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Information contained in this document has been devel oped for the guidance of road builders, road
managers, and resource speciaistsin most geographic areasto hel p build better, more cost-effective
roads, and roadsthat minimize adverse environmental impactsand protect water quality. TheU.S.
Department of Agriculture(USDA) or U.S. Agency for International Development (USAID) assumes
no respons bility for theinterpretation or use of thisinformation. The useof trade, firm, or corporation
namesisfor theinformation and convenience of thereader. Such use doesnot constitutean official
evaluation, conclusion, recommendation, endorsement, or approval of any product or serviceto the
exclusion of othersthat may besuitable.

TheU.S. Department of Agricultureand U.S. Agency for International Devel opment prohibit discrimi-
nationinall their programsand activitieson thebasisof race, color, national origin, sex, religion, age,
disability, political beliefs, sexua orientation, or marital or family status. (Not al prohibited basesapply
todl programs.) Personswith disabilitieswho require aternative meansfor communication of pro-
graminformation (braille, large print, audiotape, etc.) should contact USDA'sTARGET Center at
(202)-720-2600 (voiceand TDD).

Tofileacomplaint of discrimination, write USDA, Director, Officeof Civil Rights, Room 326-W,
Whitten Building, 1400 I ndependence Avenue, SW, Washington, D.C. 20250-9410, or call (202)
720-5964 (voiceand TDD). USDA isan equa opportunity provider and employer.
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File 7100 Date: January 5, 2010

Subject:  Low-Volume Roads Engineering Best Management Practices Field Guide

To: Interested Colleagues and Supporters

Enclosed is a copy of our final printed Low-Volume Roads Engineering Best Management Practices Field
Guide. It has been recently published by Virginia Polytechnic Institute and State University. This BMP
Field Guide is a companion document to our more comprehensive “Minimum Impact Low-Volume
Roads Manual” that is currently being rewritten in English. Although this Guide was intended for
international use, as the photos reflect, it was developed based upon a great deal of rural roads experience
both domestically and internationally. Thus it has a wide application.

The basic objective of this Low-Volume Roads Engineering Best Management Practices Field Guide is to
present a summary of “Do’s and Don’ts” for road engineering, with Recommended Practices to Follow
and Practices to Avoid. Use of this information will help protect water quality and reduce adverse
environmental impacts. The recommendations are sound road engineering practices that can result in
environmentally “friendly”, storm resistant, cost-effective roads. This overview of important road design
information should be particularly useful to road managers, inspectors, environmental regulators, program
administrators, and resource specialists involved with roads. Also it will serve as a summary of good
practices for road designers and builders.

We hope that this document will be very useful to the US Agency for International Development
(USAID), US Forest Service, and other agencies and individuals involved with low-volume roads work.
A 2 to 5-day training course on Minimum Impact Low-Volume Roads Engineering has also been
developed around the contents of our manuals. We appreciate any thoughts or comments you may have
on the application of this information, as well as support you can offer for this work.

Thank you for your interest in this project. A limited number of these manuals are currently available
upon request. Additional copies may be printed in the future depending upon demand and funding
support. Please call me at (530) 283-2050 or (530) 283-7747 or send E-mail to gkeller@fs.fed.us if you
have comments or need additional information.

Respectfully,

/s/ Gordon Keller
GORDON KELLER, PE, GE
Geotechnical Engineer

ERRATA: The color quality on some photos in the printed Guide is much less clear than in the CD version. Also
text was deleted from three captions during last-minute formatting. Photo 4.5 text should end with “...Use road
surfacing materials as frequently as possible to reduce erosion and improve the roadbed structural support and rider
comfort”. Page 40, Fifth Bullet, should be Figure 7.11 vs 7.10. Photo 6.7 text should end with “...Note that the road
is poorly located so close to the stream”. Figure 7.2, upper figure, text is “a. Basic road surface drainage with
outsloping, rolling grades, and reinforced dips”. Photo 11.4 text should be “...(steeper than 1 %2:1)”. Chapter 11,
mid-first paragraph should read *...cut slopes in most soils...about a 1:1 or %:1...slope.” Last, in Chapter 9-Fords,
Page 95, the last Recommended Practice, “Constructing sharp vertical curves on fords...” should be a Practice to
Avoid! Our apologies for the errors!
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mailto:gkeller@fs.fed.us�

Good News! (updated January, 2010)

Our "Low-Volume Roads Engineering Best Management Practices Field Guide" is available,
both in English and Spanish, on several Web sites. The primary site with both versions is the
USDA, Forest Service International Programs website, under Sustainable Forestry Practices (in
the Practitioner’s Toolbox--scroll down to the bottom of the box for the Spanish version) at:

http://www.fs.fed.us/global/topic/welcome.htm#8

The Guide is also available at the Websites listed below.

ENGLISH VERSION

The Guide is available at the following EPA website:
http://www.epa.gov/owow/nps/roadshwys.html

Or a BLM website at:
http://www.blm.gov/bmp/Technical Information.htm

Or the National Transportation Library at:
http://ntl.bts.gov/1ib/24000/24600/24650/Index_BMP_Field_Guide.htm

Or the Forest Service Intranet site under SDTDC, Forest Management at:
http://fsweb.sdtdc.wo.fs.fed.us/programs/fm/fy04/lvre/Index_ BMP_Field_Guide.htm

SPANISH VERSION

Gunter Zietlow, working with the International Roads Federation, GTZ, and the Organization of
American States, originally placed the draft Spanish version "Ingenieria de Caminos Rurales" on
their website at:_http://zietlow.com/docs/Ingenieria%20de%20Caminos%20Rurales.pdf

The updated draft Spanish version was translated by the Mexican Transportation Institute and is
also on their Website:
http://www.imt.mx/Espanol/Publicaciones/libs/Ib4.pdf

These sources really help facilitate access to and availability of these documents! Many thanks to
all of you who have helped and been loyal supporters of this project for many years!

Gordon
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LOW-VOLUME ROADSENGINEERING
Best Management Practices Field Guide

FOREWORD

VirginiaTechisdedicated to hel ping apply sound scientific principlesto the management

of renewablenatural resourcesaround theworld. Accessisanimportant considerationin
many settings— not only to facilitate utilization of natural resources, but also to enable peopleto
reach marketsfor their productsand health services. However, it isvital that roads constructed
provide adequate accesswhilefollowing sound practicesfor environmental protection wherever
possible. Improperly constructed roads can negatively impact everything fromterrestrial plant
populationsand soil conservation effortsto water quality and popul ations of aguatic organismsin
recelvingwaters.

The Conservation Management I nstitute (CM 1) in the College of Natural Resourcesat

Thismanua wasoriginaly publishedin Spanish as* Practicas M gjoradas de Caminos Forestales”
by theU.S. Agency for International Development (USAID) for usethroughout Latin America, and
has proven va uablein hel ping to protect forest-based resources. It became clear that the practical
adviceofferedinthismanual could be of va ueto resource managersthroughout theworld. So, to
reach thisbroader audience and inspired by the origina Spanishwork, CMI and the USDA Forest
Service have collaborated to produce this updated version in English. We hopethat the materials
presented here are useful to you.

Thisproject grew from our collaboration with Gerald Bauer, of the US Forest Service, on natural
resource education programsin LatinAmerica. Mr. Bauer wasacontributor to the original manual
and found the publication in great demand. Thiscollaboration exemplifiesour involvement with
USAID and the Forest Service on many natural resource projects. We encourage you to contact
USFSor CMI if we can be of assistancein your conservation efforts. Finally, we acknowledgethe
notableeffortsof JulieMcClafferty of CMI, who wasinstrumentd in preparing thismanual for
publication.

B. R. Murphy, PhD., Director, CMI (murphybr@vt.edu)

A.L.Hammett, PhD., Faculty Fellow, CMI and Coordinator of International Programs, College of
Natura Resources (hima @vt.edu)

Gordon Kdler, PE, Geotechnical Engineer, USFS (gkdler@fs.fed.us)

James Sherar, PE, Logging Engineer, USFS (jrsAtrees@prodigy.net)
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PREFACE

International Development (USAID) with the cooperation of the USDA, the Forest Service,

the Office of International Programs, and the International Programs Department at Virginia
Polytechnic Ingtituteand State University. Theoriginal development of thisRoads Best Management
Practices (BMP) Field Guide was funded by USAID/Honduras, in support of their Forestry
Development Program (FDP) and their National Forestry School (ESNACIFOR). It hassincebeen
revised and expanded to be consi stent with and complement the training manual titled “Minimum
Impact Low-VolumeRoads’ for roadswork in devel oping regions.

THE AUTHORS ARE GRATEFUL for the opportunity to devel op this guide for the US Agency for

ThisLow-Volume Roads Engineering Best Management PracticesField Guideisintended to provide
anoverview of thekey planning, location, design, construction, and mai ntenance aspectsof roadsthat
can cause adverse environmental impactsandto list key waysto prevent thoseimpacts. Best M an-
agement Practicesare general techniquesor design practicesthat, when applied and adapted tofit
site specific conditions, will prevent or reduce pollution and maintain water quality. BMPsfor roads
have been devel oped by many agencies since roads often have amajor adverse impact on water
qudity, and most of thoseimpactsare preventable with good engineering and management practices.
Roadsthat are not well planned or located, not properly designed or constructed, not well maintained,
or not madewith durable material soften have negative effectson water quality and the environment.

ThisGuide presentsmany of those desirabl e practices. Fortunately, most of these* Best Management
Practices’ area so sound engineering practicesand onesthat are cost-effective by preventing failures
and reducing maintenance needs and repair costs. Also keep in mind that “best” isrelative and so
appropriate practices depend to some degree upon thelocation or country, degree of need for im-
provements, and uponloca lawsand regulations. Best practicesared so congtantly evolving withtime.

Thisguidetriesto addressmost basi ¢ roadsissuesin assimpleamanner as possible. Complex issues
should be addressed by experienced engineersand specidists. Included arekey “DO’S’ (RECOM -
MENDED PRACTICES)and“DON’'TS’ (PRACTICESTOAVOID) inlow-volumeroadsac-
tivities, dong with somerelevant basic designinformation. Thesefundamenta practicesapply toroads
worldwideand for awiderange of road usesand standards. Often recommended practiceshaveto be
adapted tofitlocal conditionsand availablematerials. Additiona information on how todothework is
found in other Selected Refer ences, such asthe* Minimum Impact L ow-Volume RoadsManua”.

Most practices apply to awide range of road standards, from native surfaced, single-laneroadsto

double-lane paved roads. Desirable general practicesinclude good road planning and location, per-
forming environmenta analyss, recognizing theneed for pogitive surface drainage, ensuring adequately
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sized drainage crossing structures, using stable cut and fill slopes, using erosion control measures,
devel oping good material s sources, and reclaiming sitesoncework has been completed.

Certain design practices, such asuseof rolling dips, outd oped roads, or low-water stream crossings,
arevery cost-effective and practical but typically apply tolow-volume, low-speed roads because of
safety concerns, vertical alignment issues, or unacceptabletraffic delays. Other issues, such astheuse
of log stringer bridges, arevery desirablefor stream crossingsin devel oping regionsto avoid driving
through thewater, yet their useisnow discouraged by someagencies, such asthe U.S. Forest Service,
because of their short design lifeand potentially unpredictable performance. Thustheinformation
presented herein must be considered intermsof local conditions, available materias, road standards,
project or resource priorities, and then applied inamanner that is practical and safe.

Local rules, agency policiesor regulations, or lawsmay conflict with some of thisinformation or may
include more specificinformation than that included herein. Thus, good judgment should beusedinthe
application of theinformation presented in thisguide, and local regulationsand laws should befol -
lowed or modified as needed.

You may reproduce or copy any portion of this Guide. However, please acknowledgethis Guide as
thesourceof information.

Reproduction Of This Field Guide is Encouraged!

Disclaimer

ThisField Guide does not constitute astandard, specification, or regulation from or bound on any
professiona group, agency, or political entity. Itisintended only asaguidefor good roadsengineering
and sound environmenta management in devel oping countries based upon the professiona judgment
and experience of theauthors.

Low-VoLume Roaps BMPs: viii



Foreword

LOW-VOLUME ROADSENGINEERING
Best Management Practices Field Guide

TaBLE oF CONTENTS

Acknowledgments

Preface

Definition of Terms

Chapter 1
Chapter 2

Chapter 3

Chapter 4

Chapter 5
Chapter 6

Chapter 7

Chapter 8

Introduction
Environmental Analysis

Planning I ssuesand Special Applications
Key Road Issues
Reducing Vulnerability of Roadsto Natural Disasters
Streamside Management Zones
Timber Harvesting

L ow-VolumeRoadsEngineering
Road Planning
Road L ocation
Road Survey, Design, and Construction
Road Costs
Road Maintenance
Road Closure

Hydrology for Drainage Crossing Design

Toolsfor Hydraulicand Road Design

Drainageof L ow-VolumeRoads
Roadway Surface Drainage Control
Control at Inletsand Outletsof Cross-Drainsand Ditches
Natural Stream Crossings

Wet Areasand Meadow Crossings, Use of Underdrains

Culvert Use, Ingtallation, and Sizing

vii

Xi

21

37

43

53

75

Low-VoLumE Roabs BMPs: ix



Chapter 9

Chapter 10
Chapter 11
Chapter 12
Chapter 13

Chapter 14

Fordsand L ow-Water Crossings

Bridges

Slope Sabilization and Stability of Cutsand Fills
Roadway M aterialsand Material Sour ces
Erosion Control

Stabilization of Gullies

Selected References

Low-VoLume Roaps BMPs: x

91

97

103

115

129

141

147



Definition of Terms

Arranged by Topic:
Section | Road Components IX
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Figure(l.1): TermsUsed to Define L ow-Volume Roads
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Figure(l.2) TermsUsed to Define L ow-Volume Roads (Cr oss-Section)
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Base Cour se- See Section |1 below.

Berm - Aridgeof rock, soil, or asphalt, typically along the outside edge of the road shoul der, used to control
surfacewater. It directs surface runoff to specific locationswherewater can be removed from theroad surface
without causing erosion.

Buttress- A structuredesigned toresist lateral forces. It istypically constructed of largeriprap rock, gabions, or
drained soil to support thetoe of aslopeinan unstable area.

Cross-Section - A drawing depicting asection of theroad diced acrossthe whole width of theroad (See Figure
I.2 above). Can aso apply to astream, aslope, or aslide.

Cut Slope(Back Slopeor Cut Bank) - Theartificial face or slope cut into soil or rock along theinside edge of
theroad.

Cut-and-fill - A method of road constructioninwhich aroadisbuilt by cutting into the hillside and spreading the
spoil materialsin adjacent low spotsand ascompacted or side-cast fill dope material along theroute. A “balanced
cut-and-fill” utilizesall of the" cut” material to generatethe“fill”. Inabalanced cut-and-fill designthereisno excess
wastemateria and thereisno need for hauling additional fill material. Thuscost isminimized.

Ditch (SideDrain) - A channel or shallow canal a ong the road intended to collect water from theroad and adja-
cent land for transport to asuitable point of disposal. It iscommonly along theinside edge of theroad. It also can be
along the outside edge or along both sides of theroad.

End Haul - Theremoval and transportation of excavated material off-siteto astablewaste area (rather than placing
thefill material near thelocation of excavation).

Embankment (Fill) - Excavated material placed on aprepared ground surfaceto construct the road subgrade and
roadbed template.
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Fill Slope (Embankment Slope) - Theinclined dope extending from the outside edge of theroad shoulder to the
toe (bottom) of thefill. Thisisthe surfaceformed where material isdeposited to build theroad.

Full Bench Cut and End Haul - A method of road construction inwhich aroad isbuilt entirely by cutting away the
dope, and theexcessmateriad ishauled awvay (end hauled) to an off-site disposal area.

Grade(Gradient) - Thedopeof theroad along itsalignment. Thisdopeisexpressed in percent - theratio of
elevation change compared to distancetravel ed. For example, a+4% gradeindicatesagain of 4 unitsof measurein
elevationfor every 100 unitsof measuretraveled.

L ow-VolumeRoad - A type of transgportation system typically constructed to manage or extract resourcesfrom
rural or undevel oped areas. These unique systems are designed to accommodate low traffic volumeswith potentially
extreme axleloads. They are commonly defined ashavinglessthan 400ADT (Average Daily Traffic).

Natural Ground (Original Ground L evel) - Thenatura ground surface of theterrain that existed prior to distur-
bance and/or road construction.

Plan View (M ap View) - View seen when looking from the sky towardsthe ground. A drawing with thisview is
similar towhat abird would seewhen flying over aroad.

Reinfor ced Fill - Afill that has been-provided with tensilereinforcement through frictional contact with the sur-
rounding soil for the purpose of greater stability and load carrying capacity. Reinforced fillsare comprised of soil or
rock material placedinlayerswith reinforcing el ementsto form dopes, walls, embankments, damsor other struc-
tures. Thereinforcing e ementsrangefrom simplevegetation to specialized productssuch assted strips, stedl grids,
polymeric geogridsand geotextiles.

Retaining Sructure- A structuredesigned toresist thelateral displacement of soil, water, or any other type of
material. Itiscommonly used to support aroadway or gain road width on steep terrain. They are often constructed
of gabions, reinforced concrete, timber cribs, or mechanically stabilized earth.

Right-of-Way (ROW) - The strip of land over which facilitiessuch asroads, railroads, or power linesare built.
Legally, itisan easement that grantstheright to passover theland of another.

Road Center Line- Animaginary linethat runslongitudinally aong the center of theroad.
Roadbed - Width of theroad used by vehiclesincluding the shoulders, measured at thetop of subgrade.

Roadway (Construction Limitsor Formation Width) - Total horizontal width of land affected by the construc-
tion of theroad, from thetop of cut dopeto thetoe of fill or graded area.

Side-Cast Fill - Excavated materia pushed on aprepared or unprepared slope next to the excavation to construct
theroadbed. Thematerial isusually not compacted.

SlopeRatio (Slope) - A way of expressing constructed slopesasaratio of horizontal distanceto vertical rise, such
as3:1(3mhorizonta for every 1 mvertical riseor fall).

Shoulder - The paved or unpaved strip along the edge of thetraveled way of theroad. Aninside shoulder is
adjacent to the cut dope. An outsi de shoul der isadjacent to an embankment slope.

Subgrade- See Section |1 below.

Surface Cour se (Surfacing) - See Section |1 below.

Traveled Way (Carriageway) - That portion of theroad constructed for use by moving vehiclesincluding traffic
lanesand turnouts (excluding shoulders).
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Through Cut - A road cut through ahill ope or, morecommonly, aridge, inwhich thereisacut dope on both
sidesof theroad.

Through Fill - Opposite of athrough cut, athrough fill isasegment of road that isentirely composed of fill materia,
with fill dopeson both sides of theroad.

Il. RoAD STRUCTURAL SECTION AND M ATERIALS

Figure(l1): Road Sructural Section

/ Subgrade \

Base Cour se(Base) - Thisisthemain load-spreading layer of thetravel ed way. Base course material normally
consistsof crushed stoneor gravel or of gravelly soils, decomposed rock, sandsand sandy clays stabilized with
cement, limeor bitumen.

Borrow Pit (Borrow Site) - An areawhere excavation takes place to produce materia sfor earthwork, suchasa
fill materia for embankments. Itistypically asmall areaused to minesand, gravel, rock, or soil without further
processing.

Quarry - A stewherestone, riprap, aggregate, and other construction materialsare extracted. Thematerial often
hasto be excavated with ripping or blasting, and the material typically needsto be processed by crushing or screen-
ing to produce the desired gradation of aggregate.

Raveling - A processwhere coarse material on theroad surface comes|oose and separated from the roadbed
because of lack of binder or poor gradation of material. Theterm also appliesto ad opewhererock or coarse
materia comeslooseand falsdownthecut or fill dope.

Sub-Base- Thisisthe secondary |oad-spreading layer underlying thebase. It normally consistsof amateria that
haslower strength and durability than that used inthebase, e.g. unprocessed natural gravel, gravel/sand or gravel/
sand/clay.

Subgrade- The surface of roadbed upon which sub base, base, or surface course are constructed. For roads
without base course or surface course, this portion of the roadbed becomesthefinished wearing surface. The
subgradeistypicaly at thelevel of thein-place materid.

Surface Cour se(Surfacing) - Thetop layer of theroad surface, also called the wearing course. Rock, cobble-
stone, crushed aggregate and paving, such as Bituminous Surface Treatmentsand Asphalt Concrete, aretypes of
surfacing used to improverider comfort, provide structural support, and weatherproof theroad surfacefor wet
Season use.
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Washboar ding (Corrugations) - A seriesof ridgesand depressions acrosstheroad caused in soil and aggregate
road surfaces by thelack of surface cohesion. Thisistypically aresult of thelossof finesintheroad surface caused
by dry conditionsor poorly graded material. These conditionsworsen with excessivevehicle speedsand hightraffic
volumes.

Wearing Cour se(Wearing Surface) —Thetop layer of theroad surfacethat isdriven upon. It should bedurable,
may have ahigh resistanceto skidding, and it typically should beimperviousto surface water. Wearing surfacesmay
bethe native soil, aggregate, seal coats, or asphalt.

[11.SURFACE DRAINAGE

Figure(l11.1): Road SurfaceDrainage
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Armor - Rocksor other material placed on headwalls, on soil, or in ditchesto prevent water from eroding and
undercutting or scouring thesoil.

Catch Water Ditch (I ntercept Drain) - A flat-bottomed excavation or ditch located aboveacut dopethat is
designed tointercept, collect and drain away surface runoff water beforeit goesover the cut sope, to protect the
cut dopeand roadway from erosion.

Check Dam (Scour Check, or Dike) - A small dam constructedinagully or ditch to decreaseflow velocity,
minimize channel scour, and to trap sediment.

Cross-Drain (X-Drain) - Installed or constructed structures such asculvertsand rolling dipsthat move water from
one side of theroad to the other.

Crown - A crowned surface hasthe highest elevation at centerline (convex) and dopesdown on both sides. Crown
isused tofacilitate draining water off awideroad surface.

Debris- Organic material, rocks and sediment (leaves, brush, wood, rocks, rubble, etc.) often mixed, thatis
undesirable (inachannel or drainage structure).

Drainage Structure- A structureinstalled to control, divert, or movewater off or acrossaroad, including but not
limited to culverts, bridges, ditch drains, fords, and rolling dips.
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French Drain (Underdrain) - A buried trench, filled with coarse aggregate, and typically placed intheditchline
along theroad, which actsto drain subsurface water from awet areaand dischargeit asafe and stablelocation.
French drainsmay use variablesizesof rock but do not have adrain pipein the bottom of thetrench.

Figure(l11.2): Rolling Gradewith Rock-Armored Rolling Dips

Insde/Outside - Referenceto afeature ontheinside of theroad, whichistypically the cutd ope (back dope) side
of theroad/ Referenceto afeature on the outside of aroad, typically onthefill dopeside.

Indope- Theinside cross-dope of aroad subgrade or surface, typically measured in percentage. Indopeisusedto
facilitate thedraining of water from aroad surfaceto aninsdeditch. Anindoped road hasthe highest point onthe
outside edge of theroad and slopes downward to the ditch at the toe of the cut slope, along theinside edge of road.

L ead-Off Ditches(Turnouts, OutsideDitch, or MitreDrains) - Excavationsdesigned to divert water away
fromtheditch and roadway (at apoint wherethisdoesn’t occur naturally) in order to reduce the volume and
velocity of roadsideditch water.

Outdope- Theoutside cross-dope of aroad subgrade or surface, typically measured in percentage. Outdopeis
used to facilitatethe draining of water from aroad directly off the outside edge of theroad. An outsl oped road has
the highest point on the uphill or inside of the road and s opes down to the outs de edge of theroad and thefill

dope.
Riprap - Well-graded, durable, largerock, ideally with fractured surfaces, sized to resist scour or movement by
water and installed to prevent erosion of native soil material.

Roalling Dip (Dip, Broad-Based Dip) - A surface drainage structure, with aconstructed break intheroad grade,
specifically designed to drain water from aninsideditch or acrosstheroad surface, whilevehiclestravel speedis
somewhat reduced (seelower photo on the cover of thisGuide).

Underdrain (SubsurfaceDrain) - A buried trench, filled with coarse aggregate, coarse sand, or gravel, and
typicaly placed intheditch linealong theroad, which actsto drain subsurface water from awet areaand discharge
it asafeand stablelocation. Underdrains may use auniform size of rock, bewrapped in geotextile, and havea
perforated drain pipein the bottom of thetrench.

Waterbar - A frequently spaced, constructed drainage device, using soil moundsin theroad surface, that interrupt
theflow of water and that divertswater off theroad surface. They may bedrivable by high clearancevehiclesor
impassable.
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V. CuLvERTSAND DRAINAGE CROSSINGS

Figure(1V.1): Culvert Components
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Figure(1V.2): Natural Drainage Crossingwith a Culvert
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Apron - Anextension of thehead wall structurebuilt at ground or stream level and designed to protect the stream
bottom from high flow velocitiesand to safely move water away from the drainage structure.

Bankfull Width (Ordinary High Water Width) - The surface width of the stream measured at the bankfull stage.
Thisflow, onaverage, hasarecurrenceinterval of about 1.5 years. The bankfull stageisthe dominant channel-

forming flow, andistypicaly identified asthenormal upper limit of stream channel scour, below which perennia
vegetation does not occur.

Bedload - Sediment or other material that dides, rolls, or bounces aong the streambed or channel bottom dueto
flowingwater.
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Catch Basin - Theexcavated or constructed basin at theinlet of aculvert cross-drain pipe, used to storewater and
directitintotheculvert pipe.

Culvert - A drainage pipe, usually made of metal, concrete, or plastic, set beneath the road surface, to movewater
fromtheinside of theroad to the outside of theroad, or under theroad. Culvertsare used to drain ditches, springs,
and streamsthat crosstheroad. Theinvert isthefloor or the bottom of the structure at itsentrance.

Drop Inlet - A masonry or concretebasin, or avertical riser onametal culvertinlet, usually of the samediameter as
the culvert, and often dotted, to allow water to flow into the cul vert aswater flow risesaround the outside. Drop
inletsare often used on ditch relief culvertswhere sediment or debriswould plug thepipe. A dropinlet also helps
control theelevation of theditch.

Flood Plain - A level or gently doping areaon either sideof ariver or stream active (main) channel that issub-
merged at timesduring high water or periodsof flooding. Silt and sand are deposited and accumulatein thisarea
aongthemain channdl.

Freeboard - Theadditiona height of astructure above design high water level to prevent overflow or overtopping.
Alsofreeboard, at any giventime, isthevertical distance between thewater level and the bottom of the bridgedab,
girders, or structure.

Headwall - A concrete, gabion, masonry, or timber wall built around theinlet or outlet of adrainage pipeor struc-
turetoincreaseinlet flow capacity, reducerisk of debrisdamage, retain thefill material and minimize scour around
thestructure.

High Water Mark - Thelineonabank or shore established by the highest level of thewater. Thisisusually
identified by physica evidence such asanatura impression (small bench) on the bank, changesin the character of
soil, destruction of most vegetation, or presenceof litter and debris.

Inlet - The opening in adrainage structure or pipewherethewater first entersthe structure.

M etal End Section - A manufactured headwall/wingwall, usually madefrom the sametype of metal asthe culvert,
to enhanceinlet flow capacity.

Outlet - Theopeninginadrainage structure or pipewherethewater leavesthe structure. Theoutlet isusually lower
thantheinlet to ensurethat water flowsthrough the structure.

Outlet Protection - Devicesor material, such asaheadwall or riprap, placed at the outlet of pipesor drainage
structuresto dissipatethe energy of flowing water, reduceitsflow vel ocity, and prevent channel or bank scour.

Perennial Sream - A streamthat typicaly hasrunning water al year long.

Piping - The movement of finesoil under apipe, embankment, or structure, caused by seepage forcesand moving
water, that can cause astructureto be undermined and fail.

Rootwad - Theball of treerootsand dirt that is pulled from the ground when atreeis uprooted.

Scour - Erosion or soil movement in astream bed, stream bank, channel, or behind astructure, typically caused by
increased water vel ocity or lack of protection.

Sream Barb (Jetty) - Typically low rock sillsthat project away from asteam bank and out into the stream channel
to redirect flow away from an eroding bank.

WingWalls- Masonry or concrete structures built onto the side of culvert inlet and outlet headwalls, designed to
retain theroadway fill and direct water into and out of the drainage structure while protecting theroad and fill from
eroson.

Low-VoLume Roaps BMPs: xviii



V. Forps AND L ow-WATER CROSSINGS

Figure(V.1) SmpleFord
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Figure(V.2) Improved, Vented Ford
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Ford (Low-Water Crossing) (Drift); Simple- A rock or other hardened structurethat isbuilt acrossthe bottom
of aswale, gully, or stream channel that isusually dry, to alow improved vehicle passage during periods of low

water or no flow.

Ford (L ow-Water Crossing) (Drift); Improved - A masonry, concrete, gabion, or other hardened surface
structure built acrossthe bottom of an intermittent or live stream that improves vehicle passage during low flow

periodsand minimizeschanne disturbance or sediment production.

Vented Ford - A structure designed to allow normal or low water flow in astream channel or watercourseto pass
safely through the structure (e.g., culverts) bel ow ahardened or reinforced roadway surface. During periodsof high

water or flooding, theflow passesover the structure and typically preventsvehicle passage.
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V1. ErosioN CoNTROL

Figure(VI.1): Useof Vegetation, Woody M aterial and Rock for Erosion Control
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Figure(VI.2): Biotechnical Erosion Control Measures-A Wall with Live Sakes

Biotechnical Erosion Control - A combination of vegetative and structural measuresused to prevent erosion or
stabilize dopesand stream banks. Theterm* biotechnical” describes several methods of establishing vegetative
cover by embedding acombination of live, dormant, and/or decaying plant material sinto banksand shorelinesina
structure-like manner or in conjunction with riprap or physical structuressuch ascribsor gabions.

Brush Barrier - A sediment control structure created using live brushy vegetation or dlash piled at thetoe of afill
lope, on contour along a slope, along theroad, or at the outlet of culverts, leadoff ditches, dips, or water barsto
trap sediment.
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Brush L ayers- Thebiotechnical practiceof digging shallow terracesinto the surface of adope, layinginlayersof
avegetative cuttingsthat will resprout, and backfilling (burying) the cuttingswith soil. Cuttings are placed perpen-
dicular to the d ope contour.

Erosive Sails- Soilsthat arerelatively proneto erosion and movement by rain drop impact and surface runoff.
Finegranular, non-cohesive soils, such asfine sandy sand derived from decomposed granite, silts, or finesands, are
knownto bevery erosive.

Erosion - The process by which the surface of the earth isworn away and soil moved by the actions of wind or
water intheform of raindrops, surfacerunoffs, and waves.

Erosion Control - Theact of reducing or eliminating on-going erosion caused by raindropimpact, rilling, gullying,
raveling, and other surface processes.

Erosion Prevention - Preventing erosion beforeit occurs. Erosion preventionistypically lessexpensiveand more
effectivethan erosion control. Erosion preventionisintended to protect aroad, including itsdrainage structures, cut
andfill dopes, and disturbed areas, and to protect water quality.

Live Stakes- Sectionsof woody plantsthat are cut into lengths (stakes) and placed or driveninto theslope. The
plant materid isinstalled during thefal or springwhentheorigina plant (and consequently cuttingsfromit) isdor-
mant. The plant materialsused for stakesare usualy hardy specieswhichwill root from cuttingseasily and eventu-
aly grow into maturewoody shrubsthat reinforce the soil structure of thedope.

Mulch - Material placed or spread on the surface of the ground to protect it fromraindrop, rill, and gully erosion,
and to retain moisture to promote the growth of vegetation. Mulchesinclude cut vegetation, grasses, wood chips,
rock, straw, wood fiber, and variety of other natural and synthetic materialsand mats.

Mulching - Providing aloose covering on exposed soil areasusing materialssuch asgrass, straw, bark, or wood
fibersto help control erosion and protect exposed soil.

Native Species- Occurring or living naturaly in an area(indigenous), such aslocally grown native plants.

Physical Erosion Control M easur es- Non-vegetative measures used to control erosion, such asarmoring the
soil withriprap, building st fences, using woven mats, using gabions, spreading or windrowing logging dash or
woody materid, etc., and controlling water with settlement ponds, armored drainage ditches, etc.

Scarification - Theact of ripping or stripping theforest floor or aroad surface and mixing it with minera soil,

typically with mechanical equipment, toloosen the soil, reduce compaction, and preparethe areafor planting with
grassesor trees.

Sedimentation (Sediment) - Soil, most commonly clay, silt and sand, whichiseroded from theland or poorly
constructed roads and reaches astream or water course, commonly reducing water quality inrivers, streamsand
lakes.

Sediment Catchment Basin - A constructed basin designed to Slow water velocity and trap sediment asit settles
out of thewater.

Slash - Any treetops, limbs, bark, abandoned forest products, windfallsor other debrisleft onthe ground after
timber or other forest products have been cut.

Silt Fence- A temporary barrier used to intercept sediment-laden runoff from dopes. It istypically made of porous
geotextilematerid.

Vegetative Erosion Control M easures- Theuse of live cuttings or stakes, seed, sod, and transplantsto establish
vegetation (grass, brush, trees) for erosion control and s ope protection work.

Vegetative Contour Hedger ow - Rowsof treesand shrubs, typically planted on contour across slopes, that form
aborder and can provide erosion control protection against sheet flow, aswell asprovidefood and cover for
wildife

Low-VoLuME RoAbs BMPs: xxi



Vetiver Grass- Any of several varietiesof anon-invasive, large bunch grasswidely used for erosion control and
moi sture conservation. When planted asacontour hedgerow, it dowsrunoff and filters sediment. The curtain-like
root system helpsanchor soil and competes minimally with adjacent crop roots.

Wattles(L ive Fascine) - Long bundlesof brush or branch cuttings, bound together into sausage shaped struc-
tures, which are buried or staked on contour along aslope, preferably to sprout, and form asediment trap or break
up sheet flow onthe dope.

Windrow - Logging debrisand woody vegetation that hasbeen piled in rowsto trap sediment, aswell asdecom-
pose or eventually be burned; the act of building windrows.

VII. MiscELLANEOUS TERMS

Angleof Repose- The maximum slopeor angle at which agranular material, such aslooserock or soil, will stand
andremainstable.

Best M anagement Practices (BM Ps) - Practical guidelinesthat can be used to reduce the environmental impact
of roads and forest management activities (such asthe construction of roads, skid trailsand log landings) and
protect water quality. BM Psaddressthe key planning, location, design, construction, and mai ntenance aspects of
roadsor other activitiesthat can cause adverse environmental impacts and suggest methodsto prevent those
impects.

Buffer Area- A designated zonea ong astream or around awater body or areawith sufficient widthtominimize
theentrance of forestry chemical's, sediment, or other pollution into thewater body or protect the area.

Contour - Linesdrawn onaplan that connect points having the same elevation. Contour linesrepresent an even
value, with the contour interval being selected consistent with terrain, scale, and intended use of the plan. Contours
arelevel.

Environmental Impact - Anaction or seriesof actionsthat have an effect on the environment. An Environmental
Impact Assessment predictsand eval uatesthese effects, both positive and negative, and the conclusionsare used as
atool in planning and decision-making.

Gabions- Baskets (usually made of wire) filled with rocks (or broken pieces of concrete) about 10-20cminsize,
used for building erosion control structures, weirs, bank protection, or retaining structures.

Geotextile (Filter Fabric) - Textilemadefrom synthetic“plastic” fibers, usually non-biodegradable, toforma
blanket-like product. Geotextiles can be woven or non-woven and have varying degrees of porosity, open area, and
strength properties. They areused asmoisture barriers, for separation or reinforcement of soils, filtration, and for
drainage.

Habitat - Thenatural environment that formsahomefor native plantsand animals. For example, riverbanksare
habitat for insectsthat are the primary source of food for many fish.

L ogging (Har vesting) - Logging isthe processof harvesting timber fromtrees. Thisincludesfelling, skidding,
loading, and transporting forest products, particularly logs.

L anding (L og Deck) - Any place on or adjacent to thelogging sitewherelogs are assembl ed after being yarded,
awaiting subsequent handling, loading, and transport. Thisistypically areatively flat area, commonly about 20to 50
metersindiameter.

Mitigation - Theact of or aspecificitem used to reduce or eliminate an adverse environmental impact.

Native Soil - Natural, in-placeor in-situ soil that hasformed on siteand hasnot been artificially imported to the
dte.
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Reclamation (Rehabilitation) - Activitiesthat reclaim, repair, or improve part or all of an existing road, borrow
pit, or disturbed areaand restoreit toitsorigina or somedesiredfinal condition.

Road Closure(Temporary) - Closing vehicular accessto aroad through the use of barricades such asgates, log
barriers, earthen mounds, or other temporary structures. Theend result isto restrict the use of theroad for some
period of time.

Road Decommissioning - Permanently closing aroad through techniquesthat include blocking the entrance,
scattering limbs and brush on the roadbed, replanting vegetation, adding waterbars, removing fillsand culverts, or
reestablishing natural drainage patterns. However the basic road shape, or template, isstill inplace. Theend resultis
to terminate thefunction of theroad and mitigate the adverse environmental impacts of theroad.

Road Obliteration - A formof road closurethat refillscut areas, removesfillsand drainage structures, restores
natural contours, revegetatesthe area, and ultimately attemptsto restorethe natural ground shape and condition.
Thus, most adverse environmenta impactsof theroad are eliminated.

Road M anagement ODbj ectives - Objectivesthat establish theintended purpose of anindividual road based on
management direction and access management objectives. Road management objectivescontain design criteria,
operation criteria, and maintenancecriteria

Skid Trail (Skidding) - A temporary, nonstructural pathway over forest soil used for dragging felled treesor logsto
aloglanding.

Sreamside M anagement Zone (SM Z) - Theland, together with the vegetation that growsthere, immediately in
contact with the stream and sufficiently closeto have amaor influence on thetota ecological character and function
of thestream. Itisabuffer areaalong astream whereactivitiesarelimited or prohibited.

Upgr ading - The process by which the standard of an existing road isimproved or atered to alow for increased
capacity and safe use by agreater volumeof traffic.
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Chapter 1

Introduction

“Ideas are a dime a dozen. People who put them into action are priceless.”
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access roads, roads connecting enginears planners, environmenta specidists, and

communities, and roadsfor loggingor mining  road managers make good decisions, protect the
aredgnificant partsof any transportationsystem. They  environment, and build good |ow-volumeroads.
are necessary to serve the public in rural areas, to  Key issuesthat should beaddressed when planning
improve the flow of goods and services, to help  aroad projectinclude changesor negativeimpacts
promotedevelopment, public healthand education,as  to the areathat aroad can cause which may be
well astoaidinland and resource management (Photo ~ significant, irreversible, or difficult to mitigete. The
1.1). At the same time,
roads and disturbed areas
can produce significant
amounts of sediment
(Photo 1.2). They can be
one of the greatest
adverse impacts on the
local environment, on
water quality, and on
aguatic life. Roads can
produce significant
eroson, causegullies have
an impact on
groundwaeter, wildlife, and
vegetation, impact social
structure, degrade scenic
values, waste limited

funds, and tekeuseful land
out of production Photo 1.1 A minimum impact rural road that is well drained, has a stable
(Photo1.3) driving surface, stable slopes, and is satisfactory for the user.

RURAL, Low-voLumMmE, farm-to-market The basic objective of this guide isto help
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Photo 1.2 A poorly drained road that has a rough driving surface for the
users, itis a source of sediment, and itis relatively expensive to maintain.

long-term socid, environmentd, and
fiscd cost effectivenessof aproposed
road all need to be examined.
Environmental analysisisaprincipal
way to examine all aspects of a
project, maximizeitsusefulness, and
minimizeproblems. Emphassshould
be placed on the use of an
“Interdisciplinary Team” approach.
Not al adverseimpactsof roadscan
be avoided, but many can, and the
negative and positive impacts of a
road project should beweighed and
evauated.

Roads are necessary, but they
must be constructed and
maintained in such a way that
negative environmental impactsare
controlled or avoided. A well
planned, located, designed, and
constructed road will have
minimum adverse impacts on the
environment and will be cost
effective in the long term with
minimized maintenance and repair
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costs. Controlling erosion and
protecting water quality are
essential to the quality of life, the
health of the forest and woodland
ecosystems, and to the long-term
sustainability of rural resources.
Vegetated areas such aswoodlands
and forests play a vital role in

producing, purifying, and mantaining
clean water. Roads must protect
water quality and the biotic
environment that dependsoniit.

Best Management Practices
or“BMPS’ arethoseprincipasand
engineering design practicesthat will
protect water quality aswell asthe
function of theroad when properly
applied. The Best Management
Practices presented herein are a
compilation of ideasand techniques
that can beused inroad management
to reduce or eliminate many of the
potential impacts from road
operationsand protect water quality.
They represent good road design and
construction practicesthat are cost
effectiveinthelong run by reventing
falures, diminating repair needs, and
reducing mai ntenance.

The purpose of this manual
isto present recommended practices
for low-volume roads. A low-
volumeroadiscommonly defined as
aroadthat hasanaveragedally traffic

Photo 1.3 A problematic road because of roadcut failures. Instability
problems cause road user delays, and high maintenance or repair costs.



(ADT) of lessthan 400 vehicles per

i i day, and usually has design speeds
The key Obj ectives of less than 80 kph (50 mph). The

BES-I- M A NAG EM ENT informationinthismanud isgpplicable
to rural roads, and most of the

PRACTI CES informationisapplicabletoall types

of roads, although high standard

Best Management Practices are designed to roads are not the emphasis of this

accomplish thefollowing: manua. Soil andwater quality issues
related to temperature, nutrients,

- Produce asafe, cost effective, environmentally fclio'aw' "acg dpglgtr'f:r’ed;b;s’bg;ﬂgg

friendly, and practical road designthat is scopeof thismanual, although there
supported by and meets the needs of the users; are many varied benefits from the
application of these practices.

* Protect water quality and reduce sediment loading

) . Eachtopicinthismanud contains
into water bodies; oD

a problem statement that presents
concerns, advantages, and potential
« Avoid conflictswith land use; impacts for that = issue.
RECOMMENDED
PRACTICESandinformationonthe
* Protect sensitive areas and reduce proper or most desirableway to plan,

ecosystem impacts; locate, design, construct, and
maintain roadsare presented, along
with drawings and tables. Finally,

* Maintain natural channels, natural stream flow, PRACTICESTOAVOID aelised

and maintain passage for aguatic organisms, to discourage poor and undesirable
practices.

* Minimizeground and drainage channel This manual offers the Best

disturbance; Management Practices associated

with many aspects of roads
management. The information
presented in this manual should
become an integral part of
trangportation planningand rurd road
- Control erosion and protect exposed soil aress; design. Key toitsuseistheneedto
hireand retain good, well-trained,
and experienced engineersinroad

» Control surface water on the road and stabilize the
roadbed driving surface (Photo 1.4);

« Implement needed sl ope stabilization measures agencies to evaluate problems,
and reduce mass wasting; consider local conditions and
resources, and implement or adapt

these practicesas appropriate.

« Avoid problematic areas; and

“|deas are a dime a dozen.
People who put them into

« Stormproof and extend the useful life of the road. . : N
action are priceless.
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Obviously, some significant
differencesexistinroadsneedsand
designdetailsinvarying geographic
areas. At times, unique solutions
areneeded. Mountainousregions
typicaly have steep dopesand cold
region conditions, desertshavelittle
moisture to support vegetative
erosion control measuresbut have
brief, intenserainfall; junglesoften
have poor soils and drainage
problems; high valley regionshave
dissected, steepterrainand difficult
drainage crossings, and so on.
However, the basic planning,
location, design and maintenance

concepts, and select BMPsapply to
any area. Good planning and road
location are needed in any area.
Roadway drainage must be
controlled and drainage crossings
must be carefully selected and
properly designed. All roads need
stable dopes, use of good materials,
and appropriately applied erosion
control measures. Only somedesign
detailsvary with specific geographic
and climatic regions. Thus local
experience and knowledge are so
important inrura roads.

These BMPs are applicable to
road construction practicesin most
field situations. However, BMPs
should be selected (and may
be modified) for site-specific
conditions, with guidance
from experienced engineers,
managers, or other resource
professionals. They must consider
local or national regulations.
Modifications should be
researched, designed, and
documented before being used.
They should bemonitored, and they
should providefor equal or greater
water quality protection.

Photo 1.4 A well designed, “minimum impact” road that has an appropriate standard for its use, and a
stabilized cobblestone driving surface.
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Chapter 2

Environmental Analysis

Involve all parties! Communicate, communicate, communicate!

asystematic, interdisciplinary processused  applied today are, the National Environmental

to identify the purpose of aproposed action,  Policy Act (NEPA), established intheUnited States
develop practical dternativestotheproposed action,  in 1964, and the US Agency for International
and predict potential environmental effects of the  Development (USAID) 216 Regulations, which
action. A few examples of proposed actionsareroad  dictate the environmental analysis process for
construction, logging, tree clearing for disease = USAID funded projectsworldwide. Many other
control, reforestation, building ahydroelectricdam,  countriesand agencieshave environmental laws,
or developing a quarry. Figure 2.1 shows some of  regulations, and procedures that pattern these
the trade-offs and environmental impacts of low  fundamental documents.
versus high standard roads.

High Impact Road Low Impact Road

ENVIRONMENTAL ANALYSIS (the EA Process) is A coupleof theprincipal environmenta laws
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Figure 2.1 Low versus High Impact Roads: These figures show the reduced work
and reduced environmental impacts from low standard roads that conform to the
topography. The low standard road reduces cut and fill slope size, reduces
earth work, visual impacts, and minimizes changes to natural drainage

patterns. The high standard road can move a large volume of traffic rapidly and safely.
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Photo 2.1 A well built road that helps serve the local population in a
rural area, with minimum environmental damage.

AnEnvironmentd Analyss(EA)
identifies problems, conflicts, or
resource constraintsthat may affect
the natural environment or
the viability of a project. It also
examines how a proposed
action might affect people,
their communities, and their
livelihoods (Photo 2.1). The
analysis should be conducted by an
| nterdisciplinary Team consisting of
personnel with arange of skillsand
disciplines relevant to the project.
Teammembersshouldincludeateam
leader and may include
engineers, geologists, biologists,
archaeol ogists, and social workers.
The EA process and findings are
communicated tothevariousaffected
individualsand groups. At thesame
time, the interested public helps
provide input and comment on the
proposed project (Photo 2.2). The
document produced asaresult of the
EA guidesthedecisonmaker toward
alogical, rationa, informed decision
about the proposed action.

The EA process and
Interdisciplinary Team studies can
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reved sound environmentd, socid, or
economic reasons for improving a
project. After predicting potential
issues, the EA identifiesmeasuresto
minimizeproblemsand outlinesways
toimprovethe project’sfeasibility.
Figures 2.2 a, b, & ¢ show
examplesof environmentd mitigations
that a designer can use to avoid
potentia impactsonwildlife, suchas
useof anima underpassesand culvert

requirementsfor fish passage (Photo
2.3).

The EA process can provide
many benefits to the road builder,
local agencies, and thecommunities
who will be affected by road
construction and maintenance
activities. The processand resulting
reportsaretool sthat road managers
can use to guide their decisions,
produce better road designs and
maintenanceplans, identify and avoid
problems, and gain public support for
their activities. An EA document can
be long and complex for major,
potentially highimpact projects, or it
may only beafew pageslongfor a
simple road project. Table 2.1
presentsan eight-step processthat is
useful for doing Environmental
Andyss.

Key benefits of EA for aroad
project canincludethefollowing:

* Reducing cost and time of
project implementation;

Photo 2.2 A key aspect of the Environmental Analysis process is
communications with the public and between Interdisciplinary Team

members.



Figure 2.2a Example of an animal underpass used in road
construction to minimize the impact of roads on wildlife migration.
Underpasses allow for safe animal crossings and minimize road kill.

Too Fast | [Too Shallow || No Resting
Pool

Too High

Figure 2.2b Poorly designed or installed culverts with “fish barriers”
that prevent fish passage. (Redrawn from Evans and Johnston 1980)

Figure 2.2c A fish “friendly” culvert (pipe arch) with a natural stream
channel bottom that promotes fish passage and is wide enough to

avoid constricting the normal or “bankfull” flow.

RECOMMENDED

PRACTICES

* Usethe Environmental
AnaysisProcessearly
during project planning and
devel opment.

* Open project information to
public scrutiny.

* Involveall parties affected
by the project, aswell as
key Interdisciplinary Team
members.

* Communicate,
Communicate,
Communicate!!!
Communications between
al interested partiesisthe
key to understanding the
issuesand problemsand to
finding solutiond

PRACTICES

TOAVOID

* Waiting until aprojectis
fully planned or problems
develop before doing
Environmental Analysis.

* Getting lost inthe
“process’ of EA studies.
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Table 2.1

An EIGHT Sep Environmental Analysis Process

and Its Associated Outputs

1. Identify the Project I dentify the purpose and need of the proposed action.
Develop agoal to provide aframework for EA.

2. Scoping I dentify theissues, opportunities, and effects of implementing
the proposed action.

3. Collect and Interpret Data Collect data.

Identify probable effectsof project implementation.

4. Design of theAlternatives Consider areasonablerange of aternatives.
Usually at least three alternatives are considered.
IncludeaNo-ActionAlternative.
Congder themitigation of negativeimpacts.

5. Evaluate Effects Predict and describe the physical, biological, economic, and
socia effectsof implementing each alternative.
Addressthethreetypesof effects-- Direct, Indirect, and Cumulative.

6. CompareAlternatives M easure the predicted effects of each alternative against
evaluation criteria.
7. Decision Notice Select preferred dternative.
and Public Review Allow for review and comment by the affected and interested public.
8. Implementation Record results.
and Monitoring Implement selected dternative.

Develop amonitoring plan.
Insurethat EA mitigations are being followed.

Photo 2.3 A bottomless
arch pipe culvert that
spans the active stream channel
and doesn’t constrict the flow,
maintains a natural stream
bottom, and helps promote fish
passage. (Photo provided by S.
Wilson-Musser)
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* Avoiding costly modification
during congtruction;

* Determining the proper
bal ance between roads needs
and environmenta impacts
(Figure2.1);

* | ncreasing proj ect acceptance
by thepublic;

* Avoiding negativeimpactsand
violaionsof lawsand
regulations (Photo 2.4);

* Improving project design and
performance (Photo 2.5);

* Producing ahedlthier
environment by avoiding or
mitigating problems(Figure
2.2, Photo 2.6); and

* Minimizing conflictsover
natural resource use.

Examplesof typicd environmen-
tal mitigation measures associated
with roads projects that have been
developed asaresult of environmen-
tal anadyssare

* Additiona road surface
crossdrainage structuresto
reducewater concentration and
subsequent erosion problems;

* Relocation of aroad to avoid a
meadow or sensitivearea;

* Addition of extraculvert pipes
to keep flows spread out across
ameadow and prevent gully
formation from concentrated
flows

Photo 2.4 Adverse environmental impact from road surface erosion
caused by steep road grades and insufficient cross-drains. This road

is also difficult to maintain.

* Routelocationto avoid
fragmentation of wildlife
habitat or avoid sendtive
speciesaress,

* Additionof wildlifecrossngs,
such asoverpassesor
underpasses (Photo 2.7), or
using reduced speed zonesat

anima migrationroutesto
reduce the number of animals
killed crossing highways,

* Increasing culvert pipesize,
using bottomlessarch culverts,
or buildingabridgetomaintaina
natura stream channel bottom,
avoid channel disturbanceand

Photo 2.5 A well designed, “minimum impact” road that has an
appropriate standard for its use, good drainage, and stable slopes.
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impactson aquatic organisms,
and promotefish passage;

* Adding aggregate or some
form of pavingtotheroad
surfaceto reduce erosion,
materialsloss, and dust
problems, aswell asreduce
mai ntenancefrequency and
improverider comfort;

* Developing aproject quarry
using loca materias, but
locatedinanonsengtive
area, andreclamingthesite
upon completion of the
project; and

Photo 2.6 Locate and manage roads to minimize degradation of
water quality in local streams. Minimize the connectivity and amount
of contact between roads and streams.

* Implementing specific
revegetation and erosion control
measuresfor aproject, utilizing
appropriate native species of
vegetation and alocal project
nursery to provide adequate
typesof plantswithfast
growth, good ground cover,
and deep roots (Photo 2.8).

Remember that
Environmental Analysisis
often requi red by law, but Photo 2.7 A road underpass constructed to allow animals to move safely

the process isintended to be from one side of the highway to the other.

a very useful planning tool

to help make good decisions
and improve projects.

Photo 2.8 Stream bank stabilization and revegetation work can be
done in conjunction with road construction projects near a stream as
an environmental mitigation measure.
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Chapter 3

Planning Issues
and Special Applications

“Assess the long term impacts and benefits of a road.”

EY ROAD IssUEs should be addressed during
Kthe planning phase of a road project, prior
to construction or upgrading roads. These key
issues involve changes or impacts to an area that a road
can cause that may be significant, irreversible, or difficult
to mitigate. The benefits of a road project must be
weighed against the long-term costs and impacts of that
project. Once aroad is built into an area, it can lead to
long-term land use changes and unplanned growth, as
shown in Figure 3.1. Sediment from roads can also be
a direct source of water pollution. Figure 3.2 shows
some of the ways that roads directly contribute sediment
to nearby streams when they are closeby and
“hydrologically connected”. Thus the social,
environmental and fiscal cost-effectiveness of the road
need to be examined.

Key issues include the following:

* Impacts on area growth, land use, deforestation,
and impacts on local communities or indigenous
populations (influences beyond the Right-of-

Way of the road) (Figure3.1);

* Optimum road location and system to serve area
needs as well as specific project needs.;

* Long term potential use of the road versus current
use;

* The appropriate minimum design standard
to serve the road user and meet road needs
(“right” sizing a road) (Photo 3.1);

* Avoiding local water quality impacts and
degradation (keep roads away from and
disconnected from water courses), as well as
improving or maintaining water quality
standards (Figure 3.2) (Photo 3.2 and 3.9);

* Minimizing impacts on local plants and animals,
both directly and indirectly;

* Ability to provide sufficient long-term road
maintenance;

* Ability to have knowledgeable technical
personnel as well as good, locally experienced
individuals involvedinroad projects. Hire
good people. Assure that they have the working
tools available that they need to do the job;

¢ Identifying and avoiding problem areas such as
landslides, wet areas, poor soils, or excessively
steep grades.

Indicator sand Water shed Assessment for
Problematic Roads

How do we decide when a road is creating
or likely to cause problems? Today’s road managers
are frequently faced with additional expectations
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Figure 3.1 Planned and Unplanned growth along a road. Consider
the long-term impact and consequences of road development.
(Adapted from Citizens for Responsible Planning)
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from society compared to those
under which many low volume roads
were originally constructed.
Concerns about water quality,
connectivity of roads and streams,
endangered species, wildlife mortality
and impacts, land use, and watershed
and ecosystem health, are all
influencing the way roads are viewed
and managed. These concerns, along
with economic concerns and
dwindling budgets for maintaining low
volume roads, are pressing road
managers to better assess road
conditionsand impacts. They are now
making reassessments about their
road maintenance levels, design
requirements, closure options, and
storm-proofing methods.

Indicators are simple, tangible
facts or conditions that can show
progress towards goals or impacts.
They can highlight trends, a need for
additional studies, management
opportunities, or needed design and
construction modifications. The goals
of assessment are to look for
indicators and determine the impacts
of roads on water, land, people, and
related resources by reviewing road
systems at the watershed or
landscape scale.

The following issues should be
considered:

* Sopepostion and risk of dope
failure. Isthere arisk of road or
slope failure (and subsequent
delivery of sediments to streams
and sensitive resources) due to
location of a road on an unstable
or saturated hillslope, canyon, or
valley bottom floodplain location?

* Risk of road-stream crossing
failure. Does the road crossing



vehicle use, illegal occupation
and collecting, or pollution?

* Road density. Is the road system
too big, inefficient, or wasting
valuable land that has other, better
uses?

* Exotic species. Is the road
network responsible for the
introduction and spread of exotic,
non-native plants and animals?

A “yes” answer to any of the
questions above can indicate the need
for a more detailed assessment of
existing or potential roads impacts.
Additional information on

Photo 3.1 A low-volume, local road, with minimum adverse
environmental impact, that serves local users by providing access

between communities.

structure have adequate capacity
for the site and adequate
streambank protection?

* Sream channd proximity and
sediment delivery to water
bodies and riparian areas
(Photo 3.9). Is the road too
near a stream and are road-
related sediments being
delivered to wetlands, lakes, and
streams?

* Groundwater and surface
water regimes. Do roads
intercept groundwater or
interfere with direction, seasonal
variation, or the amount of
ground or surface water flows?

* Wildlife, fisheries, and
aquatic habitats. What are the
impacts of roads on fish and
wildlife, migration routes, habitat
fragmentation, and particularly
sensitive species and their
habitats, at both local and

assessments can be found in
references such as the USDA’s,
Forest Service Roads Analysis,
1999, or the Environmental
Protection Agency’s National
Management Measuresto Control
Nonpoint Source Pollution, Draft

landscape scales?

* Human distur bance. Is the road
network responsible for

poaching, dumping, off road 2001.
Road cut
: . - Natural
L falgry\:g 4— (rainage i?
M\ 4
Y| g
A ‘p = m
5Ch
Landslde debris RoadWay\ Ml
into drainage
QY
Erosion from
/’\ road surface
4 0 0 ~
7)
\ Stream(’({\/f{ :
Fiia "y Sediment
plumes

Figure 3.2 The many ways roads can be “connected” to streams and
contribute sediment. Keep roads away from streams to protect water
quality as well as reduce road maintenance and damage. (Adapted
from M. Furniss, 1991)
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Photo 3.2 A poor road location where the road has become a “creek”
and is hydrologically “connected” to streams around it.

Reducing Vulner ability of Roads
to Natural Disasters

Natural disasters such as major
storms or earthquakes can have a
major impact on all aspects of life and
on infrastructure. When transportation
systems are needed the most they
may not be functional. Roads that are

damaged or closed during natural
disasters often compound the effects
of the disaster.

An assessment of the vulnerability
of planned or existing roads should
be made, considering the factors
listed below, as well as social and

Photo 3.3 A poorly located road, in the hazardous flood plain area of
ariver, that has washed out during a major storm event.

Low-VoLuve Roabs BMPs: 14

physical factors that affect the
selection or priority of a project.
Social factors include local
community support and identified
need of a project, the ability to do
long-term maintenance, and
contributing  agencies  or
communities. Physical factors
include avoiding problematic areas,
feasibility of repairs or
reconstruction, traffic use and
standard of the road, and cost. An
assessment is useful to identify and
minimize problemsand ideally reduce
the potential impact to roads from
disasters before they occur!

Many planning and design factors
can be used to reduce the vulnerability
of roads to natural disasters, or, in
other words, used to “storm-proof”
or limit the damage to roads during
disasters or catastrophic events.
PIARC World Roads Association’s
Natural Disaster Reduction for
Roads, 1999, provides excellent
information on the topic. Some key
considerations applicable to low-
volume roads include the following:

* |dentify areas of historic or
potential vulnerability, such as
geologically unstable materials or
areas, areas subject to flooding,
or areas with high volcanic or
seismic hazards.

* Avoid problematic areas and road
locations in areas of high natural
hazard risk, such as landslides,
rock-fall areas, steep slopes
(over 60-70%), wet areas, and
saturated soils.

* Avoid or minimize construction in
narrow canyon bottoms or on
flood plains of rivers that will
inevitably be inundated during
major storm events (Photo 3.3).



* Provide good roadway surface
drainage and rolling road grades
so that water is dispersed off the
road frequently and water
concentration is minimized.

* Minimize changes to natural
drainage patterns and crossings
to drainages. Drainage crossings
are expensive and potentially
problematic, so they must be well
designed. Changes to natural
drainage patterns or channels
often result in environmental
damage or failures.

* Out slope roads whenever
practical and use rolling dip cross
drains for surface drainage rather
than a system of ditches and
culverts that require more
maintenance and can easily plug
during major storm events
(Photo 3.4).

* Use simple fords or vented low-
water crossings (vented fords) for
small or low-flow stream
crossings instead of culvert pipes
that are more susceptible to
plugging and failure. With fords,
protect the entire wetted
perimeter of the structure,
protect the downstream edge of
the structure against scour, and
provide for fish passage where
needed.

* Perform scheduled maintenance
to be prepared for storms. Ensure
that culverts have their maximum
capacity, that ditches are
armored and cleaned (Photo
3.5), and that channels are free
of debris and brush than can plug
structures. Keep the roadway
surface shaped to disperse water
rapidly and avoid areas of water
concentration.

* Keep cutand fill slopes as flat as
possible and well covered
(stabilized) with vegetation to
minimize slumping as well as
minimize surface erosion.
However, near-vertical slopes
that minimize the exposed surface
area may best resist surface
erosion for well-cemented but
highly erosive soils.

Photo 3.4 A road that has been heavily damaged during a storm
because of an undersized, plugged culvert pipe and no overflow
protection.

* Use deep-rooted vegetation for
biotechnical stabilization on
slopes. Use a mixture of good
ground cover plus deep-rooted
vegetation, preferably with a
native species, to minimize mass
instability as well as offer surface
erosion control protection.

Photo 3.5 Maintain roads and drainage features to withstand major
storm events with minimum erosion, such as with armored ditches that
are kept clean.
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Figure 3.3 Streamside Managment Zone (SMZ) Activities

Bridge crosses stream
at right angle

Small Landmg

lb" -~
‘,

Construct skid roads
with rolling grades
and dips
(15% Max Grade)

i

_ //

Winch logsfrom the SMZ. Construct small safe, efficient landing. Minimize activitiesin the SMZ.
Keep landings and skid roads out of the SMZ.

* Locate bridges and other
hydraulic structures on narrow
sections of rivers and in areas of
bedrock where possible. Avoid
fine, deep alluvial deposits (e.g.,
fine sand and silt) that are scour
susceptible and problematic or
that otherwise require costly
foundations. Avoid mid-channel
piers.

* Design critical bridges and
culverts with armored overflow
areas near the structure to
withstand overtopping, or that
have a controlled “failure” point
that is easy to repair.
Alternatively, over-size the
structure and allow for extra
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freeboard on bridges to maximize
capacity and minimize risk of
plugging. Also avoid constricting
the natural channel.

* Ensure that structural designs for

bridges, retaining walls, and other
critical structures include
appropriate seismic design
criteria and have good
foundations to prevent failures
during earthquakes.

* Place retaining structures,

foundations, and slope
stabilization measures into
bedrock or firm, in-place material
with good bearing capacity to
minimize undermining and

foundation failure, rather than
placing these structures on
shallow colluvial soil or on loose
fillmaterial.

Sreamside M anagement Zones
Streamside Management Zones
(SMZs), or riparian reserves, are
those areas adjacent to natural
streams and rivers that require special
consideration during construction or
forestry operations. These SMZs are
important zones for protecting water
quality by serving as buffer zones to
filter sedimentation that may occur
from road construction and other
land disturbance activities such as
logging or quarry development.



Figure 3.4 Streamside Managment Zone (SMZ) Widths as a Function of Slope. (See Table 3.1)

Sreamside Management Zone

Activities
10% Slope < 5 :
| sz | \ @&
10m
(minimum)
Activities may not need to be Table 3.1

eliminated in SMZs, but they should
be minimized and modified to ensure
that stream channels and stream
banks are protected from
disturbance, as seen in Figure 3.3.
The width of the SMZ will vary with
the natural ground slope on each side
of the stream and with the erosion
potential of the soil (Figure 3.4).
Steeper ground slopes will increase
the possibility of sediment reaching
the stream. Table 3.1 gives a
recommended minimum width of the

Recommended Minimum Widths for SMZs

*Slope Distance

Ground Slope Width of SMZ
0-20% 10m
21-40% 20m
41 - 60 % 30m
60% + 40m

* Note-Theindicated 9 ope distances should beroughly doubled in areas
with highly erosive soils, areas with bare ground or minimal ground
cover, areas of intense rainfall, and near sensitive streams with fish.
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PRACTICES RECOMMENDED PRACTICES
TOAVOID

* Plan landings and access * Locate landings to avoid
roads as part of pre-harvest skidding patterns that
* Getting construction activities. concentrate water from the
debris in lakes and streams. skid roads onto the landing
or off the landing into local
* Limitthe number of landings streams.
* Using mechanized and constructed access roads.

equipment within the SMZ.
* Maintain landings prior to

* Keep landings small, and during periods of wet
* Road or landing consistent with a safe and weather to avoid erosion
construction within the efficient operation (Photo problems.
SMZ. 3.7).
* During and after operations
* Contaminating forest soils * Locate landings outside the are completed, rehabilitate
with fuel and oils. SMZ (Figure3.3). landings and access roads

with water diversion structures

) and erosion control measures.
C Cutt|ng trees that shade the e Construct |andings with

stream and cool the water. enough slope to drain

properly but not exceed 5
percent.

SMZ. The actual width of the SMZ
should be determined by the local land
manager or an Interdisciplinary Team.
The decision should be based upon
local laws and regulations, as well as
slope angle, soil type, vegetative
cover, and sensitivity of the area
(Photo 3.6).

Timber Harvesting

Timber harvesting activities
should be accomplished in a manner
that will insure the long-term
protection of water quality. Timber
harvesting requires access roads and
landings in order to move forest
Photo 3.6 Select the width of the Streamside Management Zone products to markets. Different types
(SMZ) in accordance with the natural ground slope, amount of of harvest systems require different

\éi?zetatlon, and soil type. Minimize activities and disturbances in the road standards and road spacing to
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Photo 3.7 Locate logging roads and landings away from SMZ’s and
water courses. Keep the roads and landing areas small and efficient.

be efficient. Generally speaking,
roads and landings (not skidding and
hauling operations) have the greatest
potential for impacting water quality.
When care is taken, erosion and
sedimentation can be minimized.

Road Spacing

Total harvesting efficiency isa
combination of logging costs and
road costs. Animal logging is
effective at very short skidding
distances and requires a dense
network of roads and landings,
whereas helicopter logging can be
effective at much greater distances
and thereby uses a much wider
spacing of roads and landings.

Road Sandards

The type of harvest system used
determines the size and location of
forest roads. Generally, the type of
haul vehicle determines the road
standards of width, surfacing,
alignment, grade, and position on the
slope. Insome cases, a large piece

of harvesting equipment such asacable
yarder may require special road
standard considerations. The size and
location of landings are also
determined by the type of harvest
system as well as other factors such
as volume and type of product. High
production systems will require larger,
better stabilized, and more protected

landings than will low production
systems. Larger landings and higher
production systems have greater
potential to cause water quality
impacts.

Log Landings

Log landings should be located
so that soil movement from the
landing and skidding operations is
minimized both during and after
logging operations. Erosion control
measures should be planned to
effectively stabilize the landing using
grading to control water flow, water
bars, and revegetation or other
ground cover.

Skid Roads and Skid Trails

Skidding should be conducted
in such a way that soil disturbance
is minimized. Skid trails and
constructed skid roads can be a
major impact to soil and water
resources. Care and attention must
be given to skid roads just as with
truck roads, and the same Best
Management Practices apply for
these types of roads.

Photo 3.8 Stabilize skid roads and trails after use with water bars and
apply a ground cover or other erosion control measures.
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RECOMMENDED PRACTICES

PRACTICES
TOAVOID

* Design and locate main skid
roads and trails before
logging operations begin.

* Design and locate skid roads to
follow the contour of the natural
terrain.

* Winch logs from the SMZ or
areas of steep slopes to avoid
equipment movement in this
area.

* Locate skid roads and trails in
such a way that water from
the skid trail is not
concentrated into the log
landing or into creeks (Photo
3.9).

* Cross natural drainages at
right angles with skid roads.

Photo 3.9 Locate logging and
other roads away from streams
and lakes. This road is too close
and thus is hydrologically “con-
nected” to the stream. Sediment
from the road will likely reach the
stream.
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* Construct skid roads with
rolling grades and breaks in
grade.

* Stabilize skid roads and
trails with water bars and
cover the bare ground with
logging slash after
operations cease to
minimize erosion from
exposed soils (Photo 3.8).

* Construct skid roads on
grades of 15% or less
except for short distances
(20 meters) where 30%
pitches (grades) are
acceptable.

* Decommission or close skid
roads after timber removal
operations.

* Contaminating forest soils with
fuel and ails.

* Locating landings and skid
roads within the SMZ.

* Using stream channels as
skid trails.

¢ Constructing skid roads on
steep slopes or with steep
road grades.

* Operating skidding
equipment within the SMZ.

* Logging and construction
operations during wet
weather.




Chapter 4

Low-Volume Roads Engineering

“You get what you Inspect, not what you Expect.

LOW VOLUME ROAD IS considered a road
A that has relatively low use (an Average

Daily Traffic of lessthan 400 vehiclesper day),
low design speeds (typically less than 80 kph), and
corresponding geometry. Most roadsinrural areasare
low-volumeroads. Awell planned, located, designed,
constructed, and maintained low-volumeroad system
isessential for community development, flow of goods
and services between communities, and resource
management activities. However roads, and particularly
road construction, can create more soil erosion than
most other activitiesthat occur inrural areas. Proper
planning and design of theroad systemwill minimize
adverseimpactstowater quality. Poorly planned road
systems can have high maintenance and repair costs,
contributeto excessveeroson, andfail to meet theneeds
of theusers.

It is very important from the outset to locate
roads on stable ground, on moderate slopes, in dry
areas away from drainages, and away from other
problematic and difficult areas. Avoiding problem
areas can save major design, construction, and
maintenance costs and can minimize many
undesirableimpacts.

For aroad project to be successful, each step of
the road management process must be performed.

7

Thebasic stepsare:
Planning
Location
urvey
Design
Construction
Maintenance
If any one of these steps is omitted, a road may
perform poorly, not meet its expectations, fail
prematurely, require unnecessarily high maintenance, or
cause environmental impacts. Without planning and
good location, aroad may not adequately serveitsusers
or may beinaproblematicarea. Survey anddesignare
needed tofit theroad to theground and haveit function
properly. Good construction insuresthat thedesignis
implemented and built with some degree of quality
control. Maintenance is needed to keep the surface
drivableand the drainagesfunctioning. Finaly, abad
road may need to be reconstructed or closed
(decommissioned) to &iminate unacceptabl e problems.

Road Planning

Road planning and analysisarekey to ensuring that
aroad meetsthe current needsof theusers, that itisnot
overbuilt, that it minimizesimpactsto the environment
and to the people along theroad, and that it considers
futureneedsof anarea. Road Management Objectives
(RMOs) help define and document the road purpose,
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BEST MANAGEMENT

PRACTICES

Somekey Best Management Practicesfor road design and consgtruction
indudethefollowing:

* Minimizing road width and areaof disturbance;

* Avoiding ateration of natural drainage patterns;

* Providing adequate surfacedrainage;

* Avoiding steep ground with slopesover 60 percent;

* Avoiding problemssuch aswet and unstable aress;

* Maintaining an adequate distance or separationfrom
creeksand minimizing thenumber of drainage
crossings,

* Minimizing thenumber of “ connections’ between
roadsand water courses, and minimizing “diversion
potentid”;

* Designing creek and river crossingswith adequate
capacity and bank erosion protection and allowing
for fish passageat al stagesof life;

* Avoiding condtriction of theactive (bankfull width)
stream channd!;

* Havingastable, structurally sound road surface;
* Ingtdling subsurface drainage where needed;

* Reducing erosion by providing vegetative or
physical ground cover on cuts, fills, drainage outlets,
and any exposed or disturbed aress;

* Usingstablecut andfill dopeangles,

* Using dope stabilization measures, structures, and
drainage asneeded;

* Applying specid techniqueswhen crossing
meadows, riparian areas, and when controlling
gullies

* Providing thorough, periodic road maintenance; and

* Closing or obliterating roadswhen not in use or when
they areno longer needed.
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standards, and how aroad will be
used, managed, maintained, and
funded, aswell asapplicableBMPs
for theroad.

RECOMMENDED

PRACTICES

Planning

* Do road transportation
analysistodeterminethe
optimumroad systemfor an
area, user needs, and to
evauatefutureoptions.

* Kegp minimumroad
standards consi stent with user
demands, needs, Road
Management Objectives, and
public sfety.

* Usean Interdisciplinary Team
approachtoroad planning,
and coordinate devel opment
withlocal landowners.

* Usetopographic maps, aerial
photos, and soilsinformation.
for planning theoptimum
route.

* Consider both short-term and
long-term accessneeds of the
road users.

* Limit thetotal areadisturbed
by minimizing thenumber,
width, and length of roads.

* Useexigting roadsonly if they
servethelong-term needs of
theareaand can be
reconstructed to provide
adequate drainage and saf ety.

* Minimizethe number of
stream crossings.



Road L ocation
Roadlocationiskey to ensuring
that aroadisplacedin adesirable
area, that it avoids problematic
featuresor areaswhere construction
is very expensive, that it best
accesses areas where the road is
needed, and that it minimizesthe
driving distance between
destinations. Flag or mark the
proposed road location on the
ground to ensurethat it meetsthe
road design criteria(Photo 4.1).

It ismuch better to have
a bad road in a good location
than it isto have a good road
in a bad location. A bad road
can be fixed. A bad location
cannot. Most of the
investment in the bad road
can be recovered, but little,
if any, can be recovered
from a bad location!

Road Survey, Design, and
Congtruction

Road survey, design, and
construction are the steps in the
processwhereroad user needsare
combinedwithgeometricfactorsand
terrainfeatures, andtheroadisbuilt
ontheground. A road or Sitesurvey
is needed to identify the terrain
features, such as drainages,
outcrops, and ground dopes, andto
add someleve of geometric control
to aproject. A survey may bevery
simple and accomplished with
compass and cloth tapefor arural
road, or it may bevery detailedusing
instruments and a high level of
precisonindifficult terrainor for a

high standard road.

Photo 4.1 Plan and locate roads using topographic control points
and natural ground features. Verify road location and alignment on

the ground!

RECOMMENDED PRACTICES

L ocation

* Usetopographic control
pointsand physical features
to control or dictatethe
ideal location of aroad. Use
saddlesintheterrain, follow
ridges, and avoid rock
outcrops, steep slopes,
stream crossings, etc.

* Locateroadsto avoid or
minimize adverseaffectson
water quality and outside
of riparian areasand SMZs
except at stream crossings.
Approach stream crossings
at theleast gradient

possble.

* Locateroadshighonthe
topography to avoid steep
inner canyon dopesand
providefor moredistance
between theroad and
streams.

* Locateroadsonwell-
drained soilsand slopes

wheredrainagewill move
away fromtheroad.

* Locateroadsto follow the

natural terrain by
conforming to theground,
rolling thegrade, and
minimizing cutsandfills
(Figure2.1and Figure
4.1, Photo 4.2).

L ocateroads, switchbacks
andlandingson bench
aressandrelatively flat
terrain.

Avoid problematic
locationssuch assprings,
wet areas, landdlides, steep
dopes, massiverock
outcrops, flood plains, and
highly erosvesoils.

Avoidvery steepterrain
(over 60%) and very flat
terrainwheredrainageis
difficult to control.
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Elements of design include
roadway geometry, design speed,
drainage, stream crossing structures,
dope stabilization needs, structural
sections (materialstype, use, and
thickness), and road grades (Table
4.1). Construction involves all
aspects of implementation of the
design andfitting the project tothe
ground. A key link between design
and construction are the use of
gandard plansand drawingsthat
show how the work should look,
and specifications that describe
how the work is to be done.
Another key part of constructionis
quality control and inspection to
ensure that the work is done in

accordance with the plans and
specifications. Some amount of
samplingand testingistypically
pecifiedtoensurethat thematerias
used in construction meet
Specifications.

Remember --
You get what you | nspect,
not what you Expect.

Photo 4.2 Locate roads to con-
form to the natural terrain and roll
the road grades to disperse
surface water frequently.

Figure 4.1 The affects of road alignment across topography.

Plan view of a
road plotted on a
topographic map

a. Cutting across topography causes excessive earth
work with large cuts and fills.

/N

Perspective view
of a road seen
on the ground

b. Conforming to topography minimizes earth work.
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RECOMMENDED PRACTICES

General Design
* Useminimum Road
Standards needed for
safety and traffic use
(Table 4.1).

Use Standard Plans and
Specifications, with
Standard Drawings, for
most typical construction
work. Develop Special
Project Specificationsand
Drawingsfor uniquetypes
of work.

Remove merchantable
timber from theroad right-
of-way beforeexcavation.
Deck themateria ina
designated area.

* In community and urban
areas, build footpaths
along the road for the
safety of peoplewalking
along the road. Use
roadway surfacing and
speed bumps to control
dust and traffic speed.

Construct roads with
grades of 12% of less,
using short sectionsof

15% where necessary. On
steep roads, drainage is
difficult to control (Photo
4.3)!

Construct the road only
wide enough to safely pass
thetraffic, normally 3.5to
4.5 meterswidefor single-
laneroadsand 5to 7
metersfor double-lane
roads. Add turnoutsas
needed. Minimizetheareaof
clearing.

* Locateroadswith a
minimum curveradiusof 15
meters.

Materials

* Compact the road
embankments, subgrade
materia, and surfacing
materias, particularly in
sensitive areas (Photo 4.4),
or alow new roadsto
“settle” for several weeks
before using the road. In wet
climatesalonger period of
timeisdesirable.

Useroad surface
stabilization measures, like
aggregate or pavements,
where needed and as often as
possible (Photo 4.5). Utilize
durable materialsthat will

not degrade to fine
sedimentsunder traffic.

Dispose of unsuitable or
excess excavation material in
locationsthat will minimize
water quality or other
adverse resource impacts.

Establish minimum sampling
and testing requirements
and schedulefor quality
control of materials.

Slopes

* Typically construct cut
slopes on a 3/4:1 or flatter
slope. Buildfill slopeson a
1v2:1 or flatter slope.
Revegetate the slopes.

* Typically use balanced cut-
and-fill congtructionin
gentleterrain. Usefull-bench

construction on slopes
over 65 % and end haul
theexcavated material toa
suitabledisposal Site.

* Invery steepterrain build
narrow roads (3-4 meters
wide) with turnouts, or use
retaining wallsasneeded.
End-haul most excavated
meaterial to stabledisposa
Stes. Avoid side-casting.

Drainage

* Outsloperoad surface 3-
5% for road gradesless
than 10% on stable sails,
usingrolling dipsfor cross-
drainagestructures. In
dippery soils, eitherindope
theroad or add aggregate
surfacingtotheroad.

* Congtruct ditchesonly
when necessary. An
outs oped road without
ditchesdisturbsless
groundandisless
expensiveto construct.

* Indoperoad surface 3-5%
with aditch section for
road gradesin excess of
10% or in areaswith steep
natural slopes, erodibleor
dippery soils, or onsharp
turns. Providecross
drainagewith culvert pipes
orrollingdips.

* Useacrown road section
onawideroad withgentle
dopesor flat ground to
prevent water from
standing ontheroad
surface (seeFigure7.1).
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RECOMMENDED PRACTICES (cont.)

Drainage (cont.)

* Congtruct roadswith
rolling gradesto minimize
concentration of water.

* Providefilter stripsor
infiltration areastotrap
sediment betweendrain
outletsand waterways. Keep
roadsand streams
disconnected!

* Useappropriatetypeand
adequately sized drainage
structuresfor natural stream
crossings. Design bridges
and culvertsthat arelarge
enoughto spantheordinary
highwater width of flow
(bankfull width). Use
armoring, headwalls, and trash
racksas necessary to
protect the structure (Photo
4.6).

* Divert water and stream
flowsaround construction ®
areas as needed to keep the
constructionsitedry and
avoidwater quality
degradation. Restore natural
channelsassoon aspossible
after congtruction.

Erosion Control
* Removewindrow dash,
tops, treetrunks and stumps

Road Costs

Road construction costs are
most influenced by the standard of
road built, particularly road width
and type of surfacing, and the
steepness of theterrain. Placing a
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from theright-of-way at
thetoeof thefill dope
before excavation for
erosion control (Figure4.2).
Thequantity of material may
belimitedfor firehazard.

* Requireafina Eroson
Control Planandinterim
erosion control measures
during seasonal shutdowns.
Stabilizeal disturbed aress,
work areas, and temporary
roads. Includetypical
drawingsfor sediment traps,
brushbarriers, silt fences,
biotechnical structures, and so
on.

Miscellaneous

* Develop dependablelocal
water sourcesfor project
congtruction and maintenance
needswhere possible.
Construct awell located,
durable, stabilized sitethat will
protect water quality and
agudiclife. Thetimingand
amount of water withdrawal
may requirecontrol.

* Usecongtruction
techniquesthat arethe most
appropriateand cost
effectivefor theproject
and geographicarea, usng
either equipment or hand
labor (Photo 4.7).

road with cuts and fills on steep
crossslopesgreatly increasesthe
timeof congtruction, theamount of
excavation and earthwork, the
areas of clearing and needed
revegetation, and adds length to

* Usebhest avalable
appropriatetechnologies,
suchasGlobal
Positioning Systems (GPS),
personal computer
programs, geotextiles,
biotechnica erosion
control measures,
Mechanicaly Stabilized
Earth (MSE) retaining
dructures, and soil
dabilizationmateridswhere
aoplicable.

* Minimizeearthwork
activitieswhen soilsare
very wet or very dry or
before oncoming storms.
Timeroad congtruction
activity and road usefor
themilder, drier seasons
where possible (Photo
4.8).

* Usetraffic control devices
asnecessary to provide
safety for construction
personnel and road users.

* Vistthefied during both
thedesign and construction
phasesof aproject. Ensure
that you have adequate
Inspectors, vehiclesand
qudity control testingto
seethat thejob isbuilt
correctly.

cross-drains and other drainage
structures. Figure 4.3 shows the
difference in quantities for road
construction on a 10 percent side
slope versus a 50 percent slope.
Table 4.2 presents those typical



Table 4.1
DESIGN STANDARDS

Design Element Rural AccessRoad  Collector Road

Design Speed 25-35 kph 45-60 kph

Road Width 35-45m 4-55m

Road Grade 15% max. 12% max.

CurveRadius 15mmin. 25mmin.

Crown/Shape outslope/inslope in/outslope or

(5%) crown (5%)

gravel, cobble-

Surfacing Type native or gravel stone or
pavement

Photo 4.3 Avoid constructing roads with steep grades or on steep
side slopes. It is difficult to control drainage with steep road grades.

Photo 4.4 Compact the roadway surface and fill material when the
road is located near streams or in areas with erosive soils.

quantitiesfor the major road work
items. Ided condructionisinterran
with cross-dopesintherangeof 25
to 35 percent.

Road cost estimates are
important in both the planning
process and the overall project
budgets to ensure that adequate
fundsareavailableto properly build
the road. Good design and
construction techniques require
relatively highinitial costsbut can
gresatly reduce future maintenance
needs and avoid costly failures,
repairs, and adverse environmental

impacts.

KEY COST FACTORS

* Steep side slopes
(particularly withwide
roads) rapidly increasethe
guanities of work, including
theareainvolved for
clearing and revegetatation,
and the amount of excavated
material. Thus, steep dopes
grestly increasethe cost of
construction (seeFigure4.3
and Table 4.2)!

* High standard surfacing
materials (aggregate,
asphalt, etc.) greatly increase
road cost -- but also greatly
improve user comfort and
reduceroad surface erosion.

* Frequent or large numbers
of drainage (stream)
crossingsgreatly increase
road costs -- but must be
used asneeded, particularly in
dissected terrain.

* Steep gradesincrease
long-term maintenance costs
of the road.
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Photo 4.5 A stable logging road with aggregate Photo 4.6 A well designed and installed culvert
surfacing. Use road surfacing materials as fre- with head walls for efficiency and fill protection.
quently as possible to reduce erosion and improve

the roadbed structural support and rider comfort.

Small limbsand

clearing slash mashed
into the ground at the
toeof thefill

, 7 o o
2 ' R 0 o
»- .2 9 %o Roadunder .
>0 2% 0 o T 00 0%  eo g
- % 00" o congruction Oo' o o : oo
c e C o~ . - DA R
s e ° -O' ° ) o® ' © - °

Figure 4.2 Windrow construction slash at the toe of the fill slope for
erosion control. Place the slash before excavation begins. Do not
bury the slash in the fill.

Photo 4.7 Use the road construction techniques that are most
appropriate and cost-effective for the job and geographic area.
Hand labor versus equipment depends on labor costs, equipment
availability, and production rates.

Low-VoLume Roabs BMPs: 28



Figure 4.3 Road quantity variation with ground slope.

PRACTICESTO

AVO' D Clearing
General Design

* Road construction on steep Excavation
sdedo Revegetation Roadway /M/_

¢ Side-castingmateria on
cross-slopes steeper than
50 to 60 %.

Revegetation
Culvert Length + 1™

* Burying stumps, logs, dash, L
or organic debrisinthefill 10%
material or intheroad Sideslope

prism. Clearin
° R

* Construction and resource ']
extraction activitiesduri ng Excavation
periodsof wet weather
(see Photo 4.8).

—

* Steep road grades (over
12-15%). Water becomes
very difficult tocontral.

* Vertical cut dopes,
particularly onroadswith
insgdeditches.

* Very flat areas(where

drainage cannot be
controlled).
_ - Table 4.2

* Locatingroadswithin TYPICAL QUANTITIESOFWORK & MATERIALSFOR
flood plains, riparian arees, ROAD CONSTRUCTION IN TERRAINWITH GENTLE
wetlands, or the SMZ AND STEEPSLOPES(FORA 4.5M WIDE ROAD)
(except at crossings).

* Wet and spring areas, land- Work Item 10% Side Slope 50% Side Slope
dideareas, andlargerock Clearing 0.62 ha’lkm 0.95 ha’lkm
outcrops. Excavation 237 m3/km 2220 m3/km

* Construction projectswith Revegetation 0.10 harkm 0.89 ha/km
insufficient fundsfor (cut & fill slopes)
proper design, construction,
inspection, and future Culvert length 8m 22m
maintenance. Consider (natural channel)
building fewer kilometersof Culvert length 6m 11m

road, and building themwell. (ditch relief crossdrain)
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Road Maintenance

Rura roadsmust bemaintained
during active use, after periodic
operations have been completed,
and after magjor storm events, to
ensurethat the drainage structures
are functioning properly. Heavy
rainstorms will cause cut slope
failuresthat block ditches, cause
water flow ontheroad surface, and
erodethe surfaceandfill dopes(see
Figure 4.4). Debrismovesdown
natura channelsduring heavy rains
and blocks drainage structures,
causing water to overtop theroad
anderodethefill. Ruts, washboards,
and potholesintheroad surfacewill
pond water, weaken the roadway
Sructura section, acceleratesurface
damage, and makedriving difficult,
asshownin Figure4.5. Routine
mai ntenanceisneeded on any road
to keeptheroad serviceableandits
drainage systemworking properly.
A well-maintained road will reduce
road user costs, prevent road
damage, and minimize sediment
production.

How road maintenancewill be
accomplished should beresolved
before the road is built or
reconstructed. Maintenance work
can be accomplished either by
state or local agency personnel, by
contractors, or by local
community groups. Funding for
maintenance may be allocated
directly from agency funds, from
local or gastaxes, from road user
fees, or from donated local [abor by
interested road users.
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Photo 4.8 Avoid construction and other road activities during wet
periods when possible. Alternatively, add drainage and surface
stabilization to the roadway in weak soil areas for all-weather use.

Key Road Maintenance Items

Maintenanceitemsthat should be performed routinely include:

* Grading and shaping the roadway surface to maintain adistinct
insloped, outsloped, or crown shape to move water rapidly off
the road surface.

* Compacting the graded roadway surface to keep ahard driving
surface and prevent the loss of fines. Replace surfacing material
when needed. Keep the road surface moist!

* Removing rutsthrough rolling dips and water bars. Reshape the
structures to function properly.

* Cleaning ditches and reshaping them when necessary to have
adequate flow capacity. Do not grade ditchesthat do not need it!

* Removing debrisfrom the entrance of culvertsto prevent plugging
and overtopping. Check for damage and signs of piping or scour.

* Replacing/repairing rock armor, concrete, or vegetation used for
slope protection, scour protection, or energy dissipation.

* Trimming roadside vegetation (brushing) adequately, but not
excessvey, for sght distance and traffic safety.

* Replacing missing or damaged road information, safety, and
regulatory signs.




RECOMMENDED PRACTICES

M aintenance
* Perform maintenancewhen

needed. DO NOT WAIT! The

longer you wait, themore

damagewill occur and repairs

will be more costly.

* Keep ditchesand culvertsfree

from debris, but maintain an
erosion resistant surfacing
such as grass or rock in the
ditches. Removedebris
during inspections (Figure
4.4, Photo 4.9). Also keep
overflow channelsclean.

* Regrade and shape the road
surfaceperiodically to
maintain proper surface
drainage (Photo 4.10). Keep
theroad surface moist during
grading. Fill inrutsand
potholeswith gravel or
compactedfill asfrequently as

possible (seeFigure4.5).
Keeprolling dips shaped and
graded. Ideally, compact the
final graded road surface.

* Keep the downhill side of the
road free from a berm except
whereabermisintentionally
constructed to control water or
traffic.

* Apply asurface stabilization
material, such as aggregate,
cobblestone, or pavement, to
the road surface to protect the
roadbed from damage and
reduce the frequency of
mai ntenance needed.

* Avoid disturbing soil and
vegetation if not necessary.
L eave as much vegetation
(grasses) in ditches, on road
shoulder areas, and on cut or fill

slopes (especially grassesand
low growing brush) aspossible.
However, ensure sight distance
andthat thedrainage systemsdtill
function properly.

* Removedide material fromthe
roadway or insdeditcheswhere
thematerial will block normal
roadway surface drainage
(Photo 4.11).

* Avoid widening theroad or over-
steepening thefill dopesformed
by blading surface material off
the road.

¢ Close theroad during very wet
conditions or periods of
inactivity.

* Inspect the road at regular
intervals, especially following
periods of heavy rains.

Figure 4.4 Road maintenance is needed to maintain roadway

surface drainage patterns and remove slides that block ditches

and culvert inlets.
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Road Closure

A road may be closed because
itisnolonger needed, such asif a
resourceisdepleted, if acommunity
hasmoved, if it will not beused for
some period of time, or if theroad
IS causing unacceptably high
mai ntenance costsor environmental
damage. Road closure often
involvesinput from the public and
other affected road users. Basic
road closure options include the
following: temporary closureor
blockagewith gates, barricadesor
berms; permanent closure, or
decommissioning, wheretheroad
surfaceisstabilized and drainage
dructuresareremoved, yet theroad
templateisleft ontheterrain; or road
obliteration where the roadway
and drainage features are totally
removed and the areaisreshaped
toitsnatural, pre-road condition.
Figure 4.6 shows the range of
options commonly considered in
road closure.

If interim road use has been
completed, such as after logging
or mining operations, roads
should be temporarily closed or
decommissioned in order to
protect them from erosion during
the period that they are not being
used. Temporarily closed roads
should be blocked with a gate,
barricade or berm to keep traffic
off theroad but drainage crossing
structures should be maintained.
The road surface should be
reshaped for good drainage and
stabilized with water bars and
possibly scarified, seeded and
mulched. Permanent drainage
structures such as culverts and
ditches will require periodic
cleaning. Use of road closure
technigues and routine
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Photo 4.9 Perform road maintenance, etiher with equipment or by
hand, to keep the roadway shaped and drainage structures function-
ing. Keep ditches clean but do not remove the layer of vegetative
(grass) stabilization.

Photo 4.10 Use grader
maintenance to keep
the road surface prop-
erly shaped and
drained.

Figure 4.5 Signs of need for road maintenance. (Adapted from
PIARC Road Maintenance Handbook)

Implement road maintenance
before significant surface damage occurs!

Potholes

Soft, muddy, roadway surface Rills and gullies



maintenance after operationsare
completed will protect the road
investment until itisneededinthe
future.

Permanent road closure
(decommissioning) involves
blocking the road, removing all
drainage crossing structures and
fill material, and stabilizing the
road surface. This is commonly
accomplished by breaking up the
road surface (scarification), then
seeding and mulching, so that the
road will naturally berevegetated
over time (Photo 4.12). The cost
of this work is relatively
inexpensive, most environmental
damagefromtheroadisdiminated,
and the basi c roadbed shapeisstill
in place in case the road is ever
reopenedinthefuture.

Road closure by obliteration
is where the roadbed is totally
eiminated andthegroundisrestored

Photo 4.11 Remove slide material that blocks the drainage ditches

and narrows the road.

to its natural terrain shape. All
drainage crossing materials are
removed, the ground isreshaped,
natural drainage patterns are
restored, ideally including
subsurface groundwater flow
patterns, and the area is
revegetated. It is particularly
important to remove all fill

material that has been placed into
drainages, such as the culvert
backfill material. Theserelatively
expensvemessuresareided |y used
insensitive areas such asparksor
reserves, near recreation areas, or
near streams and lakes. These
measures are very effective to
remove al traces of a road and

eventually

restore the area
to a pre-road
natural condition.
However,
because of high
cost, simple
decommissioning
istypically most
cost-effectivefor
road closure, and
thus is the most
commonly used
closureoption.

Photo 4.12 Close roads that are not needed. Stabilize the surface with water
bars, berms, and ground cover such as grass seed and mulch.
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Figure 4.6 Road closure options, including temporary closure (a,b), decommissioning (c), and
full road obliteration (d).

b. Earth Mound or Berm Closure (Temporary)

Old, revegetated
roadway surface

c¢. Decommissioning - Permanent Road Closure with Surface Scarification and Seeding for
Revegetation, but Keeping M ost of Road Template (Shape).

1) Road template before SN
@ P COAN

f { ) o N N
obliteration. * ‘ -*“ & '9 \\\mﬁ
(2) During obliteration, old {3 \ \\\ \ Y <
road is scarified and refilled. \\ \ .
SOONNEZGZK
(3) Final obliteration, with \ \ N == \\ .
VA

filling and recontouring to
the original natural

topography, followed by
revegetation. @ \\\\\‘

d. Road Obliteration
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RECOMMENDED PRACTICES

Road Closure * Removeadll drainageand * Remove bermsthat may
* Involvethe affected population Stream crossing structuresin impedesurfacedrainageon
or road usersin decisions permanently closed roads. closed roads.
regarding road closure,
typicaly usingan * Closeroads by reshaping the * Decommissionroadswith
interdisciplinary process. roadbed to maintain natural closurestructures, drainage
surface drainage patternsand control, and erosion
* Temporarily closeroadsusing avoid concentration of water. protection, but without
gates, barricades, or large recontouring theroad
berms. * Revegetate exposed soil on template, if futureuseof the
closed roads. A common roadislikely.
* Install water bars (See Chapter treatment includes
7, Drainage) on closed roads scarification, seeding, anda * Obliterate unneeded roads
to divert water off the road mulch application to promote whenever possible and where
surface. grassand brush growth. Trees cost-effectiveto providethe
may be planted. On grades, highest degree of road removal
waterbars should be added. andland reclamation.

PRACTICESTO

AVOID

* Leaving drainage structures
on closed (decommissioned
or obliterated) roads.

* Neglecting temporarily
closed roads.
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The paved road (above) and gravel road (below) are rela-
tively well located and designed low-impact roads since their

surfaces are armored and they conform to the terrain, thus
dispersing water effectively and avoiding heavy earthwork.
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Chapter 5

Hydrology for
Drainage Crossing Design

“Base drainage structure size on some rational
or statistical design process.”

RAINAGE STRUCTURE sizE should be based on
D somereasonabledesign flow, aswell assite
characteristics and environmental
considerations such as fisheries (Photo 5.1).
Determining the correct or areasonabledesign flow for
any engineered drainage structureiscriticaly important,
both for the structureto perform properly and to prevent
faillures of structures. A reasonable design flow is
commonly based uponastorm

drainage areabe defined or estimated. Thiswork is
typically accomplished by delineating the area of the
watershed on atopographic map (Figure5.1). dedlly,
topographic mapswith ascaleof 1:10,000to 1:24,000
should beused for drainage project design. However,
the most detailed map commonly availablein many
countriesisa1:50,000 scale, so that map should be
used.

event that will havearecurrence
frequency (returninterva) of 20
to 100 years, depending on
typeand valueof thestructure
and local regulations. Any
culvert hasafiniteflow capacity
that should not be exceeded.
Bridges also have a specific
capacity for the given cross-
sectiond area, but typicdly itis
large. Low-water crossing
designisbased upon estimates
of both low flows and peak
flowsfor that specificdrainege,
but are less sensitive to flow
estimates.

Most flow determination

Photo 5.1 Determine an adequate design storm flow at any site using

methods require that the available, appropriate hydrological methods. Install drainage crossing
structures based upon design flows and other site characteristics.
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Scale=1:50,000
Area= 820 Hectares (8.2 km?)

Figure 5.1 Determine the drainage area of watersheds on a topographic map to help

determine appropriate flows for drainage structure design.

At a minimum, the Rationa
Method, arainfall based method,
should beusedto determinethedis-
chargefrom smdl watersheds, with
adrainageareaof uptoaround 120
hectares. The Talbot Method di-
rectly usesthe Rationa Method and
can beuseful in making aprelimi-
nary estimateof thepipeszeneeded
asafunction of drainagearea. How-
ever, the Talbot M ethod does not
consder varyingrainfdl intengty or
returninterval, sothemethodisnot
precise. |dedly, statistica methods
based upon regression analysis of
regiona stream flow data, or actual
locd stream flow datawill beavail-
able and can be used.

Large watersheds may have
Specific gauging Sation datathat can
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be examined statistically and used
for hydraulic design to determine
flowsat different returnintervals.
High water marks and measure-
mentsof the channel geometry can
be used in conjunction with
Manning’s Equation (see Chapter 6)
to determineflow velocity and thus
flow volume (discharge, or capac-
ity) throughthechannd for thet given
high-water level. A variety of meth-
odsmay beavailabletothedesigner
to determinedesignflows. At least
some analytical method should be
used, and ideally, several methods
should be used and compared to
gain confidenceinyour designflow
vaues. Typicd anadyssmethodsfor
varying sizes of watersheds are
showninTable5.1.

Rational M ethod

The Rational Method is com-
monly used for the determination of
flowsfrom small watersheds, and it
can be applied in most geographic
areas. Itisparticularly useful if lo-
cal stream flow data do not exist,
and it can be used to make arough
estimate of flow from large water-
shedsif other optionsdo not exist.
Thus, the Rational Formulaispre-
sented and briefly explained onthe
next page. More detailed informa-
tiononitsuseispresentedinrefer-
encessuch asthe Minimum I mpact
Low-Vblume Roads Manual or the
FHWA Manual HD$4 - Introduc-
tion to Highway Hydraulics.



THE RATIONAL FORMULA

Todetermineflow volume... Q= Quantity of Flow (Runoff), in Cubic
Metersper Second (m?/s).

C=Runoff Coefficient. Thiscoefficient isselected
GCiA toreflect thewatershed characteristics, such
— = where: astopography, soil type, vegetation, and land use.

Q= 362

I =AverageRainfall Intensity for the selected frequency
andfor aduration equal tothe Time of
Concentration, in millimetersper hour.

A = Areaof thewatershed, in Hectares.

Runoff Coefficient (C) valuesare presented in Table 5.2. Thesevaluesreflect the differing watershed char-
acteristicsthat influencerunoff. The designer must devel op experience and usejudgment to select the
appropriate value of C withintherange shown. Notethat thevalue of C may changeover thedesignlife
of thestructuredueto changesin land use such asaforest converted to agricultura land or from afireinthe
watershed. Flow quantity isdirectly proportiona to the selection of thiscoefficient.

Area(A) issmply theareaof thewatershed that contributesrunoff to thedrainagecrossing. Itsboundariesgo
from drainage divide to drainage divide and down slopeto the crossing. On aroadway surface, the
"drainage ared’ isthe cut dope and road surface areabetween cross-drains or leadoff ditches.

Rainfall intensity (i) isthe third factor, and the one often most difficult to obtain. Itisexpressed asthe
averagerainfall intensity in millimeters per hour (mm/hr) for asel ected recurrence frequency and for a
duration equal to the Time of Concentration of thewatershed. At the beginning of astorm, runoff from
distant parts of the watershed have not reached the discharge point (such asaculvert). Oncewater has
reached the discharge point from all partsof the watershed, asteady stateflow will occur. The estimated
timewhenwater fromall partsof the watershed reachesthe discharge point isthe Time of Concentration
(TOC). TOC dependson theoverland flow rate of water in that watershed. For very small watersheds,
aminimum TOC of 5 minutesisrecommended for finding theintensity used in determining design flows.
TOC can beestimated by dividing thelength of the runoff route by the average runoff vel ocity (usualy 0.1
[flat, wooded] to 1.0 m/s[steep, barren]).

Figure5.2 showsatypical family of rainfall intensity-duration curvesfor arecurrencefrequency of 2to
50years. Such curves, devel oped from local rainfall data, should belocated or generated when work-
inginany particular area. Thetypical maximum intensity valuesfor a25 to 50-year event for desert
regionsarearound 75 to 100 mmv/hr; some coastal and jungle, or tropical regionshave maximum
Intengitiesfrom 200 to 400 mmv/hr, or more; and most areas, including semi-arid regions, mountain
forests, and coastal areastypically have valuesof 100 to 250 mm/hr. Because of the wide range of
values, and theamount of local variation that can occur around islandsand mountains, local datais
desirablefor project design work.
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=000\ V= \[D]=BN | Table 5.1
DESIGN FLOW ANALY SIS METHODS FOR
PRACTICES VARIOUS WATERSHED SIZES
* Usethebest available hydro- _ : .
logic methodsto determine Water shed Size Typical Typeof Analysis
ignfl
designflows Srdl  (to120ha) Rational Method, Talbot Method,
* Where appropriate, use (300 acres) Local Experience
drainage structuresthat are not
sensitiveto exact flow predic- Medium (to 4,000 ha) RegressonAnalyss, High Water
tions, such aslow water (10,000 acres) Marks+ Manning, Local Experience

crossings(fords) and drivable

dipsversusculvert pipes. Large (over 4,000 ha) Gauging Data, High Water Marks,
« Add freeboard or extra Satistical or RegressonAnalysis

capacity to structuresin
drainageswith uncertainflow
or for debrispassagein

watershedswith changing land Table 5.2
uses, usualy ontheorder of RATIONAL METHOD
120% to 150%. VALUES OF “C”
* Tominimizerisk to structures,
therecommended storm Land Useor Type “C” Value
frequency (return period) for _
design of culvertsis20t0 50 Agriculture
years, and 100 to 200 yearsis BareSoil . 0.20-0.60
recommended for bridgesor Cultivated Fields (sandy soil) 0.20-0.40
drainageswith sensitive Cultivated Fields (clay soil) 0.30-0.50
environmental concerns.
Grass
* For culvertsingtalled in areas Turf, Meadows 0.10-0.40
with limited or inadequate Steep Grassed Areas 0.50-0.70
hydrologic dataor designs,
includeoverflow (overtopping) Woodland/Forest
protection to reducerisk of WoodedAreaswith Level Ground ~ 0.05-0.25
total failureor streamdiversion Forested Areaswith Steep Slopes ~ 0.15-0.40
(seeFigure7.10). BareAreas, Steep and Rocky 0.50-0.90
* Involvehydrologigts, fisheries
biologistsand engineersinthe Roads
processof hydrologic and Asphalt Pavement 0.80-0.90
hydraulic design. Cobblestoneor Concrete Pavement  0.60-0.85
Gravel Surface 0.40-0.80
PRACTICES Native Soil Surface 0.30-0.80
TOAVOID UrbanAreas
* Ingtalling drainage structures Residential, Flat 0.40-0.55
without somerationd or Residential, Moderately Steep 0.50-0.65
statistical assessment of the Commercial or Downtown 0.70-0.95

expected flow.

Low-VoLume Roabs BMPs: 40




Figure 5.2 Typical Rainfall Intensity-Duration Frequency Curves (Adapted from FHWA Hydraulic

Design Series No. 4, 1997).
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Note: Common Maximum Intensity Valuesfor 25-50 Year Frequency of Events:
¢ JungleAreas: 200-400 mmvhr

* Deserts: 50-100 mm/hr
* Most Areas (Semi-Arid, Mountains, Coastal Areas): 100-250 mmvhr
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A drainage crossing can be a critical and vulnerable
point in the road if the drainage structure fails. Thus,
drainage crossings must be designed to pass the
appropriate storm flows plus debris or to survive overtopping.
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Chapter 6

Tools for Hydraulic

and Road Design

“Protect against scour! Incorporate adequate riprap size
and filters into streambank protection measures.”

concepts that must be considered to build  hydraulic design should become familiar withit

I I YDRAULIC DESIGN involves several basic  hydraulicsmanuals. Road engineersdoing basic

successful projectswithaminimumrisk of  and its applications. Complex channels with
failure (Photo 6.1). Use of Manning’'sFormulato  rapidly varying, unsteady, or critical flowsshould
determineflow capacity and velocity, useadequately  be evaluated by an experienced Hydraulic
sized Riprap for stream bank and scour protection,  Engineer.
use Filter Zones to prevent piping and scour, and
use gravels or Geotextiles to stabilize the road

structure. Basic road
drainage design often
usesManning's Formula
for the determination of
flow velocitiesin natural
channds, for determining
the quantity of that flow
(as an alternative to
methods discussed in
Chapter 5), and for
determining the flow
capacity of canals and
ditches. The use of
Manning’'s Formula to
determine stream
velocities and flow
quantity is well
documented in many
engineering and

Photo 6.1 Scour behind a bridge abutment caused by insufficient channel
and stream bank protection during a flood.
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Manning's Formula

Channel discharge quantity (Q)
isthe product of the mean channel
velocity (V) and thearea (A) of the
channel. To determine the dis-
charge (Q) in natural drainages,
canals, and non-pressure pipes, the
following formulaisused:

Discharge = (Velocity) x (Area)
or
Q=VA

where:
Q=discharge, incubic meters
per second (M?/s)
V = average flow velocity, in
meters per second (m/s)
A = cross sectional area, in
square meters (m?).

Manning'sFormulacan beused
to compute the average flow ve-
locity (V) inany channel or natu-
ral stream with uniform flow as
shown to theright. Manning's For-
mula can be readily solved for a
given channel when the known or
assumed depth of flow is used.
However, to determine the depth
that agiven dischargewill produce
inachannel, atrial and error solu-
tionisrequired. Moredetailed in-
formation onthe use of Manning's
Formulaispresented inreferences,
such asthe Minimum Impact Low-
\olume Roads Manual, the FHWA
Manual HD$4-Introduction to
Highway Hydraulics, or Open-
Channel Hydraulics, by V.T.
Chow.

Riprap Use

Highflow velocitiesin channels
or along local stream banks often
lead to bank erosion, scour, or the
formation of gullies. Scour can un-
dermineand causefailureof bridges
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MANNING' SFORMULA

To calculate average flow velocity...

1
V = _n (R2/3)(Sy2)
where:

V = average flow velocity (meters/second)

n = roughness coefficient (usually 0.04 - 0.07 for natu-
ral channels); see handbooksfor specific n values

S=channel slope (meter/meter)

R = hydraulic radius (meters) = A/P
where A and P are:
A = channél cross-sectional area
P = wetted perimeter

Roughness Coefficient (n) varies considerably, depending on the

characteristics of achannel or the smoothness of acanal, pipe,
etc. Manning's“n” valuesfor various natural and manmade
channelsarefound in many hydraulics manuals and handbooks.
Smooth, open stream channelswith gravel bottoms have values
around 0.035-0.055. Very winding, vegetated, or rocky chan-
nels have values around 0.055 to 0.075. Smooth earth or rock
channels have values of 0.020 to 0.035. Roughness values
typically increase as channel vegetation and debrisincrease, as
channel sinuosity increases, and asthe mean size of channel
materialsincreases. Thevalue decreases slightly asflow depth
increases.

Sope (S) of the canal or drainage channel is determined for the

local reach of the channel being analyzed by dividing therise, or
changein elevation in that reach by the distance of that reach.
Thisslopeistypically measured in the actual stream channel,
upsiope and downslope of the site, and ideally isalso checked
on atopographic map.

Hydraulic radius (R) is determined from the channel cross-sectional

area (A) divided by the wetted perimeter (P). The wetted
perimeter issimply the distance along the channel bottom and/
or sidesthat is under water, or within the area (A) of flow.
Area should be determined from one or a couple representative
cross-sections of the flow channel.



Photo 6.2 Riprap used for stream bank slope protection to prevent scour
at the entrance of a structure. Note the use of willows for additional

“biotechnical” root strength.

and culverts. Riprap, or large
stone, is commonly used to pro-
tect stream banks and structures
against scour (Photo 6.2). Rock
may be used in conjunction with
vegetation or other measures such
asroot wads, gabions, or jettiesto
provide bank protection (Photo
6.3). Riprap rock size, as well as
use of other measures, is com-
monly determined asafunction of
stream velocity and local channel
conditions.

Average stream channel veloc-
ity (V) can bedetermined using
Manning’'s Formula. Also, stream
velocities can be estimated in the
field if the surface flow can be
measured during storm events.
Stream velocity isthe distance an
object, such asalog or stick, trav-
elsin the middle of the stream di-
vided by some short period of time.
The average stream velocity will
be about 0.8, or 80% of the value
of the surface velocity. Common
average peak velocitiesin streams

and rivers range from 1.5-3 m/sec
in flat terrain to 2-4 m/sec in steep
mountain channels. Flatter channels
may actually experiencefaster flow
velocitiesthan stegper channelsbe-
causeof their typicaly lower rough-
ness characteristics.

Figure 6.1 presents a useful
correl ation between water velocity
(Velocity of Flow) and the size of
riprap (Diameter) needed to pro-
tect the stream bank and not move.
Theflow along along tangent sec-
tion of stream, or the flow parallel
(V,) to the stream, is assumed to
be about 2/3, or 67%, of the aver-
age velocity (V). Theflow ina
curved section of stream, with an
impinging flow, has an assumed
impinging velocity (V,) equal to
about 4/3, or 133%, of the average
velocity (V) Thus, riprap in an
areawithrelatively fast flow, such
asabend in the channel, will have
higher stresses and require larger
rock than the size needed in a
straight part of the channel.

Note that most of the rock
should beaslargeor larger than the
size indicated in Figure 6.1. The
Isbash Curve indicates the maxi-
mum size rock that might be con-
sidered in acritical application. If
suitably largerock isnot available,

Photo 6.3 A root wad, log, and rock armored stream bank built for
protection against scour. Logs and vegetation can offer an attractive
alternative to riprap in relatively low stream velocity areas.
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Figure 6.1 Size of stone that will resist displacement for various velocities of water flow and

side slopes.
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then the use of cement grouted
rock, masonry, or gabions should
be considered.

Table 6.1 presents common
gradations, sizes, and weights of
classes of riprap. Riprap installa-
tion details are shown in Figure
6.2, aswell asinthe Notein Fig-
ure 6.1. Ideally riprap should be
placed upon a stable foundation
and upon afilter layer made either
of coarse sand, gravel, or a
geotextile. Theriprapitself should
be graded to have arange of sizes
that will minimize the voids and
form a dense layer. The riprap
should be placed in alayer with a
thickness that is at least 1.5 times
the size (diameter) of the largest
specified stone, with the thickest
zone at the base of the rock. In a
stream channel, the riprap layer
should cover the entire wetted
channel sides, with somefreeboard,
and it should be placed to a depth
equal or greater than the depth of
expected scour.

Filters

A filter servesasatransitiona
layer of small gravel or geotextile
placed between a structure, such
asriprap, and the underlying soil.
Its purpose is to 1) prevent the
movement of soil behind riprap or
gabions, or into underdrains, and
2) dlow groundwater todrainfrom
the soil without building up pres-
sure. Specific filter criteria, docu-
mented in other references, will
establish the particle sizeand gra-
dation relationships needed be-
tween the fine native soil, afilter
material, and coarse rock such as
drainrock or riprap. Also, specific
geotextile requirements informa-
tionexistsfor filter applications, as
found in the Selected References.

Photo 6.4 Use of geotextiles placed against fine soil to provide ad-

equate filtration for an underdrain.

Traditionally, coarse sand or
well-graded, free draining gravel
have been used for filter materials.
A sand or gravel filter layer istypi-
cally about 15 to 30 cm thick. In
some applications, two filter layers
may be needed betweenfine soil and
large rock. Today, geotextiles are
commonly used to provide filter
zones between materials of differ-
ent size and gradation because they
areeconomical, easy toinstall, and
perform well with awide range of
soils(Photo 6.4). Figure 6.2 shows
the application of a gravel or
geotextile filter between a
streambank soil and theriprap rock
protection.

Use of Geotextiles
Geotextilesare commonly used
to provideafilter between rock and
soil, thus preventing scour and soil
movement. They arerelatively easy
to install under most conditions.
The fabric should be pulled tight
acrossthe soil areato be protected
before the rock is placed (Photo
6.5). The geotextile can be a wo-

ven monofilament or a needle-
punch nonwoven geotextile, and it
must be permeable. The geotextile
needsto have an apparent opening
sizeof 0.25t0 0.5 mm. Inthe ab-
sence of other information, a 200
g/m2 (6.0 oz/yd2) needle-punch
nonwoven geotextileiscommonly
used for many soil filtration and
separation applications.

Other common geotextile or
geosynthetic material applications
on roads include subgrade rein-
forcement to reduce the thickness
of needed aggregate over very
weak soils; separation of aggregate
from soft subgrade soils; reinforce-
ment of soilsin structures such as
retaining wallsand reinforcedfills;
and entrapment of sediment with
silt fences (Photo 6.6), as seen in
Figure 6.3. If knowledgeable en-
gineers are not available, then
geotextile distributors or manufac-
turers should be consulted regard-
ing the function and appropriate
types of geotextile to use in vari-

ous engineering applications.
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Table 6.1
CLASSIFICATION AND GRADATION OF RIPRAP

(by Weight & Size of Rock)

Percent Passing
(total minusthe

Category Weight Size of Rock* diameter indicated)
Kilograms
(pounds) Centimeters
Class| 5(11) 15 100
25(5) 12 80
0.5 (1) 7 50
01(.2 3 10 maximum
Class || 25 (55) 25 100
15 (35) 20 80
5(11) 15 50
0.5 (1) 8 10 maximum
Class 11 50 (100) 30 100
30 (60) 25 80
10 (25) 20 50
1(2 10 10 maximum
ClassV 100 (220) 45 100
70 (150) 35 70
35 (75) 25 30
7 (15) 15 10 maximum
Class VI 300 (650) 60 100
200 (440) 50 70
100 (220) 40 30
10 (22) 20 10 maximum
Class VIII 1,000 (2,200) 90 100
600 (1,320) 70 70
200 (440) 50 30
30 (65) 25 10 maximum
Class X 2,000 (4,400) 120 100
1,000 (2,200) 90 80
300 (660) 60 50
40 (90) 30 10 maximum
Source: Adapted from USDA-Forest Service. *equivalent spherical diameter
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Figure 6.2 Two examples of typical riprap stream bank protection.

Plant to Grass
or Shrubsin
Compacted

. 0510m#
S Freeboard High Water Level
o 2 7
e Q ‘o
Geotextile “key.” Ensure
intimate contact of o .
geotextile and soil. , < A 30_-90 cm Present Stabilized
Q . % Yo - o \,\'O@ Thickness Stream Bottom
Mo e o -',j&’.:lO—lS cm Gravel or /D » (Typical)
.:OD-}-.Q‘» e Q‘Q'Gegte_)(t"le Fllrte\r)Lafyer :"'c,,f Ao 0c®@°
g -_'O O . - ) OA_.oo °°0
Ll N L. O 30%of rock to be headers S 7 A PN
(N9 -© ... . extending 2/3 thickness of riprap. - o £ s | £ 1'mDepth
O _O Ceo " If thisis not possible, dump bottom c,'q B 5 ° |for Scour
S TR G YR C portion of riprap and arrange top cle % Protection
SO 1 layer to grade by hand. S ;- L e N
.)\/' Qo :,O‘ .VQ“ ~ OA o Q ) ° o T °
T R : O e ~neo e
a. Rock Toe and Blanket Detail
Freeboard
V Maximum Expected High Water Level
Riprap Layer
1% : 1 Sope
B S AT T A
A &f"\gﬂ.—\hﬁr—,{bﬁb v Minimum
Filter Layer N7
(Geotextile : %
or Gravel) 2 m. Minimum
or 1.5 x the
Depth of
Expected
Scour

b. Details of Rock Riprap Layer Placed on the Stream Channel Bottom for Scour
Protection

Low-VoLume Roaps BMPs : 49



Photo 6.5 Afilter cloth (geotextile) backing behind a loose rock slope buttress to provide
afilter for drainage and to prevent movement of fine soil into the rock. (Photo by Richard
Van Dyke)

Photo 6.6 Use of a geotextile as a “silt fence” to trap sediment from a construction
area.
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Figure 6.3 Typical Geotextile Applications for Rural Roads. (Adapted with permission from AMOCO
Fibers Corporation)
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RECOMMENDED PRACTICES

* Determine stream channel
velocitiesto examine scour
potential, structure protection
needs, and impacts on aguatic
life.

* Usewell graded, hard, angular,
properly sized riprap where
scour protection is needed.
Needed rock size (and weight)
asafunction of average water
flow velocity isshownin
Figure 6.1. On curves
(impinging flow) increasethe
rock size by 30 to 50 percent
abovethat shown in Figure 6.1
for averageflow velocities.

* Use clean sand, clean, well
graded 0.5to 1 cm gravel, or a
geotextilefor filters between
fine erodabl e soilsand coarse
drain rock or riprap (see
Figure 6.2 for typical riprap
installation with filter
backing).

Photo 6.7 Riprap with a geotextile
filter backing are being used to
protect the road from high water
flows. Note that the road is poorly
located so close to the stream!
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* Use scour countermeasures

to protect structures,
prevent failure of structures,
and avoid adverseimpacts
to streams. Riprap or
gabions are most commonly
used in high velocity or
critical areas (Photo 6.7).
Vegetation, root wads, logs,
or barbs can also be used for
streambank stabilization.

* Pay attention to design

details where rock
protection and filters are
needed.

* Use geotextilesin road and

hydraulic design applications
to provide afilter behind
riprap or around an
underdrain. Use
geosynthetic materialsin
other applications, such as
for separation and
reinforcement, wherever
cost-effectiveand practical.

PRACTICES

TOAVOID

¢ Installing structures without
adequate consideration of ex-
pected stream velocities and
appropriately sized rock for
bank protection.

* Installing subsurface drain-
age measures, such as
underdrains, without filter
protection (such as use of
geotextilesand properly
sized sand or gravel filter
material).




Chapter 7

Drainage of Low-Volume Roads

“Three of the most important aspects of road design --
drainage, drainage, and drainage”

0AD LocATIOoN and drainage of roads,

R construction areas, and other areasof activity

arethemost significant factorsthat can affect

water quality, erosion, and road costs. Drainage

includes controlling surface water and adequately

passing water under roads in natural channels.

Drainageissuesthat must be addressed in road design

and construction include roadway surface drainage;
control of water inditchesand

rainy periodsto see how thewater isactually moving,
whereitisconcentrated, what damageit may cause,
and what measures are needed to prevent damage
and keep the drainage systems functioning properly.

RoabpwAY SURFACE DRAINAGE CONTROL
The roadway surface needs to be shaped to dis-
perse water and move it off the road quickly and as

at pipe inlets/outlets;
crossingsof natural channels
and streams; wet area
crossings; subsurface
drainage; and selection and
design of culverts (Chapter
8), low water crossings
(Chapter 9), and bridges
(Chapter 10). Three of the
most important aspects of
road design are drainage,
drainage, and drainage!

Adequate road drainage
requires careful attention to
detail. Drainage conditions
and patterns must be studied

on the ground. Drainage

Photo 7.1 Design roads that move water rapidly off the surface of the

should be observed during  road and minimize water concentration with the use of rolling grades and
outsloped, insloped, or crowned roads.
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Crown Section

Outslope Section

o> 3-50 ——>

M Inslope with Ditch Section

< Armored
Ditch

Figure 7.1 Typical road surface drainage options.

frequently as possible (Photo
7.1). Water standing in potholes,
ruts and sags will weaken the
subgrade and accel erate damage.
Water concentrated inrutsor kept
on the road surface for long dis-
tances can accelerate erosion as
well as wash off the surface ma-
terial. Steep road grades cause
surface and ditch water to move
rapidly, and make surface drain-
age difficult to control. Steep
grades accelerate erosion unless
surfaces are armored or water is
dispersed or removed frequently.

Roadway surface water
should be controlled with positive
drainage measures using
outsloped, insloped, or crown
sectionsof road, asshownin Fig-
ure 7.1. Outsloped roads best
dispersewater and minimizeroad
width, but may require roadway
surfaceand fill dopestabilization.
An outsloped road minimizes
concentration of water, minimizes
needed road width, avoids the
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need for aninsideditch, and mini-
mizes costs. Outsloped roads
with clay rich, slippery road sur-
face materials often require rock
surface stabilization or limited use
during rainy periodsto assuretraf-
fic safety. Onroad gradesover 10
to 12 percent and on steep hill
slope areas, outsloped roads are

difficult to drain and can feal un-
safe.

Insloped roads best control
the road surface water but con-
centrate water and thus require a
system of ditches, cross-drains,
and extraroad width for theditch.
Cross-drains, using either rolling
dips (broad-based dips) or culvert
pipes, must be spaced frequently
enough to removeall the expected
road surfacewater before erosion
occurs. The maximum recom-
mended distances (listed in Table
7.1) should be used for guidance
on spacing of cross-drains and
ditchrelief structures. Specificlo-
cations should be determined in
thefield based upon actual water
flow patterns, rainfall intensity,
road surface erosion characteris-
tics, and available erosion resis-
tant outlet areas.

Crown section roads are ap-
propriatefor higher standard, two
laneroadson gentle grades. They
also require a system of inside

Photo 7.2 Use rolling dip (broad-based dip) cross-drains to move
water off the road surface efficiently and economically, without the
use of culvert pipes. Rolling dip cross-drains are not susceptible to

plugging.



Table 7.1

Recommended M aximum Distance Between Rolling Dip
or Culvert Cross-Drains(meters)

Low to

Road Grade % Non-Erosive soils(1) Erosive Soils(2)

0-3 120 75

4-6 90 50

7-9 75 40

10-12 60 35

12+ 50 30
Table 7.2

Recommended Water Bar Spacing (meters)

Road/Trail Low to
Grade% Non-Erosive soils (1) Erosive Soils(2)
0-5 75 40
6-10 60 30
11-15 45 20
16-20 35 15
21-30 30 12
30+ 15 10

Note: (1) Low Erosion Soils= Coarse Rocky Soils, Gravel, and
Some Clay
(2) High Erosion Soils=Fine, Friable Sails, Silt, Fine
Sands

Adapted from Packer and Christensen (1964)
& Copstead, Johansen, and Moll (1998)

ditchesand crossdrains. Itisdif-
ficult to create and maintain a
crown on anarrow road, so gen-
erally insloped or outsloped road
drainageis more effectivefor ru-
ral roads.

Culvert cross-drainsareused
to move ditch water across the
road. They arethe most common
type of road surface drainage, and
are most appropriate for high-
standard roads where a smooth
road surface profile is desired.
However the pipesare expensive,
and the relatively small culvert
pipes used for cross-drains are
suseptibleto plugging and require
cleaning.

Rolling dip cross-drains
(broad-based dips) aredesigned
to passslow traffic, whileasodis-
persing surfacewater (Photo 7.2).
Rolling dipsusually cost less, re-
quire less maintenance, and are
less likely to plug and fail than
culvert pipes. Rolling dips are
ideal onlow volume, low to mod-
erate speed roads (20-50 kph).
Spacing is a function of road
grade and soil type, as seen in
Table7.1. Other typesof roadway
surface cross-drain structures oc-
casionally used include open top
wood or metal flumes, and rub-
ber water deflectors.

Seep road grades are unde-
sirable and problematic, but oc-
casionally necessary. On gradesup
to 10%, cross-drainswith culverts
or rolling dipsare easy to use. Be-
tween 10 and 15%, frequently
spaced culvert cross-drainswork,
oftenin conjunction with armored
ditches. On grades over 15%, it
isdifficult to slow down the wa-
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RECOMMENDED PRACTICES

Roabway SURFACE
DraINAGE CONTROL

* Design and construct roads
so that they will move water
rapidly off theroad surface
to keep the surface drained
and structurally sound.

* Avoid steep road gradesin
excess of 12to 18%. Itis
very difficult and expensive
to properly control drainage
on steep grades.

* Maintain positive surface
drainage with an outsloped,
insloped, or crown roadway
section using 3 - 5 % cross
slopes (up to 5% is best)
(Figure 7.1).

* Roll grades or undulate the
road profile frequently to
disperse water, particularly
into and out of stream
crossings (Figure 7.2a,
Photo 7.1).

* Usefrequently spaced
leadoff ditches (Figure7.2b
and Figure 7.8) to prevent
accumulation of excessive
water in the roadway
ditches.

* Useroadway cross-drain
structures (either rolling
dips, pipe culverts, or open
top culverts (flumes)) to
move water across the road
from theinside ditch to the

slope below the road. Space

the cross-drain structures
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frequently enough to remove
all surface water. Table7.1
givesrecommended cross-
drain spacing.

Protect cross-drain outlets
with rock (riprap), brush, or
logging slash to dissipate
energy and prevent erosion,
or locate the outlet of cross
drainson stable, non-erosive
soils, rock, or in well veg-
etated areas (Figure 7.2b).

Construct rolling dips
rather than culvert cross-
drainsfor typical, low-
volume, low speed roads
with grades less than 12%.
Construct rolling dips deep
enough to provide adequate
drainage, angled 0-25
degreesfrom perpendicul ar
to the road, with a 3-5%
outslope, and long enough
(15 to 60 meters) to pass
vehicles and equipment (See
Photo 7.2). In soft soils,
armor the mound and dip
with gravel or rock, as well
asthe outlet of the dip
(Figure 7.3).

Install culvert cross-drains
with an angle of 0-30 de-
grees perpendicular to the
road, using an outslope of
2% greater than the ditch
grade to prevent plugging.
(Figure 7.4). (See Chapter
8 for more information on
culverts). Use culvert cross-
drains on roads with an

inside ditch and moderately
fast vehicle speeds.

* Construct water barson

infrequently used roads or
closed roads to control
surface runoff. Construct
frequently spaced waterbars
angled at 0-25 degrees with
an outslope of 3-5% and a
depth of 0.3 to 0.6 meters.
Install water bars as shown
in Figure 7.5. Spacing of
waterbarsis shown in Table
7.2.

Use catch water ditches
(intercept ditches) across the
natural ground above a cut
slopeonly in areaswith high
intensity rainfall and over-
land flow. These ditchesare
useful to capture overland
sheet flow before it pours
over the cut slope and
erodes or destabilizesthe
cut. However, be aware that
catch water ditches are that
are not properly maintained
can become a counter-
productive pool for water
abovetheslope, increasing
the probability of aslope
fallure.

Avoid the use of outside
ditches, along the outside
edge of the road, except in
specific areas that must be
protected from sheet flow
off the road surface. Prefer-
ably, use berms. Note that an
outside ditch or berm neces-
sitates additional road width.



PRACTICESTO AVOID

« Long sustained road grades erosive, unprotected soils. abney level, or survey
that concentrate flows. equipment to ensure that
*“Eyeballing” gradesinflat you have proper slopes or

Figure 7.2
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b. Basic road surface drainage with leadoff ditches and culvert cross-drains exiting into vegetation or a
streamside buffer area. (Adapted from Montana State Univ. 1991)
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Figure 7.3 Rolling (broad-based) dip cross-drains.

a. Per spective View

b. Profile
For Insloped Road — Slope to Depth
of Inside Ditch
Armor Dip and Mound For Outsloped Road — 3-5 cm Deep od Grade
Surface as Needed with or Match Depth of Inside Ditch at ‘;?12%
5-15 cm Aggregate Entrance — 15-30 cm Deep at Exit -——

\

<«——830m > 7-12m >l 8-30m
c. Rolling Dip Profile Detail
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Figure 7.4 Culvert cross-drains.

Inlet
Structure

Place Outlet Pipe at

Natural Ground

Level or Riprap

Armor the Fill {:}

Figure 7.5 Water bar construction. (Adapted from Wisonsin’s Forestry Best Management Practices
for Water Quality. 1995, Publication FR093, Wisconsin Department of Natural Resources)
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Photo 7.3 Use masonry, concrete, or metal inlet structures to
control water in the ditch, direct the water into the cross-drain pipe,

and prevent ditch down-cutting.

ter or remove it from the road
surface rapidly. On such steep
grades, it isbest to usefrequently
spaced cross-drain culverts, with
armored ditches. Also, the road
surfacewill need armoring or sur-
facing with some form of pave-
ment to resist erosion. For sea-
sonal or low use roads, interim
drivable waterbars could also be
constructed.

Water bars are used to con-
trol drainage on closed or inac-
tive roads, 4-wheel drive roads,
skid roads, and skid trails. Water
bars are frequently spaced (see
Table 7.2) for maximum erosion
control and can be shaped to pass
high clearancevehiclesor to block
traffic.

Photo 7.4 Add outlet protection and/or energy dissipators to pre-
vent erosion and the formation of gullies.
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CoNTROL AT INLETSAND OUTLETS
oF Cross-DrAINS AND DITCHES

Water should be controlled,
directed, or have energy dissi-
pated at the inlet and outlet of
culverts, rolling dips, or other
cross-drainage structures. This
can ensure that water and debris
enters the cross-drain efficiently
without plugging, and that it ex-
its the cross-drain without dam-
aging the structure or causing ero-
sion at the outlet.

Culvert inlet structures (drop
inlets) areusually placedinthein-
side ditchline at the location of a
culvert cross-drain. They arecom-
monly constructed of concrete,
masonry (Photo 7.3), or from
round metal pipe, asseenin Fig-
ure 7.6. They are typically used
where the ditch is eroding and
downcutting, so that the structure
controlstheditch elevation. Inlet
structures are also useful to
change the direction of water
flowing in the ditch, particularly
on steep grades, and they can help
stabilize the cut bank behind the
pipeinlet.

The outlet of pipes and dips
areideally located inastable, non-
erosive soil areaor inawell-veg-
etated or rocky area. The accel-
erated velocity of water leaving a
roadway can cause severe erosion
or gullying if discharged directly
onto erosive soils (Photo 7.4).
Thepipe, dip, or drain outlet area
can be stabilized, and the energy
of the water dissipated, by dis-
charging the water onto 1-2 cu-
bic metersof agraded rock riprap,
as seen in Figure 7.7. Other en-
ergy dissipation measuresinclude
the use of stilling basins, rein-



Photo 7.5 Protect the outlet of culvert pipe and rolling dip cross-
drains with riprap or a masonry splash apron, or choose areas of

bedrock or dense vegetation.

forced splash aprons, or use of
dense vegetation or bedrock
(Photo 7.5).

Ditcheson steep road grades,

RECOMMENDED PRACTICES

CoNTROL AT INLETS& OUTLETS

* When ditch grade control is
needed, use drop inlet struc-
tureswith culvert cross-drains
to prevent ditch down-cutting
or where spaceislimited
against the cut bank (Figure
7.6). Alternately, use catch
basinsexcavated into firm
soil.

* Discharge culvertsand cross-
drain dips at natural ground
level, on firm, non-erosive
soil or inrocky or brushy
areas. If discharged on thefill
slopes, armor outlets with
riprap or logging slash, or use
down-drain structures. (Fig-
ures 7.3, 7.4, 7.7 and Figure
8.1). Extend the pipe 0.5 to

inerosivesoils, and with flow ve-
locities over one meter per sec-
ond may require armoring or the
use of small ditch dike or dam
structures placed in the ditch to

1.0 meters beyond the toe of
thefill slopeto prevent
erosion of thefill material.

* In erosive soils, armor
roadway ditches and |eadoff
ditcheswith rock riprap
(Photo 7.7), masonry,
concretelining or, at a
minimum, grasses. Ditch
dike structures can also be
used to dissipate energy and
control ditch erosion.
(Figure 7.8).

* Discharge roadway drainsin
anareawithinfiltration
capability or intofilter strips
to trap sediment before it
reaches awaterway. Keep
the road and streams hydro-
logically “disconnected.”

slow down the velocity of water,
as shown in Figure 7.8. Ditches
arecommonly armored with grass,
erosion control matting, rock, or
masonry /concrete paving (Photo
7.6). Grasses can resist flow ve-
locitiesto 1-2 meters per second.
A durablearmoring such asgraded
rock riprap or concrete is recom-
mended on grades over 5 percent
in erosive soils or for velocities
over afew meters per second.

Ditch dikeswill prevent ditch
erosion, and dikes can serve to
catch sediment, but they require
mai ntenanceneed in that they need
to be periodically cleaned out.
Common ditch dike construction
materialsinclude looserock, ma-
sonry, concrete, bamboo, and
wooden posts. Each dike structure
should be keyed into the banks of
the ditch and a notch is needed
over each structure to keep the
flow in the middle of the ditch.

PRACTICESTO

AVOID

* Discharging a cross-drain
pipe or dip onto any unpro-
tected fill slope or barren,
erosivesoil.

* Discharging cross-drain
pipes mid-height on a fill
slope.

* Discharging cross-drain

pipesor dipsonto unstable
natural slopes.
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Photo 7.6 Armor ditches with vegetation, rock, masonry, or concrete to
resist ditch erosion and carry the water to a stable exit point.

Figure 7.6 Typical drop inlet structure types (with culvert cross-drains).

Use drop inlet structure to control the level of water,
turn water into the pipe, and prevent downcutting and erosion of the ditch.

Roadbed surface
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Dissipation
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Figure 7.7 Culvert outlet protection.

Rocks:
15-50 kg
5% greater than 25 kg
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Photo 7.7 A rock armored ditch and metal drop inlet to control the
water and prevent down-cutting of the ditch.
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Figure 7.8 Ditches and ditch armoring.

a. Ditch Layout and L eadoff (Adapted from Wisconsin's Forestry Best Management Practices for Water
Quality, 1995)

Oadbed Armor the ditch with
P/Is 004, rock’ mawnry e gra$
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b. Typical Ditch Armoring and Shape
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c. Use of Ditch Dikes
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NATURAL STREAM CROSSINGS

Road crossings of natural
drainage channelsand streamsre-
quire hydrologic and hydraulic de-
sign expertise to determine the
proper size and type of structure,
asdiscussed in Chapters 5 and 6.
Structuresfor small drainagescan
be sized using Table 8.1. The
choice of structure includes cul-
vert pipes, arch or box culverts,
low water fords, or bridges, as
shown in Figure 7.9.

Because drainage crossings
areat areas of running water, they
can be costly to construct and can
have major negative impacts on
water quality. Impacts from im-
proper design or installation of
structures can include degraded
water quality, bank erosion, chan-

nel scour, traffic delays, and costly
repairs if a structure fails. Also,
structures can greatly impact fish,
as well as other aguatic species,
at all stagesof life. Stream cross-
ingsshould be asshort aspossible
and cross perpendicular to the
channel (Photo 7.8). Theroad and
ditches should bearmored, ditches
should divert surface water before
it reachesthe stream channel, and
construction should minimizethe
area of disturbance, as shown in
Figure 7.10. Large drainage
crossings should receive site-spe-
cificandysisand designinput, ide-
aly by an experienced hydraulic
engineer and other specialists.

In drainages with uncertain
flow vaues, large quantitiesof de-
brisinthechanne, or on siteswith

existing undersized pipes, thereis
ahighrisk of aculvert pipe plug-
ging and the site washing out or
failing. In such areas, or in par-
ticularly sensitive watersheds,
overflow protection is desirable.
A low point in the fill and an ar-
mored overflow “spillway,” as
showninFigures7.11a & b, will
protect the fill and keep the flow
in the same drainage, thus reduc-
ing diversion potentia and usualy
preventing a failure. A plugged
pipethat divertsthe stream water
down the road can cause a great
deal of off-site damage or gully-
ing or causelandslides, asseenin
Figures 7.11c & d. Overflow
structures should not be used asa
substitute for good hydraulic de-
sign, but they can offer “cheap
insurance” against failure at cul-
vert crossings.

Figure 7.9 Structural options for crossing natural streams. (Adapted from Ontario Ministry of Natural
Resources, 1988)
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b. Low-Water Crossing

c. Arch Pipe

d. Culvert with Single or Multiple Pipes
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RECOMMENDED PRACTICES

NATURAL STREAM CROSSINGS

* Use drainage structures that
best conform to the natural
channel and that are aswide
asthe active stream channel
(bankfull width). Minimize
natural channel changesand
the amount of excavation or
fill inthe channdl.

* Limit construction activity to

periodsof low flow inlive
streams. Minimize use of
equipment in the stream.
Stay out of the stream!

* Design structures and use
construction practices that

minimizeimpactson fishand

other aguatic species or that
can enhance fish passage.

* Crossdrainage channelsas
infrequently aspossible.
When necessary, cross
streams at right angles
except where prevented by
terrain features (Figure
7.10).

* Keep approaches to stream
crossingsto asgentlea

grade aspractical. Roll
grades into and out of the
crossing to disperse water.

* Stabilize disturbed soil

around crossings soon after
construction. Remove or
protect fill material placedin
the channel and floodplain.

* Use bridges, low-water fords

or improved fords, and large
arch pipeswith natural
stream bottoms wherever
possibleto maximizeflow
capacity, minimizethe
possibility of aplugged pipe,
and minimize impactson
aquatic species.

* Locate crossings where the

stream channel isstraight,
stable, and not changing
shape. Bedrock locations are
desirablefor concrete
structures.

* For overflow protection,

construct fillsover culverts
with an armored low point

near the pipeinlow fillsor

add an armored rolling dip

on native ground just be-

yond alargefill to return
water to the drainage and
prevent off-site damage
(Figure 7.11).

* Stabilize roadway ap-
proaches to bridges, fords,
or culvert crossings with
gravel, rock, or other
suitable material to reduce
road surface sediment
from entering the stream
(Figure7.12). Install
cross-drains on both sides
of acrossing to prevent
road and ditch runoff from
entering the drainage
channdl.

* Construct bridges and
culvert fillshigher thanthe
road approach to prevent
road surface runoff from
draining directly into the
stream -- but ONLY if
likelihood of culvert
fallureisVERY small.
(Figure7.13). Typically,
the crossing should be
designed to minimizethe
amount of fill.

PRACTICESTO AVOID

» Working with equipment in
an unprotected natural
streambed.

* Adversely impacting fisheries
with a stream crossing
structure.

* Locating stream crossings
in sinuous or unstable
channels.

* Allowing runoff from road-
sideditchesto flow directly
into streams.
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Figure 7.10 Natural drainage crossings. Minimize the area of disturbance with a perpendicular

stream crossing alignment, and armor the roadway surface.

Poor Stream Crossing Better Stream Crossing

Crossings near parallel to the drainage cause a Drainage crossings perpendicular to the creek
large disturbed areain the channel, streambank, minimizethe areaof disturbance. Armor the
and approach cuts. stream crossing and roadway surface.

Photo 7.8 Avoid natural drainage crossings that are broad and that are
not perpendicular to the drainage. Stay out of the stream! This broad
channel is a good site for a vented ford.
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Figure 7.11

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

.25 2 1/ S A B /4
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(A) Roadway Cross Drain (Dip)
(B) Culvert

(C) Overflow Protection Dip

(D) High point in the road profile

Road Profile Across the Drainage and Dip

a. Overflow dip protection at a fill stream crossing. (Adapted from Weaver and Hagans, 1994)
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Figure 7.11 (continued)
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b. Armored dip over a low fill to prevent stream diversion.
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c. Sketch of a stream diverted down the road, forming a new channel.
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d. Consequence of stream diversion out of its natural channel. (Adapted from M. Furniss, 1997)
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Figure 7.12 Protection measures at stream crossings.
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Armor or stabilize the actual stream crossing (ford), add surfacing to the roadbed, and
drain water off the road surface before reaching the crossing. Set stream channel
armoring at the elevation of the natural stream bottom.

Figure 7.13 High point over the crossing. (Adapted from Wisconsin’s Forestry Best Management

Practices for Water Quality, 1995)

If aplugging failureisunlikely to occur, placefill directly over aculvert higher than
the road approach to prevent surface road runoff from draining toward the crossing

structure and into the stream.
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WET AREAS AND M EADOW
CrossiNGs, Use oF UNDERDRAINS

Road crossings in wet areas,
including damp meadows,
swamps, high groundwater areas,
and spring sources are problem-
aticand undesirable. Wet areasare
ecologically valuableand difficult
for road building, logging, or other
operations. Soilsintheseareasare
often weak and require consider-
able subgrade reinforcement.
Drainage measures are expensive
and may have limited effective-
ness. Wet areas should be
avoided!

If wet areas must be crossed
and cannot be avoided, special
drainage or construction methods
should be used to reduce impacts
from the crossing. They include
multiple drainage pipes (Photo
7.9) or coarse permeablerock fill
to keep the flow dispersed,
subgrade reinforcement with
coarse permeablerock, grade con-
trol, and theuseof filter layersand
geotextiles, as shown in Figure
7.14. The objectiveisto maintain
the natural groundwater level and
flow patterns dispersed acrossthe
meadow and, at the same time,
providefor astable, dry roadway
surface.

Local wet areas can be tem-
porarily crossed, or “bridged”
over, using logs, landing mats,
tires, aggregate, and so on. (see
Figure 7.15). Ideally, the tempo-
rary structure will be separated
from the wet areawith alayer of
geotextile. The geotextilehhelpsfa-
cilitate removal of the temporary
material and minimizesdamageto
thesite. Also, alayer of geotextile

can provide some reinforcement
strength as well as provide sepa-
ration to keep aggregate or other
materialsfrom punching into the
weak subgrade.

Subsurface drainage, through
use of underdrains or aggregate
filter blankets, iscommonly used
along aroad in localized wet or
spring areas, such as a wet cut
bank with seepage, to specifically
remove the groundwater and
keep the roadway subgrade dry.
A typical underdrain design uses
an interceptor trench 1-2 meters
deep and backfilled with drain
rock, as shown in Figure 7.16.
Subsurface drainage is typically
needed in local wet areas and is
much more cost-effective than
adding athick structural section
to the road or making frequent
road repairs. Design and filtration
requirementsfor underdrainsare
discussed in Chapter 6 and other
references.

In extensive swamp or wet ar-

eas, subsurface drainage will of-
ten not be effective. Here, either
theroadway platform needsto be
raised well abovethewater table,
such as with aturnpike roadway
section, or the surfacing thickness
design may be based upon wet,
weak subgrade conditions that
will require a relatively thick
structural section. A thick aggre-
gatelayer iscommonly used, with
the thickness based upon the
strength of the soil and anti cipated
trafficloads.

PRACTICES

TOAVOID

» Crossing wet areas unnec-
essarily.

« Concentrating water flow
in meadows or changing
the natural surface and
subsurface flow patterns.

* Placing culverts below the
meadow surface €l evation.

Photo 7.9 Avoid crossing wet meadow areas. When necessary to
cross, use multiple drainage pipes to keep water flow dispersed

across the meadow.

Low-VoLumE Roabs BMPs: 71



Figure 7.14 Wet meadow road crossing options. (From Managing Roads for Wet Meadow Ecostream

Recovery by Wm. Zeedyk, 1996)
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(for periodic high flows on flood plains and meadows)

a.
@) [ 2
=5 P
O &
Culverts
Berm N / l’%> <3
Flow r_‘:> m I |:> Flow
: = >
g = 8 e
= @ o> § T beed
ﬁ | —DE- ————— _ @ I:>
o o e e - - N .
b.
Meedow\‘ BeM —~,
surface - e & Flow ':>
10-15 cm minus rock 7
ROCK FILL WITHOUT CULVERTS
(for minimal overland flow) _
C. 15 cm Thick
Aqggregate
Roadway X Base Course
15 cm Minus Rock
Geotextile Course Placed Approx.
\ I3 30 cm Thick

:> Flow
Lt 3

Low-VoLume Roabs BMPs: 72



Figure 7.15 Pole or plastic pipe fords for wet area and bog crossings. Pole fords must be removed
immediately after use or before the upstream end becomes clogged with debris and impedes stream
flow. (Adapted from Vermont Department of Forests, Parks and Recreation, 1987)

RECOMMENDED PRACTICES

WET AREAS AND M EADOW soil with afilter layer of link fencing or wire under
CROssINGS, UNDERDRAINS geotextile or gravel. thelogs can help facilitate
* For permanent road cross- removal of thelogs.

ings of meadows and wet- * For temporary crossing of

lands, maintain the natural
groundwater flow patterns
by the use of multiple pipes
set at meadow level to
spread out any overland
flow (See Photo 7.9).
Alternatively, acoarse,
permeablerock fill can be
used where overland (sur-
face) flow isminimal (see
Figure 7.14).

* In areas with local wet spots
and limited road use, rein-
force the roadway with at
least 10-30 cm of coarse
graded rock or avery coarse
granular soil. Ideally, sepa-
rate the coarse rock and wet

small, wet drainages or
swamps, “corduroy” the
road with layers of logs
placed perpendicular to the
road and capped with a soil
or gravel driving surface.
PV C pipe, landing mats,
wood planks, tire mats and
other materials have also
been used (see Figure 7.15).
Place alayer of geotextile
between the saturated soil
and logs or other material
for additional support and to
separate the materials.
Removelogsfrom any
natural drainage channel
before the rainy season (see
Photo 8.8). A layer of chain-

* In spring areas, use drainage
measures such as
underdrainsor filter blankets
to remove local groundwa-
ter and keep the road
subgrade dry (Figure 7.16,
Photo 7.10).

* Useunderdrains behind
retaining structuresto
prevent saturation of the
backfill. Use underdrains or
filter blanketsbehind fills
(embankments) placed over
springs or wet areas to
isolate thefill material and
prevent saturation and
possi ble subsequent fill
failure.
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Figure 7.16 Typical road underdrain used to remove subsurface water.
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Photo 7.10 Use subdrains or filter blankets when necessary to remove groundwa-
ter from the roadway subgrade in local wet or spring areas. Note that this design
needs a second layer of geotextile between the soft subgrade soil and the coarse
filter rock to keep the rock clean.
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Chapter 8

Culvert Use,

Installation,

and Sizing

“Ensure that culverts are adequately sized or have overflow protection.”

CULVERTS ARe commonly used both as cross-
drainsfor ditch relief and to passwater under
a road at natural drainage and stream
crossings. In either case, they need to be properly
sized and installed, and protected from erosion and
scour (Photo 8.1). Natural drainages need to have
pipes large enough to pass the expected flow plus
extracapacity to passdebriswithout plugging (Photo
8.2). Fish passagemay alsobe

be estimated using Table 8.1 (if better local datais
not available). For larger drainages, specific site
hydrologic and hydraulic analyses should be done.
These analyses must consider the watershed and
channel characteristics, high water levels, local
rainfall data, and other available flow information
(see Chapter 5, Chapter 6, and Chapter 7- Natural
Stream Crossings).

a design consideration.
Discharge (design flow) will
depend on the watershed
drainage area, runoff
characteristics, design rainfall
intensity, and return period
(frequency) of the design
storm.  Culvert design
typically uses a minimum
storm event of 20 years, and
may design for asmuch as a
100-year event (Photo 8.3),
depending on local
regulationsand the sensitivity
of the site (such as with
endangered species).

For small Wat?fSh?dS (UP Photo 8.1 Protect the outlet of culverts against erosion. Graded riprap is
to 120 hectares) pipesizecan commony used for this purpose.
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Photo 8.2 A culvert failure caused by insufficient flow capacity or
inadequate pipe size to pass the debris (boulders) moving through the

drainage.

Culvertsaremade of concrete
or metal (corrugated steel or
aluminum), and plastic pipe is
occasiondly used, aswell aswood
and masonry. Thetypeof material
used depends on cost and
availability of the materials.
However, corrugated metal pipe
(CMP) and concrete pipe are
generally more durable than
plastic pipe. The shape of the
culvert, suchasaround pipe, pipe
arch, structural arch, or box,
depends on the site, the needed
span, and the allowabl e height of
soil cover. The key factors in
culvert selection are that the
culvert has adequate flow
capacity, fitsthe site, and that the
installation is cost-effective.

Cross-drain culvert
installation optionsand detailsfor
ditchrelief areseenin Figure 8.1,
as well as Figures 7.6 and 7.7.
The cross-drain pipe should
ideally be placed at the bottom of
the fill, the inlet should be
protected with a drop inlet
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structure or catch basin, and the
outlet area should be protected
against scour.

Culvert installation and
alignment factors for drainage
crossings are shown in Figures
8.2, 8.3, 8.4, and 8.5. Important
installation details include:

minimizing channd modifications;
avoiding constriction of the
bankfull flow channel width;
maintaining the natural grade and
alignment; using quality, well
compacted bedding and backfill
material; and using inlet, outlet,
and streambank protection
measures (Photo 8.4). Trashracks
(Figure8.6) areoftendesirablein
channelswith significant amounts
of debristo prevent pipe plugging
(Photo 8.5).

Bedding and backfill material
for culvertsiscommonly specified
as “select granular material” or
“select mineral soil”. Actualy,
most soils are satisfactory if they
are free of excessive moisture,
muck, lumpsof frozen soil, roots,
highly plastic clay, or rock larger
than 7.5 cm. Bedding material
beneath the pipe should not have
rockslarger than 3.8 cm. Clay soll
can be used if it is carefully
compacted at a uniform, near-
optimum moisture content. Ideal

Photo 8.3 Install masonry/concrete box or metal culverts with a large
enough size (capacity) to safely pass the anticipated design flow
(typically a 20- to 50-year recurrence event), based upon hydrological
analysis. Use headwalls and wingwalls whenever possible.



backfill material is a moist, well-
graded granular or sandy
gravel soil with up to 10 percent
fines and free of rocks. The
material should be well
compacted, at least asdense asthe
adjacent ground, and preferably at
a density of 90-95% of the
AASHTO T-99 maximum density.
It should be placed in 15cm thick
layers (lifts). A dense, uniform
backfill isimportant to structurally
support the lateral pressure from
the pipe, particularly with plastic
pipes.

Uniformfinesand and silt soils
can be problematic when used for
culvert bedding or backfill
materia. Thesefine, non-cohesive
soilsare very susceptibleto scour
and piping from moving water
(Photo 8.6). Thus their use is

discouraged. If used, they should
be very well compacted against
the pipe. Ideally, aclay plug or
anti-seepage collar, made of
metal, concrete, or even
geotextile, should be placed
around the culvert pipe to force
any water channel to flow in a
longer path through the soil.
Concrete headwalls also deter

piping.

Because of changing climatic
conditions, debrisand bedload in
channels, changing land use
patterns, and uncertainties in
hydrologic estimates, culvert size
and capacity should be
conservative, and should be
oversized rather than undersized.
Ideally, aculvert will be of asize
as wide as the natural channel to
avoid channel constriction.

Channel protection, riprap,
overflow dips, headwalls, and
trash racks can all help mitigate
culvert problems, but noneare as
good as an adequately sized and
well placed pipe. An oversized
culvert, designed to avoid pipe
repairs or failure as well as
prevent environmental damage,
can be very cost-effective in the
long run. Also, the addition of
concrete or masonry headwalls
helpsreducethelikelihood of pipe
plugging and failure.

Pipe size, as a function of
anticipated design flow (capacity)
and headwater depth, can easily
be determined using the
Nomograms presented in Figures
8.7a,8.7b, and 8.7c. Thesefigures
apply to commonly used culverts
of round corrugated metal pipe,

Table 8.1

Drainage Area

DRAINAGE STRUCTURE SIZING

Size of Drainage Structure

(Hectares) Inches and Area (m?2)
Steep Slopes Gentle Slopes
Logged, Light Vegetation Unlogged, Heavy Vegetation
C=0.7 C=0.2

Round Pipe(in) Area(m2)  Round Pipe(in) Area(m?2)
0-4 30" 0.46 18" 0.17
4-8 42" 0.89 24" 0.29
8-15 48" 1.17 30" 0.46
15-30 72" 2.61 42" 0.89
30-50 84" 3.58 48" 1.17
50-80 96" 4.67 60" 1.82
80-120 72" 2.61
120-180 84" 3.58

Notes: If pipesizeisnot available, usethe next larger pipesizefor the given drainage area. For interme-
diateterrain, interpol ate between pipe sizes.

-Pipesizeisbased upon the Rational Formulaand Culvert Capacity curves. Assumesarainfall intensity of
75 mm/hr. (3"/hr) to 100 mm/hr (4”/hr). Valuesof “C” are the Runoff Coefficientsfor the terrain.

-For tropical regionswith frequent high intensity rainfall (over 250 mm/hr or 10”/hr), these drainage areas
for each pipe size should be reduced at least in half.
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Figure 8.1 Culvert cross-drain installation options in a fill.

Culvert YES N 0

cross-drain

Erosion or scour
unless slope
protection is
added.

LR Ouitlet protection
PN with rock riprap

The outlet of the pipe should extend beyond the toe of the fill and should
never be discharged on the fill slope without erosion protection.

Optional

Anchor the downdrain
/ pipe to the fill slope
= with stakes, cable,

£ anchor blocks, etc.

structure

Natural Ground

Optional use of a downdrain pipe, especially in large fills with poor soils and hig?%)\
rainfall areas, where fill settlement may require culvert repairs.

round concrete pipe, and concrete
boxes. Each of these figures
appliesto pipeswithinlet control,
wherethereisno constraint onthe
downstream elevation of the
water exiting the structure.
Idedlly, the inlet water elevation
(headwater depth) should not
greatly exceed the height or
diameter of the structurein order
to prevent saturation of thefill and
minimizethelikeihood of thepipe
plugging from floating debris.
More detailed information is
found in FHWA Manual HDS-5,

gyldrau“(:lsggg gn of Highway Photo 8.4 A structural plate arch pipe culvert with stream bank
ulverts, ) protection using large rock riprap placed upon a geotextile filter
layer.
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Figure 8.2 Culvert alignment and installation detail (continued on next page).

Poor — Requires astream channel : :
modification. requires acurve in the road.

Best — No channel modification, and theroad is perpendicular
to the culvert without a curve in the road alignment.

a. Culvert alignment options.

Poor —Single pipe concentrates flow in the Better —Multiple pipes disperse the flow

broad channel or floodplain. acrossthe channel. Middle pipe may be
dlightly lower to pass the normal low flow
and to promote fish passage.

b. Culvert installation in a broad channel.
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Figure 8.2 (continued)

NO - TOO DEEP NO - TOO HIGH

Seed and mulch or protect
with riprap

Do not change stream bottom elevation!

c. Install culverts at natural stream grade.

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

At least 30 cm of cover
for CMP or one-third of
diameter for large
culverts. Use 60 cm
Roadbed cover for concrete pipe.

TR g J

Base and Sdewall fill " 2 »2:
material should be RS XD M1-TIR -
compacted. Compact the Q& IPNIATTN ki) § : \regularlntervals(llfts) of
fill aminimum of one & i 3 x S

§ e T VT
XT‘ .. .

side of the culvert.

Existing ground

gravel or soil
culvert bed
(no rock larger than 8 cm)

Low-VoLume Roabs BMPs:80



Figure 8.4 Culvert inlet and outlet protection.

Geotextile or gravel filter (or both)

a. Normal metal culvert installation using riprap around the inlet and outlet of culverts. Also use
geotextile (filter fabric) or gravel filter beneath the riprap for most installations. (Adapted from
Wisconsin's Forestry Best Management Practice for Water Quality, 1995)

_ <
= ‘ \ (\\\\ N\
S

Wy \\V\ K ‘%\ *\\W s q‘
NN \\\ *\Lgé\\‘&\i S *\\S\x\ & Y =

b. Concrete box culvert with concrete wingwalls for inlet/outlet protection and fill retention.

-
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Figure 8.5 Culvert installation and outlet protection details with splash apron or rirap lined plunge

pool.

Headwall with or o Roadbedwidth

without
wingwalls N

Entrance
elevation

Compacted
fill

I
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.

or

- 1-2mwide
with roughened or

.....
--------

Key 0.3-1.0 m deep

Riprap lining,

Detail of outlet with riprap Detail of splash apron
and plunge pool. with scour cutoff key.
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Figure 8.6 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 and
access for cleaning and maintenance. Location at the pipe is typically best.

Photo 8.5 Use trash racks on
culverts where a lot of debris is
found in the channel. Remem-
ber that trash racks require
cleaning and maintenance.

Photo 8.6 Piping can occur
under poorly installed culverts
and lead to failure. Avoid the
use of fine sand and silt bed-
ding and backfill soil, and
ensure that the material is well
compacted. Use clay plugs or
anti-seepage collars as needed.
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Figure 8.7a Headwater depth and capacity for corrugated metal pipe culverts with inlet

control (metric system). (Adapted from FHWA, HDS 5, 1998)

O

He/D SCALES

(2) Mitered (to conform
to theslope)

(3) Projecting

EXAMPLE
D = 09m
% & Q = 1.8m¥sec
=0 o
Entrance He/D He
-% g Type (meters)
o= (1) 1.8 167
= 2 21 1.89
o 3 2.2 1.98
Sa 3)
(&)
Ko)
— © I
Q ~
§ o 0
E o
g8 = 2
r < g
g 9‘, Scale a
s ' He/D Entrance Type £
%’, <
3 9] (1)  Headwall (with &
% § wingwalls) e
S 0O &
o)
O =
o
2 3
°© I
8
0]

To use Scale (2) or (3) project
horizontally to scale (1), then
useastraight inclined line
through ScalesD and Q, or
reverseasillustrated in the
example above.

Diameter of Culvert -(D) (in Meters)
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Figure 8.7b Headwater depth and capacity for concrete pipe culverts with inlet control.

(Adapated from FHWA, HDS 5, 1998)

O

SCALES

EXAMPLE
D = 08m
Q = 1.7m¥seg
Inlet He/D He
(meters)
1) 2.5 2.00
) 2.1 1.68
3 215 172
N
Q
&

Discharge -(Q) (in m®/sec)

He/D
Scale Entrance Type

(1) SquareEdgewith
Concrete Headwalls

(2) Grooveendwith
Concrete Headwall

(3) Grooveendwith
Projecting Pipe

Diameter of the Culvert -(D) (in Meters)

T o use Scales (2) or (3) project
horizontally to Scale (1), and then
useastraight inclined line through
D and Q, or reverse asillustrated
above.

Headwater Depth in Diameters - He/D
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Figure 8.7c Headwater depth and capacity for concrete box culverts with inlet control.

(Adapted from FHWA, HDS5, 1998)

L]

He/D Wingwall
Scale Flare
(1) 30° to 75°
2 90° and 15°
(3) 0° (extensions
of the sides)

EXAMPLE SCALES
DxB = 0.60x0.80m
Q = 1.08m%sec
Q/B = 1.35m¥sec/m
Inlet He/D He
(Meters)
(1) 175 1.05
2 190 114
3 205 1.23
A
Q
—_ (/j&&
® E
OJ ~
o 8
= =
- €
= =
) =
- o
T
' ingw
E < Flare
S S
£ =
= o
T ©
L o
@
<
3
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o

To use Scales (2) or (3),
project horizotally to Scale
(1), then use straight
inclined line through the D
and Q/B Scales, or reverse
asillustrated above.

Headwater Depth in Terms of Height -( He/D)
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RECOMMENDED PRACTICES

Ditch Relief Cross-Drain
Culverts

Drainage Crossing Culverts
* Install permanent culverts

* Ditchrelief cross-drain
pipesshould typically have
adiameter of 45 cm (mini-
mum diameter of 30 cm).
In areaswith debris,
unstable cut slopes, and
raveling problems, use 60
cm or larger pipes.

* Ditchrelief cross-drain
pipe grade should be at
least 2% more (steeper)
than the ditch grade and
skewed 0 to 30 degrees
perpendicular to the road
(see Figure 7.4). This
additional grade helpskeep
the pipe from plugging
with sediment.

* Ditchrelief cross-drains
should exit at the toe of the
fill near natural ground
level, at least 0.5 meters
beyond the toe of thefill
slope. Armor the pipe
outlet (see Figures 7.6,
7.7, and Figure 8.1).
Don't discharge the pipe
on unprotected fill mate-
rial, unstable slopes, or
directly into streams (see
Photo 8.1 vs. Photo 8.9).

* Inlargefills, culvert down-
drains may be needed to
move the water to the toe
of thefill (Figure8.1).
Anchor downdrains to the
slopewith metal stakes,
concrete anchor blocks, or
cable. Pipes, flumes, or
armored ditches may be
used.

with asize large enough to
pass design flood flows plus
anticipated debris. Design
for 20- to 50-year storm
events. Sengitive streams
may require designsto pass
a100-year flood. Pipesize
can be determined using
general design criteria, such
asinTable 8.1, but isideally
based upon site-specific
hydrologic analysis.

* Consider impacts of any

structure on fish passage and
the aquatic environment.
Select astructure such as a
bridge or bottomless arch
culvert that isaswide asthe
ordinary high water width
(bankfull width), that mini-
mizes channel disturbance,
and that maintainsthe
natural channel bottom
material (Photo 8.7).

Make road crossings of
natural drainages perpen-
dicular to the drainage to
minimize pipelength and
areaof disturbance (Figure
8.2a).

* Usesinglelarge pipesor a

concrete box versus
multiplesmaller diameter
pipesto minimize plugging
potential in most channels
(unlessroadway elevation
iscritical). In very broad
channels, multiple pipes
aredesirableto maintain
the natural flow spread

acrossthe channel (Figure
8.2b).

* For siteswith limited

height, use* squash pipe”
or arch pipes and box
culvertsthat maximize
capacity whileminimizing
height.

* Use concrete or masonry

headwalls on culvert pipes
asoften aspossible. The
advantages of headwalls
include: preventing large
pipes from floating out of
the ground when they
plug; reducing thelength
of the pipe; increasing pipe
capacity; helping to funnel
debristhrough the pipe;
retaining the backfill
material; and reducing the
chancesof culvert failureif
it is overtopped (Photo
8.8).

* Install culvertslong

enough so that both ends
of the culvert extend
beyond the toe of the
roadway fill (Figure8.2c,
Photo 8.9). Alternatively,
useretaining walls
(headwalls) to hold back
thefill slope (Figure 8.5).

* Align culvertsinthe

bottom and middle of the
natural channel so that
installation causes no
changein the stream
channel alignment or
stream bottom elevation.
Culverts should not cause

Low-VoLume Roaps BMPs: 87



RECOMMENDED PRACTICES (cont.)

damming or pooling or
increase stream velocities
significantly (Figure8.2).

* Firmly compact well-graded
fill material around culverts,
particularly around the
bottom half, using placement
inlayersto achieveauniform
density (Figure 8.3). Use
dlightly plastic sandy gravel
with fines. Avoid the use of
finesand and silt rich soils
for bedding material because
of thelir susceptibility to
piping. Pay particular atten-
tion to culvert bedding and
compaction around the
haunches of the pipe. Do not
allow the compaction to
move or raisethe pipe. In
largefills, allow for settle-
ment by installing the pipe
with camber.

* Cover the top of metal and
plastic culvert pipeswithfill
to adepth of at least 30 cm
to prevent pipe crushing by
heavy trucks. Useaminimum
cover of 60 cm of fill over
concrete pipe (Figure 8.3).
For maximum allowablefill
height, follow the manufac-
turer’srecommendations.

Useriprap, flared metal end
sections or masonry/concrete
headwallsaround theinlet
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and outlet of culvertsto
prevent water from eroding
thefill or undercutting the
pipe, aswell asto improve
pipe efficiency. Withriprap,
use graded small rock,
gravel or ageotextilefilter
under the coarse riprap
slope protection (Figure
8.4).

* At culvert outlets where pipe

velocitiesare accel erated,
protect the channel with
either aplunge pool (on
gentle slopes), rock
armoring (riprap) or with a
splash apron with arough or
rock inset surface and cutoff
key (Figure 8.5).

* On existing pipeswith

plugging potential, add a
trash rack upstream of the
pipe or at the pipe entrance
(inlet) to trap debris before
plugging the pipe (Figure
8.6, Photo 8.5). Trash racks
may be constructed with
logs, pipe, rebar, angleiron,
railroad rail, H-Piles, and so
on. However, trash racks
typically require additional
mai ntenance and cleaning.
They areundesirableif other
alternatives, such asinstall-
ing alarger pipe, areavail-
able.

* Examine stream channelsfor

the amount of debris, logs,
and brushy vegetation. In
channelswith large amounts
of debris, consider using a
low-water ford, oversized
pipes, or placing atrash rack
upstream of the pipe en-
trance.

* Install overflow dips off the

side of the culvert in drain-
age channelswith alargefill
that could be overtopped.
Also use overflow dipson
long sustained road grades
where aplugged culvert
could divert water down the
road, plugging subsequent
culvertsand causing exten-
sive off-site damage (see
Chapter 7, Figure 7.11).

* Temporary log culverts

(“Humboldt” culverts)
usually havevery littleflow
capacity. When used, ensure
that the structure and all fill
material areremoved from
the channel beforetherainy
season or expected large
runoff events (Photo 8.10).

* Do periodic maintenance and

channel cleaning to keep
culverts protected and clear
of debristhat could plug the

pipe.



PRACTICES TO AVOID

* Discharging cross-drain
pipeson afill slopeunless
the slope is protected or a
down drainisused.

* Using pipes undersized for
the expected flow and
amount of debris.

* Using non-cohesivefine
sands and silt bedding
materialsthat arevery

susceptibleto piping.

* Installing pipes too short to
fit the site.

* Placing pipesimproperly (i.e.
buried or aligned with the
natural stream channel
bottom).

* Leaving low-capacity tem-
porary drainage crossing
structuresin place over the
rainy season.

Photo 8.7 Use structures with
natural stream bottoms, such as
arch pipes, bottomless arches,
or concrete box culverts, to
promote fish passage and
minimize impacts to the stream.

Photo 8.8 Install culverts with
adequate capacity. Use
headwalls to improve culvert
capacity, protect the roadway
fill, resist overtopping damage,
and prevent bank scour, par-
ticularly at a bend in the chan-
nel.
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Photo 8.9 Avoid culvert outlets in the middle of a fill slope. Use cul-
verts long enough to extend to the toe of the slope, or use headwall
structures to retain the fill material and minimize the pipe length.

Photo 8.10 Most log culverts have very little flow capacity. Remove
temporary log (Humboldt) culverts before major rainstorms or before
the rainy season.
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Chapter 9

Fords and Low-Water Crossings

“Keep the ford profile low, armor the driving surface,
and protect against scour.”

are commonly called, can offer adesirable  and areinforced driving surface over the culvertsto

aternativeto culvertsand bridgesfor stream  support traffic and keep traffic out of the water most
crossings on low-volumeroadswhereroad useand  of thetime, asseenin Figures9.1b and c. Therein-
stream flow conditions are appropriate. Like other  forced driving surface over thepipesalsoresistsero-
hydraulic structuresfor stream crossings, they require  sion during overtopping at high water flows (Photo
specific siteconsiderations and specific hydrologic,  9.2). The entire wetted perimeter of the structure
hydraulic, and biotic analyses.
Ideally, they should be
constructed at a relatively
narrow, shallow stream
location and should be in an
areaof bedrock or coarse soil
for good foundation
conditions. A ford can be
narrow or broad, but should
not be used in deeply incised
drainages that require a high
fill or excessively steep road
approaches.

I OW WATER CROSSINGS, fords, or drifts, asthey  useof culvert pipesor box culvertsto passlow flows
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L ow-water crossings may
haveasimplerock reinforced
(armored) driving surface or
an improved surface such as

gabi 9”5‘?r aconcreteslab, as Photo 9.1 Use armored low-water crossings, fords, or drifts as often as

seeninFigure9.1aand Photo  possible to cross low flows in broad, shallow natural drainages, thus

9.1. Vented fordscombinethe avoiding the use of pipes. Note that part of this reinforced driving sur-
face needs repair.
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Photo 9.2 A vented ford, using multiple culvert pipes to handle low
flows through the pipes, yet allow major flows and debris to overtop

the entire structure.

should be protected to a level
above the anticipated high water
elevation.

Key factorsto consider for the
design and location of aford in-
cludethefollowing: low and high
water levels, foundation condi-
tions; scour potential; alowable
traffic delays, channel cross-sec-
tion shape and confinement; pro-
tection of the downstream edge
of the structure against local
scour; stream channel and bank
stability; locally available con-
struction materials; and grade
control for fish passage.

ADVANTAGES OF LOW-WATER CROSSINGS

* The mgor advantageisthat
afordisusually not suscep-
tible to plugging by debrisor
vegetation the way aculvert
pipe may plug.

* Fordsaretypically less
expensive structuresthan
large culvertsor bridges.
They may beinitially more
expensive than culverts, but
they requirelessfill inthe
channel, and they can ac-

* Ford-type structuresimply
some periodic or occasional
traffic delays during periods
of high flow.

* The shapeisnot easily
suitableto deeply incised
drainages that would require
highfills.

commodate larger flows.

* Vented fords can be used to
pass low flows and keep
vehicles out of the water,
avoiding water quality
degradation.

* The structure can be
designed as a broad-
crested weir that can pass
alargeflow volume over
the top of the ford. It is

DISADVANTAGES OF LOW-WATER CROSSINGS

* Since the shape of the struc-
tureinvolvesadip and
periodic delays, they are
typically not desirablefor
high use or high-speed roads.

* Vented fords may back up the
bedload in astream channel,
causing culvert plugging,
requiring maintenance, and

not very sensitiveto
specificflow volumes
sinceasmall increasein
flow depth greatly in-
creases capacity. They can
bemore*“forgiving” and
accommodate more
uncertaintiesinthedesign
flow and thus areideal for
drainageswith unknown
or variable flow character-
istics.

causing other channel
adjustments.

* Fish passage may be
difficult to incorporate into
thedesign.

* Crossing the structure can
be dangerous during
periods of high flow
(Figure 9.2).
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For fish or aguatic species  ventedfordswith box culvertsand
passage, anatura or roughstream  a natural stream bottom (see
channel bottom should be main-  Photo 9.5) or simple on-grade
tained through the ford, and wa-  fords with a reinforced, rough
ter velocitiesshould not beaccel-  driving surface (Figure 9.1a).
erated. Ideal structures are either

Figure 9.1 Basic low-water crossing (fords or drifts) options. Note: Armor the road surface (with

rock, concrete reinforcement, etc.) to an elevation above the high water level!

Reinforced Roadbed

with Rock or

Freeboard Concrete Slab
0.3-0.5m Maximum Expected
High Water Level

a. Simple Low-Water Crossing with Reinforced Roadbed of Rock or Concrete

Reinforced Roadbed with

Maximum Expected Rock or Concrete Slab

High Water Level

.
oO.
e - e ©° o o
a o °
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o
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b. Improved (Vented) Ford with Culvert Pipes in a Broad Channel

Original Ground

Reinforced Road

Maximum Expected
High Water Level

o

Normal Water Level ° °

c. Vented Ford with Pipes or Box Culverts in an Incised Channel
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Figure 9.2 Danger of crossing a ford at high water. Fords require occasional traffic delays during
periods of high water. (Adapted from Martin Ochoa, 2000 and PIARC Road Maintenance Handbook,

c. Crossing during high water can be dangerous!
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RECOMMENDED PRACTICES

* Usean adequately long slab
or structure to protect the
“wetted perimeter” of the
natural flow channel. Add
protection above the ex-
pected level of the high flow
(Photo 9.3). Allow for some
freeboard, typically 0.3to
0.5 metersin elevation,
between the top of the
reinforced driving surface
(slab) and the expected high
water level (see Figure9.1).
The flow capacity of aford,
and thus the high water
level, can be estimated using
a“Broad-Crested Weir”
formula

* Protect the entire structure
with cutoff walls, riprap,
gabions, concrete slabs, or
other scour protection. The
downstream edge of aford
isaparticularly critical
location for scour and needs
energy dissipatorsor riprap
protection because of the
typical drop in water level

off the structure and the
accelerated flows across the
dab.

* For smplerock fords, use
large graded rock in the
roadbed through the creek,
large enough to resist the
flow of water. Use criteriaas
shownin Figure6.1. Fill the
voidswith clean, small rock
or gravel to provide a
smooth driving surface. This
small rock will haveto be
periodically maintained and
replaced.

* Usefordsfor crossing
seasonally dry streambeds
or streamswith low flows
during most periods of
road use. Use improved
(vented) fordswith pipes
or concrete box culverts to
pass low water flows
(Photo 9.4). Accommo-
date fish passage where
needed using box culverts
with anatural stream

channel bottom (Figure
9.1c and Photo 9.5).

* Locate fords where stream
banks are low and where
the channel iswell con-
fined. For moderately
incised drainages, use
improved fordswith pipe
or box culverts (Figure
9.1¢c).

* Place foundationsinto
scour resistant material
(bedrock or coarse rock)
or below the expected
depth of scour. Prevent
foundation or channel
scour with the use of
locally placed heavy
riprap, gabion baskets,
concrete reinforcement or
dense vegetation.

* Use well placed, sturdy
depth markers at fords to
advisetraffic of dangerous
water depths (Figure 9.2).

PRACTICES TO AVOID

* Constructing sharp vertical
curves on fords that can trap
long trucks or trailers.

* Placing approach fill material

* Placing low-water cross-
ings on scour susceptible,
finegrained soil deposits,

or using designs without

inthe drainage channel.

* Crossing fordsduring high
water flows.

scour protection.

* Constructing fords that

block upstream and down-

stream passage of fish.
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Photo 9.3 With low-water
crossings, the downstream
edge of the structure typically
must be protected against
scour and the entire wetted
perimeter (to a level above the
high water level) should be
reinforced.

Photo 9.4 Use vented fords
with pipes or openings to keep
traffic out of the water most of
the time, minimize traffic
delays, and allow for fish
passage. Note the downstream
scour protection with gabions
and rock.

Photo 9.5 Some fords can be
designed as “low-water bridge”
structures. They must be
designed to be occasionally
overtopped and have an erosion
resistance deck and ap-
proaches. This structure is ideal
for fish passage.
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Chapter 10

Bridges

“Bridges -- usually the best, but most expensive drainage
crossing structure. Protect bridges against scour.”

themost desirable stream crossing structure  have adequate structural capacity to support the

B RIDGES ARE relatively expensive but often are Bridges should be designed to ensure that they

because they can be constructed outside of  heaviest anticipated vehicle or posted for load lim-
the stream channel and thus minimize channel  its. Simple span bridges may be made of logs, tim-
changes, excavation, or placement of fill inthenatural  bers, glue-laminated wood beams, stedl girders, rail-
channel. They minimize disturbance of the natural  road car beds, cast-in-place concrete slabs, prefabri-

stream bottom and they do not
require traffic delays once
constructed. They areideal for fish
passage. They do require detailed
site considerations and specific
hydraulic analyses and structural
design.

The bridge location and size
should ideally be determined by an
engineer, hydrologist, and fisheries
biologist who are working together
asateam. When possible, abridge
should be constructed at a narrow
channel location and should be in
an area of bedrock or coarse soil
androck for abridge sitewith good
foundation conditions. Many
bridge failures occur due to
foundations placed upon fine
materialsthat are susceptibleto
scour.

Photo 10.1 Culverts, fords, or bridges may be used for stream
crossings. Use bridges to cross large permanent streams, minimize
channel disturbance, and to minimize traffic delays. Use an opening
wide enough to avoid constricting the natural channel. Locate the
bridge foundation on bedrock or at an elevation below the antici-
pated depth of scour.
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Figure 10.1 Cross-sections of typical types of bridges used on low-volume roads.
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Photo 10.2 A bridge structure typically offers the best channel
protection by staying out of the creek. Use local material for
bridges as available, considering design life, cost, and maintenance.
Inspect bridges regularly, and replace them when they are no longer

structurally adequate.

cated concretevoided slabsor “T”
beams, or using modular bridges
such as Hamilton EZ or Bailey
Bridges (see Figure 10.1). Many
types of structures and materials
are appropriate, so long as they
are structurally designed (Photo
10.1).

“Standard designs’ can be
found for many smplebridgesas
afunction of bridge span andload-
ing conditions. Complex struc-
tures should be specifically de-
signed by a structural engineer.
Bridge designs often require the
approval of local agenciesor gov-
ernments. Concrete structuresare
desirable becausethey canberea
tively smpleandinexpensive, re-
quire minimal maintenance, and
have arelatively long design life
(100+ years) in most environ-
ments. Log bridgesarecommonly
used because of the availability of
local materials, particularly inre-
mote areas. However, keep in

mind that they have relatively
short spans and they have arela-
tively short design life (20-50
years) (Photo 10.2).

Foundations for bridges may

include ssimplelog sills, gabions,
masonry retaining walls, or con-
crete stem walls with footings.
Some simple bridge foundation
detailsare shownin Figure 10.2.
Deep foundations often usedrilled
piersor driven piles. Most bridge
failuresoccur elther because of in-
adequate hydraulic capacity (too
small) or because of scour and un-
dermining of afoundation placed
upon fine soils (Photo 10.3).
Thus, foundation consider-
ationsare critical. Since bridge
structuresaretypically expensive,
and sites may be complicated,
most bridge designs should be
donewithinput from experienced
structural, hydraulic, and
geotechnical engineers.

Periodic bridge inspection
(every 2-4 years) and maintenance
isneeded to ensurethat the struc-
tureissafeto passthe anticipated
vehicles, that the stream channel
is clear, and to maximize the de-

Photo 10.3 Scour is one of the most common causes of bridge
failure. Use an opening wide enough to minimize constriction of the
natural channel. Locate the bridge foundation on bedrock when
possible, or below the depth of scour, and use stream bank protec-

tion measures such as riprap.
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sign life of the structure. Typical
bridge maintenanceitemsinclude
cleaning the deck and “seats’ of
the girders, clearing vegetation
and debris from the stream chan-
nel, replacing object markersand
signs, repairing stream bank pro-
tection measures, treating dry and
checking wood, replacing missing
nuts and bolts, and repainting the
structure.

PRACTICESTO

AVOID

* Placing piersor footing in
the active stream channel
or mid-channel.

* Placing approach fill
material inthedrainage
channel.

* Placing structural founda-
tions on scour susceptible
soil deposits such assilts
and fine sands.

* Constricting or narrowing

the width of the natural
stream channel.
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bridge span to avoid
constricting the natural
active (bankfull) flow chan-
nel. Minimize constriction of
any overflow channel.

Protect the upstream and
downstream approaches to
structures withwing walls,
riprap, gabions, vegetation,
or other slope protection
where necessary (Photo
10.4).

* Place foundations onto non-

scour susceptible material
(ideally bedrock (Photo
10.5) or coarse rock) or
bel ow the expected maxi-
mum depth of scour. Pre-
vent foundation or channel
scour with the use of locally
placed heavy riprap, gabion
baskets, or concrete rein-
forcement. Use scour pro-
tection as needed.

* Locate bridges where the

stream channel isnarrow,
straight, and uniform. Avoid
placing abutmentsinthe
active stream channel.
Where necessary, placein-
channel abutmentsina
direction parallel to the
stream flow.

* Consider natural channel

adjustmentsand possible
channel |ocation changes
over thedesign life of the
structure. Channelsthat are
sinuous, have meanders, or
have broad flood plains may
changelocation within that

RECOMMENDED PRACTICES

* Use an adequately long

area of historic flow after a
major storm event.

For bridge abutments or
footings placed on natural
slopes, set the structure into
firm natural ground (not fill
material or loose soil) at
least 0.5 to 2.0 meters deep.
Useretaining structures as
needed in steep, deep drain-
ages to retain the approach
fills, or usearelatively long
bridge span (Figure 10.2).

Design bridges for a 100- to
200-year storm flow. Expen-
sive structures and struc-
tureswith high impactsfrom
failure, such asbridges,
justify conservative designs.

* Allow for some freeboard,

typically at least 0.5t0 1.0
meter, between the bottom
of bridge girders and ex-
pected high water level and
floating debris. Structuresin
ajungleenvironment with
very highintensity rainfall
may need additional free-
board. Alternatively, abridge
may be designed for over-
topping, somewhat like a
low water ford, and elimi-
nate the need for freeboard,
but increase the need for a
erosion resistant deck and
approach slabs (Photo 10.6).

* Perform bridge inspections

every 2to 4 years. Do
bridge maintenance as
needed to protect the life
and function of the struc-
ture.



Figure 10.2 Bridge installation with simple foundation details.
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Install bottom of stringers at
s least 0.5 m above higf?water
Typical Log Bridge Installation
Ensure that the bridge has adequate flow capacity beneath the structure. Keep fill mate-
rial and the abutments or footings out of the stream channel. Set footingsinto the
streambank above the high water level or below the depth of scour if they are near the
channel. Add protection against scour, such asriprap, gabions, or vegetation.

Set the stringers or deck slab at least 0.5 to 2.0 meters above the expected high water
level to pass storm flow plus debris.

Bridge Abutment Detail

Set bridge foundation (gabion abutment, footings, or logs) into rock or firm, stable soil.
Set footings 0.5-2.0 metersinto firm material.

Bridge Deck Roadbed
T Slabor)z Girder A o
90 1mx1m Logs —» Se_tintofirm
Gabions Timber 0 s0il 0.5t02.0m
O or masonry sl 14
abutment
/\ < 12m —»p
. 0.3-1.0 m wide Log
Gabion o
bench into firm
Abutment Abutment

soil (not fill) in
front of abutments.
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Photo 10.4 Concrete struc-
tures have a long design life and
are typically very cost-effective
for long bridge spans. Medium-
length structures often combine
a concrete deck placed upon
steel girders. Use bank protec-
tion, such as riprap, to protect
the entrance and outlet of
structures.

Photo 10.5 Locate the bridge
foundation on bedrock or on
non-scour susceptible material
when possible. When itis
necessary to locate the bridge
foundation on materials suscep-
tible to scour, use a deep
foundation or design the bridge
with scour protection.

Photo 10.6 Here is a well built
treated timber bridge with good
streambank protection and
adequate span to minimize
stream channel impacts. The
freeboard is marginally ad-
equate.
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Chapter 11

Slope Stabilization and
Stability of Cuts and Fills

“Construct cut and fill slopes that are flat enough to be
stable over time and that can be revegetated.”

HE OBJECTIVES OF ROUTINE ROAD CUTSAND FILLS
I are 1) to create space for the road template
and driving surface; 2) to balance material
between the cut and fill; 3) to remain stable over
time; 4) to not be a source of sediment; and 5) to
minimizelong-term costs. Landslidesand failed road
cutsand fills can beamajor source of sediment, they
can closetheroad or require major repairs, and they
can greatly increase road

ter slope. Over-steep fill slopes (steeper thanal 1/2
:1 slope), commonly formed by side-casting loose
fill material, may continue to ravel with time, are
difficult to stabilize, and are subject to diver fill fail-
ures (Photo 11.4). A rock fill can be stablewith a1
1/3:1 slope. Ideally, fills should be constructed with
a 2:1 or flatter slope to promote growth of vegeta-
tion and slope stability (Photo 11.5). Terraces or

maintenance costs (Photo
11.1). Vertical cut slopes
should not be used unlessthe
cut is in rock or very well
cemented soil. Long-term
stable cut slopesin most soils
and geographic areas are
typically made with about a
1:1 or ¥:1 (horizontal:
vertical) slope (Photo 11.2).
Idedlly, both cut andfill dopes
should be constructed so that
they can bevegetated (Photo
11.3), but cut slopesin dense,
sterile soilsor rocky material
areoftendifficult to vegetate.

Fill dopesshouldbecon- Photo 11.1 Over-steep slopes, wet ares, or existing slide areas can
structed witha1 1/2:1 or flat- cause instability problems for a road and increase repair and
maintanance costs, as well as sediment production.
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Photo 11.2 Construct cut
slopes at a 3/4:1 or flatter slope
in most soils for long-term
stability. In well-cemented soils
and rock, a 1/4:1 cut clope will
usually be stable.

Photo 11.3 A well-stabilized cut
slope, with about a 1:1 slope,
that is well covered with
vegetation.

Photo 11.4 Avoid loose, over-
steep fill slopes (steeper than 1
1/5:1), particularly along
streams and at drainage
crossings.
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benchesaredesirableon largefill
slopesto break up theflow of sur-
face water.

Tablell.1 presents arange of
commonly used cut and fill slope
ratios appropriate for the soil and
rock typesdescribed. Also Figure
11.1 and Figure 11.2 show typi-
cal cut slopeandfill slopedesign
options, respectively, for varying
slope and site conditions. Note,
however, that local conditionscan
vary greatly, so determination of
stable slopes should be based
upon local experience and judg-
ment. Groundwater is the major
cause of slopefailures.

Slope failures, or landslides,
typically occur where a slope is
over-steep, where fill material is
not compacted, or where cutsin
natural soilsencounter groundwa:
ter or zones of weak material.
Good road location can often
avoid landslide areas and reduce
slope failures. When failures do
occur, thedlideareashould be sta-
bilized by removing the dlide ma-
terial, flattening the slope, adding
drainage, or using structures, as
discussed below. Figure 11.3
shows some of the common
causesof dopefailuresalongwith
common solutions. Designs are
typically site specific and may re-
quireinput from geotechnical en-
gineers and engineering geolo-
gists. Falluresthat occur typically
impact road operationsand can be
costly to repair. Failures near
streams and channel crossings
have an added risk of impact to
water quality.

A widerange of slope stabili-
zation measuresisavailabletothe
engineer to solve slope stability

Photo 11.5 Construct fill slopes with a 1 1/2:1 or flatter slope (to
promote vegetation growth) and stabilize the fill slope surface. Use
benches (terraces) on large fill slopes to intercept any flow of
surface water.

Table 11.1

COMMON STABLE SLOPE RATIOS
FOR VARYING SOIL/ROCK CONDITIONS

Soil/Rock Condition

Slope Ratio (Hor:Vert)

Most rock Yilto Y21

Very well cemented soils YiltoYzl

Most in-place soils Y1lto 11

Very fractured rock 1.1 to 121

L oose coarse granular soils 1%:1

Heavy clay soils 2.1t031

Soft clay rich zones or 2:.1t03:1
wet seepage areas

Fillsof most soils 1%1to2:1

Fillsof hard, angular rock 11/3:1

Low cutsand fills (<2-3 m. high) 2:1 or flatter

(for revegetation)
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Figure 11.1 Cut slope design options.

Natural Ground
a. Balanced Cut and Fill WY
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" on Hill Slopes.
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Yelto vzl
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- Road
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Ground Slopes Exceed +/- 60%

c. Through Cut -
.
e
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Road '
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Figure 11.2 Fill slope design options

Natural d
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Figure 11.3 Slope problems and solutions with stabilization measures.
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Photo 11.6 Simple hand compaction behind a low rock wall. Com-
paction is important behind any retaining structure or fill. It can be
achieved by hand or, preferably, using equipment such as a wacker

or small compactor.

problems and cross an unstable
area. In most excavation and em-
bankment work, relatively flat
slopes, good compaction, and
adding needed drainage will typi-
cally eliminateroutineinstability
problems (Photo 11.6). Once a
failure has occurred, the most ap-
propriate stabilization measure
will depend on site-specific con-
ditionssuch astheszeof thedlide,
soil type, road use, alignment con-
straints, and the cause of thefail-
ure. Here are arange of common
slope stabilization options appro-
priatefor low-volumeroads, pre-
sented roughly from simplest and
least expensive, to the most com-
plex and expensive:

* Simply removethedlide
material.

* Ramp over or align the road
around the dlide.

* Revegetate the slope and
add spot stabilization (See
Photo 13.10).

* Fatten or reconstruct the

slope.

* Raise or lower theroad level
to buttress the cut or remove
weight from the dlide,
respectively.

* Relocate the road to a new
stablelocation.

* Install slope drainage such as
deep cutoff trenches or

dewater with horizontal
drains.

* Design and construct but-
tresses (Photo 11.7), retain-
ing structures, or rock
anchors.

Retaining structures arerela-
tively expensive but necessary in
steep areasto gain roadway space
or to support the roadbed on a
steep slope, rather than make a
largecutintothehillside. They can
also be used for slope stabiliza-
tion. Figure 11.4 (a and b) pre-
sents information on common
typesof retainingwallsand smple
design criteria for rock walls,
wherethebasewidthiscommonly
0.7 timesthewall height (Photo
11.8). Figure 11.4c presents com-
mon gabion gravity wall designs
and basket configurations for
varying wall heights. Gabion
structures are very commonly
used for wallsup to 6 metershigh,
particularly because they use lo-
cally availablerock and are labor
intensive (Photo 11.9).

Photo 11.7 A drained rock buttress can be used to stabilize a cut

slope failure area.
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Figure 11.4 Construction of various types of retaining structures. (Adapted from Gray & Leiser, 1982)

\

\~
)
Brick or Masonry Concrete
Reinforced Concrete
Concretewith Counterforts
/;//' 3
Fi
/ i »"# Counterfort
7
“H" Piles
Stretcher Headers Gabion Wall

Facin '
"9 Reinforced Soil

Crib Wall Reinforced Soil Wall

a. Common Types of Retaining Structures.

High Rock Wall
Configuration

For
Aggregate H=05mW=02m
Fill H=1.0m, W=04m

H=15m W=0.7m
H=20m W=10m

=5 meters

Hmax

0.7H

b. Typical Rock Wall Construction.
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Figure 11.4 Continued. (Adapted from Gray & Leiser, 1982)

No. of
gabions
No of (per
levels H B width)
1 3! 3" 3! 3" 1

2 6' 6" 4" 3" 112

3 99" 53" 2

4 131" 6' 6" 2

5 16' 4" 8 2" 21/2

]

6 197" 99" 3

Flat Backfill (smooth face)

15 @
1 No. of
B = 34° gabions
No. of (per
A 1 levels | H B width)
207
| | 2 1| 33 | 33 1
H 3 2 66" | 411" | 1
4 3 | 99 | &6 2
5
4 13' 1" 8 2" 21/2
6
y 5 16' 4" 99" 3
B 6 19" 7" 11' 5" 31/2

Fill at 1 1/2:1 (face with steps)

Note: Loading conditions are for silty sand to sand and gravel back fill. For finer or clay rich soils,
earth pressure on the wall will increase and the wall base width (B) will have to increase for each
height. Backfill weight = 110 pcf. (1.8 Tons/m?®) (1,762 kg/m?3)

- Safe against overturning for soils with a minimum bearing capacity of 2 Tons/foot? (19,500 kg/m?)
- For flat or sloping backfills, either a flat or stepped face may be used.

b. Standard design for Gabion Retaining Structures up to 20 feet in height (6 meters) with
flat or sloping backfill.
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For low to highwallsin many
geographic areastoday, M echani-
caly Stabilized Earth (MSE), or
“Reinforced Soil” structures are
the least expensive type of wall
available. They aresmpletobuild,
and often they can use on-site
granular backfill material. They
are commonly constructed using
layersof geotextileor welded wire

PRACTICESTO

AVOID

* Constructing vertical cut
slopes (except in very well
cemented soils and rock).

* Road locations and con-
struction practices where
thetoe of thefill endsupin
the creek. Do not use side-
cast fill placement methods
on steep slopes next to
streams.

* Placingfillsor “ sde-casting”
materialson natural ground
slopes steeper than 60%.

* Road locations in areas of
knowninstability.

* Leaving cut slopesand, par-

ticularly, fill slopes barren
and exposed to erosion.
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placed in lifts 15 to 45 cm apart
inthe soil, thusadding tensilere-
inforcement to the soil (see Fig-
ure 6.3e). Driven “H” piles or
sheet piles, with or without tie-
backs, arerdatively expensive but
are often the most environmen-
tally acceptabletypeof wall. They
cause less site disturbance than
gravity or M SE structuresthat re-

quire alarge foundation excava-
tion. Most types of retaining
structures and designs provided
by manufacturers are internally
stable for the specified use, site
conditions, and height. Most wall
failures occur due to foundation
failure. Thus structures must be
placed on agood foundation, such
asbedrock or firm, in-place soil.

Photo 11.8 Use physical slope stabilization methods, such as
retaining walls, reinforced fills, or rock buttresses where necessary
in areas of space limitation on steep slopes.

Photo 11.9 Gabions are a commonly used type of low gravity
retaining structure because they use locally available rock and are

relatively inexpensive.



RECOMMENDED PRACTICES

* Use balanced cut and fill
construction in most
terrainto minimize
earthwork (Figure 11.1a).

On steep ground (>60%
slope) usefull bench
construction. Consider
constructing a narrow,
singlelaneroad with inter-
visibleturnoutsto mini-
mize excavation (Figure
11.1b).

Construct cut slopesin
most soilsusing a cut
dloperatio of 3/4:1t0 1:1
(horizontal: vertical)
(Figure 11.1). Useflatter
cut slopesin coarse granu-
lar and unconsolidated
soils, inwet areas, and in
soft or clay-rich soils. Use
relatively flat cut slopes
(2:1 or flatter) for low
(<2-3 meters high) cutsto
promote growth of vegeta-
tion.

Construct cut slopesin
rock using a cut slope
ratio of 1/4:1to 1/2:1
(Figure 11.1).

Use vertical cuts (1/4:1 or
steeper) only in stable rock
or invery well cemented
soils, such as cemented
volcanic ashor in-place
decomposed granite soil,
where therisk of surface
erosion or continued ravel
fromarelatively flat cut
slopeisgreat and the risk
of local failuresinthe

steep cut islow.

* Wherelong-term examples

areavailable, uselocal
experience, aswell as
ideally materialstesting and
analysis, to determinethe
stable cut slopeangleina
particular soil type.

* Direct concentrated surface

water (runoff) away from
cut andfill slopes.

* Place construction slash and

rocks along the toe of fill
slopes (See Road Design,
Figure 4.2) (Do not bury
thedashinthefill!).

» Dispose of unsuitable or

excess excavation material
in locationsthat will not
cause water quality degra-
dation or other resource
damage.

» Construct fillswith afill

sloperatio of 1 1/2:1 or
flatter. In most soils, a2:1
or flatter fill sloperatio will
promote vegetative growth
(Figurell.2a). For clay-rich
tropical soilsin highrainfall
areas, a3:1fill slopeis
desirable.

» Compact fill slopesin

sensitive areas or when the
fill isconstructed with
erosive or weak soils. Use
specific compaction proce-
dures, such aswhesl rolling,
layer placement of thefill
(with 15 to 30 cm lifts), or

use specific compaction
equipment when available
(Figure 11.2b).

* Remove organic surface
material, construct atoe
bench, and bench the
natural ground surface on
slopes of 40-60% before
thefill isplaced over the
native soil (Figure 11.2b)
to prevent a“ dliver fill”
failure at the contact of the
native soil andfill. Oncea
fill failureoccursona
steep slope, aretaining
structure or reinforced fill
istypically needed for
repairs (Photo 11.10).

* Consider the use of rein-
forcedfillswhereal:1fill
slopewill fit (catch) on
natural, stable ground (see
Figure 11.2c). Userein-
forcedfillsasacost saving
aternativeto retaining
structures.

» Usephysical and bio-
technical dlopestabiliza-
tion measures such as
retaining structures,
buttresses, brush layering,
and drainage, as needed to
achieve stable slopes (see
Figure 11.3 and Figure
13.4). Retaining structures
may be loose rock, ga
bions, reinforced concrete,
piles, cribwalls, soil nails,
or mechanically stabilized
soil wallswith avariety of
facings such asgeotextile,
welded wire, timber,
concrete blocks, or tires
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RECOMMENDED

PRACTICES
(continued)

(Photo 11.11). Wall back-
fill istypically compacted
to 95% of the AASHTO
T-99 maximum density.

» Useretaining structuresto
gainroadway widthin
steep terrain.

* Placeretaining structures
only upon good founda-
tion materias, such as
bedrock or firm, in-place
soils (Photo 11.12).

Photo 11.11 A tire-faced,
mechanically stabilized earth
(MSE) retaining wall, with layers
of geotextile reinforcement,
being used to gain road width in
a fill failure area. MSE
(reinforced soil) structures are
often the least expensive
retaining structure available.
Welded wire MSE walls are also
commonly used.

Photo 11.12 A gabion retaining
structure which will fail soon
due to lack of a suitable
foundation. All retaining
structures, either mechanically
stabilized earth (MSE) walls or
gravity walls, require a good
foundation.
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Photo 11.10 A road fill failure in steep terrain which now needs
either a retaining structure or a large road cut around the failure.




Chapter 12

Roadway Materials
and Material Sources

“Select quality roadway materials that are durable,
well-graded, and perform well on the road.
Maintain quality control.”

ow-VOLUME ROAD surfaces and structural
Lsections are typically built from native
materials that must support light vehicles and

may have to support heavy commercial truck traffic.
In addition, low-volume roads should have a surface
that, when wet, will not rut and will provide adequate
traction for vehicles. The surface of native soil roads
is also an exposed area that can produce significant
amounts of sediment, especially if rutted (Photo
12.1).

available materials, ease of maintenance, and, ulti-
mately, cost.

A range of options exists for improving the struc-
tural capacity of the roadway in areas of soft soils or
poor subgrades. These commonly include:

* Adding material of higher strength and quality
over the soft soil, such as a layer of gravel or

Roadway Materials

Itis usually desirable and,
in many cases, necessary to
add subgrade structural sup-
port or to improve the road-
bed native soil surface with
materials such as gravel,
coarse rocky soil, crushed
aggregate, cobblestone, con-
crete block, or some type of
bituminous seal coat or as-
phalt pavement, as shown in
Figure 12.1. Surfacing im-
proves the structural support
and reduces road surface ero-
sion. The selection of surfac-

ing type depends upon the Photo 12.1 A rutting road caused either by soft subgrade soil or inad-
traffic volume, local soils, equate road drainage (or both).
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Figure 12.1 Commonly used low-volume road surfacing types and structural sections.

a. Native Soil UE 0 D% N0 ST 60 R | — Native (In-Place) Soil
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— Native Soil

g. Typical Aggregate
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Template Fill Slope Road Surface Ditch
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crushed aggregate;

* Improving the soft soil in
place (in-situ) by mixing it
with stabilization additives
such as lime, cement, as-
phalt, or chemicals;

* Bridging over the soft soil
with materials such as
geotextiles or wood pieces

(corduroy);

* Removing the soft or poor
soil and replacing it with a
high quality soil or rocky
material;

* Limiting the use of the road
during periods of wet
weather when clay soils are
soft;

* Compacting the native soil
to increase its density and
strength; and

* Keeping moisture out of the
soil with effective roadway
drainage or encapsulating
the soil to keep water out.

Various soil stabilization ma-
terials such as oils, lime, cements,
resins, lignin, chlorides, enzymes,
and chemicals may be used to im-
prove the material properties of
the in-place soil. They may be very
cost-effective in areas where ag-
gregate or other materials are dif-
ficult to locate or are expensive.
The best soil stabilization mate-
rial to use depends on cost, soil
type, performance and local ex-
perience. Test sections are often
needed to determine the most de-
sirable and cost-effective product.
However, many soil stabilizers still

Photo 12.2 Stabilize the roadway surface with crushed rock (or
other surfacing) on steep grades, in areas of soft soil, or in erosive

soils.

need some type of wearing sur-
face. Astabilized road surface im-
proves traction and offers erosion
protection as well as structural
support.

Gravel, pit run rock, select
material, or crushed aggregate are
the most common improved sur-
facing materials used on low-vol-
ume roads (Photo 12.2). Aggre-
gate is sometimes used only as
“fill” material in ruts. However, it
is more desirable to place it as a
full structural section, as shown
in Figure 12.2. The roadway sur-
facing aggregate must perform
two basic functions. It must have
high enough quality and be thick
enough to provide structural sup-
port to the traffic and prevent rut-
ting, and it must be well graded
and mixed with sufficient fines,
preferably with some plasticity, to
prevent raveling and
washboarding.

Necessary aggregate thick-
ness typically ranges from 10 to

30 cm, depending on soil strength,
traffic, and climate. Specific ag-
gregate thickness design proce-
dures are found in the Selected
References. Over very weak soils
(CBR less than 3), aggregate
thickness can be reduced with the
use of geotextile or geogrid
subgrade reinforcement. Also,
geotextile layers are useful over
soft soils to separate the aggre-
gate from the soil, keep it uncon-
taminated, and extend the useful
life of the aggregate.

Figure 12.3 presents some of
the physical properties and
tradeoffs of various soil-aggregate
mixtures, first with no fines (no
material passing the #200 sieve,
or .074 mm size), second with an
ideal percentage of fines (6-15%),
and finally with excessive fines
(over 15 to 30%). Figure 12.4
shows the typical gradation ranges
of aggregates used in road con-
struction, how the materials, rang-
ing from coarse to fine, best per-
form for a road, and the approxi-
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Figure 12.2 Aggregate options to prevent rutting.

POOR

a. Minimal aggregate
filled into ruts when
they develop.

b. Ruts filled plus
addition of 10-15 cm-
thick layer of aggregate.

i c. Full structural section
placed upon a reshaped
compacted subgrade.

If crushed rock or gravel is @ © For surfacing aggregate use
not available, use coarse soil, — crushed rock, gravel or 3 cm

wood chips or soil stabilizers. minus rock with fines.

4 =% Aggregate Surface or /

10-30 cm Asphalt Surfacing

Aggregate Base Course or Clean 4
Fractured Rock 0-30 cm min.
(5-10 cm size or smaller) )
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Figure 12.3 Physical states of soil-aggregate mixtures. (Adapted from Yoder and
Witczak, 1975)

Aggregate with
no Fines

 Grain-to-grain contact

 Variable density

 High Permeability

* Non-Frost Susceptible

* High stability when
confined, low if uncon-
fined

* Not affected by water

* Difficult to compact

» Ravelseasily

Aggregate with
Sufficient Fines for
Maximum Density

Grain-to-grain contact
with increased resistance
against deformation

Increased to maximum
density

Low permeability
Frost susceptible
Relatively high stability
in confined or uncon-

fined conditions

Not greatly affected by
adverse water conditions

Moderately easy to
compact

Good road performance

Aggregate with High
Amount of Fines
(>30 percent)

Grain-to-grain contact
destroyed, aggregate is
"floating" in soil
Decreased density
Low permeability

Frost susceptible

Low stability and low
strength

Greatly affected by water
Easy to compact

Dusts easily
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Figure 12.4 Gradation ranges of roadway surfacing materials and their performance characteristics.

(Adapted from R. Charles, 1997 and the Association of Asphalt Paving Technologists)

PERCENT FINER BY WEIGHT (PERCENT PASSING - %)
1HOIAM A9 43SHVYOD LNIOH3d

NOTE: Gradation Ranges Shown Are Approximate.

The best roadbed surfacing materials have some plasticity and are well graded. They have
gradations parallel to the curves shown above, and are closest to the “Ideal” dashed curve in the
middle of the gradation ranges shown.

PRACTICES TO AVOID

* Construction operations or the roadway surface. « Using surfacing materials
heavy traffic during wet or that are fine grain soils,

rainy periods on roads with * Road surface stabilization soft rock that will degrade
clay rich or fine-grained soil using coarse rock larger than e Ty
surfaces that form ruts. about 7.5 cm. Coarse rock is poorly graded coarse rock
_ difficult to drive upon or keep Tt oofl eresie. mEvEl. o
* Allowing ruts and potholes to stabilized on the road surface, ’ '
. . . washboard.
form over 5 to 10 cm deep in and it damages tires.
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mate limitations to the desirable
gradation ranges. Note that the
desirable percentage of finesinan
aggregate can be sensitive to the
climate or road environment. In
semi arid to desert regions, a rela-
tively high percentage of fines,
such as 15 to 20%, with moder-

ate plasticity, is desirable. Ina high
rainfall “wet” environment, such
as tropical, coastal mountain, or
jungle areas, a low percentage,
such as 5 to 10% fines, is desir-
able to prevent rutting and main-
tain a stable road surface.

Ideally, aggregate surfacing
material is (1) hard, durable, and
crushed or screened to a minus 5
cm size; (2) well graded to
achieve maximum density; (3)
contains 5-15% clayey binder to
prevent raveling; and (4) has a
Plasticity Index of 2 to 10. The

RECOMMENDED PRACTICES

* Stabilize the roadway
surface on roads that form
ruts or ravel excessively.
Common surface stabiliza-
tion techniques include
using 10-15 cm of crushed
aggregate; local pit run or
grid roll rocky material
(Photo 12.4); cobblestone
surfacing; wood chips or
fine logging slash; or soils
mixed and stabilized with
cement, asphalt, lime,
lignin, chlorides, chemi-
cals, or enzymes.

* For heavy traffic on soft
subgrade soils, use a
single, thick structural
section consisting of at
least 20-30 cm of surfac-
ing aggregate. Alterna-
tively, use a structural
section consisting of a 10-
30 cm thick layer of base
aggregate or coarse
fractured rock, capped
with a 10-15 cm thick
layer of surfacing aggre-
gate (Figure 12.2-BEST).
Note that soft clay-rich
tropical soils and heavy
tire loads may require a
thicker structural section.
The structural depth
needed is a function of the
traffic volume, loads and
soil type, and should

ideally be determined
through local experience
or testing, such as using
the CBR (California
Bearing Ratio) test.

* Maintain a 3-5% road
cross-slope with insloping,
outsloping, or a crown to
rapidly move water off the
road surface (see Figure
7.1).

* Grade or maintain the
roadway surface before
significant potholes,
washboarding, or ruts
form (see Figure 4.5).

* Compact the embankment
material, road surface
material or aggregate
during construction and
maintenance to achieve a
dense, smooth road sur-
face and thus reduce the
amount of water that can
soak into the road (Photo
12.5).

* “Spot” stabilize local wet
areas and soft areas with
10-15 cm of coarse rocky
material. Add more rock
as needed (Figure 12.2).

e Stabilize the road surface
in sensitive areas near
streams and at drainage

crossings to minimize road
surface erosion.

* Control excessive road
dust with water, oils,
wood chips, or use of
other dust palliatives.

* Blend coarse aggregate
and fine clay-rich soil
(when available) to pro-
duce a desirable composite
roadway material that is
coarse yet well-graded
with 5-15 % fines for
binder (see Figures 12.3
and 12.4).

* Use project construction
quality control, through
visual observation and
materials sampling and
testing, to achieve speci-
fied densities and quality,
well-graded road materials
(Photo 12.6).

* On higher standard, high
traffic volume roads
(collectors, principals, or
arterials) use appropriate,
cost effective surfacing
materials such as oils,
cobblestone, paving blocks
(Photo 12.7), bituminous
surface treatments (chip
seals) (Photo 12.8), and
asphalt concrete pave-

ments.

Low-VoLumeE Roabs BMPs : 121



Photo 12.3 A road in need of
maintenance and surfacing.
Add roadway surface stabiliza-
tion or do maintenance with
grading and shaping of the
surface to remove ruts and
potholes before significant road
damage occurs, to achieve
good road surface drainage,
and to define the roadbed.

Photo 12.4 A grid roller can be
used to produce a desirable
surfacing material when the
coarse rock is relatively soft.
Level and compact the roadway
surface aggregate to achieve a
dense, smooth, well-drained
riding surface.

Photo 12.5 Compaction of soil
and aggregate is typically the
least expensive way to improve
the strength and performance
of the material. Compaction is
useful and cost-effective both
for the stability of fill embank-
ments and for the road surface.
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Photo 12.6 Here, a “nuclear
gauge” is being used to check
the density of aggregate. Use
project construction quality
control, gradation and density
testing, etc., as needed to
achieve the desirable materials
properties for the project.

Photo 12.7 Concrete blocks
(Adoquin) or cobblestone offer
an intermediate alternative to
aggregate and pavement road
surfacing. These materials are
labor intensive to construct and
maintain, but are very cost-
effective in many areas.

Photo 12.8 A chip seal road
surface being compacted. A
variety of surfacing materials
can be used, depending on
availability, cost, and perfor-
mance.
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surfacing applied to the road must
be maintainable in order to pre-
vent rutting and erosion. Signifi-
cant deterioration of the road can
occur if ruts, raveling,
washboarding, or surface erosion
are not controlled (Photo 12.3).
Road damage can be greatly re-
duced by restricting road use dur-
ing wet conditions if road man-
agement allows for this option.

Compaction is usually the
most cost-effective method to im-
prove the quality, including
strength and water resistance, of
subgrade soils and to improve the
performance of aggregate surfac-
ing. It increases the density and
reduces the void spaces in the
material, making it less susceptible
to moisture. Thus, compaction is
useful to protect the investment
in road aggregate, maximize its
strength, minimize loss of fines,
and prevent raveling. Road per-
formance has been excellent in
some semi-arid regions with the
use of blended local materials,
very high compaction standards,
and a waterproof membrane such
as a bituminous seal coat.

Compaction can best be
achieved with a minimum of ef-
fort if the soil or aggregate is well
graded and if it is moist. Ideally,
it should be close to the “optimum
moisture content” as determined
by tests such as the “Proctor”
Moisture-Density Tests. Expan-
sive soils should be compacted on
the wet side of optimum. Hand
tamping can be effective, but only
when done in thin lifts (2-8 cm)
and ideally at a moisture content
a few percent above optimum.

Low-VoLume Roabs BMPs:124

The best compaction equip-
ment for granular soils and aggre-
gate is a vibratory roller. A tamp-
ing, or sheepsfoot roller is most
effective on clay soils. A smooth
drum, steel wheel roller is ideal for
compaction of the roadway sur-
face. Vibratory plates or rammers,
such as “wackers”, are ideal in
confined spaces. No one piece of
equipment is ideal for all soils, but
the best all-purpose equipment for
earthwork in most mixed soils is
a pneumatic tire roller that pro-
duces good compaction in a wide
range of soil types, from aggre-
gates to cohesive silty soils.

Materials Sources

The use of local materials
sources, such as borrow pits and
quarries, can produce major cost
savings for a project compared to
the cost of hauling materials from
distant, often commercial,
sources. However, the quarry or
borrow pit material quality must
be adequate. Sources may be
nearby rock outcrops or granular
deposits adjacent to the road or
within the roadway. Road widen-
ing or lowering road grade in frac-
tured, rocky areas may produce
good construction materials in an
area already impacted by con-
struction. Rock excavation and
production may be by hand (Photo
12.9), or with the use of various
types of equipment, such as
screens and crushers. Relatively
low-cost, on-site materials can re-
sult in the application of consid-
erably more roadway surfacing
and more slope protection with
rock since the materials are readily
available and inexpensive. How-
ever, poor quality materials will
require more road maintenance

and may have poor performance.

Borrow pits and quarries can
have major adverse impacts, in-
cluding sediment from a large de-
nuded area, a change in land use,
impacts on wildlife, safety prob-
lems, and visual impacts. Thus
quarry site planning, location, and
development should usually be
done in conjunction with Environ-
mental Analysis to determine the
suitability of the site and con-
straints. A Pit Development Plan
should be required for any quarry
or pit development to define and
control the use of the site and the
materials being extracted. A pit
development plan typically defines
the location of the materials de-
posit, the working equipment,
stockpile and extraction areas
(Photo 12.10), access roads,
property boundaries, water
sources, and final shape of the pit
and back slopes. Materials source
extraction can cause long-term
land use changes, so good site
analysis is needed.

In-channel gravel deposits or
stream terrace deposits are often
used as materials sources. Ideally,
deposits in or near streams or riv-
ers should not be used. Gravel ex-
traction in active stream channels
can cause significant damage to
the stream, both on-site and
downstream (or upstream) of the
site. However, it may be reason-
able to remove some materials
from the channel with adequate
study of the fluvial system and
care in the operation. Some gravel
bar or terrace deposits may be
appropriate for a materials source,
particularly if taken from above
the active river channel. Equip-



ment should not work in the wa-
ter.

Site reclamation is typically
needed after materials extraction,
and reclamation should be an in-
tegral part of site development
and included in the materials cost.
Reclamation work should be de-
fined in a Pit Reclamation Plan.
Reclamation can include conserv-
ing and reapplying topsoil, reshap-
ing the pit, revegetation, drainage,
erosion control, and safety mea-
sures. Often, interim site use, clo-

sure, and future reuse must also
be addressed. A site may be used
for many years but be closed be-
tween projects, so interim recla-
mation may be needed. Roadside
borrow areas are commonly used
as close, inexpensive sources of
material (Photo 12.11). These ar-
eas ideally should be located out
of sight of the road, and they too
need reclamation work after use.

The quality of the local mate-
rial may be variable or marginal,
and the use of local material of-

Photo 12.9 Develop quarries
and borrow sites (materials
sources) close to the project
area whenever possible. Either
hand labor or equipment may be
appropriate, depending on the
site conditions and production
rates.

Photo 12.10 Quarries and
borrow sites (materials
sources) can provide an excel-
lent, relatively inexpensive
source of project materials. A
site may require simple excava-
tion, screening, or crushing to
produce the desired materials.
Control use of the area with a
Pit Development Plan.

ten requires extra processing or
quality control. Low quality ma-
terial may be produced at a cost
much lower than commercially
available material, but may not
perform well. Zones of good and
bad material may have to be sepa-
rated. The use of local materials,
however, can be very desirable
and cost-effective when available
and suitable.
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RECOMMENDED PRACTICES

* Develop local borrow pits, the area to other long-term
quarries and pit-run productive uses. A Pit
material sources wherever Reclamation Plan should
practical in a project area. include information such
Ensure that Environmental as topsoil conservation
Analysis has been done for and reapplication, final
the establishment of new slopes and shaping, drain-
materials sources. age needs, safety mea-

sures, revegetation, and

* Use a Pit Development erosion control measures
Plan to define and control (Photo 12.12).
the use of local materials.

A Pit Development Plan * Reshape, revegetate and
should include the location control erosion in roadside
of the site, extent of borrow areas to minimize
development, excavation, their visual and environ-
stockpiling and working mental impacts (Figure
areas, shape of the pit, 12.5). Locate materials
volume of useable mate- sources either within the
rial, site limitations, a plan roadway or out of view of
view, cross-sections of the the road.
area, and so on. A plan
should also address interim * Maintain project quality
or temporary closures and control with materials
future operations. testing to guarantee the
production of suitable

* Develop a Pit Reclama- quality material from
tion Plan in conjunction quarry and borrow pit
with pit planning to return sources.

PRACTICES TO AVOID
* In-stream channel gravel and implementing reclama-
extraction operations and tion measures.
working with equipment in
the stream. * Using low quality, ques-
tionable, or unproven
* Developing materials materials without adequate
sources without planning investigation and testing.
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Figure 12.5 Good and bad roadside quarry development practices. (Adapted from Visual Quality

Best Management Practices for Forest Management in Minnesota, 1996)

Good Practices for Quarry Development

DO!
* Screen pit area from road
* Leave gentle slopes
 Reshape and smooth the area
* Leave pockets of vegetation
 Seed and mulch the area
* Use drainage control measures
* Replace Topsoil

Poor Practices for Quarry Development

LS
22 S
%’3‘;}/‘%&# A

AL

DO NOT! e L

S ~Lpry htlen:

« Expose large, open area \[\{{7‘-‘\ *’%}%’2&.—/ LT T
« Leave area barren I~ ,

* Leave steep or vertical slopes

Locate borrow areas out of sight of the road.
(NOTE: Safe backslope excavation height depends on soil type.
Keep backslopes low, sloped or terraced for safety purposes.)
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Photo 12.11 This roadside borrow area lacks drainage and erosion
control. Roadside quarry development can be inexpensive and useful, but
the areas should be hidden if possible, and the areas should be reclaimed
once the project is completed.

Photo 12.12 A reclaimed and revegetated borrow site. Reshape, drain,
plant vegetation, and rehabilitate borrow pits and quarries once the
usable materials are removed and use of the area is completed.
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Chapter 13

Erosion Control

“Erosion control -- one of the best, most inexpensive ways
to protect the road and the environment. Just do it!”

ROSION CONTROL 0N roads is fundamental for
E the protection of water quality (Photo 13.1).

Soil stabilization and erosion control practices
are needed and should be used in areas where soil is
exposed and natural vegetation is inadequate. Bare
ground should be covered, typically with grass seed
and some form of matting or mulch. This will help
prevent erosion and subsequent movement of
sediment into streams, lakes

tion and every time an area is disturbed. Soil erosion
prediction models such as the Water Erosion Pre-
diction Project (WEPP) or Unified Soil Loss Equa-
tion (USLE) can be used to quantify erosion and
compare the effectiveness of various erosion con-
trol measures. Concentrated water flow can begin
as minor sheet flow, produce rills, and eventually re-
sult in major gully formation (See Chapter 14).

and wetlands. This movement
of sediment can occur during
and after road construction,
after road maintenance, during
logging or mining activities, as
the road is being used, if a road
is closed but not stabilized, or
from poor land management
practices near the road (Photo
13.2). Roughly half of the
erosion from a logging
operation, for instance, comes
from the associated roads.
Also, most erosion occurs
during the first rainy season
after construction.

Erosion control measures Photo 13.1 Do not leave disturbed or barren areas exposed to rain-
need to be implemented im- drops and runoff. Use erosion control measures to protect the area and

mediately following construc- Protect water quality.
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Photo 13.2 Erosion on a slope adjacent to a highway due to lack of
vegetation or poor land use practices. Note that vegetation is
preventing erosion next to the highway.

Erosion control practices in-
clude surface armoring and
ground cover with netting (Photo
13.3), vegetative material or slash
(Photo 13.4), rock, and so on; in-
stalling water and sediment con-
trol structures; and mulching,
seeding, and various forms of
revegetation, as seen in Figures
13.1 through Figure 13.4. Effec-
tive erosion control requires at-
tention to detail, and installation
work requires inspection and
quality control.

Physical methods include
such measures as armored ditches
(Photo 13.5), berms, wood chips,
ground cover mats, and silt or
sediment fences (Photo 13.6).
These control or direct the flow
of water, protect the ground sur-
face against erosion, or modify the
soil surface to make it more resis-
tant to erosion (Photo 13.7).

Vegetative methods, using
grasses, brush, and trees, offer
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ground cover, root strength, and
soil protection with inexpensive
and aesthetic “natural”” vegetation,
as well as help control water and
promote infiltration (Photo 13.8).
Ideally, vegetation should be se-
lected for good growth proper-
ties, hardiness, dense ground
cover, and deep roots for slope

stabilization. Local native species
having the above mentioned prop-
erties should be used. However
some grasses, such as Vetiver,
have been used extensively world-
wide because of their strong, deep
roots, adaptability, and non-inva-
sive properties (Photo 13.9).

Biotechnical methods such
as brush layering, live stakes, and
contour hedgerows (Figure 13.4)
offer a combination of structures
with vegetation for physical pro-
tection as well as additional long-
term root support and aesthetics
(Photo 13.10).

An Erosion Control Plan and
use of erosion control measures
should be an integral part of any
road construction or resource ex-
traction project. Most disturbed
areas, including landings, con-
struction storage areas, skid
roads, road fills, some road cuts,
drainage ditches, borrow pits, the
road surface and shoulders, and
other working areas should re-

Photo 13.3 Cover fill slopes, work areas, and other exposed soil
areas with straw, netting, rock, or other material to protect the
ground and promote vegetative growth.



Table 13.1
Key Elements of an Erosion Control and

Revegetation Plan for Road Projects

A. Description of Proj ect
1. Project Objectives
2. Project Location
3. Description of Local Environment

B. Planning

1. Site Analysis
a.Climate and Microclimate
b.\Vegetation Options
c.Soils and Fertility

2. Developing the Revegetation Plan
a.Suitable Plant Species
b.Soil and Site Preparation
c. Aesthetics vs. Erosion Control Needs
d.Use of Local “Native” Species

C. Implementation

1. Planting Methods—Cuttings and Transplants
a.Tools and Materials
b.Planting Holes and Methods

2. Planting Methods—Seeding and Mulching
a.Hand Broadcasting or Hydroseeding
b.Range Drills
c. Type / Quantity of Seed
d. Type / Quantity of Mulch and Fertilizer
e. Holding Mulch with Tackifiers or Netting

3. PlantProtection
a. Wire Caging around Plants
b.Fencing Around the Entire Site

4. Maintenance and Care After Planting
a. lrrigation
b.Weed Control
c. Fertilization

5. Biotechnical Planting Methods
a.Wattling
b.Brush Layering or Brush Matting
c. Live Stakes

D. Obtaining Plantsand Handling of Plant M aterials
1. Timing and Planning
a.Fall versus Spring Planting
b.Summer Plantings
2. Types of Plant Materials
a.Cuttings
b.Tublings
c. Other Container Plants
3. Hardening-off and Holding Plants (Acclimatizing)
4. Handling Live Plants and Cuttings

ceive erosion control treatment. It
is more cost effective and efficient
to prevent erosion than to repair
the damage or remove sediment
from streams, lakes, or ground-
water.

Elements of an Erosion Con-
trol and Revegetation Plan include
project location and climate, soil
types, type of erosion control
measures, timing of implementa-
tion of the vegetative erosion con-
trol measures, source of seeds and
plants, and planting methods.
Table 13.1 presents the many as-
pects of planning, implementation,
and care involved in an Erosion
Control Plan for roads projects.

PRACTICESTO

AVOID

* Disturbing unnecessarily
large areas.

* Leaving native soil un-
protected against ero-
sion after new construc-
tion or ground distur-
bance.

e Earthwork and road con-

struction during periods
of rain or the winter.
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Figure 13.1 Use of vegetation, woody material and rock for erosion control and ground cover.

(Adapted from Wisconsin’s Forestry BMP for Water Quality, 1995)

Vegetative contour
i r‘* hedgerow or wattles
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Old landing or
construction

Sediment
catchment
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LI

Logging slash
or woody

material spread
Grasses or other over the area

vegetation

Per spective View

ground Aggregate road
cover surfz_ic_lng_or
scarification, seed
and mulch for
closed roads

> \Woody slash

Deep rooted

vegetation for Cross-section
slope stabilization

Variouserosion control ground covers
include seeding and straw mulch,
grasses and other mulch, vegetation,
rock, slash, chips, and leaves.
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Photo 13.4 A disturbed work
area covered with woody
material such as brush from
clearing or logging slash for
erosion control . Ensure that
the material is well mashed
onto the ground.

Photo 13.5 A roadside ditch
armored with graded rock
(riprap) for erosion control.

Photo 13.6 Sediment control
fences (silt fences), live vegeta-
tive barriers, or brush fences
can all be used to control
sediment movement on slopes
(also see Photo 6.6).
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Photo 13.7 Rock armoring,
placed on a very erosive soil fill
slope adjacent to a creek, used
for durable, permanent erosion
control.

Photo 13.8 Seed and muich
(cover for seed protection and
moisture retention) applied to
the ground surface to promote
grass growth on barren areas,
closed roads, and onerosive
soils.

Photo 13.9 Use of Vetiver
grass for slope stabilization and
erosion control. Choose vegeta-
tion that is adapted to the site,
has strong roots, and provides
good ground cover. ldeally, use
native species.
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Figure 13.2a Sediment control structures using hay bales or silt fences. Note that hay bales must
be installed correctly and keyed into the ground! (Adapted from Wisconsin’s Forestry BMP for

Water Quality)
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Figure 13.3 Water control structures.
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Photo 13.10 Use of grasses,
planted on contour, to provide
surface slope stabilization and
erosion control on a steep road
cut.

Photo 13.11 Live vegetative
barriers (contour hedgerows),
using Vetiver, other grasses, or
vegetation, located on contour
to prevent down-slope erosion
from barren or disturbed areas.

Photo 13.12 A local nursery,
developed in conjunction with a
construction project, to provide
a source of plants and grow
appropriate (preferably native)
vegetation for the erosion
control work.
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RECOMMENDED PRACTICES

* Develop a project Erosion
Control Plan to address
interim and final erosion
control needs, specific
measures, and how to
implement or install those
measures. Develop typical
drawings for sediment traps,
sediment fences, brush
barriers, ground cover,
check dams, armored
ditches, and biotechnical
measures.

Disturb as little ground area
as possible, stabilize that
area as quickly as possible,
control drainage through the
area, and trap sediment on-
site.

* Conserve topsoil with its leaf
litter and organic matter, and
reapply this material to local
disturbed areas to promote
the growth of local native
vegetation.

* Apply local, native grass
seed and mulch to barren
erosive soil areas or closed
road surfaces. Mulch
material may be straw, wood
chips, bark, brush, leaves
and limbs, shredded paper,
or gravel. (Figurel3.1).

* Apply erosion control
measures before the rainy
season begins and after each

season of construction,
preferably immediately
following construction.
Install erosion control
measures as each road
section is completed.

* Cover disturbed or eroding
areas with limbs, tree tops
and woody debris such as
logging slash placed on

contour and mashed down to

achieve good contact with
the soil (Figure 13.1).

* Install sediment control
structures where needed to
slow or redirect runoff and
trap sediment until vegeta-
tion is established. Sedi-
ment control structures
include windrows of logging
slash, rock berms, sediment
catchment basins, straw
bales, brush fences, and silt
fencing (see Figures 13.1,
13.2aand 13.2b).

* Control water flow through
construction sites or dis-
turbed areas with ditches,
berms, check structures, live
grass barriers, and rock
(Figure 13.3).

* Place windrows of logging
or clearing slash along the
toe of roadway fill slopes
(See Low-Volume Roads
Engineering, Figure4.2).

* Stabilize cut and fill slopes,
sliver fills, upland barren
areas, or gullies with brush
layers, rock structures
with live stakes, vegetative
contour hedgerows (Photo
13.11), wattling, or other
biotechnical measures
(Figure 13.4).

* Maintain and reapply
erosion control measures
until vegetation is success-
fully established. Do soil
chemistry tests if necessary
to determine available soil
nutrients.

* Use fertilizers in areas of
poor, nutrient deficient
soils to promote faster
growth and better erosion
control. Fertilizer should
be used only if needed.
Add water or irrigation
only if necessary to ini-
tially establish vegetation.

* Develop local plant
sources and nurseries for
vegetative erosion control
materials. Use local native
species whenever possible
(Photo 13.12). Select
species appropriate for the
use, the site, and the

bioregion.
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Figure 13.4 Biotechnical slope stabilization measures.
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Chapter 14

Stabilization of Gullies

“A gram of erosion control and gully stabilization can
prevent a kilogram of sediment loss.”

ULLIESARE A SPECIFIC FORM OF SEVERE EROSION
G typically caused by concentrated water flow

onerosivesoils. Figure 14.1 showsatypical
gully on ahillside and how it can impact aroad and
land use. Concentrated water flow may begin as
minor sheet flow, producerills, and eventually result
in major gully formation. Gullies can have major
impacts on an area by taking land out of production
and by lowering the groundwater table, as well as
being amajor source of sediment (Photo 14.1). They

Figure 14.1 A gully caused by or impacting a road.

can be caused by concentrated water flowing off
roads, or they canimpact roads by necessitating extra
drainage crossings and more frequent maintenance.

Once formed, gullies typically grow with time
and will continue down-cutting until resistant mate-
rial is reached. They also expand lateraly as they
deepen. Gullies often form at the outlet of culverts
or cross-drains due to the concentrated flows and
relatively fast water velocities. Also, gulliescan form
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Photo 14.1 A typical gully caused by concentrated water on erosive
soils and/or poor land use practices.

upsiope of culvert pipes, espe-
cialy in meadows, if the pipeis
set bel ow the meadow elevation.
Thiscausesadrop inthe meadow
or channel elevation and subse-
guent headward migration of the
gully. Gullies formed through
meadows often lower the local
water table and may dry up the
meadow.

Stabilization of gullies typi-
cally requires removing or re-
ducing the source of water
flowing through thegully and re-
filling the gully with dikes, or
small dams, built at specificinter-

Figure 14.2 Spacing details of gully control structures. (Adapted from D. Gray and

A. Leiser, 1982)
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vals along the gully. Reshaping
and stabilizing over-steep banks
may aso be needed. Typica gully
stabilization structures are con-
structed of rock, gabions, logs
(Photo 14.2), wood stakes with
wire or brush, bamboo, or veg-
etative barriers. Biotechnical
methods offer a combination of
physical structure along with veg-
etativemeasuresfor physica pro-
tection aswell asadditional long-
term root support and aesthetics.
A headcut structurealsotypicaly
isneeded to stabilize the upslope,
or top-most portion of the gully,
and prevent additional headward
movement (see Figure 14.1).

Therecommended spacing for
structures depends on the slope of
theterrain or gully channel andthe
height of each structure, as pre-
sented in Figure 14.2. Figure
14.2a shows the ideal spacing
needed between structures for
varying channel slope and struc-
ture height. Figure 14.2b shows
the physical relationship between
structure height and spacing in a
sloped channel so that water and
material stored behind the lower
structure is level with the toe of
the upper structure. Thus, water
will spill over the crest of the up-
per structureinto the pool behind
the lower structure.

Ingully prevention, a“gram”
of erosion control measurescan
prevent a “kilogram” of sedi-
ment loss and damge caused by
erosion. Take action to prevent
theformation of gulliesandto sta-
bilize existing gulliesbeforethey
grow larger! Oncelarge, gully sta-
bilization measures can be very
difficult and expensive.

Photo 14.2 Logs being used to build gully stabilization structures in
a fire damaged area. Physical or vegetative dams (dikes or debris
retention structures) may be used to control sedmient and stabilize
gullies. Prevent water concentration before gullies form.

SUCCESSFUL GULLY STABILIZATION

Design details important for successful gully stabilization struc-
tures begin with removing the source of water and, as shown on
Figures 14.2 and 14.3, include:

* Having a weir, notched, or “U” shaped top on the structures to
keep the water flow concentrated in the middle of the channel;

* Keying the structuresinto the adjacent bankstightly and far enough
to prevent erosion around the ends of the structures (Photo 14.3);

* Burying the structures deep enough in the channel to prevent flow
under the structure;

* Spilling the water over the structures onto a splash apron, protec-
tive layer of rock, or into a pool of water to prevent scour and
undermining of the structure; and

* Spacing the structures close enough so that the flow over the
structure spillsinto backwater caused by the next structure down-
stream (Figure 14.2).

Note: Rock commonly used in loose rock check dams should be
hard, durable, well-graded with fines, and large enough to resist
movement. A commonly used gradation is shown below.

Size(cm) Percent Passing
60cm 100
30cm 50
15cm 20

6cm 10
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RECOMMENDED PRACTICESTO AVOID

PRACTICES * Installing check dam
+ Remove the source of * Leaving gulliesunpro- structures with a straight,
water. Control water flow tected against continued flat top, without scour
as needed with ditches, erosion. protection, and without
berms, outsloping, and so being well keyed into the
on. to divert water away banks.

from the top of gullies.

* Use gully control check
dam structures constructed
of materials such as stakes,
logs, gabions, or loose
rock, livevegetative
barriersor brush layering
planted on contour in
disturbed areas to control
gully erosion (see Figure
13.4b and Figure 14.3).

¢ Install gully control struc-
tures as soon as possible
after theinitial formation
of agully. Gulliesonly get
bigger withtime!

Photo 14.3 An expensive but failed gabion gully control structure
that was not properly keyed into the banks of the gully. Further, the

* Ensurethat gully control flow was not kept over the protected middle of the structure.

structuresareinstalled
with needed design details.
Such structures should be
properly spaced, well
keyed into the banks and
channel bottom, notched
to keep flows over the
middle of the structure,
and protected from down
slope scour (Photo 14.4).

¢ Install headcut structures
at the top of the gully to
prevent up-channel migra-
tion of gulliesin meadows.

* Develop local plant

sources and nurseries for Photo 14.4 Construct debris retention and gully control structures
native vegetation that can with a notched wier to keep flow over the middle of the structure,
be used in gully control add scour protection at the outlet of each structure, and key the
measures. structures into the firm soil banks.
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Figure 14.3 Stabilization of gullies and severe erosion areas with check structures.
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Depicted above is a loose rock gully control structure being used to
stop headcutting up into the meadow. Note that the rock structure
iswell keyed into the banks and channel bottom.
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Basic ENGINEERING CONSIDERATIONS FOR Low-VoLUuME RoOADS
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ric design of very low-volume local roads (ADT<400). Washington, DC. (ISBN 1-56051-166-4).
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