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Additional Resources for Trail 
Design 

 AASHTO Guide for the 
Development of Bicycle 
Facilities 

 National Trails Training 
Partnership website 

 NACTO Urban Bicycle Design 
Guide  

 www.bicyclinginfo.org 

 FHWA Designing Sidewalks 
and Trails for Access 

 FHWA Evaluation of Safety, 
Design, and Operation of 
Shared-Use Paths  

 Americans with Disability Act 
(ADA) Standards for 
Accessible Design 

 

 Trails Adjacent to Streams 8.0
This section provides guidance on trail design including 
shared use and equestrian trails, low flow crossings, 
underpasses, cross drainage, and other considerations 
specific to trails adjacent to streams.  When available, also 
adhere to local jurisdiction trail design criteria.  The 
AASHTO Guide for Development of Bicycle Facilities is 
also an excellent reference for any hard surface trail 
guidance beyond that covered in this manual.  Conformance 
to these criteria is also frequently required for federally 
funded projects.  Where criteria conflict, adhere first to local 
jurisdiction criteria, then UDFCD, followed by the 
AASHTO guide (when appropriate). 

8.1 Trail Use 

Trails are often constructed along streams to provide access 
for maintenance vehicles.  How the public might use the 
trail should be considered in the design.  Trails should only 
be considered “for maintenance only” when they lead the 
user to a specific location for maintenance (typically a dead 
end).  Any trail that runs continuous with a stream could 
potentially be used by the public for other uses even if the 
intended use included only maintenance.  For this reason it 
is important to design these trails without introducing the 
user to an unreasonable risk of health and safety.  It is also 
important to evaluate when it’s appropriate for a trail to conform to ADA criteria.  This is a requirement 
for most formal public trails.  Depending on the design, users may include bicyclists, pedestrians, runners, 
equestrian riders, dog walkers, people with baby carriages, persons in wheelchairs, skate boarders, and 
others.  Not all trails will be designed for all of these users but the following can be considered when 
determining use of the trail: 

 Does this segment of trail fit into an existing trail master plan where use has been determined? 

 What connections are made with the trail?  Who are the likely users? 

 How can the trail best provide continuity between its connection points?  Alternating segments 
(in regard to intended use, material, or geometry) should be minimized. 

Determining the types of trail users expected will help in establishing geometry, selecting construction 
materials and techniques, and understanding safety considerations.   

8.2 Frequency of Inundation 

The frequency of inundation may be the single most important consideration for the design of a trail 
adjacent to a stream.  This criterion directly affects safety and maintenance and frequently impacts cost, 
conveyance capacity, and user experience.  A lower frequency of inundation is better from a safety and 
maintenance perspective.  The public safety threat is especially high in channels susceptible to flash 
flooding and where access out of the channel section is limited (e.g., walled channels).  Frequently 
inundated trails can also require more frequent maintenance due to sediment deposit on the trail surface.  

http://www.bicyclinginfo.org/
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Photograph 7-14.  Frequently inundated channels pose a high threat to 
public safety, especially in a walled channel where water can rise rapidly 
and access out of the channel is limited.  Photo courtesy City and County 
of Denver. 

Photograph 7-15.  Sediment frequently accumulates under crossings.  Lower 
trails that are frequently inundated collect the most sediment.  The trail 
segment shown in this photo does not require sediment removal as it is a 
separate tread for equestrian and maintenance purposes only.    

This can be difficult as simply washing the sediment back into the channel is typically a violation of  the 
MS4 permit. Additionally, sediment deposition between the channel and the trail can impede drainage 
away from the trail and result in water or ice on the trail.  Trails constructed with new channel or roadway 
improvements should be constructed 
above the 5-year water surface elevation 
or higher.  For highly used trails an 
elevation above the 10-year water 
surface elevation is preferred.  
However, if the primary use of the trail 
is maintenance, placing the trail above 
the 10-year water surface elevation may 
not provide adequate access to critical 
areas.  

For a retrofit project the same standards 
should be met when possible; however, 
existing conditions may not allow this 
for the entire length of trail.  In this case 
UDFCD strongly recommends that the 
design elevation remain above the 2-
year water surface elevation at all 
locations.  Changes in hydrology and 
channel section will occur over time 
resulting in the potential for increased 
frequency of overtopping in the future.  
For this reason, it is also good practice 
to set the surface of the trail a 
minimum of two feet above the 
estimated base flow elevation.  When 
existing conditions do not allow for a 
trail elevation above the 2-year water 
surface elevation (at a minimum), 
consider alternative alignments.  This 
may include alternative alignments.     

Exceptions to the above criteria may be 
appropriate in the area of a low-flow 
stream crossing where the crossing 
could be designed to pass only a 2-year 
event before overtopping.  This should 
be evaluated on a case-by-case basis 
taking into consideration frequency of 
use and the importance of the crossing 
as a trail connection component.  
Benefits of constructing a low flow 
crossing include conserving flood 
capacity for higher flows, improved 
user experience by bringing the user in 
closer contact with the stream and potential to eliminate railing that could otherwise catch debris and 
become a maintenance issue and further impact the floodplain. See Section 4.6 for additional guidance on 
stream crossings.
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Underpasses, where users frequently seek shelter in a storm event, present a more critical case for public 
safety as it relates to frequency of inundation.  If the geometry of the surrounding area and configuration 
of the underpass both allow the user to see the water and seek higher ground, more frequent inundation 
may be acceptable.  See Section 4.5 for additional guidance on underpasses. 

Frequency of Inundation criteria for trails is summarized in Table 7-14.  Further discussion specific to 
trail underpasses and stream crossings is provided in sections 4.5 and 4.6. 

Table 7-14.  Frequency of Inundation Criteria Summary 
 

 

Trail type 

Minimum Trail 
Surface Elevation 
(when practicable) 

(WSE)

Minimum Trail 
Surface Elevation 

(WSE)
Other Considerations

Stream Crossings 2 to 5-year 2-year 
Bridge Underpass 5-year 2-year 
Culvert Underpasses less than 
100 feet in length

5-year 2-year The user should be able to see then water is rising and climb to 
safety.

Culvert Underpasses greater 
than 100 feet in length

10-year 5-year The culvert should be straight.  The user should be able to see then 
water is rising and climb to safety.

All Other Locations (New) 10-year 5-year Elevating the trail to the 10-year WSE is preferred.
All Other Locations (Retrofit) 10-year 2-year Where possible also elevate the trail two feet above the baseflow.
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Photograph 7-16.  Signing and striping help segregate cyclists and pedestrians 
at Confluence Park where the two treads are separated by the creek. 

 

Trail Conflict Points 

Trail conflict points include underpasses, 
trail intersections, blind corners, areas with 
steep grade and other locations where an 
accident between users is more likely to 
occur.  

These areas require special consideration.  
Depending on the scenario, the following 
could be added to reduce the probability of 
or resulting damage from an incident: 

 Railing 

 Yellow Striping (indicating 
separation between two-directional 
users) 

 Widened trail width 

 Signage 

 Mirrors 

 Light Signals  

 

8.3 Trail Geometry 

8.3.1 Typical Sections 

The minimum recommended width for a maintenance 
trail is ten feet.  A reduced width typically results in edge 
damage from maintenance vehicles.  This is also 
consistent with AASHTO’s width recommendations for 
two-directional shared use trails.  In some cases it may 
also be desirable to increase the width to 12 or even 14 
feet to accommodate conflict points or when high 
volumes of users are anticipated.  In very high-use areas 
multiple treads allow separation of uses that might 
conflict.  An example of this is where the South Platte 
River trail meets that of Cherry Creek.  Within 
Confluence Park, users on foot and those on wheels are 
split on either side of the water.  In areas of Confluence 
Park where different users are not separated, the trail is 
widened to 14 feet and all railing includes rub rails (see 
photo 7-21).    

On each side of the trail the adjacent grade (shoulder) 
should be no steeper than 1:6 for a minimum width of 
two feet.  This is regardless of the edge treatment as it 
not only provides a place for the user to safely step off 
the trail but also protects the trail from potential damage 
due to adjacent sloughing grade.  
Sloughing grade adjacent to the 
trail can eventually undermine the 
trail or cause a rumble strip to 
become separated from the trail.  It 
is best to provide a section in the 
construction drawings that shows 
the shoulder and specifically calls 
out for backfilling the sides of the 
trail (commonly referred to as 
“backing”). When the site does not 
allow for a shoulder, a thickened 
edge (see Figure 7-17) can protect 
the trail from being undermined and 
allow maintenance personnel time 
to indentify and repair the problem.   

In some cases (see Table 7-15), a 
safety rail parallel to the trail is 
recommended.  Rails are appropriate 
where a dangerous condition would 
otherwise exist.  Common locations include steep side slopes, vertical walls, steep longitudinal slopes, 
bends, where cross drainages create isolated hazards, and where combinations of the above circumstances 
exist.  
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Photograph 7-18.  Most of the rails on this crossing failed to break despite 
the capacity lost to debris.   

Photograph 7-17.  Rumble strips warn the user of the 
trail edge without reducing capacity for flood flows.  
Photo Courtesy Architerra Group. 

8.3.2 Use of Rails, Curb Rails, and Rumble 
Strips 

Rails, curb rails, rumble strips, increased trail width, 
changes in texture and/or color, signage and striping 
are all tools that can be used to improve trail safety and 
heighten user awareness of a new or changing 
condition.  All above-grade stream crossings should 
include full rails, curb rails, or rumble strips.  For all 
edge treatments increase the width of the trail to allow 
for placement of treatment (in addition to the width of 
the approaching trail).  See Figure 7-19 for rumble 
strip details.  When using rails (curb rails or full rails) 
provide a minimum of one foot clear beyond the edge 
of the approaching trail to the rail.  See Table 7-15 for 
a summary of recommendations and Figures 7-18 
through 7-23 for plan views and sections.   

Use of full rails (typically 42 inches when bicyclists 
are anticipated and 54 inches when the trail provides 
equestrian passage) can cause adverse flooding 
conditions and should only be used when a curb rail or 
rumble strip do not provide a safe condition for the 
user.  When rails are used, the hydraulic model should 
consider the full area of the rail to be clogged with 
debris.  Based on the experience of UDFCD, “break-
away” rails, rails designed to break during high flows, 
are often ineffective over time and should not be relied 
on for floodplain analysis.     
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Photograph 7-19.  Curb rails are typically no higher than 12 
inches and can be constructed from a variety of materials. 

 
 
 
 
 
 

 

 

 

 

 
 
 
 

Table 7-15.  Edge Treatment Criteria Summary 

 

Difference in elevation 
from trail surface to 

adjacent grade (Design1) 
Edge Treatment 

Trails perpendicular 
to stream or in an 
underpass 

Up to 3’-0” inches Rumble strip or curb rail 

up to 4’-6” inches curb rail 

Greater than 4’-6” inches Full rail2 (typically 3'-6" inches for shared use 
and 4'-6" for equestrian) 

Trails parallel to 
stream and not in an 
underpass 

Up to 3’-0” inches Rumble strip 

Greater than 3’-0” inches 
or adjacent slope steeper 
than 3:13 

Full rail2 (typically 3'-6" inches for shared use 
and 4'-6" for equestrian) 

1 Values provided assume that differences in elevation following construction may potentially increase 
in some areas by up to 20% due to stream degradation.   
2 Span 100-year floodplain (preferred) or model flooding effects with rail fully clogged.  
3 Adjacent slope refers to slope adjacent to the 2-foot bench. 
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Considerations for 
Designing Safety Rails 

 Minimize the 
likelihood of catching 
debris.  This is a 
maintenance issue 
and, if not 
maintained, can 
reduce capacity in the 
water way and cause 
flooding or damage to 
the rail 

 Place horizontal 
members on the 
users’ side of the 
posts.  This provides a 
safer surface, less 
likely to catch a bike 
pedal or stirrup. 

 Provide a rail height 
of at least 42 inches 
when bicyclists are 
anticipated and 54 
inches when the trail 
provides equestrian 
passage. 

 Consider snow 
removal either by 
designing the rail to 
allow movement of 
snow through the 
bottom of the rail or 
by planning for snow 
storage in an alternate 
location. 

Photograph 7-20.  Horizontal members are placed on the users’ side of the 
posts.  This is an important consideration for both shared use and equestrian 
trails in that it reduces the chance of snagging a bike pedal or stirrup. 

Photograph 7-21.  At Confluence Park a rub rail was included as part of the rail 
design.  This, in addition to the 14-foot trail section, improves safety in this high-use 
area. 
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Photograph 7-23.  Along this section of the South Platte River, the combination of steep 
longitudinal slope, a cross drainage structure, and a bend along a portion of the river where 
the slope from the trail to the water is relatively steep warranted both a safety rail and 
striping. 

Photograph 7-22.  Striping used sparingly can be effective in alerting the user of 
a safety concern.  In this photo, it’s used where the trail approaches a crossing.       
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Photograph 7-24.  A soil cement trail approaching a crossing on Sand Creek is 
undermined on the downstream side due to trail overtopping.  Overtopping 
protection was not adequate to stop scour damage before losing a section of the 
trail.     

8.3.3 Trail Overtopping Protection 

Provide adequate protection to 
avoid damage caused when flows 
overtop the trail.  As a trail turns 
perpendicular to the stream scour 
can occur along the downstream 
edge.  This causes the trail to act 
like a drop structure.  Flows 
across the trail accelerate, 
potentially damaging the 
upstream edge of the trail, while 
scour downstream can eventually 
undermine the trail (see Photo 7-
24).  For these reasons, a 
thickened edge on both the 
upstream and downstream sides 
of a trail approaching a low 
crossing is recommended.  The 
edge should extend a minimum of 
two feet below the surface of the 
trail (see Figure 7-18).  Soil riprap 
placed adjacent to the trail can be 
used to provide additional 
protection. 

The length of the overtopping protection is site specific.  If the bank of the channel is well defined, 
protection should extend from the crossing into the bank.  If the bank is not well defined, extend the 
protection to a point where the trail is more parallel with the stream than it is perpendicular.  In either 
case, the length of overtopping protection typically doesn’t need to extend higher than the 10-year surface 
elevation.   

 
Figure 7-18.  Thickened Edge Detail 
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8.3.4 Vertical Clearance in an Underpass 

Maximizing vertical clearance benefits the users’ experience of the trail.  It increases light in an underpass 
and helps open the area so the user doesn’t feel trapped by the walls of a structure.  It’s important to keep 
in mind; however, that increasing vertical clearance can also increase frequency of inundation because 
often the top elevation of the structure is limited by the profile of existing utilities or the roadway crossing 
the stream.  In cases where the desired vertical clearance cannot be met without lowering the trail to an 
elevation lower than the 2-year water surface elevation (at a minimum), the vertical clearance should 
either be reduced to the minimum allowable or an alternative crossing (e.g., at-grade) should be 
considered.  Ramps up to an at-grade crossing provide a good alternative for the trail user (where 
feasible).  Ramps on each side of a crossing also serve as an escape route during a flash flood.     

Table X-X provides minimum values for vertical clearance for various use trails.  Minimum values may 
be lower than those published by local communities within the UDFCD boundary.  They are based on the 
minimum reasonable value for the respective use listed.  Always check local criteria and increase vertical 
clearance where appropriate.  

Table 7-16.  Trail Geometry Criteria Summary 

 

8.3.5 Sight Distance 

In order to avoid a crash, a cyclist must have time to identify potential conflicts and react accordingly.  
For all hard trails, or where cyclists are otherwise anticipated, refer to tables and charts provided in 
AASHTO Guide for the Development of Bicycle Facilities to calculate the appropriate sight distances.  
Signage can provide limited value especially for frequent users. 

 

 

Trail Type
Minimum 

Width (feet)

Width for High 
Use or Conflict 

areas3 (feet)

Minimum 
Vertical 

Clearance for 
Consideration1 

(feet)

Typical 
Minimum 
Vertical 

Clearance2,4 

(feet)

Preferred 
Vertical 

Clearence4 

(feet)

Typical Materials5

Maintenance Only 10 12 8 8 10
Stabilized Rock, 
Concrete, Reinforced 
Grass

Shared-Use with Bicyclists 10 12 to 14 8 8 to 9 10 Concrete or Proprietary

Equestrian 1.5 to 2.5 8 10 10 12 to 14 Grass or Compacted Soil

1 Represents the minimum clearance that should be considered.                                                                                                          
2 Represents typical minimum criteria common to reviewing agencies and owners.                                                                                             
3 Also recommended where a rail or wall is placed on both sides of the trail.                                                                                                     
4 Based on review of trail criteria for several agencies in various parts of the United States.  Values will vary based on community.                                                   
5 Not intended to be limiting.
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Photograph 7-25.  Despite striping and signage, cyclists frequently speed 
through the University Boulevard underpass along the Creek Creek trail. 

Photograph 7-26.  Understanding the popularity of the Cherry Creek trail, 
designers struggled to make the underpass at University as safe as possible 
while working within the limitations of the existing site.  Land was 
purchased to fit in a radius at this 90 degree bend in the trail.  This provides 
the cyclist with additional time to react to the unexpected. 
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Figure 7-19.  Rumble Strip Detail 
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Figure 7-18.  Typical Trail Sections 1, 2, and 3  
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Figure 7-19.  Trail Section with Rumble Strip  

 

 

 

Figure 7-20.  Trail Section with Rail 
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Figure 7-21.  Trail Section with Limited Clear Space 





Chapter 7  Major Drainage 

July 2012 Urban Drainage and Flood Control District 7-93 
Urban Storm Drainage Criteria Manual Volume 1 

Underpass Safety 

Underpasses are often used for 
shelter during inclement weather.  
The following should be included 
where possible. 

 Visibility of rising water 
from any location within the 
underpass 

 Ability to climb to a higher 
elevation. 

 Signage discouraging use of 
the underpass as a shelter 
and warning of potential 
flash flood.  This signage 
should be placed inside the 
culvert.  UDFCD encourages 
use of the sign shown in 
Photo 7-30 as a district-wide 
standard.  

 

 

8.4 Trail Drainage 

To avoid nuisance drainage problems, the trail should have a cross slope toward the channel.   The slope 
should not exceed two percent to meet ADA requirements.  Typically a cross slope of at least one percent 
coupled with a longitudinal slope provides adequate drainage.   

8.4.1 Cross Drainage 

Where outfalls intersect the trail, provide below-ground conveyance for smaller flows.  This will 
minimize disruption of trail use and icing.  Level spreaders in combination with a riparian buffer can also 
be used to spread low flows, improve water quality, and benefit vegetation.  See the Grass Swales Fact 
Sheet in Chapter 4 of Volume 3.  Where constraints exist, a chase may be used to keep frequent flows off 
the trail.  Be aware that chases can become damaged during snow plow operations and can result in more 
frequent icing than piped conveyance.  Additionally, metal chases should not be used on equestrian trails.       

8.4.2 Pumped Systems 

In some locations, where an underpass is at a low point in the trail, pump systems have been installed to 
drain the sump when water overtops the trail.   Depending on a mechanical system can be unreliable 
especially when needed most.  Pumped systems can also require frequent and costly maintenance and 
may trigger requirements for water quality monitoring under an individual permit from the State.  For all 
of these reasons UDFCD strongly discouraged the use of pumped systems. 

8.4.3 Trails Adjacent to Walls 

Consider discharge from weep holes.  This can cause 
unexpected icing on the trail after a warm day followed by a 
cold night.  Where possible, it may be appropriate to collect 
this flow and convey it under the trail.   

8.5 Trail Underpasses 

At roadway crossings there are generally three alternatives for 
trail connections: trail underpasses, at-grade crossings, and 
pedestrian bridges.  The type of crossing selected effects user 
safety, user experience, animal passage, and cost.  The scope 
of this manual focuses on underpasses.  At-grade crossings 
and pedestrian bridges are not specific to streams and are 
covered in detail by other trail design manuals.  

Underpasses are the preferred alternative when the structure 
and roadway profile allow for the design to meet both vertical 
clearance and frequency of inundation criteria.  Underpasses 
include (in order of preference) bridges, single span culverts, 
and multiple cell culverts.  When both vertical clearance and 
frequency of inundation criteria cannot be met, other 
alternatives (i.e., at-grade crossings and pedestrian bridges) 
should be explored.     
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Photograph 7-29.  Multi-cell culverts are typically uninviting, 
especially if the user is not able to see the other end.  

Photograph 7-27.  This bridge offers safe passage, 
providing the user with a view of potentially rising water 
and the trail beyond the structure.  Additionally, the slope 
from the trail to the roadway offers the user a passable 
route to higher ground in case of flash flooding.     

Photograph 7-28.  This single-cell three-sided box culvert 
offers safe passage, providing the user with a view of 
potentially rising water and the trail beyond the structure.   

8.5.1 Trail Underpass in a Bridge 

Trail crossings below a bridge are preferred over 
culverts.  This type of crossing provides the user 
with a visual of the water level.  This is especially 
important along flashy streams, where being able 
to see water rising and climb to higher ground 
during a flash flood could save a life.   

Bridges can also provide a more open and inviting 
experience for the user in comparison to culverts 
and tend to be favored by the US Army Corps of 
Engineers (COE) as they provide better wild life 
passage and sometimes result in less impact to 
wetlands.   

Bridges also typically provide better drainage of the 
trail surface compared to culverts that have longer 
flow paths or rely on inlets.  

8.5.2 Trail Underpass in a Culvert 

Underpasses in a culvert are less desirable than 
bridges especially when the use of multiple 
culverts separate the user from the water.  This 
creates a scenario where the user is not aware when 
the water is rising and a potential flashflood threat 
exists.  When a bridge cannot be provided the 
design should include a connection to street level 
on both sides.  This will ensure maintenance access 
and improve safety.  This is also a location where 
users seek shelter during rain or hail.  Signage 
placed inside the culvert (each end) should be 
provided to discourage users from seeking shelter 
inside the structure.  UDFCD recommends the sign 
provided in Photo 7-30 to promote consistency 
throughout the Denver metropolitan area.   

The feeling of restricted space associated with a 
culvert underpass makes them ineffective for 
equestrian trails.  

8.5.3 Floodwalls 

A wall placed between the stream and the trail to 
allow use of the trail while flows exceed that of the 
trail surface is referred to as a floodwall.  The use 
of floodwalls to meet frequency of inundation 
criteria
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Photograph 7-30.  A skylight between C-470 travel lanes brings in natural light to 
the Willow Creek trail underpass.  Photo courtesy City of Lone Tree.  

Photograph 7-30.  Place caution signage 
inside the structure where it is most likely to 
be seen by someone using the culvert for 
shelter.  

 is discouraged.  Floodwalls require a high level of maintenance with both sediment removal and nuisance 
drainage issues.  

8.5.4 Culvert Geometry 

Within any underpass, the trail section should allow for 
pedestrians to safely step off the trail if another user speeds 
by.  This means providing an additional two feet to the width 
of the trail on each side of the trail within the underpass.  This 
can be an extension of the trail section or can be surfaced 
differently as long as it provides a safe surface (e.g., a rumble 
strip).  

The length and geometry of the culvert also affect safety.  The 
length should be minimized to enable the user to evacuate 
quickly.  Long culverts (100 to 200 feet) should be elevated to 
the 5 year water surface elevation (at a minimum) and should 
be straight to increase visibility and natural light.  Culverts in 
excess of 200 feet are strongly discouraged.  Reducing the 
length may require increasing the size of the wing walls, 
raising the elevation of the trail, and/or acquiring land and 
placing the culvert at an alternate location.  When the culvert 
design length exceeds 200 feet consider an alternative 
crossing, e.g. at-grade.   

See the Trail Geometry section and Table 7-16 for vertical 
clearance recommendations.  Also consider the vertical 
alignment immediately upstream and downstream of the culvert as it relates to maintenance access and 
drainage.  Ensure passage of maintenance vehicles through the culvert.  This may require a vertical curve 
or shifting a grade break further away from the culvert.  Where possible, drain water away from each end 
of the culvert in an effort to minimize flow on the trail inside the culvert.  

8.5.5 Lighting 

The AASHTO Guide for the 
Development of Bicycle Facilities 
recommends average maintained 
horizontal illumination levels of 5 lux 
to 22 lux.  Even relatively short 
culverts can require lights.  Look for 
opportunities to increase natural 
lighting.  This is especially important 
for long culverts (approximately 100 
to 200 feet).  Divided roadways 
sometimes allow for natural light to be 
brought in through a median.  Bends 
in a culvert reduce visibility and 
natural light in long culverts and 
should be avoided when possible.   
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8.5.6 Underpass Drainage 

Drainage within the culvert is often problematic as well as maintenance intensive.  As shown in Photo 7-
13, a long culvert constructed on a mild slope will deposit sediment on the trail surface.  The long flow 
path can exacerbate nuisance drainage issues and cause icing.  When the design relies on inlets within the 
culvert, consider requirements for maintenance should the inlet become clogged.   

 
 

Figure 7-22.  Trail Underpass Sections 
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Photograph 7-31.  A cast-in-place concrete culvert crossing with rumble strips.  Photo 
Courtesy Architerra Group. 

Photograph 7-32.  This Cherry Creek crossing was split into three segments to 
accommodate the long span.  Curb rails were used and the trail was kept low to maintain 
capacity for flood flows.  Photo Courtesy Muller Engineering. 

8.6 Stream Crossings 

This section generally 
pertains to trail crossings 
within the floodplain 
including structures that may 
be designed to overtop as 
frequently as during a 2-year 
event.  These structures are 
sometimes referred to as 
low-flow crossings, low 
water crossings, bridges, or 
pedestrian crossings.  These 
criteria are also intended for 
golf cart bridges, equestrian 
crossings, boardwalks, and 
any other similar structures 
with the exception of a 
temporary construction 
crossing.  Discussion on 
larger crossings can be found 
in Chapter 8, Hydraulic 
Structures.    

All stream trail crossings 
need to be part of the 
proposed hydraulic model 
and be constructed to both 
sustain forces associated 
with the 100-year flood 
event as well as withstand 
frequent inundation without 
structural damage.  
Crossings should not include 
components that might break 
from the structure potentially 
reducing capacity 
downstream due to debris 
blockage.  This can cause 
flooding and/or damage to 
downstream structures.  
Consider debris collection and 
blockage at the crossing and 
minimize potential for this 
while providing adequate 
safety components as described in this manual.   
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Photograph 7-34.  A pedestrian bridge crossing with rails at Confluence Park. 

Photograph 7-33.  A Bear Creek cast-in-place concrete culvert crossing with rumble 
strips and a crossing with rails in the distance. 

8.6.1 Crossing Type and 
Materials 

The two most common types of 
trail crossings in the Denver 
Metropolitan area are bridges 
and cast-in-place concrete 
culverts.  Bridges can be 
constructed in-place or 
prefabricated and can be 
concrete, wood, steel, or a 
combination of materials.  
Bridges, designed to span the 
main channel and sometimes 
other environmentally sensitive 
areas within the floodplain, can 
provide the benefit of reduced 
disruption when the project 
does not otherwise include 
disturbance of the channel.   
Concrete culverts can often be 
constructed without rails or with 
curb rails and provide a structure 
that has little impact to the 
water surface elevation of major 
events in the stream.  

8.6.2 Placement 

When the placement of a 
crossing is flexible, (i.e., not 
dictated by existing constraints), 
the designer can more 
thoughtfully consider safety, 
user experience, and potential 
future geomorphic changes.  As 
discussed in section 4.2, 
elevation of the trail as it relates 
to frequency of inundation is an 
important consideration as the 
invert of the channel can change 
over time.  Locating a crossing 
just upstream of a grade 
stabilization structure (check or 
drop structure) or incorporating a 
crossing into a grade stabilization structure, offers a stable channel invert at the crossing.  This means the 
channel invert should not increase, causing more frequent inundation and related maintenance and loss of 
use issues and it also should not decrease, causing a potentially dangerous condition for the user.  
Depending on the design, locating a crossing downstream of a drop structure may offer the same benefit 
and also benefit user experience, bringing the user in contact with the sight and sound of the drop. 
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Figure 7-23.  Typical Lowflow Crossing 
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Photograph 7-36.  Timber steps filled with roadbase are constructed to 
provide traction approaching a water crossing.  Photo courtesy Arapahoe 
Park and Recreation District.   

Photograph 7-35.  An equestrian crossing parallels a separate multi-use crossing.  
Photo courtesy Arapahoe Park and Recreation District.   

8.6.3 Equestrian Crossings 

Horses are not always compatible 
with other types of trail users and a 
separate tread for equestrian use can 
be common.  This is especially true at 
crossings and underpasses where an 
animal may experience additional 
anxiety due to other users.  When this 
is the case equestrian crossings 
typically consist of a stabilized 
section of the stream marked for 
equestrian use.  Equestrian crossings 
should consider safety for the horse.  
The smooth face of a horseshoe can 
cause a slip on a smooth hard surface 
such as concrete or metal especially 
when placed on a slope.  Placement of 
an equestrian crossing is best where 
typical flows will be two feet or less 
and the channel is relatively straight.  
Equestrian crossings can be 
constructed by filling cellular 
confinement material with crushed 
rock.  Use of geosynthetic materials 
(e.g., cellular confinement systems), 
in general, typically offer the desired 
surface for the animal while also 
providing the stability needed in areas 
of the trail that are frequently wet 
(including crossings).   Methods such 
as plating the channel with riprap 
(pushing riprap unto the channel 
bottom) and constructing a textured 
concrete (e.g., tooled joints similar to 
a rumble strip) crossing such as the 
one shown in Photo X-14 have also 
been used in the Denver Metropolitan 
area.   

Smooth and hard surfaces become more 
dangerous on a slope. The Federal 
Highway Administration recommends that trails that have hard surfaces and slopes steeper than five 
percent need to be treated (e.g., terraced such as the crossing shown in X-15) to increase traction.  
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Photograph 7-37.  This stabilized rock trail was constructed for maintenance 
 

Photograph 7-38.  Reinforced grass pavement shortly after construction. 

8.7 Material Selection  

UDFCD has used several surfacing 
techniques for trails including 
stabilized rock, reinforced grass, 
crusher fines, asphalt, concrete, and 
other proprietary surfaces.  The 
following provide considerations for 
each: 

8.7.1 Stabilized Rock and 
Reinforced Grass Trails 

Stabilized rock and reinforced grass 
trails are generally used for 
“maintenance only” trails.  To avoid 
rutting, compact both the subgrade and 
rock and used a rock that is well graded.  
Road base works well in this 
application.  As with all trail materials, 
backfilling the edges after construction 
is recommended to help hold the 
material in place and reduce chance of 
injury. 
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Photograph 7-39.  Geotextile is all that’s left of this crusher fines trail 
that washed out on Goldsmith Gulch. 

8.7.2 Crusher Fines 

Crusher fines are not recommended 
below the 10-year water surface 
elevation or where the longitudinal 
slope exceeds 5%.  Crusher fines 
typically washout when stream flow 
(or concentrated cross drainage) wash 
over the trail.   Provide a weed barrier 
on top of the subgrade when using 
crusher fines. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7-24.  Crusher Fines Trail Section 
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8.7.3 Asphalt 

UDFCD no longer uses asphalt for trail construction due to maintenance issues.  Problems with this 
material near the stream include vegetation, both with tree roots damaging the pavement and with weed 
growth through the pavement.  Cracking, especially near the edges of the pavement was also a significant 
issue.  If used for this purpose an herbicide should be applied on the subgrade prior to placement.   

8.7.4 Concrete 

Concrete is the most common trail material for shared-use trails.  A 6-inch depth section of fiber-
reinforced concrete on top of compacted subgrade is generally adequate depending on soil conditions and 
the types of vehicles anticipated.  The concrete should be finished to provide a safe surface for the user.  
Broom finish is typical.    

Control joints should be placed ten to 12 feet on center.  Hand tooled joints are highly discouraged as they 
often catch debris.  Provide expansion joints at all cold joints and locations where the trail abuts another 
structure, (e.g., a low flow culvert crossing or bridge abutment).   

 

 

 

 
Figure 7-25.  Concrete Trail Section  
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Photograph 7-40.  StaLok paving material, a proprietary surface 
consisting of resin bound gravel, has replaced portions of the Goldsmith 
Gulch trail where the crusher fines had washed out. 

8.7.5 Proprietary Surfaces  

Proprietary surfaces expand the range of 
alternatives available for the surface of 
the trail and sometimes offer qualities 
not found in conventional surfacing.  
Use of proprietary surfaces on UDFCD 
maintained streams is generally 
allowable when the surface provides a 
structurally sound, maintainable surface 
that allows for frequent inundation 
without requiring repair. 
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