1%:110 2:1

| Fills of hard, angular rock 11/3:1
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\\ N —— Rockiall Benching isused when cut
\\ slopes are either high or steep
\
\
Benches

10 to 15 feet (3-5 m) wide,
25to 40 feet (8-13 m)

height between benches \l Original cut slope
k\- g, Alternatively, use:
Undesirable t \\ Road 1. Rock netting,
make a high, flat 3. Benei
. Fencing totrap rockfall.
cut slope

3. Construct a wider road
shoulder.
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Figure 12.1 Commonly used low-volume road surfacing types and structural sections.

a. Native Soil e le (O R ‘f}gﬂﬁaﬂﬁ—l — Native (In-Flace) Seil

b. Aggregate

ey asiate s S A e i 'i_'f-;f.,:- — Crushed Swface Aggregate or Graval
c. Aggregate and Base e %’_;ﬂ:a‘?'ﬁ" G.':(':_:'—_:,'.'GZ @ O Dﬁj%ﬂ — Azprezate Baze
o, . G o0 =
p Q70 o o C i 3
@0 p0 g0 DED O 90 O t0ay | — Natmre Soal

— Cobblestones

d. Cobblestone .} — Sand

| — Natrve Soil

— Concrate Blocks
) — Sand

e. Concrete Block

— Native Sail

A -. :.. ""1:'.':-?:.-'.—_"t""_f: -_":_:-:-._ ;_‘___. .-.:_.1-:.'._ = — Amhalt Pavemsant
5 20 0062 8O0,
N ,;:} = o Y . - : .5:} — Agzgregats Base
: o o Tl e e O
f. Asphalt Surfacing S . s o . co Hol :
-DE; o D o 'f’u 5o ,-_.,.n:.l Y u ':'-"EP — Agzregate Sub-Base (Optional)
afiel e o s e e, g @l e Jowa e S0 0w | —Native Soil
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PARTICLE SIZE IN MILLIMETERS

SILT

Fine

SAND

Medium

Coarse |

| Fine
GRAVEL

Coarse
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o I w'  Earth and Aggregate
s OUrfacing Design

Guide for Low
Volume Roads

Gravel Roads

Maintenance and
Design Manual | P. Bolander et al.

South Dakota Local Transportation
Assistance Program (SD LTAP)

Report No. LTAP-02-002
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Eroded streambanle

1O TE CHNICAL

Geotextile fabric
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ENVIRONMENTAL PROTECTION




Local Roads Manuals

L Stabilization and
e Rehabilitation Measures
for Low-Volume Forest
m Roads

UNSEALED ROADS MANUAL
Guidelines to Good Practice

Environmentally Sensitive Maintenance
for Dirt and Gravel Roads

« Better Roads

* Better
Environment

* Better
Community

* Less
Maintenance

Department of
Defence — Army

&

v

Commonwealth Department of
Trasport and Regional Services [

October 2007
Reissue
Ver: 1.1

I




INFORMATION TECHNOLOGY

Useful Websites for Low-Volume Roads Issues

Roads-General
http://www.worldbank.org/transport/publicat/reh/toc.htm

http://www.fs.fed.us/news/roads

http://www.fs.fed.us/t-d/ (Use “t-d” for the user name and password)
http://www.fs.fed.us/rm/RRR/Technologies/Technologies.HTML

http://www.fs.fed.us/eng/pubs/

http://www.ruraltransportation.org

http://www.usace.army.mil/publications/eng-manuals/em.htm

http://www.fhwa.dot.gov/bridge

http://nace.org

http://www.ifgworld.org/

http://www.transport-links.org/transport links/publications/publications search.:
http://www.dirtandgravelroads.org

http://www.arrb.co.au/

ydrologic Analysis
http://water.usgs.gov/software/nff.html



http://www.worldbank.org/transport/publicat/reh/toc.htm
http://www.fs.fed.us/news/roads
http://www.fs.fed.us/t-d/
http://www.fs.fed.us/t-d/
http://www.fs.fed.us/t-d/
http://www.fs.fed.us/rm/RRR/Technologies/Technologies.HTML
http://www.fs.fed.us/eng/pubs/
http://www.ruraltransportation.org/
http://www.usace.army.mil/publications/eng-manuals/em.htm
http://www.usace.army.mil/publications/eng-manuals/em.htm
http://www.usace.army.mil/publications/eng-manuals/em.htm
http://nace.org/
http://www.ifgworld.org/
http://www.transport-links.org/transport_links/publications/publications_search.asp
http://www.transport-links.org/transport_links/publications/publications_search.asp
http://www.transport-links.org/transport_links/publications/publications_search.asp
http://www.dirtandgravelroads.org/
http://www.arrb.co.au/
http://www.roads.co.nz/
http://www.zietlow.com/
http://www.zietlow.com/
http://water.usgs.gov/software/nff.html
http://hdsc.nws.noaa.gov/hdsc/pfds/other/nca_pfds.html
http://www.fhwa.dot.gov/bridge
http://www.wcc.nrcs.usda.gov/water/quality/wst.html
http://www.fhwa.dot.gov/bridge/hydsoft.htm
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