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Infroduction

This memorandum documents the hydrologic and hydraulic analysis of the stormwater facilities to
improve the conveyance and water quality of the surface runoff along 20% Street and Park Avenue. The
Denver Office of Transportation and Infrastructure (DOTI) contracted with Muller Engineering Company
(Muller) to design two Vision Zero Road Safety Audits. In addition to the safety improvement, Denver
Office of Green Infrastructure has partnered on the project through the One Build process, and Green
Infrastructure (GI) improvements will be made at 5 of the intersections identified for safety
improvements. The following locations were identified as having the greatest potential benefit from Gl
improvements:

Curtis St. and 20 St.

Champa St. and 20 St.

1.

2

3. Broadway and 20™ St.

4. Market St./Walnut St. and Park Ave.
5

Larimer St. and Park Ave.

Proposed improvements include Gl facilities that range from Levels of Green (LoG) 1 through 5. LoGs 1
and 2 consist of the expansion or addition of planter beds within the sidewalk zone. These
improvements primarily consist of landscaping and do not include engineered stormwater
improvements, therefore design discussion is not included in this memo. This memo is focused on the
design and analysis of LoGs 3 through 5, which includes flow-through landscapes, infiltrating control
measures, and volume capture control measures. As part of the hydrologic analysis, sub-basins were
identified and a combination of the rational method and the WQCV equations from the Urban Storm
Drainage Criteria Manual (USDCM) were used to determine flow data. Drainage basin maps and relevant
design calculations can be found at the end of this memo.
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Sub-basin and Water Quality (WQ) Treatment Area Description

For each proposed LOG 3 through 5, hydrologic analysis was performed. This analysis was used to size
inlets and forebays in the proposed Gl facilities.

Basin PR-1 (LOG 5-1)

PR-1 is located on the north side of Curtis St. between 20™ St. and 21°t St. Hydrologic information for the
basin can be found in the Drainage Basin Map attached to this memo. This basin will contribute to the
proposed facility LOG 5-1. Flow will be concentrated in the 6” curb and gutter and enter LOG 5-1
through two 2’ curb openings. The upstream curb opening has a 5.5'x9’ forebay to allow sediment to
settle before entering the vegetated area. Within the vegetated area of the facility, perforated
underdrains will be installed to increase infiltration and water quality benefits. An existing 9’ Type 14
inlet located along the curb will be removed and replaced with a No. 16 valley inlet within the
stormwater planter. The proposed inlet will have similar capture capacity as the existing inlet and excess
flow will continue west on Curtis Street similar to pre-project conditions. The underdrains will discharge
into the proposed inlet. Capacity calculations of the curb openings and the No. 16 valley inlet can be
found in the “UD-Inlet” section below.

Basin PR-2 (LOG 3-1)

PR-2 is located on the north side of Curtis St. between 20% St. and 19 St. 21t St. Hydrologic information
for the basin can be found in the Drainage Basin Map attached to this memo. This basin will contribute
to the proposed facility LOG 3-1. Flow will be concentrated in the 6” curb and gutter and enter LOG 3-1
through two 2’ curb openings. The upstream opening will have a 17.9 SF forebay to allow sediment to
settle before entering the vegetated area. The facility will include a decorative rock swale to allow water
to flow throughthe stormwater planter. There is an existing Type 14 inlet behind the proposed LOG
which will remain in place. After flows pass through the planter, they will continue to the existing inlet
and be intercepted similar to pre-project conditions. Capacity calculations of the curb openings can be
found in the “UD-Inlet” section below.

Basin PR-3 (LOG 3-2)

PR-3 is located on the south side of Curtis St. between 20%" St. and 19" St. 21°t St. Hydrologic information
for the basin can be found in the Drainage Basin Map attached to this memo. This basin will contribute
to the proposed facility LOG 3-2. Flow will be concentrated in the 6” curb and gutter and enter LOG 3-2
through two 2’ curb openings. The upstream opening will have a 14.5 SF forebay to allow sediment to
settle before entering the vegetated area. The facility will include a decorative rock swale to allow water
to flow through the stormwater planter. There is an existing Type 14 inlet behind the proposed LOG
which will remain in place. After flows pass through the planter, they will continue to the existing inlet
and be intercepted similar to pre-project conditions. Capacity calculations of the curb openings can be
found in the “UD-Inlet” section below.

Basin PR-4 (LOG 4-1)

PR-4 is located on the west side of 20™ St. between Champa St. and Curtis St. Hydrologic information for
the basin can be found in the Drainage Basin Map attached to this memo. This basin will contribute to
the proposed facility LOG 4-1. Flow will be concentrated in the 6” curb and gutter and enter LOG 4-1
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through two 2’ curb openings. The upstream opening will have a 5'x5’ forebay to allow sediment to
settle before entering the vegetated area. The planter will have an approximately 9” depth compared to
the adjacent sidewalk. The media mix and vegetation in the planter will allow for infiltration of
stormwater. In larger events, when infiltration cannot keep up with flows, excess runoff will flow out of
the curb openings and into the gutter and proceed west similar to pre-project conditions. Capacity
calculations of the curb openings can be found in the “UD-Inlet” section below.

Basin PR-5 (LOG 4-2)

PR-5 is located on the east side of 20'" St. between Champa St. and Curtis St. Hydrologic information for
the basin can be found in the Drainage Basin Map attached to this memo. This basin will contribute to
the proposed facility LOG 4-2. Flow will be concentrated in the 6” curb and gutter and enter LOG 4-2
through two 2’ curb openings. The upstream opening will have a 5’'x5’ forebay to allow sediment to
settle before entering the vegetated area. The planter will have an approximately 9” depth compared to
the adjacent sidewalk. The media mix and vegetation in the planter will allow for infiltration of
stormwater. In larger events, when infiltration cannot keep up with flows, excess runoff will flow out of
the curb openings and into the gutter and proceed west similar to pre-project conditions. Capacity
calculations of the curb openings can be found in the “UD-Inlet” section below.

Basin PR-6 (LOG 5-2)

PR-6 is located on the east side of 20™" St. between Champa St. and Stout St. Hydrologic information for
the basin can be found in the Drainage Basin Map attached to this memo. This basin will contribute to
the proposed facility LOG 5-2. Flow will be concentrated in the 6” curb and gutter and enter LOG 5-2
through two 2’ curb openings. The upstream opening will have a 49.5 SF forebay to allow sediment to
settle before entering the vegetated area. Within the vegetated area of the facility, perforated
underdrains will be installed to increase infiltration and water quality benefits. An existing Single No. 16
inlet located along the curb will be removed and replaced with a No. 16 valley inlet within the
stormwater planter. The proposed inlet will have similar capture capacity as the existing inlet and excess
flow will continue west on 20th Street similar to pre-project conditions. The underdrains will discharge
into the proposed inlet. Capacity calculations of the curb openings and the No. 16 valley inlet can be
found in the “UD-Inlet” section below.

Basin PR-7

PR-7 is located on the east side of Broadway between 20 St. and 215 St. Hydrologic information for the
basin can be found in the Drainage Basin Map attached to this memo. This basin will contribute to the
proposed facility LOG 4-3. Flow will be concentrated in the 6” curb and gutter and enter LOG 4-3
through two 2’ curb openings. The upstream opening will have a 5’'x5’ forebay to allow sediment to
settle before entering the vegetated area. The planter will have an approximately 9” depth compared to
the adjacent sidewalk. The media mix and vegetation in the planter will allow for infiltration of
stormwater. In larger events, when infiltration cannot keep up with flows, excess runoff will flow out of
the curb openings and into the gutter and proceed west similar to pre-project conditions. Capacity
calculations of the curb openings can be found in the “UD-Inlet” section below.
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Basin PR-8

PR-8 is located on the north side of 20t St. between Stout St. and Broadway. Hydrologic information for
the basin can be found in the Drainage Basin Map attached to this memo. This basin will contribute to
the proposed facility LOG 4-4. Flow will be concentrated in the 6” curb and gutter and enter LOG 4-4
through two 2’ curb openings. The upstream opening will have a 5’x5’ forebay to allow sediment to
settle before entering the vegetated area. The planter will have an approximately 9” depth compared to
the adjacent sidewalk. The media mix and vegetation in the planter will allow for infiltration of
stormwater. In larger events, when infiltration cannot keep up with flows, excess runoff will flow out of
the curb openings and into the gutter and proceed west similar to pre-project conditions. Capacity
calculations of the curb openings can be found in the “UD-Inlet” section below.

Basin PR-9 (LOG 5-3)

PR-9 is located on the north side of Market St. between 22" St. and Park Ave. Hydrologic information
for the basin can be found in the Drainage Basin Map attached to this memo. This basin will contribute
to the proposed facility LOG 5-3. Flow will be concentrated in the 6” curb and gutter and enter LOG 5-3
through two 2’ curb openings. The upstream opening will have a 5’x5’ forebay to allow sediment to
settle before entering the vegetated area. An existing No. 16 valley inlet located along the curb will be
removed and replaced with a No. 16 valley inlet within the stormwater planter. The proposed inlet will
have similar capture capacity as the existing inlet and excess flow will continue north on Park Avenue
similar to pre-project conditionsCapacity calculations of the curb openings and the No. 16 valley inlet
can be found in the “UD-Inlet” section below.

Basin PR-10 (LOG 4-5)

PR-10 is located on the north side of Walnut St. between Park Ave. and 24" St. Hydrologic information
for the basin can be found in the Drainage Basin Map attached to this memo. This basin will contribute
to the proposed facility LOG 4-5. Flow will be concentrated in the 6” curb and gutter and enter LOG 4-5
through two 2’ curb openings. The upstream opening will have a 5'x5’ forebay to allow sediment to
settle before entering the vegetated area. In larger events, when infiltration cannot keep up with flows,
runoff will flow out of the curb openings and into the gutter and proceed east similar to pre-project
conditions. Capacity calculations of the curb openings can be found in the “UD-Inlet” section below.

Basin PR-11 (LOG 5-4)

PR-6 is located on the east side of Park Ave. between Larimer St. and Broadway. Hydrologic information
for the basin can be found in the Drainage Basin Map attached to this memo. This basin will contribute
to the proposed facility LOG 5-4. Flow will be concentrated in the 6” curb and gutter and enter LOG 5-2
through two 2’ curb openings. The upstream opening will have a 35 SF forebay to allow sediment to
settle before entering the vegetated area. Within the vegetated area of the facility, there will be
perforated underdrains to increase infiltration and water quality benefits. An existing 6’ Type 14 inlet
located along the curb will be removed and replaced with a No. 16 valley inlet within the stormwater
planter. The proposed inlet will have similar capture capacity as the existing inlet and excess flow will
continue north on Park Avenue similar to pre-project conditions. The underdrains will discharge into the
proposed inlet. Capacity calculations of the curb openings and the No. 16 valley inlet can be found in the
“UD-Inlet” section below.
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Peak Flow Rates

Peak flow amounts were obtained using the Mile-High Flood District (MHFD) software UD-Rational to
calculate peak flow rates per Volume 1 of the Urban Storm Drainage Criteria Manual (USDCM) and can
be found in Calculation of Peak Runoff table. Peak flows for each basin are summarized in Table 1
below.

Basin Associated Gl Facility Minor (5-YR) Peak Flow (CFS) | Major (10-YR) Peak Flow (CFS)
PR-1 5-1 1.20 2.71
PR-2 3-1 0.05 0.13
PR-3 3-2 0.05 0.13
PR-4 4-1 0.17 0.44
PR-5 4-2 0.10 0.26
PR-6 5-2 2.12 4.82
PR-7 4-3 0.32 0.75
PR-8 4-4 0.21 0.50
PR-9 5-3 0.48 1.07
PR-10 4-5 0.12 0.27
PR-11 5-4 1.02 1.86

Table 1. Summary of peak flow rates for drainage basins.
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Green Infrastructure Design

The proposed green infrastructure improvements follow design recommendations found in Denver’s
Green Continuum Guidelines. As directed by the City, water quality treatment areas were not required
to capture and treat the full Water Quality Capture Volume (WQCV) but instead provide non-volumetric
treatment in accordance with the City’s Green Continuum Guidelines. Any flow attenuation provided by
the water quality treatment areas is considered coincidental. However, WQCV was calculated to assist
in forebay sizing. A summary of WQCV and forebay sizing is provided in Table 2. The WQCV is calculated
based on equations 3-1 and 3-3 from Volume 3 of the Urban Storm Drainage Criteria Manual (USDCM)
and can be found in the Calculation of the WQCV table. A 12-hour WQCV, as used for bioretention/rain
gardens, applies to the facilities in this project.

The forebays provide a depth of 1.5”. These depths were used to calculate the required area of each
forebay based on the minimum forebay volume in cubic feet. To ensure constructability and
consistency, at least two 1.5” openings are proposed for all forebays which provide a release rate of
0.01 CFS each. Additional 1.5” openings were added where needed to be reasonably close to
recommended forebay release rate. See Table 3 for a summary of forebay release rates.

Table 2. Summary of WQCV and forebay sizing.

Associated | Water Quality Capture | Min. Forebay Size | Provided Forebay

Basin Gl Facility | Volume (WQCV) (CF) (1% of WQCV) (CF) Size (CF)
PR-1 5-1 611 6.11 6.1875
PR-2 3-1 20 0.20 2.2375
PR-3 3-2 21 0.21 1.8125
PR-4 4-1 64 0.64 3.125
PR-5 4-2 40 0.40 3.125
PR-6 5-2 996 9.96 10
PR-7 4-3 143 1.43 3.125
PR-8 4-4 93 0.93 3.125
PR-9 5-3 236 2.36 3.125
PR-10 4-5 51 0.51 3.125
PR-11 5-4 390 3.90 4.375
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Table 3. Summary of forebay release rates.
100-YR Q Required Forebay Release Provided Forebay
Basin LOG (CFs) (2% of 100-YR) (CFS) Release (CFS)
PR-1 5-1 2.71 0.05 0.04
PR-2 3-1 0.13 0.00 0.02
PR-3 3-2 0.13 0.00 0.02
PR-4 4-1 0.44 0.01 0.04
PR-5 4-2 0.26 0.01 0.02
PR-6 5-2 4.82 0.10 0.06
PR-7 4-3 0.75 .02 0.02
PR-8 4-4 0.50 .01 0.02
PR-9 5-3 1.07 0.02 0.02
PR-10 4-5 0.27 0.01 0.02
PR-11 5-4 1.86 0.04 0.04




