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L PROJECT SCOPE

The intent of this report is to summarize the preliminary bridge design analysis
results associated with the Lakewood Gulch Preliminary Design Project located in
Denver, Colorado. The Lakewood Gulch drainageway subject to the preliminary design
begins at West 10th Avenue and ends at Sheridan Boulevard. This project was
authorized by the City and County of Denver and the Urban Drainage and Flood Control
District.

Lakewood Gulch is an urban drainageway, subject to high flow mainly the result
of summertime thunderstorms. There is a base flow in the drainageway year round.
Within the preliminary design reach, the Guich crosses under 10th Avenue, Perry Street,
Tennyson Street, Wolff Street, and Sheridan Boulevard. The Gulch also passes through
a box culvert under a parking lot just east of Sheridan. The existing structures are all
single or multiple-bay box culverts. None of the existing structures are capable of
conveying the 100-year flood discharge without causing the roadway to be overtopped.

The scope of the preliminary bridge design study included the following tasks:

1. Collect and review pertinent information related to the replacement
of the Lakewood Guich bridges. Conduct a field review of the
existing bridge and drainageway conditions.

2. Review geotechnical report.

3. Review existing utilities at each site.

4. Review existing hydrologic analysis for Lakewood Gulch.

5. Review existing hydraulic information for Lakewood Gulch.

6. Assess impact of replacement structure(s) upon the 100-year water
surface profile for the segment(s) of Lakewood Gulch adjacent to and
upstream of each bridge.

7. Assess impact on traffic, constructability, maintenance, schedule
and cost various bridge and/or culvert types at each site.

8. Provide recommendations for optimizing the hydraulic capacity for
the replacement structures.

9. Prepare written report summarizing findings and recommendations.

SUMMARY OF INFORMATION REVIEWED

The following documents were collected and reviewed during the course of
conduction the preliminary design analysis:

1. City of Denver Flood Insurance Study, prepared by the Federal
Emergency Management Agency, dated April 1977, with most
current revisions through April, 1993.



2. Lakewood Gulch-Major Drainageway Planmng, Phase B Report,
prepared by Sellards and Grigg, Inc.

3. Subsurface Exploration Report, Proposed Lakewood Gulch
Improvement, Denver, Colorado, prepared by Earth Engineering
Consultants, Inc., April, 1995.

4. Federal Highway Administration, HEC-18, Scour at Bridges, 1989.

Topographic mapping was prepared for the project at a scale of 1-inch to 50 feet
horizontal and a contour interval of one foot. This mapping was used to lay out the
location of proposed bridge and drainageway improvements associated with the bridge
replacements, and for the determination of channel cross-sections for the hydraulic

analysis.

PROJECT DESCRIPTION

The Lakewood Gulch bridge replacements will involve the demolition of existing
concrete or masonry box culverts at 10th Avenue, Perry Street, Tennyson Street and
Wolff Streets. At this time, it is not anticipated that the structure under Sheridan
Boulevard will be modified as part of the Lakewood Gulch project. A culvert with
increased capacity under the parking lot east of Sheridan Boulevard has been analyzed
for replacement. The 100-year flow overtops each of the roadways crossed, as shown in
the City and County of Denver Flood Insurance Rate Map. The location of each of the
replacement sites is presented on Figure 1. A brief description of each site follows.

West 10th Avenue: 10th Avenue is an east-west collector roadway, with one
lane in each direction, and a flowline-to-flowline dimension of 40-feet. The posted speed
limit is 35 miles per hour. The existing structure is a 13-foot high by 14.5-foot wide
single-bay box culvert. An existing 8-inch waterline crosses through the culvert opening.
A duct with electric lines parallels the box culvert on the east. The channel is deep and
incised into bedrock. Private property abuts the roadway at the southeast corner of the
bridge. Public ownership (parkland) abuts the roadway along the north and at the
southwest corner of the bridge.

Perry Street: Perry Street is a north-south collector roadway, with one lane in
each direction, and a flowline-to-flowline dimension of 30-feet. The posted speed limit
is 35 miles per hour. The existing structure is a 7-foot high by 6-foot wide single-bay
box culvert. Utilities at this site include 8-inch and 24-inch waterlines, an 8-inch
sanitary sewer over the existing box, and a 2-inch gas line. All of these lines will have
to be relocated as part of the replacement of the existing crossing. The chanoel is deep
and incised into bedrock. Private property abuts the roadway, east and west. The 100-
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FIGURE 1:
BRIDGE REPLACEMENT SITES



year discharge overtops the existing structure and shallow flooding is forced north along
Perry Street. There is very little opportunity to raise the roadway at this site because of

. existing driveways along Perry in the vicinity of the existing bridge.

Tennyson Street: Tennyson Street is a north-south local roadway, with one lane
in each direction, and a flowline-to-flowline dimension of 36-feet. The posted speed
limit is 30 miles per hour. The existing structure is a 7-foot high by 6-foot wide single-
bay box culvert. A 6-inch waterline crosses over the existing structure. This line will
have to be relocated as part of the replacement of the existing crossing. Private property
abuts the roadway to the west, and public property (parkland), abuts the roadway along
the east. The 100-year discharge overtops the existing structure which creates a shallow
flooding area in the vicinity of the northwest corner of the bridge. There is very little
opportunity to raise the roadway at this site because of existing driveways along
Tennyson in the vicinity of the existing bridge.

WoIff Street: Wolff Street is also a north-south local roadway, with one lane in
each direction, and a flowline-to-flowline dimension of 40-feet. The posted speed limit
is 30 miles per hour. The existing structure is a 8-foot high by 5-foot wide single- bay
box culvert. A 4-inch gas line crosses over the existing structure. This line will have to
be relocated as part of the replacement of the existing crossing. Private property abuts
the roadway both east and west. The 100-year discharge overtops the existing structure
which creates a shallow flooding area south of the bridge. As with the other sites, there
is very little opportunity to raise the roadway at this site because of existing driveways
along Wolff in the vicinity of the existing bridge.



IL. PRELIMINARY HYDRAULIC ANALYSIS

The hydraulic analysis included the review of existing hydrology for the project
site, review of existing planning studies, and the hydraulic analysis of existing and
proposed structures.

HYDROLOGY

Hydrology for the Lakewood Gulch drainageway was obtained from the
Lakewood Gulch Major Drainageway Planning Study, Phase B report. These flows were
used in the preparation of the flood insurance study for Lakewood Gulch. Presented in
Table 1 below are the peak discharges for the study area subject to the preliminary design
analysis. '

Table 1: Summary of Peak Discharges (1)

Location 10-year 100-year
cfs cfs
Perry Street 5,100 8,000
Sheridan Blvd. 5,000 7,800

(1) From Figure III-3, Lakewood Gulch Major Drainageway Planning, Phase B Report

HYDRAULIC ANALYSIS

The hydraulic analysis for the four bridge sites was conducted in two steps. First,
the hydraulic grade lines for the existing site conditions and current topography were
evaluated and compared to the results shown in the FIS and the Major Drainageway
Planning Study. The second step was to evaluate the drainageway hydraulics with
replacement structures in place. The hydraulic analysis was developed for the existing
and proposed conditions using a combination of the U.S. Army Corps of Engineers HEC-
2 Water Surface profile program and the Federal Highway Administration HYDRAIN
computer model. HEC-2 was used to model water surface profile beginning at West 10th
Avenue. The HYDRAIN model was used to estimate the hydraulic grade line at the inlet
to the existing culverts for only the existing condition case. The hydraulic grade line
obtained using HYDRAIN was then input to the HEC-2 model for the existing



drainageway condition. Cross-sectional data for the HEC-2 program was obtained from
the topographic mapping prepared for this project. The locations of the cross-sections
used in the HEC-2 model were chosen to coincide with the locations of the cross-sections
presented in the master drainageway planning study wherever possible.

In general, a reasonable comparison in the water surface profile was achieved
between this analysis and the Major Drainageway Planning Study. As a result of this
analysis it was found that the existing structures have less than a five year capacity, with
the exception of the Sheridan Boulevard box culvert, which has approximately 10-year
flow capacity. The backwater from the West 10th Avenue, Perry, Tennyson, and Wolff
Street box culverts causes several areas of split flow and shallow overbank flooding for
the 100-year flood. This flooding could effect existing single-family residences,
however there is no known record of this occurring.

ALTERNATIVE EVALUATION
The alternative hydraulic evaluation focused upon trying to optimize the flow
capacity at each site, while recognizing the physical constraints at each site. Various

bridge openings and structure depths were modeled using the HEC-2 program. Spans

ranging from 30-feet to 70-feet were analyzed for the various sites. Presented on Table 2
is a summary of the water surface elevations at each of the bridge sites for the existing
structures and for the alternative bridge openings.

The results of the hydraulic analysis show that it will probably be impractical to
construct a bridge which will pass the 100-year discharge beneath the low chord of the
bridge for any of the sites unless the channel capacity upstream and/or downstream of
each site is expanded. The exception to this situation is at West 10th Avenue where a
structure of reasonable span could be built and pass the 100-year discharge beneath the
low chord of the bridge. At Perry Street and at Wolff Street, spans over 60-feet do not
appreciably lower the water surface profile to eliminate the flow splits and overbank
flooding which typify the existing conditions. At Perry and at Wolff, low berms at the
approaches to the bridge openings may have to be incorporated into the design to fuily
develop the capacity of a particular bridge opening. It appears that the maximum
practical bridge span is limited to 60-feet at each of the bridge sites. This is mainly
because of physical constraints with the existing roadway and channel which limit the
span of the bridge or the possibility of raising the roadway to create more headroom
under the bridge.

The 10-year and 100-year frequencies were analyzed at each site. It was found
that spans in the range of 30-feet were capable of conveying the 10-year flow beneath the



TABLE 2

COMPARISON OF WATER SURFACE ELEVATIONS
ALTERNATIVE BRIDGE HYDRAULICS

LAKEWOOD GULCH PRELIMINARY DESIGN PROJECT

100-YEAR WATER SURFACE ELEVATIONS (1)

LOCATION PHASEB 30-FOOT 40-FOOT 50-FOOT 60-FOOT 70-FOOT
WSE  SPAN  SPAN SPAN  SPAN  SPAN
WEST 10TH AVENUE 2615 2614 2535
PERRY STREET 2665 2665 2637 2643 2646
TENNYSON STREET 2820 2820 279.6
WOLFF STREET 2968 2956 293.8

ALL ELEVATIONS TAKEN AT UPSTREAM FACE OF BRIDGE
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low chord of the bridge at each site, with the exception of Wolff Street where a longer
span would be required. The 10-year frequency may be a reasonable alternative to
pursue, especially if the expansion of the downstream channel capacity to meet the 100-
year flow capacity is impractical.

SCOUR POTENTIAL

Two soil borings were taken at each of the replacement sites. With the exception
of Wolff Street, the borings indicate the presence of moderately hard bedrock at the
present invert of the drainageway or within two to three feet of the invert. This situation
can be seen in the field. For the West [0th Avenue, Perry Street and Tennyson Street,
the foundations of the bridges will be placed upon bedrock, and therefore deep scour
protection will not be needed. At Wolff Street, the bedrock elevation is approximately
10-feet beneath the invert. At this location, riprap linings along the invert and possibly a
grade control structure immediately downstream of the bridge opening will be needed to
prevent scouring through the bridge opening and immediately downstream of the bridge.

TRAIL CONSIDERATIONS

Based upon the results of community meetings held in connection with the design
project, it was found that below grade trail crossings were desired. This is physically
possible at West 10th Avenue, Perry Street and at Tennyson Street. There is not enough
headroom at Wolff Street to accommodate a trail crossing through the structure.
Hydraulically, the trail will reduce the capacity of all the bridge openings, and may cause
additional blockage during a high flow event because of railing which may be needed
along the trail. The trail grade was assumed to be a minimum of two feet above the
invert in the hydraulic modeling. The introduction of the trail within the bridge opening
has a negligible impact upon the water surface in a 10-year and greater event. Bridge
superstructure depths ranging from 32- to 42-inches were assumed in determining the
clearance over the trail.

DISCUSSION

The various alternative culvert and bridge openings analyzed need to be
considered in light of the overall project costs, constructability and site constraints.
When considering the use of a clear span bridge versus a box culvert, the following
advantages and disadvantages were identified:



. A multiple-bay box culvert will be Iess conducive to the construction of a trail

under the roadway compared to a clear span structure. Trail user safety issues
are more of a concern with a multiple-bay box culvert than a clear opening,.

. A clear span structure may have less problems associated with construction

dewatering then a box culvert. The floor slab for a multiple bay box culvert
will have 1o formed all at once compared to working with a bridge footing
which can be installed one side at a time.

. A clear span will be more efficient hydraulically and less subject to debris

accumulation then a multiple-bay box culvert since the piers are eliminated.
A low flow channel should be provided through a clear opening structure.

" The low flow channel will protect the toe of the existing b and will allow

for the transition of the low flow into the existing channel downstream of
each bridge site.

. Since a trail under the roadway at Wolff is not feasible, a cast-in-place box

culvert may have a greater feasibility at this site than at the other locations.

. A structure with ten year capacity can be constructed using cast-in-place box

culverts or precast box culverts or box bridges. Bridges are needed to pass
flows greatér than the 10-year.



M. ALTERNATIVE BRIDGE DESIGN ANALYSIS

The alternative bridge design analysis included the review of various structure
types for the range of spans identified in the hydraulic analysis for the site. As part of
the alternative development, representatives from the City of Denver design engineering
and the traffic engineering sections were contacted in order to gain input on the type of
structures which would be most feasible at each location.

STRUCTURE TYPE

As a result of discussions with the City of Denver concerning the type of
structures most commonly used in this type of crossing, steel and concrete
superstructures are both currently in use throughout the City. Moreover, concrete
superstructures are preferred over metal structures, primarily because of the long-term
maintenance aspects associated with steel substructures. Because of this preference,
concrete structures were the focus of this alternative evaluation, and steel structures were
eliminated from further consideration.

TRAFFIC CONTROL DURING CONSTRUCTION

A field meeting was held with a representative from the City of Denver
Department of Public Works Traffic Engineering section. Each site was visited, and the
concerns from the standpoint of traffic control were discussed. At issue was whether or
not each bridge site could be closed to through traffic while the replacement structure
was being constructed, or whether the roadway must be kept open to one or both lanes of
traffic. The following traffic constraints were identified for each site.

West 10th Avenue: Because of the lack of an alternative detour route, Traffic
Engineering desires that at least one lane of traffic be kept open throughout the
construction process. Signalization to control two-way traffic will be needed. Phasing of
the construction to allow for the one-lane to be kept open over the existing structure
needs to be considered.

Perry Street: Similar to West 10th Avenue, there does not appear to be a
reasonable detour route to accommodate traffic on Perry Street. Traffic Engineering
suggested that one lane remain open on Perry throughout the construction process. It
was further recommended that southbound traffic be closed, and one lane be kept open
for northbound traffic only throughout the construction.

Tennyson Street: Closure of Tennyson Street to through traffic is feasible at this
location. Pedestrian access through or around the construction site must be maintained.
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This appears to be possible by aligning a temporary asphait walkway east of the existing
roadway, within Martinez Park. '

Wolff Street: Traffic Engineering indicated that one-lane must be kept open at
Wolff Street throughout the construction process, primarily because of a lack of
reasonable detour routes for northbound traffic. Of all the locations, this will be the most
difficult crossing in which to phase the construction because of the condition of the
existing structure, the condition of the drainageway both upstream and downstream of
the roadway, and limitations associated with the road right-of-way and abutting privately
owned property.

The following general traffic design criteria was established for all of the sites:

Temporary roadway and pedestrian wearing surfaces shall be asphalt.

Pedestrian traffic shall be maintained through or around all of the sites.

All sidewalks shall be five foot in width, )

Traffic railing and handrailing shall be required over the bridge and at the
wingwalls, however approach guardrailing may not be required.

tal S

In general, phasing construction at any of the sites will lengthen the construction
schedule and increase the costs of the replacement structure compared to a full roadway
closure scenario. The costs for keeping one-lane of traffic open at all times is probably
justifiable at West 10th Avenue and at Perry Street, however this justification is
questionable at Wolff Street. Further analysis of traffic counts and possible detour routes
for northbound traffic on Wolff Street is recommended prior to procecding'with a phased
construction scenario.

ALTERNATIVE EVALUATION CRITERIA

The alternative evaluation was carried out keeping in mind the social,
environmental and economic impacts at each site. Specifically, the following design
considerations were used to evaluate the positive and negative impacts of each structure
type relative to another structure type:

Aesthetics: The bridge aesthetics for the replacement structures will be governed
by compatibility of the structure with the adjacent drainageway, park setting and local
neighborhood. Review from the City of Denver Urban Design section is anticipated
prior to finalizing the design of the replacement structures. Opportunities for bridge
color finishes, handrailings and street lighting need to be addressed for each alternative
structure. Because of the proximity of each site relative to the other sites, a consistent
aesthetic approach may be reasonable.



