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Overview

This reportpresents existing best practices for planning, designing and managingtrails, trail systems,
andridingfacilities inmajor urban metro areas. Best practices are methods, techniques, or processes
considered standard by anindustry becausethey consistently resultin desired outcomes.

The purpose ofidentifying off-road cycling best practices as part of the Portland Off-Road Cycling
Master Planis tosupportthe plan’s goal to lay a foundation for how off-road cyclingis planned forin
Portland;limitimpacts on natural resources;and to promote the health, safety and enjoyment of
trail and parkusers. As such, this Assessment of Off-Road Cycling Impacts examines theimpacts,
both negative impacts and potential benefits, of off-road cyclingin threeareas:the environment,
health and safety of parkandtrail users,and the City’s economic activity and tourism.

This document includes best practices from published sources, professional experts and casestudies.
The best practices included in this reportareintended to informthe Portland Off-road Cycling
Master Plan, and providea framework for more detailed project- and context-specific best practices
for the planning, design and construction of any future off-road cyclingtrails or facilities.

Over the past20years, mountain biking has becomerecognized as a mainstreamrecreational
activity. Parkandrecreation and land managementagencies haveresponded to the popularity of off-
road cyclingontrail networks and in bike parks by actively managing, planning, and designing off-
road facilities to maximize user benefits and minimize negativeimpacts to the environment in which
they aresited.

The best practices listed in this document have become common practiceamongpark and recreation
andland management agencies andarebased onanapproach based in sustainability, fromboth an
environmental as well as a social standpoint. Sustainabletrail facilities are being planned and
designed to meet multiple objectives:to meet the needs of the users and provide progressive
experiences;to protect ecological health;and to be longlasting, lowrisk, require minimal
maintenanceand discourage unsanctioned trail building, which may cause degradation.

Ideally, trail planning, design, and management techniques areinformed by research. However, the
body of research pertaining to the impacts of off-road cyclingis notentirely comprehensive. As such,
this document forwards best practices intended to avoid or minimizeimpacts, based on both
research and the experience of facility designers, builders and managers. These best practices,
informed in partfrom established trails-specific practices and expertjudgement from lessons
learned, continueto be refined as riding styles and trends change over time, building techniques
progress,and additional facilities are built. In addition, this document supports monitoringand
adaptive management trail systems and facilities to ensure that any unintended impacts are
accounted for and remediated.
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The International Mountain Bicycling Association’s books Trail Solutions: IMBA’s Guide to Building
Sweet Singletrack (2004) and Managing Mountain Biking: IMBA’s Guide to Providing Great Riding
(2007) arerecognized resources of design and management practices to reduce user conflict,
minimize environmental impact, manageriskand providetechnically challengingtrail experiences for
riders ofall levels. The U.S. Forest Service Trail Construction and Management Notebook (2007)
references IMBA’s guide as a trail construction resource. Another comprehensiveresourcefor trails
planning,design and maintenanceis the Metro Green Trails Guidelines for Environmentally Friendly
Trails (2016); though ithas some limitations as itwas notwritten explicitly for trails allowing
mountain biking. The Minnesota Department of Natural Resources book Trail Planning, Design and
Development Guidelines (2007) provides an additional resource.
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Section 1: Best Practices for System Planning

The City of Portland strivesto provide safe, equitably distributed recreational opportunities for all
residents. The system planning process for this projectaimsto align with the Parks 2020 Vision,
Portland Parks & Recreation (PP&R) strategic plan. Thefollowing bestpractices representthe core
concepts embodied in Parks 2020, including providing a wide variety of recreation opportunities for

all residents, developing a sustainable network of facilities to ensure PP&R’s legacy for future
generations,and preservingand protecting natural resources to provide “naturein the city”.

The best practices for system planning described below should be used to guide the Portland Off-

road Cycling Master Planitself, as well asany future system plans for off-road cycling trailsand
facilities.

Early and effective community outreach and engagement with the local park users, including the off-
road cyclingcommunity, park neighbors, and thegeneral publicis a critical part of successful off-road
cyclingtrailand facility planningand development. In Portland, such engagement should follow the
guidelines of the City’s, Portland Parks & Recreation, and/or another appropriateagency’s public
involvement principles..

Planners should pay concerted attention to early and meaningful involvement of stakeholders who
arelikely to be impacted by the plan or development, but may normally havelittleinfluencein the
decision or outcome. This is particularly true for historically underrepresented communities,
including communities of color,immigrantand refugee communities, and community members with
disabilities, as well asyouth.

Planningand development projects should also include outreach to affected public agencies,
relevant City committees, and decision-makers. Coupled with traditional outreach mechanismsto
reach the broad general public,such asopen houses, community tabling events, onlinesurveys,
mailings and social media, partnerships with community based organizations can offer a mechanism
to authentically engagethose traditionally hard to reach communities and providea voiceto those
whom may have a unique perspectiveto offer interms of the projectplans.

This type of comprehensive community engagement not only provides an opportunity for the project
team to understand the community’s needs and desires related to off-road cycling, itprovides an
opportunity for the publicto weigh-inandinfluencethe outcomes of the projectin order to best
meet the needs of the community. Engagingthe community fromthe startwith informationand
meaningful interactions forwards the development of a unified projectvisionand a high level of
community coordination and collaboration.

Case Study
Cully Park: Portland, OR

The Cully neighborhood isoneof Portland’s mostculturally diverseand park-deprived areas,
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home to more than 13,000 residents with a mix of commercial and relatively denseresidential
development. In 2015, this underserved neighborhood opened its first park facility. A unique
partnership between the City, Verde, and the Cully Association of Neighbors resultedina
collaborativedesign and master planning effort between Portland Parks & Recreation, the Cully

community, and the Project Advisory Committee. This partnership resulted in direct community
participationinthedesign, fundraising, and development of the park.

Case Study

Community Engagement Planning: Minneapolis, MN

The Minneapolis Park & Recreation Board developed a Community Engagement Plan to codify
the protocol for community outreach, noticingand engagement on new park projects. Theplan
included key goals and protocol for park plannersthatincluded:

e |dentification of whom to engage on new projects: neighborhood organizationsand
other representative community groups andindividuals.

® Promotinga cultureof openness and learning.

e Providingopportunities for diverseideas and information toinfluencethe
development and implementation of park projects.

e Use of availableand emergingtechnology,including social media for outreach and
engagement.

e Establishinga Technicaland/or Community Advisory Committee.

e Public Noticing protocol including minimum number of days to send notices prior to
meetings and minimum geographic area (e.g. citizens living within % mile of the
projectarea will be noticed).

Distribution of Facilities

Facilities should bedistributed to meet citywideneeds. Ideally, municipalities can providelocal off-
road cyclingfacilities toreducebarriersto useand allow for convenientbicycleor publictransit
transportation to the facility. Convenientaccess contributes to greater use of facilities whichinturn
supports a healthy and active community.

Distribution of Users

Off-road cycling facilities that are overwhelmed by users areanindication of demand and the need
for additional facilities. Overuse of facilities, by off-road cyclists or a combination of multiple user
groups, can cause environmental damage, increase maintenance needs, andresultinsafety hazards.

Distributing users throughouta system of trails and facilities and/oramongindividual trails or bike
parkfacilities typically resultsin greater social and environmental sustainability.

Providing a Range of Experiences
Facilities should provide a range of off-road cycling experiences for allages and skill levels. Thisrange
of experiences can be provided within an overall trail and facility systemor, ideally, within each trail
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system and facility itself. Therangeand scale of experiences provided should bebased onan
understanding of the local user demand, need and regional trends in off-road cycling. These variables
arecriticalto determining how to plan, design and managefacilitiesappropriately. Performinguser
surveys and community engagement areessential in understandinglocal demand, gaps and need.
This is truefor trail and bike park facilities.

Integrating into a Regional System

An off-road cycling systemdistributes facilities and users across the City, creating a network of
sustainable off-road cycling trails and facilities to meet identified needs ata range of scales, from
neighborhood-oriented to serving a broad area. In this way, the City’s systemintegrates into a
regional system, where facilities exist within and outsidethe City to providea variety of experiences
andriding opportunities for a range of cyclists. Ideally, these systems should be linked together
through on-street bicyclefacilities, off-road cycling trails,and/or public transit.

Site Suitability

Building onthe coreplanningconcepts above, the identificationand evaluation of candidatesites for
off-road cyclingshouldbebased on a citywide-scale opportunities and constraints analysis. The

suitability analysis should address a range of criteriafrom ownership, land use,and zoning
parameters and restrictions related to the ecological, historical, cultural resource characteristics on
each site. The suitability analysis should also attemptto maximize opportunities to address
community needs and reach underserved areas. This analysis process will likelyrequire utilizingan
interdisciplinary technicalteamof design and planning professionals, natural resourcescientists and
operations and maintenancespecialists.
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Section 2: Best Practices for Facility Planning

The following best practices address facility planning, which encompasses design, operationsand
programming planning. Oncesystemplanningiscomplete, these best practices guidesitespecific
planning, developmentand management efforts for individual sites identified in the system plan.
These best practices complement publicinvolvementand master planning practices employed by
Portland Parks & Recreation and other City agencies.

Successful park development begins with a thorough siteassessmentand feasibility study.
Feasibility studies providecriticalinformation used to determine a project’s goals and objectives,
opportunities and constraints, and conceptual design, costs and timeframe for development. This
stageis critical to successful design, planning, constructionand ongoing operation of the park. A
feasibility study should includeinitial project meetings with park staff, local user groups, and other
interested stakeholders.Itshould alsoincludean assessmentof environmental resources,
constraintsand capacity of the site; evaluation criteriaanalyses;and analyses of the project’s
strengths, weaknesses, opportunities and threats (risks)inorder to be ableto address any agency
and community questions and concerns.

As discussed inthe System Planning Best Practices section, early and effective community
engagement is critical to successful park design and development projects. Site-specific community
engagement efforts should follow engagement and equity principlesand methods identified by
Portland Parks & Recreation and other appropriate public agencies.

Stakeholder Identification

This process identifies the organizations and individuals who could beimpacted by a proposed
project,andthe appropriatelevel ofinvolvement. This step should also assesstheneed for specific
outreach strategies to engage traditionally under-represented groups and/or balance stakeholder’s
power andinfluence. By clarifying who needs to be involved in the next steps of definingthe project,
this process helps to build thefoundation for a successful communication and engagement strategy.
Identifyingallthestakeholders earlyintheprocessiscritical to projectsuccess.

Park User Surveys
Conducting user surveys enables collection and analysis of usage patterns, demographic profiles,

satisfactionindices, barriersto usage, and suggested park enhancements. This type of information
informs the prioritization of park facilitiesand amenities.
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Case Study
Trail Use Survey: East Bay Regional Park District, CA

The EastBay Regional Park Districtconducted a systematic park user surveyin the
Pleasanton Ridge Regional Park. Thegoal was to gainan understanding of existingusage
patterns and desired parkimprovements prior to undertakingan update to the park’s Land
Use Plan.The survey results were combined with feedback received atcommunity meetings
andusedto guidethe development of a new Trails Master Plan. As a result, the Trails
Master Planand Land Use Plan were largely supported by the community and they are
currently beingactualized.

Public Notification

Inaddition to complying with City ordinances and Portland Parks & Recreation’s publicnotification
requirements, itis good practiceto utilizea variety of methods for public notification and offer a
variety of opportunities for stakeholders to provide comment. Newsletters (electronic or printed),
project websites, flyers, meetings, public hearings, surveys, committees, etc., are effective tools to
communicatewith the public and gatherinput.

Case Study

Theodore Wirth Regional Park Master Plan, Minneapolis Park and
Recreation Board, MN (2015)

An integral partof the master planning was the community engagement process that, through
the work of an appointed Community Advisory Committee (CAC), set the vision for theregional
park.The process included design charrettes, onlinesurveys, study teams and focus groups, and
the ability to receive comments via mail or email throughoutthe process. The notification
process was robust:news releases wereissued on a regular basisregarding planned public
meetings, staffaction,and plans for parkimprovements. Copies of these releases weresent to a
targeted community and publicrelations group contactlist. Postcards were mailed to residents
within three blocks of Wirth Park prior to the first public meeting, charrette, and the public
hearing. A projectwebpage was also created onthe MPRB website with regular updates on the
public process, dates for events, public impact, a projecttimeline, news releases, reports, plans,
maps, projectand park history, and staff contactinformation.

Conceptual Planning

Initial conceptual planning for a project helps establish thescope, scale, budget and complexity of a
projectand provides a visual representation of the potential layout of trails, riding facilities, site
amenities andinfrastructuresuch as parkingand restrooms. Aconcept plancanbeused duringthe
initial community outreach and engagement process to shareinformation with projectstakeholders
andthe community at largeby providinga visualization of the project.
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Master Planning

Master planningisthe process of designinga visualization of the proposed project, which is then
used for environmental compliance, permitting, fundraisingand the creation of detailed construction
documents. The Master Planintegrates inputand feedback fromthe site’s owner and stakeholders.
Workingdirectly with the local communityis essential to a successful Master Planning process.
Engaging public agency partners, neighboring landowners, businesses, park advocates, and thelocal
community from initial project envisioning through detailed master planning encourages a unified
vision and successfulimplementation. The development of a detailed project budget, funding plans,
construction document requirements, permitting and construction timelines, etc. ensures
coordinated, timely and efficient project development. Master planning for staffing, maintenance,
operations, events and park programming ensures the long-term sustainable management of the
facility.

Environmental Analysis to Inform Design and Permitting

Environmental analysisincludes assessment, compliance, and reportingtoreduce and/or properly
mitigate potential environmental impacts. Thedesign approach should respond to the inventory and
assessmentof environmental resources developedintheplanningstage, usingthefollowing
prioritized approach:

1) Avoidimpacts tosignificantnaturalresources;
2) Minimizeunavoidableimpacts;and
3) Fullymitigatefor unavoidableresourceimpacts.

Sharingearly design concepts with natural resource experts and planners can inform the design to
better to respond to existing conditions and constraints, as well as help identify potential
enhancement and mitigation opportunities. Laying out the existing documented environmental
conditions asanintegral partof the projectbaselinecan anticipateand avoid design pitfallsand can
streamline environmental permitting processes.

Construction Documents

The development of construction documents typically includes a multi-disciplinary design team with
a bike park/trail designer; civil, structural and/or geotechnical engineers;landscape architects;and
environmental and technical specialists. This design phaseincludes the production of detailed site
plans, construction details, specifications, estimate of probable costand bidding documents as
required to constructthe project.

Project Identity Development

Communicatinga consistentprojectidentity, vision, goals, milestones, and end user experienceis
critical to successful community engagement and project planning. Developinga projectbrand,
including selecting an official projectnameand designinga projectlogo, provideclear and consistent
messaging and enhanced content for websites, press releases, community outreach, marketingand
fundraising campaigns, grants,and more.
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Case Study

Creating a Public Awareness Campaign: Chattanooga, TN

Chattanooga, TN turned a regional goal of off-road cyclinginfrastructure development into a
public campaign to garner publicinterestand gain support. They set a goal of developing 100
miles of singletrack mountain biketrails withina 10 mileradius of the City by 2010 and they
named the campaign the “Singletrack Initiative”. With key organizational partnerships to
supportthe goals and consistentcampaign outreach, the projectgained community support
andwas successful.

Project Funding

Many projects requirecreative financingto secure capital funds;a portion of a project’s costs may be
raised through philanthropicfoundations, grants and/or sponsorship sources. Developing a
fundraising strategy for raising funds is important. The strategy should includethe general
information needed to raisefunds,suchasan outline of a fundraising proposal (project
vision/description, budget, community need, community impact, etc.), identification of funding
sources and eligibility requirements. Itshould also include fundraising protocols, such as sponsorship
benefits. A consistent city-wideapproach to sponsorship benefits will streamlinethe fundraising
process and ensurea consistentaesthetic throughoutthe parksystem. For instance,itshould be
determined if sponsorlogosareallowed on parksignage,if parksareallowed to be given a top
sponsor’s namesake, and whatbenefits areavailable/appropriateto offer sponsors (e.g. sponsor
logos/links on website).

Construction

Whether the park will be constructed by professional contractors, City or Park staff, volunteers or a
combination of these resources, a specialty contractor (professional trail builder or bike park
designer) should beon the team to ensure the proper construction of trailsand installation of riding

features, siteamenities and infrastructure elements. This will resultin the highestquality and lowest
maintenanceend product,and will ensurethe ideal off-road cycling facility experience.

Operations Plan
An Operations Plan for each facility outlines an overall approach, protocols and actions to ensure the
highest quality construction, maintenance, operation and managementof the facility. Operations

Plans should also ensurethatcomprehensiveintegrated risk management practices and protocols
areestablished and maintained by all parties for the lifetime of the facility.

Budgeting for Maintenance

Off-road cycling facilities requireregular, ongoing maintenance,and maintenance costs should be
identified and factored into planningand operations budgets. Bike parks in particularrequireregular
maintenance; annual maintenancecosts can beestimated as approximately 10% of the capital

construction cost. Maintenancecosts arereduced ifa bike park’s dirtfeatures are prefabricated with
durablematerialsrather than constructed of dirt.
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Maintenance

Ongoing maintenanceis mostsuccessful when a MaintenancePlan establishes inspectionand
maintenanceactivity protocols, schedules, etc. Maintenanceactivities should belogged and tracked
to become the basisfor budget and resource planning. Over time, maintenancelogs can helpin
identifying trail segments or riding elements with chronic functional problems or unacceptable
environmental impacts, which need to be addressed.

Typical maintenancetasks atbike parkfacilitiesinclude, butarenot limited to watering, compacting,
shapingand otherwise maintainingthedirtfeatures. Tasks alsoincluderoutineinspectionand
maintenance of signage, clearing potentially hazardous debrisfromfall zones, inspectingand
repairingany damaged hardware on wooden structures, inspectingrock and wood features for
structural integrity, and maintaining drainage control features and landscaping.

Typical maintenancetasks ontrail facilities include, butarenot limited to maintainingdrainage
features and encouraging proper drainage(e.g. debermingand maintaining theoutslope, adding
drainagefeatures such as rollinggradedips); routineinspection and maintenance of signage; clearing
potentially hazardous vegetation or debris alongthetrail corridor; and identifying problemareas
that may need armoring, trail rerouting or reclaiming.

Maintenance can be conducted by staff, volunteers, professional contractors or a hybrid of these
options.ldeally, maintenancestaff of any kind should have experienceor be trained in park
maintenanceand natural resource protection. Volunteer efforts should besupervised by a qualified
and dependable manager.

Risk Management Plan

A Risk ManagementPlan,addressing both user riskand environmental risk, should be developed for
each facility. The plan should establish effective management protocols and demonstratean intent
to manage the facility responsibly. The projectowner’s risk managers and/orlegal department
should reviewand approvethe plan.Key elements of a Risk Management Plan for trailsand bike
parkfacilities include:

Design, Construction and Maintenance Guidelines.

e SignagePlan:a comprehensivesignageprogramwith specific rules and warning language
approved.

e Incidentand AccidentReporting Plan:a planthatwill enablethe projectowner to record,
monitor and respond to hazards in the bike park. Regular evaluation of incidents and
accidents should take placeto prioritize where maintenanceand/or park design changes
should take placetoimprove safety.

® MaintenancePlan:Aplanofregular (daily/weekly/monthly/seasonal/annual) maintenance
inspectionsand activities thatcan betrackedinalogand maintainedinthe projectowner’s
records. This planshouldincludewhois allowed to and responsible for performing
maintenanceactivities. ltshould also identify thresholds for unacceptable environmental

impacts and methods to address theimpacts, such as adaptive managementstrategies (e.g.
seasonalclosures).
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o Volunteer Activity Plan:Protocols mayincluderequiringall volunteers participatingin
construction, routine maintenance operations or other special events to sign a liability

waiver;requiringallvolunteers to wear standard safety equipment (e.g. sturdy closed toed
shoes, pants, gloves) duringall construction and maintenance operations and activities.

Programming Plan
Land owners or operators of off-road trails and facilities should develop a plan for each facility that
outlines the types of programmingthat aresupported at the facility and associated protocols.

Case Study
Trips for Kids, Marin: Golden Gate National Park Conservancy, CA

Trips for Kids takes underserved youth on scenic day-longtrail rideadventures inlocal, state
and national parks wherethey learn bikeskills, tips for leading a healthy lifestyle, and gain self-
confidenceand environmental awareness. The Golden Gate National Park Conservancy
supports this effortand allows Trips for Kids to lead regular group rides and youth
programming.

Partnerships with Trail Organizations and other Volunteer Groups
Successful partnerships with trail organizations or other volunteer groups can greatlyincreasea
municipalities’ capacity to design, constructand managetrails. However, such partnerships should
be based on common expectations for performance, communication,and management.

A Memorandum of Understanding (MOU) s a tool for establishing a partnership between two
parties toachievea common goal or action. MOUs area common tool for recreation facilities with
considerable maintenance needs, such as off-road cycling facilities. An MOU is a formal document

that establishes a framework of cooperation between the project owner and volunteer groups or
organizations who will beassistingin theconstruction, maintenanceand operation of the facility.

Case Study
Banks Vernonia Trail: L.L. “Stub” Stewart State Park, OR

This rails to trails project was spearheaded by a group of trails enthusiasts and eventually
established as a state park. Oregon Parks and Recreation Department performs the typical
daily maintenance functions of the trail system. Friends of Stub Stewart Parkand the
Banks Vernonia Trail provide support, under an MOU, to preserve and protect the
recreationaland educational opportunities of the park and trails, in order to promote use
and appreciation of the park’s cultural, historical, and natural resources.
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Section 3: Best Practices for Protecting and Restoring
Ecological Health

The placementand use of anytrail by any type of user may have ecologicalimpacts. Thegoal of this
projectis to create a sustainable system of off-road trails and facilities. Aprimary approach to
achievingsucha systemis tositefacilities to avoid ecological as well as historical and cultural
resources, especiallyinsensitiveareas.

As discussedinthe ‘Environmental Analysisto Inform Design’ best practice, the mitigation hierarchy
of avoidance of impacts, minimization of unavoidableimpacts, and rehabilitation/restoration of

resources through mitigationistheaccepted best practiceregarding protectingand restoring
ecological health.

The best practices identified below are consistent with industry standards established by the U.S.
Forest Serviceand International Mountain Bicycling Association. They also align with the design

guidelines and standards for trail constructionestablished in existing Portland Park & Recreation and
Bureau of Environmental Services plansand policies.

Note regarding bike parks: The best practices in thissection focus primarily on thesiting, design and
construction of trails, rather than bike parks. Bike parks tend to be sited more commonlyin
developed parkandrecreation areas (asopposed to natural areas)andasa resulthavefewer
environmental constraints that demand best management practices. However, bike park design does

need to take into accountpotential soil erosion, water resourcerequirements,and risk management
best practices amongothers.

The following key findings are based on the Assessment of Off-road Cycling Impacts, available
under separate cover. The best practicesidentified in this section are intended to avoid,
minimize, or mitigate these impacts.

Soils

e The available data indicate that off-road cycling, when limited to established trails, has a
similar impact on soils to hiking, and a lower impact than horseback riding.

e Frequency of off-trail activity was the greatest cause of adverse soil and vegetation
impacts.

e Trail design and landscape factors may have more potential to affect soils than the
nature of the trail activity.

o Trails with slopes greater than 12% are strongly correlated with significant increase in
impacts to soil and vegetation.

e Cross-slope trails have lower erosion and runoff potential than fall line trails.
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Vegetation

All trail-based recreational activities have the potential to negatively impact vegetation,
especially on unestablished trails.

Most impacts occur with initial trail construction and use, with a diminishing increase in
impact associated with increasing levels of traffic.

Vegetation trampling/removal and soil erosion/compaction are closely linked impacts.
Removal of vegetationis an inherent consequence in trail construction but that
accelerated soil erosion becomes the primary impact once vegetationis lost.

Wildlife

Wildlife disturbance can extend much further into natural landscapes than other forms
of trailimpacts, which tend to be limited to the narrow trail corridor.

People riding bicycles cover more ground in a given time period than hikers and thus can
potentially disturb more wildlife per unit time.

The research on wildlife impacts focuses on a limited set of bird and mammal species,
and the results appear to differ depending on the species studied.

For some bird species, disturbance from mountain biking trail use on foraging and
nesting behavior may be minimal, but fragmentationand alteration of habitat by
mountain biking trails may reduce quality of nesting habitat.

Wildlife impacts can be reduced by ensuring that trails avoid sensitive or critical wildlife
habitats, including streamsand wetlands.

Additional studies of the impacts on wildlife habitat, including special status habitats
and rare plant and animal communities are needed. There alsois a gap in information
on the cumulative impacts of recreational activitiesin naturalareas, both urban and
rural.

Water resources

Trails can introduce soils, nutrients, and pathogens, increase water turbidity and
sedimentation, and alter patterns of surface water drainage and divert water sources
that serve important ecological functions.

Very little research exists on the specific impacts of off-road cycling on water resources.

The following practicesreflect both accepted and recommended best practices based on these
key findings.

Mitigation hierarchy — Avoid, minimize, mitigate ecological impacts
Siting of trailsand facilities should follow the mitigation hierarchy of avoiding, minimizing, and

then mitigating negative impacts. The application of this hierarchy to a particular area should be

based on that area’s particular ecological function and value, the uniqueness of the resource

within the City and region, and the area’s use by resident and migratory species, particularly
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Endangered Species Act listed species. In addition, the application of this hierarchy should also
consider, and be balanced against, other City goals, including the City’s goal to provide
accessible recreational opportunities within an urban area.

The mitigation hierarchy should be applied at both the system planning and site planning scale.
For example, a citywide assessment should consider potential impacts, and ways to
avoid/minimize/mitigate these impacts at a high-level scale. Site planning efforts should takea
more detailed and nuanced approach to avoid/minimize/mitigate impacts to individual features
or species on a given site.

The City has mapped a variety of naturalresources and habitat areasin documents like the
Natural Resource Inventory (NRI)and Terrestrial Ecology and Enhancement Strategy (TEES). For
example, the TEES defines special habitat areasas including oak woodland; interior forest;
riparian, herbaceous and forested wetlands; and prairie. Various agenciesand organizations
have also identified fish and wildlife species of concern, including Endangered Species Act listed
and threatened species, Special Status Species, and other at-risk species lists.

Where appropriate, the City should prioritize trail development on sites with existing
disturbance, such as lower value naturalareasthat have been degraded, over development in

higher value resources. Degraded areas offer a potential ‘win-win’ combination of
environmental restoration and new compatible recreational access.

To limit overall environmental impactsin higher value areasor areas the City has prioritized for
restoration, additional best practices can limit overall ecological impacts by minimizing overall
trail density. These include the use of shared-use trails and ‘east coast style’ trail systems with
tightly packed trailsthat minimize the overall area impacted.

Maintain habitat connectivity
Trail siting should consider impacts to overall habitat patch size, fragmentation and edge effects.

While recreational trails do not have the same fragmentation potential as roads and other types
of urban development, such impacts should be considered in site planning. Trails can be routed
around particularly sensitive areasor narrowed (e.g. through use of a singletracktrail over a
wide trail) to minimize impacts.

Water resources provide important wildlife habitat and habitat connectivity. Trails should avoid
crossing streams, wetlands, and floodplain areas. Where no avoidance alternatives exist, the
design and construction of trailsin these areasshould minimize impacts and follow applicable
best management practices. For example, design of stream crossings should consider the
potential use or retrofit of existing crossings, low impact designs such as bridges or boardwalks,
and opportunities to restore disturbed habitat areasas part of the design. Minimize crossing
lengths and avoid trailsrunning parallel tostreams. Targeted plantings or fencing may be used
at crossings to deter trail users from venturing off-trail into sensitive areas.
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Buffer sensitive ecological and hydrological systems

Establish habitat buffers to avoid or minimize impacts to sensitive ecological and hydrological
systems. The City’s Natural Resource Inventory recommends buffers of 100’ to 600’ depending
on the type of resource and presence of wildlife species. Buffers should include migratory
pathways that are seasonal in use (e.g. amphibian routes from wetlands to forest habitat).
Trails should be located at habitat edgeswhere possible, to minimize disturbance to intact
habitatsand potentially restore disturbed edge habitat by replacing invasive plants with natives.

Vegetation and clearing guidelines

Trail siting, siting, and construction should minimize tree and vegetation removal, particularlyin
areas where prevention of runoff and stabilization of the soils on steeper slopes may be anissue.
Vegetation canserveuseful trail purposes, such as workingas “guide material” to definethe edges
of the trail, thereby preventing unsanctioned cut-through use. The U.S. Forest Services Guidelines
acknowledgethat vegetation can grow back quickly and becomea nuisanceor hazardtotrailuses,
especially trees closetoatrail’s edge. Tree removal may be prudent for safety reasons. Therefore,
vegetation and clearing mustconsider a balance between natural resource benefits and trail user
safety.

Designing trails for natural stormwater management

Trail design can minimize soil erosion and help protect water resources. The River View Natural
Area Management Plan includes trail best management practicesthat are in line with the
following BMPs:

Trail Alignment

Trailsshould bedesigned to avoid/minimizeimpacts,such assoil erosion, on streams, wetlands and
other water resources through careful consideration and design of the stormwater flow path... First,
avoidsitingtrailson level terrain and/or areas with incompatible soil types. Such precautions can
prevent trailsthateasily become muddy, erosive,and challengingto users. Secondly, design rolling
contour trails to enhance natural overland drainageand reducesoils erosion.

Tread Width

To reduce potential soil erosion, trail tread width should be kept to a minimum. This may be
accomplished by constructing narrower trails or by narrowing existing trails to reduce the overall
trail footprint. However, the width of a trail is a key factor thatdetermines the associated
recreational trail experience; as such, trail width, desired recreational experience, and soil suitability
should allbeconsidered in concertwhensitingtrails.

Rolling Contour Trails

These trails aredesigned to follow the elevation contours of hillsides to encourage sheet flow of
water across thetrail. To minimize erosion, facilitate natural drainage patterns, and providea fun
trail experience, trailsshould maintain a 5-7%averagerunninggrade (i.e., the gradelongitudinally
alongthe trail)--or no morethan halfthegrade of the sideslope--andinclude frequentgrade
reversals.Gradereversalsareshortdips followed by a slightriseto allow water to drain off before it
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cangainvolumeandspeed. Trail tread (or cross slope) should tip downhill or outslope (about5
percent). Blendingthe trail’s “backslope” (uphill slope) to the hillside’s angle of repose will further
encourage proper drainage. Developingrolling contour trails (as opposed to fall-linetrails thatfollow
the shortestroute down a hill) with the following characteristicsis a key element in developing
environmentally sustainabletrails.

Full Bench-Cut Trail Construction

This type of trail involves cuttingthetrail tread into the uphill side of the slopeand providinga solid,
long-lastingand stabletrail tread by retaining the lower edge without impactingnativecompactsoils
and existing well-rooted plants. Cutslopes soils should be broadcastthinly across the downslope
over a larger area so as notto suffocatethe roots of existing plants.

Slope rules - half rule and 10% grade, maximum grade

Trailsshould bealigned parallel to terrain contours, and a trail’s gradeshould notexceed half the
gradeof the hillsideor sideslopethatthe trail traverses (halfrule). An averagegrade of less than 10
percent (ideally 5-7%) should be maintained (10%rule) to minimize erosion of the trail surface,
accommodateundulations and to providethemajority of trail users with a rideabletrail gradient.
Maximumtrail gradeis typically 15 to 20 percent inrelatively low-use areas (lower in high-use
areas), however itis sitespecific and thetrail should comply with the halfruleand takeinto
consideration variables such assoil type, user density, annual rainfall and difficulty level of the trail.

In general, limitmaximumgrades and sustained grades,andincludefrequentgradereversals along
the trail to providefrequent drainagerelief.

Edge Protection

In general, edge protection mayreduce sheet flowandincreaseerosionand trail maintenance. Edge
protection should be provided only when conditions warrantit(steep drop off). If used, edge
protection should use nativevegetation and natural features such as rocks and logs thatblend with
the natural environment, installed in a manner to facilitate sheet flow.

Trail Hardening

Trailscanbehardened to prevent erosion, stabilize steep sections of contour trail, cross low-lying
muddy or sandy areasand totoughen high use areas.Each scenario mayrequirea differenttrail
hardeningtechniqueand considerationswillincludeiftheerosionis caused by users or water,
availablematerials, access to the siteand trail use patterns (e.g. high traffic vs.low traffic). The
preferred technique is rockarmoring, becauseitis long-lasting, uses natural materialsandis
aesthetically pleasing. IMBA’s Trail Solutions describes each method of rockarmoring. Commercial
products used for trail hardeningincludechemical binders (i.e.liquid stabilizer), physical binders (e.g.
crushed aggregate) and geosynthetics (e.g. geotextile sheets). The Minnesota Trail Planning, Design
and Development Guidelines has a detailed description of these hardening techniques. Trail
hardeningin bike parkfacilities can preventsoil erosionand reduce maintenancerequirements, but
canalsomakeitharder to update the layoutand construction of park features over time.
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Trail Construction

There area number of ways to protect natural, cultural and historic resources during trail
construction. Trail construction and maintenanceshould be performed (or managed) by qualified
trail builders. During procurement, use a qualification-based selection process to select contractors
based on highest quality workand valueof services. Clearly definethe boundaries of construction,
resource protection areas, stagingareas, etc. Manage construction activities to minimize exposureto
disturbed earth during the wet seasonand near sensitive water resources. Work within seasonal
work “windows” and build trails outside of breeding seasons for species using thesite(i.e. avoid bird
nestingseason—see TEES Guidelines on Avoiding Impacts on Nesting Birds). Minimizethe spread of
ecological/invasive species by cleaning tools, boots and equipment prior to entering the projectarea
and make sureimported soil is weed free.

Stewardship

Ongoing stewardship of trails and adjacent natural systems

Periodic monitoringand maintenanceoftrails arenecessarytorespond to trail surfaceand drainage
issues beforethey affect water resources and natural habitats. Ensure environmental protection
measures remain effective after trail constructioniscomplete by havinga stewardship programin
place.As includedin the River View Management Plan “implementation of the ecological
prescriptions, including monitoring, baselinewildlifestudies, long-termresearch and working with
adjacentproperty owners to remove invasivespecies” will supportthe stewardship program. See
alsosectionsaboveon ‘Maintenance’ and ‘Partnerships with Volunteer Organizations’.

Monitoring and Active Management

Monitor for unanticipated/unintended impacts suchas excessive erosion, vegetation impacts,
wetland/streamimpacts, etc. and track maintenanceactivitiesincluding inspection, repair and
emergency response with inventory forms. Relocate problemtrail sections rather than performing
continuous maintenance. Perform conditional closures (e.g. saturated soil conditions) as necessary
and consider seasonal closures to protect wildlife (such as during migration or nesting periods).
Decommission and restoreunsustainabletrail corridors.

Environmental Interpretation and Education

Interpretation deepens a user’s outdoor experience and appreciation for their surroundings.
Interpretive signageis often limited to shortwalking trails, however providinginterpretationona
scalerelativeto a mountain biking experience provides an opportunity to sharea greater amount of
information ona larger scale.ltalsoindicates thatsometrail users may bestoppingandreadingthe
interpretationandthatriders shouldrideatanappropriatespeed. Interpretation canalso encourage
‘leave notrace’ equivalentpractices.
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Section 4: Best Practices for User Experience, Health
and Safety

Designingfacilities for anintended use or target user provides a positive user experiencefor riders
and other users.This is one of the greatest challenges (along with balancing natural resource
constraints) and one of the greatest opportunities to meeting the community needs and supporting
a healthy and active community.

The following key findings are based on the Assessment of Off-road Cycling Impacts, available
under separate cover. The best practicesidentified in this section are intended to maximize
positive benefits and minimize or avoid negative impacts or risks.

e Participationin outdoor recreation, including off-road cycling, can improve participants’
physicaland mental health. Apositiverecreational experience caninspire moreuse and
benefit.

e Bicyclingisatopgateway activity thatresultsinanincreasein outdoor activity.

e The frequency ofinjuries in mountain bikingis comparableto that in other outdoor sports
andthe majority of injuries are minor. Riding within one’s ability level, using properly
maintained bicycles,and wearing helmets and other protective equipment canreduce the
riskand severity of injuries.

e Actual and perceived conflicts between different user groups, such as off-road cyclists and
hikers, is a potential impactofshared-usetrails. Trail education and awareness reduces
perceived and actual conflicts between user groups.

e Off-roadcyclingtrails,along with other siteimprovements, have been successfully used to
reduce or eliminatenuisanceactivities on public properties. Such uses can contributeto real
or perceived health and safety threats.

The International Mountain Bicycling Association’s (IMBA) book Trail Solutions, IMBA’s Guide to
Building Sweet Singletrack is an essential resource of best practices on sustainable multiuse trail
design, trail building and trail maintenance. The followingare coredesign concepts thatinclude
techniques described in IMBA’s guideand best practices utilized by professional trail buildersand
adopted in communities across the country.

Determining ifa trail should bemanaged as shared use (used by multiple user groups), preferred use
(designed and managed for a specific user) or singleuse (oneuser type allowed) s site specific.
When determiningallowable uses, consider three key factors:safety, impacts on natural and cultural
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resources,and publicinput/need. When creatinga trail use planthese considerations should be kept
inmind:

Shared use trails:

e Canaccommodatethe needs of most users.
Are more cost effective to design, build, maintainand manage.
Can minimizeoverall trail density and potential ecological impacts
Typically disperseusers across a trail system.
May lead to conflicts between users of different speeds or modes.

Preferred and Special Use Trails:
@ Canrespond tocommunity needs while also alleviating conflict/pressures at other
facilities.
® Require a well-designed and managed signageplan.
e Do noteliminateconflicts between users of different speeds or modes.

Single use trails:
e Concentrate users to fewer trails.
e Canprovidespecific experiences desired by off-road cyclists (e.g. flow trails, downhill
trails)and alleviatethese pressures on the traditional shared usetrails.
e Canlimitconflicts between users.

Case Study

Competitive Tracks (preferred use/special use areas): Phoenix, AZ

The Maricopa County Regional Park system now includes three competitivetrail loops
designed for mountain bikers.Thetrails aredesigned for trainingand to accommodate
higher speeds and racing events. The three competitive trailsaredesignated as multiuseand
areused by cross country runners and endurance equestrians, however they were designed
forand areused primarily by mountain bikers. Toreduce potential risk ofinjury thetrails are
managed as one-directional trails.

McDowell Park offers 3 competitive loops totaling 15 miles, including a beginner level loop,
intermediate loop and advance/expertloop. Estrella Mountain Regional Parkincludes 3

competitive loops totaling nearly 16 miles with a short “Junior Loop”, “Long Loop” and

“Technical (advanced) Loop”. The Sonoran Loop Competitive Trackis a stacked loop trail
system with 9.3 miles of trail and a 1 miletechnical segmentdesignated for experts only.

The three competitivetracks aregeographically distributed in the County, so there is a track
incloserelative proximity to each community.

Effective signageis animportantrisk managementpracticeatthese tracks.Each parkmap
includes this caution: This TRACK is for high speeds, challenging one’s skillsand racing. Use
TRAILS elsewhere inthe parkforleisurelytraveling. The maps also stipulatethatslower
users shallyield to faster users.
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Case Study

Concrete Bike Park (single use): Fresno, CA

The City of Fresno’s Parks, After-School, Recreation and Community Services Department
developed a 30,000 square foot concrete bike park named Mosqueda Bike Park;itis the
largestconcrete BMX-only bike parkinthe country. The park was designed and developed to
meet the needs of the BMX community who wanted a concrete bike park experience
designed specifically for the BMX user group. The goal was alsoto disperse BMX usefrom
the other skateparkinthe City.

Progression

Skills progressionis one of the most importantaspects in designing dynamic, long-term off-road
cyclingfacilities (trails and bike parks). Progression-based facilities provide opportunities for
developing new skillsand techniques and minimizerisk by providing riders opportunities to
incrementally improvetheir skills through repetition. Progression-based facilities can be designed to
provide compelling experiences for all levels of users fromnoviceto advanced. They should be

designed to promote a community of learningand advancementwhile providing safe, fun and
exciting experiences.

Stacked Loop Trail System

Inastackedloop trail system, trailsare ‘nested’ or ‘stacked’ within each other. Insuch a system,
there may be a shortloop near the trailhead,a moderateloop extending partwayintothe site, and a
longloop extending even further. Stacked trail systems providea looped trail options that
accommodate many skill levelsand provide a variety of riding experiences. Shorter loops, beginner
level trails,and denser sections of trail should besited near developed areas or trailheads to
enhance accessibility and separation of user skill levels for safety.

Designing for Riding Experience

Eachrider’s preferred off-road cycling experience is unique, however there are a number of
experiences that are almost universally desired in a trail setting. A flow trail is one of these; it is
designed for maximum flow and minimal pedaling and braking using grade, banked berm turns
and consistent rolling terrain. Another is providing diverse trail experiences and an opportunity
for challenging lines (either mandatory or optional). Intermediate to advanced off-road cyclists
generally desire longer distance routes, and narrow or singletracktrails with flowing banked
climbing turns (as opposed to switchbacks). Similarly, there are riding features and erosion
control features that are not compatible with off-road cycling, such as stairs and water bars.

Bike park facilities offer a great opportunity to design for desired riding experience, because

they are typically single-use facilities, are purpose-built and can be updated to reflect changing
community needs.
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Stakeholder engagement is key to understanding the local trends and desires in a local and/or
regional community. Designing for riding experience is easiest when designing new trails or bike
facilities.

Natural and Prefabricated riding features

Many off-road cycling facilities nowincorporate prefabricated skills features as an alternativeto site-
builtfeatures or features constructed of dirt. Whilethe upfrontcostis higher for prefabricated
features, the benefits includeincreased lifespan of thefeature, reduced maintenancerequirements
andreduced liability. The drawbackisthatthey are more permanent in nature. A facility thatis

intended to be redesigned and updated periodically to accommodate user’s changing needs may be
better suited usingdirtand/or locally sourced materials builtonsite.

Recreational and/or Competition Use
Ifraces or competitions areallowed in a park, develop a protocol for frequency of events allowed,
which provides an equilibrium between these uses thatis appropriatefor the parkusers and the

local community. For example, competitions could belimited by size of participants and/or
frequency of events allowed per month or per year.

Shared use trailsrequire careful planningand design to ensurethey providea quality, enjoyable
recreation experiencefor all intended users. This requires understanding the existingand/or
intended user groups, usage patterns and user desires. Key factors of design and management
include:

Sight Lines
Sightlines improvesafety, especially on bi-directional trails, shared usetrails and before
approachingtrailjunctions. The wider the trail (and thefaster the potential user speed) the
longer the sightlines should be. The more twisty the trail (and the slower the potential user
speed), the shorter the sightlines can be. On bi-directional trails, blind corners should be
designed to riseatboth approaches so users meet at slower speeds.

Directionality
On highusemultiusetrailsthatareexperiencinguser conflictthatcannotbe managed through
trail design or maintenance, consider institutingan opposite direction of travel for differentuser
groups (i.e. hikers and bikers will travel in opposite directions alongtheloop and pass each other
head-on)to maximizesightlinesand visualinteraction (hikersareless likelyto bestartled).

Passing/Regrouping Areas
Passingareasarewider sections of trail thatallowridersto safely pass other riders or trail users.
Passingandregroupingareasshould bedesigned throughouta trail systemto prevent users
from straying off the trail and impacting the surrounding habitat. Installing a skillsfeature at

regroupingareas encourages groups of riders to regroup atthat point rather than elsewhere
alongthe trail.
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Clear and consistentsignageis atthecore of successful off-road cycling facility design and
management. Signageshould enhancethe user experience and minimizerisk by informingusers of
trail conditionsincluding parkrules, trail difficulty, enhanced terrain and technical features, trail
etiquette, ridingtechnique, appropriate safety equipmentand emergency medical services. In the
context of a bike park or skills trails, providing recreational interpretation, which shares riding
techniques promotes progression and skills improvementand will improve user experiences and

safety. Well-thought out signage and wayfinding materials can also improve accessibility for those
using handcycles or other adaptive features.

Negative use areas areundeveloped areas thatare predominantly used for nuisanceand negative
activitiessuch asdumping or drugactivity. Activatingthese areas with recreational opportunities can
displacethenegative usewith positiveuse.

Case Study

Seattle, WA

The City of Seattle, WA has supported two projects thatprovideaccessible off-road cycling and
recreational experiences to the community and displace negativeactivities. The7.5-acre
ColonnadeBike Park was developed under Interstate 5 and resulted in activating thearea with
positive, family-friendly outdoor activities. The Cheasty Greenspace project includes the
restoration of a 43-acre remnant forest in south Seattle. The Greenspace suffered from
invasive plants and garbage dumping and was home to multiple illegal encampments.
Work will be done in stages, and include the construction of mountain biking trails, as part
of a pilot effort that will assess the impacts of restoration and recreational trails on the
environment and community. (Cheasty Greenspace)

Risk Management

A number of techniques can beused to reduce rider risk, maintain a safe facility and minimizelosses
from lawsuits. Thesecanincludesequential skill progression, particularly in bike parks, whereriders
canfindfeatures appropriateto their skilllevel.Signagethat communicates thetechnical difficulty of
trailsand features;filters thatrequireriders to overcomeanobstacle(such as arock garden) atthe
beginning of a trail segment; and optional linesthatallow riders to opt-out of challenging natural or
manmade obstacles,canallhelp ensureriderschoosetrailsappropriate to their ability. Adequate
sightlines, whichallowriderstosee whatis ahead,and fall zones can reducethe likelihood and
severity of falls. Finally, performingregularmaintenanceon all off-road cycling facilities in
compliancewith maintenanceplan protocols can ensuretrailsand facilitiesremainin a safe, rideable
condition appropriatetoits technical difficulty.

Monitoring & Adaptive Management
Monitoring and adaptive management can reduce safety risks and improve overall user experience.
Monitoringincluding loggingincidents and accidents, assessing overall patterns, and identifying high
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priority risks. This is followed by inspecting recurring problemareas and making site-specifictrail or
bikefacility modifications. These modifications could includeincreasing sightlines, adding
wayfinding signage, improving the flow of a turn, etc.
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