DATE:

June 4, 2026

DAVID EVANS

AND ASSOCIATES inc.

MEMORANDUM

SUBJECT:

PROJECT:

FROM:

TO: Steve Coggins
DOTI PM
City and County of Denver

Denver CO 80012

2025-CIP-0000110

Kelsey Clements & Robert C. Moore, P.E.

Sidewalk Segments Initial Drainage Evaluation

CD 2, 3 and 7 Group 2 and Short Segments Package 2 & 3

CC: Project File

1. Background

Project Description

The following memorandum summarizes drainage associated with implementing the Denver Sidewalk Gap
Program (SGP) at various locations within the City and County of Denver (CCD). Proposed SGP locations focuses
on segments identified in Council District 2, 3, & 7 in addition to two small segments in Council Districts 1 & 9.

The locations of these segments are summarized in Table 1.
TABLE 1: SUMMARY OF PROJECT LOCATIONS

Project District Begin End Section Township,
Segment Range

1 S Lowell Blvd 2 City Limits W. Pimlico Ave 08 5S,68W

2 S Lowell Blvd 2 W. Pimlico Ave W. Union Ave 08 5S,68W

3 S Lowell Blvd 2 W. Union Ave W. Wagontrail Dr. 08 5S,68W

4 S Lowell Blvd 2 W. Wagontrail Dr. | W. Tanforan Dr. 08 5S,68W

5 S Lowell Blvd 2 W. Tanforan Dr. W. Layton Ave 08 5S,68W

6 S Lowell Blvd 2 W. Layton Ave W. Saratoga Ave 08 5S,68W

7 S Lowell Blvd 2 W. Saratoga Ave | W. Chenango Ave 08 5S,68W

8 S Wadsworth 2 W. Vassar Ave W. Yale Ave 04 4S,69W
Blvd

9 W Bayaud 3 Grove St Federal Blvd 08 4S,68W
Ave

10 | W Cedar Ave 3 Grove St Federal Blvd 08 4S5, 68 W
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11 | W Cedar Ave Hazel Court Alley West of 08 45S,68W
Federal Blvd
12 | N Bryant St W. 2™ Ave W. 4t Ave 08 4S,68W
13 | W2 Ave N. Bryant St Yuma St 08 4S,68W
14 | W Ellsworth Galapago St Fox St 08 45S,68W
Ave
15 | W1t Ave 7 Lipan St Kalamath St 09 4S,68W
16 | 40t Ave 9 Jackson St Monroe St 24 3S,68W

The SGP is intended to fill sidewalk gaps primarily to create a complete sidewalk network throughout the City of
Denver. Project tasks include design of new sidewalks for each of the segments selected by the Department of
Transportation and Infrastructure (DOTI). New sidewalk locations focus on the area around the existing curb
and gutter to just behind where the proposed sidewalk will be installed, thus minimizing disturbance areas within
each segment.

Project Vicinity

Project segments are located throughout the CCD and are primarily in areas consisting of developed commercial
or residential areas. Each proposed segment is situated adjacent to existing roadways. See Figures 1-5 below
for segment vicinity information.
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Figure 1: Project Vicinity Map, Lowell Blvd Segments (1 — 7)
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Figure 2: Project Vicinity Map, Wadsworth Blvd Segment (8)
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Figure 3: Project Vicinity Map, Segments 9 - 13
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Figure 4: Project Vicinity Map, Segments 14 — 15
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Figure 5: Project Vicinity Map, District 9 Segment (40" Ave) (16)

Existing Stormwater Facilities

Implementation of sidewalks will work around and protect existing stormwater facilities, such as curb and gutter
and inlets, when applicable. If existing curb and gutter along the project segments requires replacement,
substitution will be a Curb and Gutter Type 2 (II-B). Existing inlets will be maintained in place with limited
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disturbance around them. However, Segment 13 on West 2" Avenue between North Bryant Street and North
Yuma Street, has continual access to offsite property through a valley gutter system that extends the majority
of the project length. Sidewalks along with mountable curbs will replace the valley gutter system. Inlet locations
will remain, but the Number 16 Inlet valley grates (See Figure 6) will be retrofitted to Number 16 Inlets single
and double configurations to match existing conditions. See the hydraulics section of the memo for more
information.

Figure 6: Number 16 Inlet Valley Configuration

The Denver Drainage Master Plan was referenced for proposed improvements at each location. No drainage
improvements have been recommended for most of the project locations. The proposed segments on Bryant
Street and Ellsworth Avenue, which do show master plan improvements. However, for the current project
scope, no stormwater master plan improvement elements are recommended for implementation at this time.

The proposed project is not anticipated to impact existing flow patterns. Flows from the existing sidewalk
segments are expected to follow current flow patterns and drain to existing curb and gutter and eventually
inlets along the mainline streets.

2. Project Assumptions

e Denver's MS4 allows for exclusion of new impervious areas from water quality requirements based on
limited expansion of the roadway. The project will meet City MS4 permit requirements via exclusion due
to sidewalks improvement project. Project improvements have been evaluated and designed to meet
these guidelines.

e Need for post-construction SCM’s is not anticipated at this time but will be evaluated moving forward.

e Permanent water quality BMPs will not be required due to minimal impervious areas added to the project
segments.

e A new storm drain trunk line or modifications to the existing trunkline will not be required.
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3. Drainage Basin Descriptions
Table 2 shows the CCD Storm Drainage Master Plan basin identification numbers that are associated with
the project segments. Project segment areas are located outside of the FEMA designated flood zone;
therefore, a detailed floodplain study and permitting will not be required.

TABLE 2: CCD STORM DRAINAGE MASTER PLAN BASINS

Mainline Street From To Side of Major
Street Drainage
Basin
S Lowell Blvd City Limits W Pimlico Ave East 0067-01-200
S Lowell Blvd W Pimlico Ave W Union Ave East 0067-01-200
S Lowell Blvd W Union Ave W Wagontrail Dr | East & 0067-01-200
West
S Lowell Blvd W Wagontrail W Tanforan Dr East 0067-02-080
Dr
S Lowell Blvd W Tanforan Dr | W Layton Ave East 0067-02-080
S Lowell Blvd W Layton Ave W Saratoga Ave | East & 0067-02-080
West
S Lowell Blvd W Saratoga W Chenango East & 0067-02-080
Ave Ave West
S Wadsworth W Vassar Ave W Yale Ave East 5500-02-020
Blvd
W Bayaud Ave Grove St Federal Blvd South 4900-01-040
W Cedar Ave Grove St Federal Blvd North 4900-01-040
W Cedar Ave Hazel Court Alley West of South 4900-01-040
Federal Blvd
N Bryant St W 2" Ave W 4% Ave East 0064-01- 031
0064-01- 032
W 2Md Ave N Bryant St Yuma St South 0064-01-031
0064-02-150
W Ellsworth Ave | Galapago St Fox St South 0063-01-016
W 1%t Ave Lipan St Kalamath St North 0063-01-022
40™ Ave Jackson St Monroe St South 4500-01-580
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The North Bryant Street, 40" Avenue, and West 1%t Avenue segments did not increase imperviousness as
sidewalk implementation replaced existing impervious surfaces. Therefore, no analysis was performed for
these segments.

Within each project segment, small drainage basins were delineated for analysis. Associated drainage basin
documents and hydrologic calculations are provided in the attachments. The following is a summary of the
individual project segment drainage basins:

Segment 1 - PCB-01:

Sub-Basin PCB-01 represents the basin from W. Pimlico Ave to the City Boundary of Denver on the
east side of the road. The size of this basin is 0.196 acres with an existing imperviousness of 57.0%.
Proposed imperviousness is expected to increase and was found to be 67.5% with the new sidewalk.
The sub-basin covers from the crown of the road on S Lowell Blvd to the edge of property where
the sidewalks will be installed.

Segment 2 - UP-01:

Sub-Basin UP-01 represents the basin from W. Union Ave to W. Pimlico Ave in the CCD on the east
side of the road. The size of this basin is 0.298 acres with an existing imperviousness of 53.2% and
increased to 62.0% from sidewalk implementation. The sub-basin extends from the crown of the
road on S. Lowell Blvd to the edge of property where the sidewalks will be installed.

Segment 3 — WU-01:

Sub-Basin WU-01 represents the basin from W. Wagontrail Dr. to W. Union Ave in City and County
of Denver on the west side of the road. The size of this basin is 0.158 acres with an existing
imperviousness of 51.0% and increased to 56.0% from sidewalk implementation. The sub-basin
extends from the crown of the road on S. Lowell Blvd to the edge of the property where the
sidewalks will be installed.

Segment 3 - WU-02:

Sub-Basin WU-02 represents the basin from W. Wagontrail Dr. to W. Union Ave in the CCD on the
east side of the road. The size of the basin is 0.30 acres with an existing imperviousness of 53.8%
and increased to 61.0% imperviousness from sidewalk implementation. The sub-basin covers from
the crown of the road on S Lowell Blvd to the edge of the property where the sidewalks will be
installed.

Segment 4 - TW-01:

Sub-Basin TW-01 represents the basin from W. Tanforan Dr to W Wagontrail Dr. in the CCD on the
east side of the road. The size of the basin is 0.28 acres with an existing imperiousness of 58.3%
and increased to 73.0% imperviousness from sidewalk implementation. The sub-basin extends from
the crown of the road on S. Lowell Blvd to the edge of the property where the sidewalks will be
installed.

Segment 5 - LT-01:
Sub-Basin LT-01 represents the basin from W. Layton Ave to W. Tanforan Dr. in the CCD on the
east side of the road. The size of the basin is 0.31 acres with an existing imperiousness of 56.0%
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and increased to 67.0% from sidewalk implementation. The sub-basin extends from the crown of
the road on S. Lowell Blvd to the edge of the property where the sidewalks will be installed.

e Segment 6 - SL-01:
Sub-Basin SL-01 represents the basin from W. Saratoga Ave to W. Layton Ave in the CCD on both
the east and west side of the road. The size of the basin is 0.46 acres with an existing imperiousness
of 57.5% and increased to 67.1% from sidewalk implementation. The sub-basin extends from the
crown of the road on S. Lowell Blvd to the edge of the property where the sidewalks will be installed
on both the east and west sides of the property.

e Segment 7 - SC-01:
Sub-Basin SC-01 represents the basin from W Chenango Ave to W Saratoga Ave in City and County
of Denver on the west side of the road. The size of the basin is 0.28 acres with an existing
imperiousness of 59.3% and the proposed imperviousness is presented at 72.0%. The sub-basin
covers from the crown of the road on S. Lowell Blvd to the edge of the property where the sidewalks
will be installed.

Drainage terminates on the NW corner of W. Chenango Avenue and S. Lowell Blvd. where two
Denver No. 16 inlets are positioned. Analysis using the Mile High Flood District (MHFD) Inlet
spreadsheet shows the inlets in series capture 100% of the minor flow rate and 90% of the major
flood from the sidewalk implementation (See Appendix C).

e Segment 7 - SC-02:
Sub-Basin SC-02 represents the basin from W Chenango Ave to W Saratoga Ave in City and County
of Denver on the east side of the road. The size of the basin is 0.32 acres with an existing
imperiousness of 53.5% and the proposed imperviousness is presented at 59.9%. The sub-basin
covers from the crown of the road on S. Lowell Blvd to the edge of the property where the sidewalks
will be installed.

e Segment 8 - VY-01:
Sub-Basin VY-01 represents the basin on S Wadsworth Blvd from W Vassar Ave to W Yale Ave in
City and County of Denver on the east side of the road. The size of the basin is 1.02 acres with an
existing imperiousness of 60.7% and the proposed imperviousness is presented at 73.6%. The sub-
basin covers from the crown of the road on S. Wadsworth Blvd to the edge of the property where
the sidewalks will be installed.

¢ Segment9 - GF-01:
Sub-Basin GF-01 represents the basin on W. Ellsworth Ave from Galapago St. to S Fox St. in City
and County of Denver on the south side of the road. The size of the basin is 0.28 acres with an
existing imperiousness of 42.9% and the proposed imperviousness is presented at 55.4%. The sub-
basin covers from the crown of the road on W. Ellsworth Ave to the edge of the property where the
sidewalks will be installed.
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Drainage ends on the SW corner of Galapago Street and W. Ellsworth Avenue. where one Denver
No. 16 Combination inlet is positioned. Analysis using the MHFD Inlet spreadsheet shows the inlets
in series capture 100% of the minor flow rate and 77% of the major flood from the sidewalk
implementation (See Appendix C).

¢ Segment 10 - GF-02:
Sub-Basin GF-02 represents the basin on W Cedar Ave from S Federal Blvd to S Grove St in City and
County of Denver on the north side of the road and then from the alley way to Grove St on the
south side of the road. The size of the basin is 0.42 acres with an existing imperiousness of 56.5%
and the proposed imperviousness is presented at 64.9%. The sub-basin covers from the crown of
the road on W Cedar Ave to the edge of the property where the sidewalks will be installed.

¢ Segment 11 - GH-01:
Sub-Basin GH-01 represents the basin on W Cedar Ave from S Hazel Ct to S Grove St in City and
County of Denver on the south side of the road. The size of the basin is 0.32 acres with an existing
imperiousness of 43.3% and the proposed imperviousness is presented at 46.0%. The sub-basin
covers from the crown of the road on W Cedar Ave to the edge of the property where the sidewalks
will be installed.

e Segment 12 - GF-03:
Sub-Basin GF-03 represents the basin on W Bayaud Ave from the alley way west of S Federal Blvd
to S Grove St in City and County of Denver on the south side of the road. The size of the basin is
0.18 acres with an existing imperiousness of 46.0% and the proposed imperviousness is presented
at 55.8%. The sub-basin covers from the crown of the road on W Bayaud Ave to the edge of the
property where the sidewalks will be installed.

Drainage stops on the SW corner of W. Bayaud Avenue & S. Grove Street where two Denver No.
16 Combination inlets are positioned. Analysis using the MHFD Inlet spreadsheet shows the inlets
in series capture 100% of the minor flow rate and 86% of the major flood from the sidewalk
implementation (See Appendix C).

Offsite drainage areas tributary to the project segments were not delineated or analyzed for the purposes
of this memorandum. This memorandum is intended to evaluate potential impacts to the local drainage
system resulting from the proposed improvements. Existing flooding conditions or undersized drainage
facilities associated with offsite drainage basins, surrounding development, or upstream flow routing are
outside the scope of this project.

Hydrology

The local drainage basins within the project segments were analyzed using the Rational Method. The
Rational Method is defined as follows:
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e Q=CA
where:

The MHFD UD-Rational Spreadsheet Version 2.0 was used to calculate peak runoff. Basin runoff coefficients
were determined based on NRCS soil groups and basin imperviousness. The one-hour rainfall depth used in
the analysis is reflective of Denver regional precipitation values and is incorporated in the MHFD UD Rational
Spreadsheet. Minor storm conditions were evaluated for the 5-year event, and major storm conditions were
evaluated for the 100-year event. Table 3 provides a summary of the analysis for both existing conditions

Q = Peak Runoff (cfs)
C = runoff coefficient (non-dimensional, ratio of runoff volume to rainfall volume)

i = rainfall intensity, in inches per hour (in/hr.), (duration equal to time of concentration)

A = area in acres (ac)

and proposed conditions.

TABLE 3: SUB-BASIN HYDROLOGIC SUMMARY

Basin | Segment | Basin | EX Imp. PR Imp. Qs_Ex Qs_rr Qio0_ex | Qioo_rr
Name (ac) (%) (%) (cfs) (cfs) (cfs) (cfs)
PCB-01 1 0.20 57.0 67.5 0.35 0.40 1.05 1.11
UP-01 2 0.30 53.2 62.0 0.47 0.56 1.50 1.61
WU-01 3 0.16 51.0 56.0 0.21 0.23 0.68 0.70
WU-02 3 0.30 53.8 61.0 0.47 0.54 1.49 1.58
TW-01 4 0.28 58.3 73.0 0.46 0.60 1.37 1.57
LT-01 5 0.31 56.0 67.0 0.53 0.64 1.63 1.76
SL-01 6 0.46 57.5 67.1 0.77 0.91 2.32 2.52
SC-01 7 0.28 59.3 72.0 0.50 0.61 1.48 1.63
SC-02 7 0.32 53.5 59.9 0.49 0.45 1.54 1.33
VY-01 8 1.02 60.7 73.6 1.75 2.18 5.15 5.74
GF-01 9 0.28 42.9 55.4 0.34 0.44 1.22 1.37
GF-02 10 0.42 56.5 64.9 0.73 0.84 2.25 2.36
GH-01 11 0.32 43.3 46.0 0.24 0.26 0.87 0.90
GF-03 11 0.18 46.0 55.8 0.26 0.31 0.90 0.96
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Analysis shows differences between minor and major storm events for existing and proposed conditions
reflects negligeable increases in flow rates for proposed conditions.

Hydraulics

A limited hydraulic analysis was accomplished as part of the project. Proposed improvements do not alter
existing drainage flow paths or discharge locations. Existing and post construction hydraulic conditions are
equivalent, and no changes to hydraulic performance are anticipated.

Roadway spread and flow depth analysis was conducted within each basin to verify increased flow rates
from sidewalk implementation does not exceed spread and depth constraints associated with proposed
construction of the curb and gutter. Spread analysis utilized Bentley Systems FlowMaster to calculate spread
width and depth. Analysis used the parameters associated with a Curb and Gutter Type 2 (IB) as shown in
Figure 7.

Figure 7: Curb & Gutter Type 2 (IIB) Dimensions

Per the Denver Storm Drainage Design & Technical Criteria Manual (April 2024), the following spread
information was used to govern the analysis:

e No Curb overtopping during the minor storm and a minimum of one 10-foot travel lane
remaining free of flow during the minor storm event.

e  For the major storm event, flow depth is not to exceed the roadway crown or a maximum depth
of 1-foot at the gutter flowline.

e Additionally, roadway classification and corresponding spread and depth constraint information
from the Denver Storm Drainage Design & Technical Criteria Manual was utilized, as shown in
Table 4.
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Table 4: SPREAD CRITERIA FOR PROPOSED SEGMENTS BY STREET CLASSIFICATION

Mainline Street Classification, Allowable Qs Allowable Q100
Width (Spread/Depth) (Spread/Depth)
S Lowell Blvd Collector, 44ft 17 ft, 0.47 ft 22 ft, 0.57 ft
S Wadsworth Blvd Arterial, 25 ft 15 ft, 0.43 ft 25 ft, 0.63 ft
W Bayaud Avenue Collector, 36 ft 13 ft, 0.39 ft 18 ft, 0.49 ft
W Cedar Avenue Collector, 36 ft 13 ft, 0.39 ft 18 ft, 0.49 ft
N Bryant Street Collector, 36 ft 13 ft, 0.39 ft 18 ft, 0.49 ft
W 2" Avenue Collector, 44ft 17 ft, 0.47 ft 22 ft, 0.57 ft
W Ellsworth Avenue Local, 32 ft 16 ft, 0.45 ft 16 ft, 0.45 ft
W 1%t Avenue Collector, 36 ft 13 ft, 0.39 ft 18 ft, 0.49 ft
1550 N Sheridan Blvd Arterial, 25 ft 15 ft, 0.43 ft 25 ft, 0.63 ft
40™ Avenue Collector, 44ft 17 ft, 0.47 ft 22 ft, 0.57 ft
r (= | I 1 A <4 @ Cross Section : 5C-01 Minor EI@
Calculations Messages @Printpre\riew @Options
Solve For:  Spread ] Friction Method: | Manning Formula — 18in
Channel Slope: 0.009 ftift Flow Area: 0.3 fi2 e
Discharge: 0.61 cfs Depth: 1.8 in
Gutter Width: 2.0 ft Gutter Depression: 0.5 in
Gutter Cross Slope: 0.042 ftfft Velocity: 1.84 fi's
Road Cross Slope: 0.020 fift
Spread: 5.4 ft
Roughness Coefficient  0.015
Vi1 B
o Calculation Successful. H:1

Figure 8: Example FlowMaster Calculations and Cross Section for Sub-catchment: SC-01 Minor

Figure 8 shows calculations for the Qs and Q10 sSpread, and gutter depth that were calculated using Bentley’s
2025 FlowMaster. Minor and Major spread and depths are based on the gutter slope and discharge in each
basin. Results from the spread analysis are summarized in Table 5:
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TABLE 5: SUB-BASIN PROPOSED C&G HYDRAULIC SUMMARY

Sub- Mainline Project | Basin Qs Qs Q100 Q100
Catchment Street Segment | Area | Spread Depth Spread Depth
Name (ft) (f) (V) (fv)
PCB-01 S Lowell Blvd 1 0.196 3.8 0.12 6.2 0.17
UP-01 S Lowell Blvd 2 0.298 4.5 0.13 7.3 0.19
WuU-01 S Lowell Blvd 3 0.158 5.7 0.16 9.1 0.023
WU-02 S Lowell Blvd 3 0.30 4.6 0.13 7.5 0.19
TW-01 S Lowell Blvd 4 0.28 4.2 0.13 6.6 0.18
LT-01 S Lowell Blvd 5 0.31 3.8 0.12 6.2 0.17
SL-01 S Lowell Blvd 6 0.46 5.8 0.16 9.0 0.23
SC-01 S Lowell Blvd 7 0.28 5.4 0.15 8.2 0.21
SC-02 S Lowell Blvd 7 0.32 5.2 0.15 8.4 0.21
VY-01 S Wadsworth 8 1.02 6.2 0.17 9.3 0.23
Blvd
GF-01 W Cedar Ave 9 0.28 4.3 0.13 7.2 0.19
GF-02 W Cedar Ave 10 0.42 5.9 0.16 9.2 0.23
GH-01 W Bayaud Ave 11 0.32 3.7 0.12 6.7 0.18
GF-03 W Bayaud Ave 11 0.18 3.9 0.13 6.7 0.18

5.1. 2nd Avenue Inlet Retro Fit Analysis

As mentioned earlier in the memo, Segment 13 on West 2" Avenue between North Bryant Street and North
Yuma Street, will retrofit from Number 16 Inlet valley grates to Number 16 (combination) inlets. The Number
16 inlet valley grate functions solely as a grated inlet, capturing runoff through a grate located at the gutter
valley and is most effective where water is concentrated in the gutter flow line, hence the retrofit. In contrast,
the Number 16 combination inlet incorporates both a grated opening and a curb-opening, allowing it to
collect runoff through the grate as well as through the curb face. This dual-entry design provides greater
hydraulic capacity and improved debris management, particularly during larger storm events or when grate
openings become partially obstructed.

A simple analysis was performed utilizing the MHFD-Inlet, Version 5.03 spreadsheet on the three existing
inlet locations on Segment 3. Table 6 summarizes the comparison between the Denver Number 16 valley
grate and the combination inlet.
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TABLE 6: SEGMENT 13 INLET COMPARISON SUMMARY

No. 16 Valley No. 16 Combination
QS QS BYPASS QS QS BYPASS
Inlet 1 1.3 0.5 1.3 0.3
Inlet 2 0.7 0.1 0.6 0.0
Inlet 3 0.4 0.0 0.2 0.0

Results from the analysis show that retrofitting the Denver No. 16 Valley Grate to a Denver No. 16
Combination does not adversely impact the existing hydraulics along this segment of the project. Actual
hydraulic performance of the No. 16 Combination Inlet slightly improves the inlet capture rate.

6. Conclusion

The construction of new sidewalks as part of the Sidewalk Gaps Program will not create adverse impacts
associated with additional impervious surface area. Sidewalk implementations contribute only a minor
increase in impervious coverage compared to the overall watershed drainage area. In addition, sidewalks
are designed in accordance with applicable stormwater management requirements, ensuring that runoff is
properly conveyed and managed within existing or improved drainage systems. Analysis shows that the
resulting increase in stormwater runoff is negligible and does not significantly affect drainage patterns, water
quality, or flood potential.

Attachments/Enclosures:

Attachment A — Segment Drainage Basins
Attachment B — Rational Method Calculation Summary

Attachment C - Inlet Calculations

File Path: P:\C\CCDN00001051\0600INFO\0670Reports\Drainage\DRAINAGE REPORT
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PCB-01 0.196 67.50% 0.42 117
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BASIN ID DESIGN POINT TRIB%ZQEIYE)AREA COMPOSITE IMPERVIOUSNESS 5YEAR (MT:::)RUNOFF"EQ?YF:;R (MAJOR)
WU-01 0.158 56.00% 0.24 0.74
WU-02 0.300 61.00% 0.57 1.66
UP-01 0.298 62.00% 0.58 1.68
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BASIN ID DESIGN POINT TRIBUTARY AREA | . OMPOSITE IMPERVIOUSNESS PEAK RUNOFF, Q (CFS)
(ACRE) 5-YEAR (MINOR) 100-YEAR (MAJOR)
LT-01 0.31 67.00% 0.67 1.84
TW-01 0.28 73.00% 0.63 1.65
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BASIN ID DESIGN POINT TRIBUTARY AREA | COMPOSITE IMPERVIOUSNESS ‘
(ACRE) 5-YEAR (MINOR) 100-YEAR (MAJOR)
SC-01 1 0.28 72.00% 0.64 1.71
SC-02 2 0.32 59.90% 0.57 1.70
SL-01 3 0.46 67.10% 0.95 2.62
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VY-01 1 1.02 73.6% 2.29 6.00
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GF-01 1 0.28 55.4% 0.46 1.43
Sheet Revisions ., DEPARTMENT OF TRANSPORTATION &  As Constructed GROUP 2 AND SHORT SEGMENTS Project Number
A INFRASTRUCTURE W ELLSWORTH AVE
(- ' GALLEGO STTO S FOX ST
B =
= = AND ING
' n 160%5;3.:??0%;%2800 D REEMIE H!HECITRY




LEGEND:

—

DRAINAGE BASIN
FLOW ARROW
FLOW PATH

— —— s§D) — — — SSO

A = BASIN DESIGNATION
B = AREAS IN ACRES
Cs = 5-YR COMPOSITE
RUNOFF COEFFICIENT
Cio0 = 100-YR COMPOSITE
RUNOFF COEFFICIENT

DP = DESIGN POINT
DESIGNATION

D) — — — S§(0) — — — $§(D) — — — SS(O0) — —]

S GROVER ST

SS(D) —— — — S§(D) — — — SS(O

-
Q
o)
(5
2
D
x
L

3
L N
N | r T%
< aall RS ) o &
wVA \\/ 5320y cEDAR AVES/ N
B 53 W CEDAR AVE B - - = - —
| l ewy ®WV _ _ 22 s / Q ( / ﬁ <
322 N N o [m]
| L Sl A . “ / —>
EQQ :._f _/ 1 ﬂ»’( “ =
S5, M} . 3
X
- %
(]
L
L
w

PEAK RUNOFF, Q (CFS
BASIN ID DESIGN POINT TR'BUZAEE AREA | COMPOSITE IMPERVIOUSNESS (CFS)
(ACRE) 5-YEAR (MINOR) 100-YEAR (MAJOR)
GH-01 1 0.32 46.0% 0.27 0.94
GF-02 2 0.42 64.9% 0.84 2.36
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GF-03 1 0.18 55.8% 0.33 1.00
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ATTACHMENT B:

RATIONAL METHOD CALCULATION SUMMARY



Calculation of Peak Runoff using Rational Method

g K Gement I Version 2.00 released May 2017 ‘ — ol ‘ o F—r— R BB ot I e o s o MR e A
[Cells of this color are for required user-nput ] - i tminimum = 10 {non-urban) “-hour rainfall depth, P1 (in)=[_076 | 104 | 128 | 164 | te2 | 221 | 252 ]
‘ = ﬁ“/g’ %,‘ ‘ Regional t, = (26 — 17i) + m ‘ Selected t, = MaX{tpinimum » Min (Computed t, , Regional t.)} Rainfall Intensity Equation Cosfficients = I(in/hr)
T Gverland (inital) Fiow Time Channelized (Travel) Fow Time Time o Rainfall intensity, T (infhr) Peak Flow, Q (cfs)
Subcatchment | Are: ny:z?:gm Imp:;:fﬂ'u’:"es Overland (/S Elevation|DIS Elevation| Overland | Overland ized [Urs Elevation NRes | Shamnetzed | Gannotized Computed | Regional | Selocted
Name @) |G e 290 | Sy | 10yr | 25yr | Soyr | 100yr | S00yr |FlowLength| () (t) | FlowSiope | FlowTime |FlowLength [ (1) (t) | FlowSiope | Conveyanco | yqiony, | FlowTime | Corbuisd | Remensl | Seeted | oy | syr | doyr | 2syr | Soyr [ 100yr | so0yr [ zyr | sy | toyr | 25yr | soyr | 100yr | so0yr
L) | (Optional) | (Optiona) | S,(f) | t(min) L) | (Optiona) | (Optional) | S,(fuR) | Fi vt |t tmim)

PCBOTEX | 0186 c 570 044|080 | 055 084 | 067 072 L 077 [ 5549 | ssor0 | 539070 | 0058 368 15041 | 539070 | 539740 0015 2 247 101 489 17.50 7
PCB-01PR | 0195 c 675 054 080 | 083 070 | 073 076 | 080 [ 4549 | sso10 | 539070 | 0058 315 15041 | 539070 | 539740 0015 2 247 101 417 1562
UPOTEX | 0208 c 532 041 047 | 052 062 | 086 070 | 076 [ 4549 530040 | 530780 | 0046 407 26955 | 59780 | 530370 0015 2 247 182 590 10.17
UPOTPR | 030 c 620 040 054 | 089 067 L 070 074 | 078 [ 4549 530040 | 530780 | 0046 381 26955 | 539780 | 530370 0015 2 247 182 243 17.52
WU01EX | 0158 c 510 099 | D45 01 | 080 064 L 069 075 3323 539320 | 539240 0024 206 13514 | 530240 | 539230 0001 20 054 414 220 2246
WU-01PR | 058 c 560 Y00 Y N T Y- YT T R P 530320 | 530240 | 0024 474 13514 | s3240 | 539230 0001 2 054 414 288 2140
WU02EX | 030 c 538 042 | 047 | 05 | 062 | 086 | 070 | 076 [ 454, 59520 | 59370 | 0042 418 27186 | 59370 | 539020 0013 2 227 200 618 1027
WU-02PR | 030 c 610 V0 T T Y Y 0 R e 530520 | 53870 | 0042 379 27186 | 51370 | 530020 0013 2 227 200 519 1791 z
TWOIEX | 028 c 583 046 | 051 | 056 | 065 | 068 | 072 | 077 f 4545 59200 | 59150 | 0014 573 20287 | 59150 | 538600 0024 2 a0 126 699 17.56 °
TWOIPR | 028 c 730 N Y- YT M R 3 0 YT Py 530200 | 539150 | 0014 45T 2287 | Sswm150 | 538600 0024 2 307 126 583 14.90 z
LTotEx | 031 c 56.0 044 | 040 | 054 | 083 | 067 | 071 | 076 f g5 53800 | 538600 | 0048 425 2878 | 538600 | 5376.00 0039 2 39 110 535 17.78 z
LotPR | 031 c 670 053|088 | 062 080 | 072 076 L 080 f 105 | samso0 | 538600 | 0048 362 25878 | 538600 | 537600 0039 2 393 110 472 15.80 z
s | om S s 045 | 050 | 055 | 064 [ 068 [ 072 | 077 | .o a0 | 600 | oo T4t o | sre00 | sera0r ot » oo o 31 e 631 740 | 330 | 406 | 521 | 610 | 702 | 600 | 04e | 077 | Tod | ted | te0 | zaz | 2@
o rr | osm S o 053 | 058 | 065 | 060 | 072 [ 076 | om0 | .o a0 | sae00 | oo 383 IR E R—— o . o o 573 oo 575 247 | 540 | ats | 53 | 627 | 722 | 625 | 060 | 0ot | 120 | 171 | 200 | 252 | 303
soorex | o S o 046 | 052 | 057 | 065 | 060 | 075 | 017 | 55 a0 | 200 | oo 368 ror | sa00 | 7000 S0 » o o 562 s 562 748 | 342 | 420 | 530 | 641 | 726 | 628 | 032 | 050 | 067 | 088 | 121 | 148 | 180
PO R S 20 055 | 062 | 066 | 072 | 075 | 078 | 081 | oo | saeoo | saraco | oose 303 rer | o200 | 537000 o0 . o o 307 oo 500 25 | 555 | 434 | 556 | 651 | 750 | 655 | 041 | 061 | os0 | 1tz | tar | tes | T
o | o S . 041 | o7 | 05 | 062 [ o6 [ o0 | 076 | Lo e E T4z 2o | 5100 | a0 o0 » . oo 578 e 578 731 | 525 | 598 | 500 | 596 | 68 | 783 | 031 | 040 | 067 | 101 | 125 | 164 | 189
oo | 0% . w0 047 | 052 | 057 [ 06 | 069 | 073 | 058 | oo | sarao0 | o100 | ooor 305 s | 100 | sae00 Soor . = o Ti5 Toos Tii5 | To6 | 260 | 331 | 425 | ae7 | 572 | 655 | 020 | 0as | 061 | oee | 110 | tam | 1e2
o | 1o S oo 045 | 055 | 058 | 066 | 060 [ 075 | 078 | oo w00 | o0 | oo i3 o | oo | 000 o » ey oo 68 oo 68 736 | 325 | 590 | 512 | 590 | 690 | 786 | 114 | 175 | 23 | a4d | 425 | 515 | 6%
o | o 5 . 059 | 063 | 067 | 075 | 076 [ o7 | 082 | oo w00 | se00 | oom 348 s | smioe | smeco o . oo oo 580 oo 585 245 | 537 | ats | 532 | 622 | 716 | 617 | Tas | 218 | 285 | 396 | 480 | 574 | 6es
Sorex | om S o 052 | 03 | 045 | 056 | 060 [ 066 | 072 | oo 00 | w00 | oo 562 wes | w00 | 20900 o s o . 758 oo 758 726 | 311 | 583 | 491 | 575 | 662 | 755 | 020 | 034 | 048 | 077 | 097 | 122 | 18
rorrn | 0% 5 ot 045 | 049 | 06 | 06 | 067 [ 071 | 076 | Lo 00 | 52200 | oo 382 woes | 2200 | 520900 o . o o 578 oo 678 235 | 525 | 398 | 500 | 596 | 667 | 785 | 028 | 044 | 060 | 080 | 111 | tar | Ter
o | om S o 041 | 050 | 055 | 064 [ 067 [ 072 | 017 | .2 om0 | 2270 | oo 717 wos | 52700 | 2000 Sont P 2o o T3 1o 500 756 | 353 | 434 | 556 | 661 | 750 | 655 | 047 | 073 | 100 | 148 | 184 | 255 | 275
o | om 5 oo 051 | 0s6 | 061 | 06 [ 071 [ o7 | o | . w2s00 | smre0 | oom 5 s | 52700 | 2400 Sont . o oo Y7 e 500 25 | 555 | 434 | 556 | 651 | 750 | 655 | 085 | 0es | 111 | tse | Tws | 236 | zes
oo | om S s 0355 | 039 | 045 | 056 | 061 [ 066 | 072 | .o 00 | w50 o0 %23 S R T . » T pye 3050 o 7218 | 141 | 194 | 23 | 505 | 357 | 411 | 469 | 015 | 024 | 034 | 055 | 0% | 087 | 109
orrn | om S o0 035 | 041 | 047 | 08 [ 0w [ 067 | 013 | . [ — 5o 2736 P E R— o0 . " Py 3003 o 2164 | T4z | 196 | 241 | 500 | 362 | 417 | 475 | 06 | 026 | 036 | 067 | 07z | 080 | 11t
o | om S o 035 [ 041 | 047 | 056 | 062 [ 067 | 053 | o1 o0 | w00 | oo 708 ros | smmo0 | w2000 o0 » e T 524 oy 524 755 | 348 | 420 | 540 | 643 | 740 | Bad | 016 | 026 | 03 | 067 | 072 | 080 | 141
oroarn | o1 5 s 043 | 045 | 051 | 06 | 067 | 071 | 076 | o | sser00 | o000 | 00a8 362 oios | sz00 | o29500 o0 . P e a77 P 500 25 | 555 | 434 | 556 | 651 | 750 | 655 | 020 | 031 | 042 | 063 | 078 | 0s6 | 118




ATTACHMENT C:

INLET CALCULATIONS



MHFD-Inlet, Version 5.03 (August 2023)

INLET MANAGEMENT
WEST 2nd AVENUE BETWEEN NORTH BRYANT STREET & NORTH YUMA STREET - EX INLETS

INLET NAME Inlet 1 Inlet 2 Inlet 3

Site Type (Urban or Rural) URBAN URBAN URBAN

Inlet Application (Street or Area) STREET STREET STREET
Hydraulic Condition On Grade On Grade On Grade

Inlet Type Denver No. 16 Valley Grate Denver No. 16 Valley Grate Denver No. 16 Valley Grate

USER-DEFINED INPUT

User-Defined Design Flows

Minor Qynown (CfS)

Major QKnuwn (CfS)

Bypass (Carry-Over) Flow from Upstream Inlets must be organized from upstream (left) to downstream (right) in order for bypass flows to be linked.

Receive Bypass Flow from: No Bypass Flow Received Inlet 1 Inlet 2
Minor Bypass Flow Received, Qy (cfs) 0.0 0.5 0.1
Major Bypass Flow Received, Q, (cfs) 0.0 1.6 1.0
Watershed Characteristics
Subcatchment Area (acres) 0.51 0.086 0.075
Percent Impervious 95 95 95
NRCS Soil Type C C C
Watershed Profile
Overland Slope (ft/ft) 0.019 0.019 0.019
Overland Length (ft) 36 36 36
Channel Slope (ft/ft) 0.004 0.004 0.004
Channel Length (ft) 468 87.4 75.2
Minor Storm Rainfall Input
Design Storm Return Period, T, (years) 5 5 5
One-Hour Precipitation, P; (inches) 1.09 1.09 1.09
Major Storm Rainfall Input
Design Storm Return Period, T, (years) 100 100 100
One-Hour Precipitation, P; (inches) 2.31 2.31 2.31
CALCULATED OUTPUT
Minor Total Design Peak Flow, Q (cfs) 1.3 0.7 0.4
Major Total Design Peak Flow, Q (cfs) 3.0 2.1 1.5
Minor Flow Bypassed Downstream, Q, (cfs) 0.5 0.1 0.0
Major Flow Bypassed Downstream, Q, (cfs) 1.6 1.0 0.6




MHFD-Inlet, Version 5.03 (August 2023)

INLET MANAGEMENT
WEST 2nd AVENUE BETWEEN NORTH BRYANT STREET & NORTH YUMA STREET - PR INLETS

INLET NAME Inlet 1 Inlet 2 Inlet 3

Site Type (Urban or Rural) URBAN URBAN URBAN

Inlet Application (Street or Area) STREET STREET STREET
Hydraulic Condition On Grade On Grade On Grade

Inlet Type Denver No. 16 Combination Denver No. 16 Combination Denver No. 16 Combination

USER-DEFINED INPUT

User-Defined Design Flows

Minor Qynown (CfS)

Major QKnuwn (CfS)

Bypass (Carry-Over) Flow from Upstream Inlets must be organized from upstream (left) to downstream (right) in order for bypass flows to be linked.

Receive Bypass Flow from: No Bypass Flow Received Inlet 1 Inlet 2
Minor Bypass Flow Received, Qy (cfs) 0.0 0.3 0.0
Major Bypass Flow Received, Q, (cfs) 0.0 1.3 0.6
Watershed Characteristics
Subcatchment Area (acres) 0.51 0.086 0.075
Percent Impervious 95 95 95
NRCS Soil Type C C C
Watershed Profile
Overland Slope (ft/ft) 0.019 0.019 0.019
Overland Length (ft) 36 36 36
Channel Slope (ft/ft) 0.004 0.004 0.004
Channel Length (ft) 468 87.4 75.2
Minor Storm Rainfall Input
Design Storm Return Period, T, (years) 5 5 5
One-Hour Precipitation, P; (inches) 1.09 1.09 1.09
Major Storm Rainfall Input
Design Storm Return Period, T, (years) 100 100 100
One-Hour Precipitation, P; (inches) 2.31 2.31 2.31
CALCULATED OUTPUT
Minor Total Design Peak Flow, Q (cfs) 1.3 0.6 0.2
Major Total Design Peak Flow, Q (cfs) 3.0 1.9 1.1
Minor Flow Bypassed Downstream, Q, (cfs) 0.3 0.0 0.0
Major Flow Bypassed Downstream, Q, (cfs) 1.3 0.6 0.2




MHFD-Inlet, Version 5.03 (August 2023,

ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm

(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)
Project: Denver Sidewalks Group 2, 3 and 7 Short Segments Package
Inlet ID: SC-01

|—Toack Tcrown |

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb Teack = 0.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) Seack = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) Npack = 0.015
Height of Curb at Gutter Flow Line Heurs = 6.00 inches
Distance from Curb Face to Street Crown Terown = 25.5 ft
Gutter Width = 2.00 ft
Street Transverse Slope Sx = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) Sw = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition So = 0.009 ft/ft
Manning's Roughness for Street Section (typically between 0.012 and 0.020) NsTReET = 0.015
Minor Storm Major Storm
Max. Allowable Spread for Minor & Major Storm Tyax =[ 17.0 | 22.0 ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm duax =| 5.6 [ 6.8 |inches
Allow Flow Depth at Street Crown (check box for yes, leave blank for no) I r
MINOR STORM Allowable Capacity is based on Spread Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qaiow = 11.0 [ 21.0 |cfs
Minor storm max. allowable capacity GOOD - greater than the design peak flow of 0.64 cfs on sheet 'Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design peak flow of 1.71 cfs on sheet 'Inlet Management'

[ Nanvar Nn 1R Comhinatinn =1
Desian Information (Input MINOR MAJOR
Type of Inlet Type =| _ Denver No. 16 Combination
Local Depression (additional to continuous gutter depression 'a') AlocaL = 2.0 inches
'Total Number of Units in the Inlet (Grate or Curb Opening) No = 2
Length of a Single Unit Inlet (Grate or Curb Opening) L, = 3.00 ft
\Width of a Unit Grate (cannot be greater than W, Gutter Width) W, = 1.73 ft
IClogging Factor for a Single Unit Grate (typical min. value = 0.5) G (G) = 0.50 0.50
Clogaing Factor for a Single Unit Curb Opening (typical min. value = 0.1) C(C) = 0.10 0.10
[Street Hydraulics: OK - Q < Allowable Street Capacity’ MINOR MAJOR
Total Inlet Interception Capacity Q= 0.6 1.5 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Q= 0.0 0.2 cfs
Capture Percentage = Q,/Q, C% = 100 90 %




MHFD-Inlet, Version 5.03 (August 2023,

ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm

(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)
Project: Denver Sidewalks Group 2, 3 and 7 Short Segments Package
Inlet ID: GF-01

! Taack Terown |

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb Teack = 0.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) Seack = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) Npack = 0.015
Height of Curb at Gutter Flow Line Heurs = 6.00 inches
Distance from Curb Face to Street Crown Terown = 16.0 ft
Gutter Width = 2.00 ft
Street Transverse Slope Sx = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) Sw = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition So = 0.012 ft/ft
Manning's Roughness for Street Section (typically between 0.012 and 0.020) NsTReET = 0.015
Minor Storm Major Storm
Max. Allowable Spread for Minor & Major Storm Tuax = 16.0 [ 16.0 |ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm duax =| 5.4 [ 5.4 Jinches
Allow Flow Depth at Street Crown (check box for yes, leave blank for no) I r
MINOR STORM Allowable Capacity is based on Spread Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qaiow = 10.9 | 10.9 |cfs

Minor storm max. allowable capacity GOOD - greater than the design peak flow of 0.46 cfs on sheet 'Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design peak flow of 1.43 cfs on sheet 'Inlet Management'

| Denver No. 16 Combination hd
Design Information (Input) MINOR MAJOR
Type of Inlet Type =[__ Denver No. 16 Combination
Local Depression (additional to continuous gutter depression 'a') AocaL = 2.0 inches
[Total Number of Units in the Inlet (Grate or Curb Opening) No = 1
Length of a Single Unit Inlet (Grate or Curb Opening) = 3.00 ft
\Width of a Unit Grate (cannot be greater than W, Gutter Width) W, = 1.73 ft
Clogging Factor for a Single Unit Grate (typical min. value = 0.5) G (G) = 0.50 0.50
Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) G () = 0.10 0.10
[Street Hydraulics: OK - Q < Allowable Street Capacity’ MINOR MAJOR
Total Inlet Interception Capacity = 0.5 1.1 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) p = 0.0 0.3 cfs
|Capture Percentage = Q./Qq C% = 100 77 %




MHFD-Inlet, Version 5.03 (August 2023,

ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm

(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)
Project: Denver Sidewalks Group 2, 3 and 7 Short Segments Package
Inlet ID: GF-03

! Taack Terown |

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb Teack = 0.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) Seack = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) Npack = 0.015
Height of Curb at Gutter Flow Line Heurs = 6.00 inches
Distance from Curb Face to Street Crown Terown = 18.0 ft
Gutter Width = 2.00 ft
Street Transverse Slope Sx = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) Sw = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition So = 0.008 ft/ft
Manning's Roughness for Street Section (typically between 0.012 and 0.020) NsTReET = 0.015
Minor Storm Major Storm
Max. Allowable Spread for Minor & Major Storm Tuax = 13.0 | 18.0 |ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm duax =| 4.7 [ 5.9 Jinches
Allow Flow Depth at Street Crown (check box for yes, leave blank for no) I r
MINOR STORM Allowable Capacity is based on Spread Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qaiow = 5.4 | 11.9 |cfs
Minor storm max. allowable capacity GOOD - greater than the design peak flow of 0.33 cfs on sheet 'Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design peak flow of 1.00 cfs on sheet 'Inlet Management'

| Denver No. 16 Combination ~|
Design Information (Input MINOR MAJOR
IType of Inlet Type = Denver No. 16 Combination
Local Depression (additional to continuous gutter depression 'a') aocaL = 2.0 Mﬁ Combinati{inches
ITotal Number of Units in the Inlet (Grate or Curb Opening) No = 1
Length of a Single Unit Inlet (Grate or Curb Opening) L= 3.00 ft
\Width of a Unit Grate (cannot be greater than W, Gutter Width) W, = 1.73 ft
Clogging Factor for a Single Unit Grate (typical min. value = 0.5) G (G) = 0.50 0.50
Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) GO = 0.10 0.10
[Street Hydraulics: OK - O < Allowable Street Capacity’ MINOR MAJOR
ITotal Inlet Interception Capacity Q= 0.3 0.9 cfs
ITotal Inlet Carry-Over Flow (flow bypassing inlet) Q= 0.0 0.1 cfs
Capture Percentage = Q,/Q, C% = 100 86 %




