














Perry Street to Tennyson Street: This reach consists entirely of publicly owned
park land (Martinez Park). The channel has been subject to channel improvements and
regular maintenance. Control drop structures and gabian reinforced sideslopes provide a
stable, attractive channel with adequate flow capacity. |

Tennyson Street to Wolff Street: Upstream|of Tennyson, the south bank is
subject to severe erosion due to misalignment with the existing culvert, resulting in a
concave overbank which is unstable and dangerous. Upstream of this area, the gulch
flows through an open, undeveloped area to the south,i and is confined by fences along
private property to the North. The channel is meanderihg, with steep banks three to four
feet high, After passing under a pedestrian foot bridge, the channel becomes more
confined, and with heavily vegetated, low overbarks approaching Wolff Street. The
channel is unable to convey the 100-year flow in the iarca immediately downstream of
Wolff, resulting in shallow flooding of the surrounding neighborhood.

Wolff Street to Sheridan Boulevard: The channel is deep with steep,
unvegetated banks littered with concrete, asphalt and other debris. The banks are lined
with trees on both sides. The channel is confined by pi'ivatc development on either side,
with at least one structure being threatened by eroding banks. The channel is unable to
pass the 100-year flow, resulting in shallow flooding of most of the adjacent properties.
Unregulated fill is evident along the north bank, which impacts the 100-year water
surface.




IL PRELIMINARY HYDRAULIC ANALYSIS |

The hydraulic analysis included the review of existing hydrology for the project
area, review of existing planning studies, and the hydraulic analysis of existing and
proposed channel characteristics.

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 I1I-3, Lakewood Gulch Major Drainageway Planning, Phase B Report

HYDRAULIC ANALYSIS

The hydraulic analysis for the four channel reaches 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
channel improvements in place. The hydraulics 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 the 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 at Sheridan Boulevard 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 five-year capacity, with
the exception of the Sheridan Boulevard box culvert, which has approximately 10-year
flow capacity. Because of the large impact these structures have on the water surface, the
channe! characteristics have a negligent effect on the 100-year water surface except for
the Wolff to Sheridan reach, in which the channel is inadequate. The backwater from the
West 10th Avenue, Perry, Tennyson, and Wolff box culverts causes several areas of split
flow and shallow overbank flooding for the 100-year flood. This flooding will effect
existing single-family residences, however there is no known record of this occurring,

ALTERNATIVE EVALUATION

The alternative evaluation focused on providing a channel capable of conveying
the 100-year event where feasible, providing bank erosion protection where needed, and
provide maintenance access to the channel. The channel capacity in the vicinity of the
bridges was also a concern, as the expansion of downstream channel capacity would
influence bridge hydraulics. The bridge evaluation is given in a separate report

It was found from the HEC-2 analysis that in most reaches the channel
characteristics had a negligible impact on the 100-year water surface in comparison with
the impact of the bridge structures. This was true in all areas with the exception of the
reach from Wolff to Sheridan, where the channel is undersized, placing the surrounding
property in the floodplain. It was also found that the channel just downstream of Perry
Street had an impact on the hydraulics of the proposed Perry Street bridge. In the areas
which are not hydraulically critical, the focus was on improving the aesthetics, safety and
accessibility of the channel as economically as possible. In areas of severe erosion
damage, retaining walls may be necessary to stabilize the slope and protect both private
and public property from further damage. Two alternatives were then considered in
these areas, to do nothing or to provide improvements necessary to satisfy the basic goals
of the project.

At Perry Street, during a 100-year event, a flow split occurs sending flood waters
north along Perry. It was found with the HEC-2 model that a 50-foot replacement bridge
cannot pass the 100-year event with the existing downstream channel configuration. If



the south bank of the channel is cut back even with the proposed bridge alignment and a
boulder wall constructed at the channel level, the capacity of the channel will be such
that the 100-year event will not overtop Perry Street, eliminating the flow split and
removing homes from the floodplain. This improvement then provides an immediate
benefit to the surrounding -community, and should be carefully considered in the
selection of both channel improvements and bridge design.

In the reach from Wolff to Sheridan, the focus was to provide a channel with the
greatest flow capacity while minimizing the impact to the surrounding communiity.
Through this reach, the guich is privately owned and development is adjacent to both
banks. Because of the physical constraints, a channel with some form of vertical walls is
necessary to provide significant flow capacity. Using the HEC-2 model, several
configurations were considered using different wall heights and channel widths. It is
possible to construct a channel which is able to contain the 100-year flow. This would
involve a channel width in the range of 60 feet with about 10 foot vertical concrete walls.
A 60-foot span bridge at Wolff Street will still not pass the 100-year event without
overtopping. A smaller channel section in the range of 30 feet wide with an average 6
foot walls could convey the 10-year event and significantly decrease the 100-year .
floodplain. The 10-year frequency may be a reasonable alternative to pursue, especially
considering the fact that the bridge at Sheridan Boulevard has only a 10-year capacity.

Shown in Figures 2A through 2C are drawings of the study area showing the
impact of the different channel and bridge alternatives on the 100-year floodplain.

TRAIL CONSIDERATIONS

Based upon the results of community meetings held in connection with the design
project, it was found that a trail along the gulch is desirable. Such a trail can provide
access to the area for maintenance and police vehicles. The presence of a trail has a
negligible affect on the water surface level for a 10-year or greater event. The trail from
the confluence of Dry Creek and Lakewood Gulch to Martinez Park is more important
from a regional perspective than the reach from Tennyson to Sheridan because the trail
opportunities currently end at the Lakewood City Limits. The local community feels that
a trail corridor is necessary to connect to Sheridan Boulevard. The trail in this area
would require an at-grade crossing at Wolff. This reach needs maintenance access with
or without a trail. '






III. ALTERNATIVE CHANNEL IMPROVEMENT ANALYSIS

The alternative analysis in the majority of the reaches involves the decision of
whether or not to provide structural improvements. In only two areas are there resonable
alternative designs from which to choose. These cases include the improvement of the
badly eroded banks in the vicinity of 10th Avenue and Osceola Street as well as the
channel dimensions in the reach from Wolff to Sheridan.

ALTERNATIVE EVALUATION CRITERIA

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

Aesthetics: The aesthetics for any proposed structures will be governed by
compatibility with the adjacent drainageway, park setting and local neighborhood.
Different materials will be considered for construction of any walls or structures which
provide resistance to graffiti and add aesthetic value. Review from the City of Denver
Urban Design section is anticipated prior to finalizing the design of the structures.
Opportunities for color finishes, handrailings and lighting need to be addressed for each
reach. Because of the proximity of each site relative to the other sites, a consistent
aesthetic approach may be reasonable.

Hydraulics: The hydraulic performance at each bridge structure is a key design
consideration since there are currently habitable structures within the 100-year floodplain
adjacent to each site. The hydraulic performance of the channel from Wolff to Sheridan
has a substantial impact on the 100-year water surface and is therefore the driving force
in the design. The possibility of lowering the 100-year water surface from current
conditions needs to be considered in combination with replacement bridge alternatives.

Maintenance: Long-term maintenance of the selected improvements needs to be
evaluated. Different materials will have different periodic maintenance requirements.
Access needs to be provided for this to take place. This aspect should be considered
basic to the selection process.

Construction Phasing: Because of the constraints which affect the bridge
construction schedule, and the proximity of the channel improvements to one or more
bridge structures, the impact of construction scheduling of the channel improvements
must be considered. |



Cost: The cost of an improvement must be measured against the benefits related
to its construction. Also, the cost must be considered relative to the entire project budget
and priorities.

Trail Access: The ability to pass a trail beneath the roadway will depend upon
the bridge structure chosen.” A trail is necessary in some form for the length of the
project to provide- access both to the public and for maintenance and security of the
improvements. |

CHANNEL TYPES

It is desirable to continue the open, park-like atmosphere which exists
downstream of 10th Avenue. This can be achieved in most areas by laying back channel
banks, thinning and removing unwanted vegetation and providing a trail. The result
would be a natural looking channel which is more easily maintained. Only in the reach
from Wolff to Sheridan would the channel type be significantly changed from its natural
state. In this reach, the hydraulic characteristics are the key design element. Therefore a
structural improvement such as a natural bottom channel with vertical side walls is

feasible. The materials and height of the walls will be important design considerations in

reducing negative impacts with respect to adjacent properties.

DISCUSSION
West 10th Avenue to Perry Street: At the 10th Avenue bridge, site constraints

limit the feasibility of realigning the channel to provide room on the east bank for an
acceptable slope. The existing park downstream would be negatively impacted if the
bridge where moved to the west. The side slopes can be stabilized with the use of
retaining walls. Because of the grade difference in this area, at least a 10 foot exposed
retaining wall will be necessary. This can also be achieved in a tiered approach with two
five foot walls. Because of the location of the project in a neighborhood/park area, the
tiered walls could be constructed using materials which are more aesthetically pleasing
and of greater variety. Along Osceola Street, the channel could be realigned to provide
room for an acceptable side slope. In doing this, mature trees in the area would have to
be removed. This option also has some design problems associated with the bedrock
elevation in the channel area, which should be investigated further. Tiered walls or walls
providing a combined height of ten feet would also be an option in this area.

Perry Street to Tennyson Street: This entire reach lies within Martinez Park.
This reach has channel improvements associated with the park, and is maintained by the
Park and Recreation Deparmient. The channel banks are stabilized with gabions and the



channel bottom has been stabilized with several control drop structures. As a result,
other than channel work associated with the construction of replacement bridges at Perry
and Tennyson Streets, no further channel improvements are necessary for this reach.
Tennyson Street to Wolff Street: This reach needs trail access and localized
minor channel improvements, There are no structures or major channel work

recommended.

Wolff Street to Sheridan Boulevard: The major design consideration in this reach
is between providing additional hydraulic capacity and the impact on the surrounding

properties. It is possible to contain the entire 100-year event, in a channel which
removes several buildings from the floodplain. However, this alternative comes a
considerable economic cost, and introduces an imposing structure through the
neighborhood. This option requires the acquisition of property currently used for
parking and emergency access. If the property acquisitions can be achieved, the 100-year
channel option may be desired.

A channel with 10-year capacity decreases the 100-year floodplain, but removes
only a few structures from the floodplain. The 10-year channel option utilizes much less
area, is less of a structural barrier and costs less than the 100-year option. The real
benefit from the 10-year channel comes in the control of smaller events and reducing the
threat of frequent flooding.

The third alternative channel concept is to leave the channel essentially the same,
and improve the bank slopes and surrounding areas with landscaping and an access path
for maintenance. This option does not have a significant affect on water surface

elevation for any size event.

COST

Cost estimates are provided in Tables 2 through 4. Land acquisition is included
in the costs strictly for comparison purposes. The land values are estimated and may not
reflect actual land value. For the reaches from West 10th Avenue to Wolff Street, the
estimates reflect costs for trail access and erosion control improvements,

From Wolff Street to Sheridan Boulevard, cost estimates are given for the 10 and
100-year channe! concepts. Land acquisition is included using an estimated land value
for comparison purposes only.



TABLE 2 Lakewood Gulch

Preliminary Design

WEST TENTH AVENUE TO PERRY STREET
ltem Unit _ Unit Price  Quantity Price
Clearing and Grubbing acre $5,000 2 $10,000
Tree Removal each $175 15 $2,625
Brush Thinning acre $2,500 1.00 $2,500
Asphalt Path Removal S.Y. $4 700 $2,800
Excavation/Backfill CY. $4 5,000 $20,000
Structure Excavation and Backfill C.Y. $10 600 $6,000
Asphait Path L.F. $20 0 $0
Concrete Path L.F. $27 900 $24,300
Concrete Wall, 5 exposed L.F. $130 620 $80,600
Riprapg and Bedding c.Y. $40 1,000 $40,000
Land Acquisition S.F. $1.25 7,750 $9,688
Fencing {42" min) L.F. $25 620 $15,500
Landscaping (sod, trees) L.S. $20,000 1 $20,000
Mobilization L.S. 20% of tolal $46,803
Engineering and Contingency L.S. 20% of total $56,163

Estimated Cost $336,978

TABLE 3 Lakewood Gulch

Preliminary Design

TENNYSON STREET TO WOLFF STREET
ltem Unit Unit Price  Quantity Price
Clearing and Grubbing acre $5,000 2 $10,000
Tree Removal gpach $175 20 $3,500
Brush Thinning acre $2,500 0.50 $1,250
Asphatlt Path Removal S.Y. 54 0 $0
Excavation/Backlilt C.Y. $4 2,250 $9,000
Structure Excavation and Backfill C.Y. $10 0 $0
Asphalt Path LF. $20 0 $0
Cencrete Path L.F. $27 1,200 $32,400
Concrete Wall, 5' exposed L.F. $130 0 $0
Riprap and Bedding c.Y. $40 1,085 $43,400
Fencing (42" min) L.F. $25 0 $0
Land Acquisition S.F. $1.25 48,000 $60,000
L andscaping L.S. $20,000 1 $20,000
Mobilization LS. 20% of total $35,910
Engineering and Contingency L.S. 20% of total $43,092

Estimatad Cost $258,552



TABLE 4 Lakewood Guich
Preliminary Design

10-YEAR CHANNEL, WOLFF STREET TC SHERIDAN

flern Unit Unit Price _ Quantity Price
Clearing and Grubbing -acre $5,000 3 $15,000
Tree Removal each $175 35 $6,125
Brush Thinning acre $2,500 1 $2,500
Asphalt Path Ramoval S.Y. $4 0 $0
Excavation/Backfiil CY. $4 3,500 $14,000
Structure Excavation and Backfill C.Y. $10 2,500 $25,000
Asphalt Path L.F. $20 0 $0
Concrete Path L.F. $27 1,230 $33,210
Concrete Wall, 6’ exposed L.F. $150 2,480 $369,000
Boulder Low Fiow Channel LF $100 1,230 $123,000
Fencing (42" min) LF. ' $25 2,480 $61,500
Structure Removal each $25,000 1 $25,000
Land Acquisition S.F. $1.2% 61,500 $76,875
Landscaping (sod, trees) L.S. $20,000 1 $20,000
Mobilization L.S. 20% of total $154,242
Engingering and Contingency LS. 20% of total $180,2686

Estimated Cost $1,105,718
TABLE 5 Lakewood Guich

Preliminary Design

100-YEAR CHANNEL, WOLFF STREET TO SHERIDAN

tem Unit Unit Price__ Quantity Price
Clearing and Grubbing acre $5,000 2 $10,000
Tree Removal each $175 50 $8,750
Brush Thinning acre $2,500 0 $0
Asphalt Path Removal 5.Y. $4 0 $0
Excavation/Backiill cY. $4 16,500 $66,000
Structure Excavation and Backfill C.Y. $10 3,000 $30,000
Asphalt Path L.F. $20 0 $0
Concrate Path LF. $27 1,230 533,210
Congcrete Wali, 8' exposed L.F. $200 350 $70,000
Concrete Wall, 9’ exposed L.F. $230 690  $158,700
Concrete Wall, 10’ exposed L.F. $280 1,050 $294,000
Concrete Wall, 13' exposed L.F. 5420 340 $142,800
Boulder Low Flow Channel t.F. $100 1,230 $123,000
Fencing (42" min) L.F. %28 2,460 $61,500
Structure Removal each $25,000 2 $50,000
Land Acquisition S.F. $1.25 98,400 $123,000
Landscaping (sod, trees) L.S. $20,000 1 $20,000
Mobitization LS. 20% of total $238,182
Engineering and Contingency L.S. 20% of total $285,830

Estimated Cost $1,714,882



IV. RECOMMENDATIONS

Based upon the alternative design analysis conducted to date, recommendations
have been developed for each channel reach in the study area. The bridge replacement
recommendations have been identified in the preliminary bridge design report. Each of
the recommendations are subject to project sponsor review and comment and subsequent
preliminary final design analysis.

Waest 10th Avenue to Perry Street: The recommended channel treatment in this
reach should be to lay back the banks to a 3 or 4 to 1 side slope. This will result in a
more stable bank that is easier to maintain. The outside bends in the reach should be
lined with riprap to prevent erosion. The two areas along the east bank which are most
severely damaged by erosion should be stabilized with tiered 5 foot retaining walls. The
south bank just downstream of Perry Street should be stabilized by a boulder wall at low
flow channel level. Existing trees and established vegetation should be saved wherever
possible. A paved pedestrian/bike path should extend from Martinez park upstream of
Perry Street to the existing park downstream of West 10th Avenue, with below grade
crossings at each bridge. A small slope easement is required. Typical retaining wall
sections follow on Figures 3 and 4.

Perry Street to Tennyson Street: This reach is included entirely within
Martinez Park. The channel has been improved in the past and is currently accessible by
maintenance equipment. It is recommended that no channel improvements be included
for this reach other than those associated with replacement bridge construction at Perry
and Tennyson streets.

Tennyson Street to Wolff Street: The recommendation for this channel reach is
localized channel improvements. The channel banks should be laid back to a more
maintainable slope and lined with riprap along the outer banks to prevent erosion at
major bends. A paved pedestrian/bike path should extend from Tennyson Street to Wolff
Street with at grade crossings at both Tennyson and Wolff Streets. Additional easements
and/or right-of-way is needed for most of this reach. A typical section for the reach
follows on Figure 5.

Wolff Street to Sheridan Boulevard: The recommended channel through this
reach has a 60 foot top width with vertical side walls capable of fully conveying the 100-
year event. This removes approximately 12 habitable multi-family structures from the
floodplain and would require the physical removal of two garage type structures.
Approximately 2.25 acres of privately owned land would need to be acquired. Typical
sections for both the 10 and 100-year alternatives follow in Figure 6.
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TYPICAL SECTION
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TYPICAL SECTION
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