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Downtown Intermodal Center (DIMC) Pedestrian Safety and Bus Access Improvements
Drainage Memorandum

INTRODUCTION

This memorandum is provided to recommend the extent of the drainage design for the Design Concept Report
(DCR) for the Downtown Intermodal Center Pedestrian Safety and Bus Access Improvement (DIMC) project.
The DIMC DCR project consists of evaluating options to realign Pennington Street between Sixth Avenue and
Toole Avenue, project location has been identified in Figure 1. Two alternatives are being considered; a
roundabout and a “T” intersection. In addition to the DCR portion of the project, PB was contracted by City of
Tucson to design 6th Avenue from 7th Street to Broadway Boulevard converting the existing one-way traffic
to a permanent two-way traffic operation.

Improvements to the roadway itself are only being considered south and east from the 6th Avenue/ Toole
Avenue/ Alameda Street intersection. Within this scope, the extent of the existing drainage system consists of
three catch basins located at the 6th Avenue/ Toole Avenue/ Alameda Street intersection. PB has evaluated
impacts to these catch basins from the options being considered for the DIMC project; as well as, reviewed the
potential changes to this system as a result of the new roadway configuration.

Figure 1 shows the three existing catch basins (CB1, CB2 and CB3) at the intersection of 6th Avenue and Toole
Avenue. One catch basin is located on the east side of 6th Avenue (CB1). The other two catch basins are
located south, and north of Toole Avenue (CB2 and CB3). A photo log has been created to show the existing
condition of the catch basins and is included in Appendix B-1. As seen on the photo log, the two catch basins,
CB2 and CB 3, on Toole Avenue have been impacted by multiple overlays. These overlays have reduced the
operational efficiency of these two catch basins. The opening heights of these catch basins have been reduced
significantly compared to the original design as shown in the as-built plans located in Appendix B-2.

The preferred alternative was the “T” intersection. Therefore, this memo studies the hydrology and hydraulics
for this option. Based on this cursory investigation, improvements to the roadways are not anticipated to
negatively impact the existing flood condition, nor, will the improvements change the hydrologic conditions of
the catch basins. However, recent overlays have reduced the efficiency of the two catch basins on Toole
Avenue. It is recommended that these catch basins be replaced in-kind to restore historic efficiency of each
catch basin.

The permanent two-way conversion of 6 Avenue with its associated pavement markings, signing, and traffic
signal upgrades has been accelerated by TDOT ahead of the Pennington Street realignment. Therefore, no
analysis was conducted for the two way conversion on 6 Avenue. The Pennington Street and Toole Avenue
intersection was analyzed based on the DCR and is described below.

ANALYSES

DCR HYDROLOGY (Toole and Pennington)

A preliminary hydrologic analysis was conducted in order to identify approximate discharges impacting the
Toole Avenue and Pennington Street Intersection. Upstream of the project, there are several curb inlets that
capture a portion of runoff on the street. Figure 1 provides a general overview of flow paths and watersheds
that drain into the project site. The City of Tucson Hydrology method (Simons, Li & Associates, 1989) (City
Drainage Manual) was used to evaluate the concept hydrology. The 10-Year Event was analyzed to
determine the effect of the runoff on the curb inlets, and the 100-Year Event was analyzed to evaluate the
existing flood conditions within Toole Avenue. The hydrology does not change as a result of the preferred
alternative. Neither intersection option will impact the hydrologic condition of the project site.
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Downtown Intermodal Center (DIMC) Pedestrian Safety and Bus Access Improvements
Drainage Memorandum

DCR HYDRAULIC (Toole and Pennington)

The hydraulic programs, Flowmaster and Visual Urban, were used to analyze several cross sections throughout
the project site and areas upstream of the project site to establish approximate flooding levels to establish a
base flood condition in order to evaluate impacts to the flood level resulting from changes in roadway
configuration. The City Drainage Manual was used to evaluate the amount of runoff that the Toole Avenue
curb inlets, CB2 and CB3 capture. A combination of inlet capacity of the curb inlet and normal depth
calculations were used to evaluate the discharge bypassing the curb inlets. There were no impacts to the
existing flood levels from the “T” intersection option.

The roundabout option warrants further calculations, however, it is anticipated that the roundabout would
create a longer flow path, reducing the longitudinal slope resulting in an increase of the water surface
through the roundabout. This increase would potentially impact nearby buildings in the intersection vicinity. No
analyses were conducted to evaluate the roundabout due to it not being selected as the preferred
alternative.

RESULTS

The 100-Year event analysis shows that the flood level overtops the curbed section by about 2.5 inches. No
impact is expected to the flood level as the “T” alternative will not change the Toole Avenue roadway
configuration.

Under existing conditions, there is a significant amount of bypass from the project site. There are
approximately 24-cfs in the 10- Year Event that bypasses the perimeter of the proposed project, where as in
the 100-Year Event, there are approximately 60-cfs bypassing into the underpass, located north of the 6th
Avenue and Toole Avenue Intersection. The catch basins will continue to operate as they currently do as long
as project improvements do not alter the catch basin openings. The proposed conditions match the same results
as existing conditions.

RECOMMENDATION

The preferred “T” Intersection will not significantly change the existing configuration of either roadway;
therefore, no further analysis is necessary.

Related to the interaction of the project improvements with the existing catch basins, the pavement at the catch
basins will be saw cut to prevent any disturbance. In order to reduce any potential negative impact to the
effectiveness of the catch basins, the pavement should be taper milled to restore opening heights. Since the
inlet efficiencies are not impacted, Design Team discussions have concluded that none of the three (3) existing
catch basins will be reconstructed with this project.
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APPENDIX B-1 - PHOTO LOG
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PHOTO NO. 1 — CATCH BASIN EAST SIDE OF 6™ AVE. SOUTH OF TOOLE AVE
PHOTO NO. 2 — CATCH BASIN EAST SIDE OF 6™ AVE
LOOKING SOUTH

PHOTO NO. 3 — CATCH BASIN EAST SIDE OF 6™ AVE PHOTO NO. 4 — CATCH BASIN SOUTH SIDE OF TOOLE AVE
LOOKING NORTH EAST OF 6™ AVE. LOOKING WEST
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PHOTO NO. 5 — CATCH BASIN SOUTH SIDE OF TOOLE AVE PHOTO NO. 6 — CATCH BASIN SOUTH SIDE OF TOOLE AVE .
LOOKING EAST PAVEMENT OVERLAID CONCRETE APRON/GUTTER
TO EXTENT OF RESTRICTING OPENING HEIGHT

PHOTO NO. 8 — CATCH BASIN NORTH EAST CORNER OF TOOLE
PHOTO NO. 7 — CATCH BASIN NORTH SIDE OF TOOLE AVE AVE AND 6™ AVE (LOOKING WEST)

EAST OF 6™ AVE
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APPENDIX B-2 — AS-BUILTS
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Downtown Intermodal Center (DIMC) Pedestrian Safety and Bus Access Improvements
Drainage Memorandum

APPENDIX B-3 — HYDROLOGY

PARSONS
BRINCKERHOFF



CITY OF TUCSON
HYDROLOGIC DATA SHEET FOR COMPUTING 100-YEAR PEAK DISCHARGE (Qp100)

PB Project No.: 11536C
Project Name: DCIM

CP Desc: A
EXISTING CONDITION, Upstream of CP-1
DA: 1.60 -Acres
Lc: 699.0 -Feet Calc'd: Ruvalcaba Date:
Lca: 367.0 -Feet Chk'd: Date:
Slope Computation -- Land Use --
Chann Basin Area
CPi Dli Dhi Si Description €l Type Factor Factor
699.0 8.0 0.0114 Commercial/Indus DF 0.048 0.90
Lc:  699.0 Sc: 0.0114 Npwico:  0.048 Facw: 0.90
Pl-lOO: 3.00 Inches FACWoVERRlDE 1.00
Soils--
Sub-area B Cg C Cc D Co | C, C
CPi Description  (acres) (%) ) (%) ) (%) ) (%) ) )
Commercial/Industr  1.60 100 0.77 98 0.96 0.96
Cw: 0.96
Calc'd  Used ) 0.23n,,m,m(|_cha)“)+131
TClOO: 6.27 6.27 e (Scpl‘mocwmn)04 .
i _ 4% P
i100: 9.14 B (1 + 0'05T0100 )
Aerial Weight Computation --
Area 2-Yr 5-Yr 10-Yr 25-Yr 50-Yr
Description (Ac) Ratio Ratio Ratio Ratio Ratio Facw
Commercial/lndus  1.60 0.22 0.35 0.50 0.70 0.90 0.90
Q100= 14.0
Qso= 12.6
Q25= 9.8
Q10= 7.0
Qs= 4.9
Q.= 3.1

Weighted Average: 0.22 0.35 0.50 0.70 0.90 0.90



CITY OF TUCSON
HYDROLOGIC DATA SHEET FOR COMPUTING 100-YEAR PEAK DISCHARGE (Qp100)

PB Project No.:
Project Name:
CP Desc:

DA:
Lc:
Lca:

Slope Computation --

CPi

Lc:

P1.100:

CPi

Tci00=

l100=

Q100=
Qs0=
Qa5=
Q1=

Qs=

11536C
DCIM
2
EXISTING CONDITION, Upstream of CP-1
1.30 -Acres
636.0 -Feet Calc'd: Ruvalcaba Date:
270.0 -Feet Chk'd: Date:
Land Use --
Chann Basin Area
Dli Dhi Si Description €l Type Factor Factor
636.0 8.0 0.0126 Commercial/Indus DF 0.048 0.90
636.0 Sc: 0.0126 Npwico:  0.048 Facw: 0.90
3.00 Inches Facw OVERRIDE: 1.00
Soils--
Sub-area B Cs C Cc D Co | C,
Description (acres) (%) ) (%) ) (%) ) (%) ()
Commercial/Industr  1.30 100 0.77 98 0.96
Cw:
Calc'd Used 0230450 (LcLca)" )
c-100 = ——+131
5.43 5.43 (6P 10oCusan )¢
i _ 4% P
9.44 P 4005y )
Aerial Weight Computation --
Area 2-Yr 5-Yr 10-Yr 25-Yr 50-Yr
Description (Ac) Ratio Ratio Ratio Ratio Ratio Facw
Commercial/lndus  1.30 0.22 0.35 0.50 0.70 0.90 0.90
11.7
10.6
8.2
5.9
4.1
2.6
Weighted Average: 0.22 0.35 0.50 0.70 0.90 0.90

0.96



CITY OF TUCSON
HYDROLOGIC DATA SHEET FOR COMPUTING 100-YEAR PEAK DISCHARGE (Qp100)

PB Project No.:
Project Name:
CP Desc:

DA:
Lc:
Lca:

Slope Computation --

CPi

Lc:

P1.100:

CPi

Tci00=

l100=

Q100=
Qs0=
Q2s=
Q1=

Qs=

11536C
DCIM
1
EXISTING CONDITION, Toole Ave.
460 -Acres
1354.0 -Feet Calc'd: David Ruvalcaba Date:
705.0 -Feet Chk'd: Date:
Land Use --
Chann Basin Area
Dli Dhi Si Description €l Type Factor Factor
1354.0 13.0 0.0096 Commercial/Indus DF 0.048 0.90
1354.0 Sc: 0.0096 Npwico:  0.048 Facw: 0.90
3.00 Inches Facw OVERRIDE: 1.00
Soils--
Sub-area B Cs C Cc D Co | C,
Description (acres) (%) ) (%) ) (%) ) (%) ()
Commercial/Industr  4.60 100 0.77 90 0.96
Cw:
Calc'd  Used ) t).zsnm,m(|_cha)“)+131
10.15  10.15 R G
i _ 4% P
7.96 Y+ 0.05T )
Aerial Weight Computation --
Area 2-Yr 5-Yr 10-Yr 25-Yr 50-Yr
Description (Ac) Ratio Ratio Ratio Ratio Ratio Facw
Commercial/lndus  4.60 0.22 0.35 0.50 0.70 0.90 0.90
345
31.0
24.1
17.2
12.1
7.6
Weighted Average: 0.22 0.35 0.50 0.70 0.90 0.90

0.94



CITY OF TUCSON
HYDROLOGIC DATA SHEET FOR COMPUTING 100-YEAR PEAK DISCHARGE (Qp100)

PB Project No.:
Project Name:
CP Desc:

DA:
Lc:
Lca:

Slope Computation --

CPi

Lc:

P1.100:

CPi

Tci00=

l100=

Q100=
Qs0=
Q2s=
Q1=

Qs=

11536C
DCIM
la
EXISTING CONDITION, Toole Ave., South East of Toole and Pennington Intersection
3.80 -Acres
983.0 -Feet Calc'd: David Ruvalcaba Date:
446.0 -Feet Chk'd: Date:
Land Use --
Chann Basin Area
Dli Dhi Si Description €l Type Factor Factor
983.0 9.0 0.0092 Commercial/Indus DF 0.048 0.90
983.0 Sc: 0.0092 Npwico:  0.048 Facw: 0.90
3.00 Inches Facw OVERRIDE: 1.00
Soils--
Sub-area B Cs C Cc D Co | C,
Description  (acres) (%) ) (%) ) (%) ) (%) )
Commercial/Industr  4.60 100 0.77 90 0.96
Cw:
Calc'd Used 0230450 (LcLca)" )
c-100 = ——+131
8.07 8.07 (6P 10oCusan )¢
i _ 4% P
8.55 P 1+ 0.05 Ty )
Aerial Weight Computation --
Area 2-Yr 5-Yr 10-Yr 25-Yr 50-Yr
Description (Ac) Ratio Ratio Ratio Ratio Ratio Facw
Commercial/lndus  4.60 0.22 0.35 0.50 0.70 0.90 0.90
30.6
275
21.4
15.3
10.7
6.7
Weighted Average: 0.22 0.35 0.50 0.70 0.90 0.90

0.94



CITY OF TUCSON
HYDROLOGIC DATA SHEET FOR COMPUTING 100-YEAR PEAK DISCHARGE (Qp100)

PB Project No.:
Project Name:
CP Desc:

DA:
Lc:
Lca:

Slope Computation --

CPi

Lc:

P1.100:

CPi

Tci00=

l100=

Q100=

Q25=

11536C
DCIM
2
EXISTING CONDITION, Area between Toole and 6th Ave.
3.40 -Acres
899.0 -Feet Calc'd: David Ruvalcaba  Date:
490.0 -Feet Chk'd: Date:
Land Use --
Chann Basin Area
Dli Dhi Si Description €l Type Factor Factor
899.0 9.0 0.0100 Commercial/Indus DF 0.048 0.90
899.0 Sc: 0.0100 Npwico:  0.048 Facw: 0.90
3.00 Inches Facw OVERRIDE: 1.00
Soils--
Sub-area B Cs C Cc D Co | C,
Description (acres) (%) ) (%) ) (%) ) (%) ()
Commercial/Industr  3.40 100 0.77 98 0.96
Cw:
Calc'd Used 0230450 (LcLca)" )
c-100 = ——+131
7.74 7.74 (6P 10oCusan )¢
i _ 4% P
8.65 L+ 0.05T )
Aerial Weight Computation --
Area 2-Yr 5-Yr 10-Yr 25-Yr 50-Yr
Description (Ac) Ratio Ratio Ratio Ratio Ratio Facw
Commercial/lndus  3.40 0.22 0.35 0.50 0.70 0.90 0.90
28.1
25.3
19.7
14.1
9.8
6.2
Weighted Average: 0.22 0.35 0.50 0.70 0.90 0.90

0.96



CITY OF TUCSON
HYDROLOGIC DATA SHEET FOR COMPUTING 100-YEAR PEAK DISCHARGE (Qp100)

PB Project No.: 11536C
Project Name: DCIM
CP Desc: 2a
EXISTING CONDITION, Area between Toole and 6th Ave. South West of Intersection of Pennington and *

DA: 2.90 -Acres
Lc: 646.0 -Feet Calc'd: David Ruvalcaba Date:
Lca: 290.0 -Feet Chk'd: Date:
Slope Computation -- Land Use --
Chann Basin Area
CPi Dli Dhi Si Description €l Type Factor Factor
646.0 9.0 0.0139 Commercial/Indus DF 0.048 0.90
Lc: 646.0 Sc: 0.0139 Npwico:  0.048 Facw: 0.90
Pl-lOO: 3.00 Inches FACWoVERRlDE 1.00
Soils--
Sub-area B Cg C Cc D Co | C, C
CPi Description  (acres) (%) ) (%) ) (%) ) (%) ) )
Commercial/Industr  2.90 100 0.77 98 0.96 0.96
Cw: 0.96
Calc'd  Used ) t).zsnm,m(|_cha)“)+131
Tci0=  5.36 5.36 I (SR Cune )
i _ 4% P
i100: 946 100 (1 + 0.05 TClOO )
Aerial Weight Computation --
Area 2-Yr 5-Yr 10-Yr 25-Yr 50-Yr
Description (Ac) Ratio Ratio Ratio Ratio Ratio Facw
Commercial/lndus  2.90 0.22 0.35 0.50 0.70 0.90 0.90
Q100= 26.2
Qso= 23.6
Q5= 18.4
Qo= 13.1
5= 9.2
Q= 5.8

Weighted Average: 0.22 0.35 0.50 0.70 0.90 0.90



CITY OF TUCSON
HYDROLOGIC DATA SHEET FOR COMPUTING 100-YEAR PEAK DISCHARGE (Qp100)

PB Project No.: 11536C
Project Name: DCIM

CP Desc: 3
EXISTING CONDITION, 6th Ave
DA: 2.10 -Acres
Lc: 817.0 -Feet Calc'd: David Ruvalcaba Date:
Lca: 461.0 -Feet Chk'd: Date:
Slope Computation -- Land Use --
Chann Basin Area
CPi Dli Dhi Si Description €l Type Factor Factor
817.0 6.0 0.0073 Commercial/Indus DF 0.048 0.90
Lc: 817.0 Sc: 0.0073 Npwico:  0.048 Facw: 0.90
Pl-lOO: 3.00 Inches FACW OVERRIDE: 1.00
Soils--
Sub-area B Cg C Cc D Co | C, C
CPi Description  (acres) (%) ) (%) ) (%) ) (%) ) )
Commercial/Industr 2.10 60 0.77 60 0.96 0.76
Cw: 0.76
Calc'd  Used ) 0.23n,,m,m(|_cha)“)+131
TClOO: 9.23 9.23 e (Scpl‘mocwmn)04 .
i _ 4% P
i100: 821 100 (1 + 0.05 TClOO )
Aerial Weight Computation --
Area 2-Yr 5-Yr 10-Yr 25-Yr 50-Yr
Description (Ac) Ratio Ratio Ratio Ratio Ratio Facw
Commercial/lndus  2.10 0.22 0.35 0.50 0.70 0.90 0.90
Q100= 13.1
Qso= 11.8
Q5= 9.2
Q10= 6.6
Qs= 4.6
Q= 29

Weighted Average: 0.22 0.35 0.50 0.70 0.90 0.90



Downtown Intermodal Center (DIMC) Pedestrian Safety and Bus Access Improvements
Drainage Memorandum
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FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements

Inlets on Grade
Date: 01/14/2013

Project No. :11536C
Project Name. :DCIM
Computed by :D. Ruvalcaba

Project Description
Existing Condition CP—A
Q100=7 .0cfs
Eslope=0.0046, Xslope=0.0088

Inlets on Grade: Curb Opening

Inlet

Roadway and Discharge Data

Cross Slope Uniform
3 Longitudinal Slope (ft/ft) 0.0046
Sx Pavement Cross Slope (ft /ft) 0.0088
Sw Gutter Cross Slope (ft/1ft) 0.0088
1 Manning's Coefficient 0.018
W Gutter Width (ft) 0.00
a Gutter Depression (inch) 0.00
Q Discharge (cfs) 7,000
T Width of Spread (ft) 30.20

Gutter Flow

Eo Gutter Flow Ratio 0.000
d Depth of Flow (ft) 0.27
v Average Velocity (ft/sec) 1.74

Inlet Interception

Inlet Type
LT Length for 100% Inteception (ft)
L Curb—-Opening Length (ft)
e Inlet Efficiency
Qi Intercepted Flow (cfs)
Qb By-pass Flow (cfs)

Curb—Opening
51.53
14.40

0.446
3.119
3.881




FHWA Urban Drainage

Design Program, IHY-22

Drainage of Highway Pavements

Inlets on Grade
Date: 01/14/2013

Project No. 1 11536C
Project Name. :DCIM
Computed by :D. Ruvalcaba

Project Description

Existing Condition CP-B
Q100=11.7cts
Lslope=0.0172, Xslope=0,0106

Inlets on Grade: Curb Opening

Inlet

Roadway and Discharge Data

Cross Slope Uniform
S Longitudinal Slope (fFt/ft) 0.0172
Sx Pavement Cross Slope (ft/ft) 0.0106
Sw Gutter Cross Slope (ft/ft) 0.0106
1 Manning's Coefficient 0.018
W Gutter Width (ft) 0.00
a Gutter Depression (inch) 0.00
Q Discharge {(cfs) 11.700
T Width of Spread (ft) 25.45
Gutter Flow
o Gutter Flow Ratio 0.000
Depth of Flow {(ft) 0.27
Average Velocity (ft/sec) 3.41
Inlet Interception
Inlet Type Curb—Opening
I.T Length for 100% Inteception {(ft) 34.94
L. Curb—Opening Length (ft) 14,40
e Inlet Efficiency 0.284
Qi Intercepted Flow (cfs) 3.325
Qb By-pass Flow (cfs) &.375




FIIWA Urban Drainage Design Program, HY—22
Drainage of Highway Pavements

Intets on Grade
Date: 01/14/2013

Project No. :115386C
Project Name.:DCIM
Computed by :D. Ruvalcaba

Project Description

Existing Condition CP-B
Q10=5_9¢cfs
Lslope=0.0172, Xslope=0.0108

Inlets on Grade: Curb Opening

Inlet

Roadway and Discharge Data

Cross Slope Uniform
s Longitudinal Slope (fe/ft) 0.0172
Sx  Pavement Cross Slope (ft/ft) 0.0106
Sw Gutter Cross Slope (ft/ft) 0.0106
n Mamnming's Coefficient 0.018
W  Gutter Width (ft) 0.00
a Gutter Depression (inch) 0.00
Q Discharge (cfs) 5.900
T Width of Spread (ft) 19.69

Gutter Flow
Eo Gutter Flow Ratio 0 .000
d Depth of Flow (ft) 0.21
A% Average Velocity (ft/sec) 2.87
Inlet Interception

Inlet Type Curb—Opening
LT Length for 100% Inteception (ft) 63.71
L Curb—Opening Length (ft) 14 .40
e Intet Efficiency 0.369
Qi Intercepted Flow (cfs) 2.180
Qb By-pass Flow (cfs) 3.720




FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements

Inlets on Grade
Date: 01/14/2013

Project No. :11536C
Project Name.:DCIM
Computed by :D. Ruvalcaba

Project Description
Existing Condition CP-A
Q10=3.6cfs
Lslope=0.,0046, Xslope=0.0088
Inlets on Grade: Curb Opening Inlet

Roadway and Discharge Data

Cross Slope Uniform
5 Longitudinal Slope (ft/ft) 0.0046
Sx Pavement Cross Slope (ft/ft) 0.0088
Sw  Gutter Cross Slope (ft/ft) 0.0088
n Manmning's Coefficient 0.018
W Gutter Width (ft) 0.00
a Gutter Depression (inch) 0.00
Q Discharge (cfs) 3.500
T Width of Spread (ft) 23.29

Gutter Flow
Eo Gutter Flow Ratio 0.000
d Depth of Flow (ft) 0.20
V Average Velocity (ft/sec) 1.47
Inlet Interception

Inlet Type Curb—Opening
LT Length for 100% Inteception (ft) 38.52
L Curb—Opening Length (ft) 14.40
e Inlet Efficiency 0.569
Qi Intercepted Flow (cfs) 1.993

Qb By—pass Flow (cfs) 1.507




FHWA Urban Drainage Design Program, HY-22
Drainage of Highway Pavements

Inlets on Grade
Date: 01/14/2013

Project No. :11536C
Project Name. :DCIM
Computed by :D. Ruvalcaba

Project Description
Existing Condition CP-1
Q10=6.3cfs
Lslope=0.0067, Xslope=0.0042
Inlets on Grade: Curb Opening Inlet

Roadway and Discharge Data

Cross Slope Uniform
S Longitudinal Slope (fo/1t) 0.0067
Sx Pavement Cross Slope (ft/ft) 0.0042
Sw Gutter Cross Slope (ft/ft) 0.0042
n Manning's Coefficient 0.018
W Gutter Width (ft) 0.00
a Gutter Depression (inch) 0.00
Q Digscharge (cfs) 6.300
T Width of Spread (ft) 42.95

Gutter Flow
Eo Gutter Flow Ratio 0.000
d Depth of Flow (ft) 0.18
v Average Velocity (ft/sec) 1.863
Inlet Interception

Inlet Type Curb—Opening
LT Length for 100% Inteception (ft) 36.02
L Curb—Opening Length (ft) 6.40
e Inlet Efficiency 0.130
Qi Intercepted Flow (cfs) 0.819

Qb By pass Flow (cfs) 5.481




FHWA Urb
Dr

Project No.
Project Nam
Computed by

Existing Condi
Q100=12.6cfs
I.slope=0.0067,

Design Program,
Highway Pavements

art Prainage
alnage of

on Grade
01/14/2013

Inlets
Date:

:11536C
e, :DCIM
:D. Ruvalcaba

Project Description

tion CP-1
Xslope=0,0042

HY-22

Inlets on Grade: Curb Opening Inlet
Roadway and Discharge Data

Cross Slope Uniform
s Longitudinal Slope (fe/f 0.0067
Sx  Pavement Cross Slope (ft/ft) 0.0042
Sw  Gutter Cross Slope (ft/ft) 0.0042
I Mamnming's Coefficient 0.018
W Gutter Width (ft) 0.00
a Gutter Depression (inch) 0.00
Q Discharge (cfs) 12.600
T Width of Spread (ft) 55.70

Gutter Flow
Eo Gutter Flow Ratio 0.000
d Depth of Flow (ft) 0.23
v Average Velocity (ft/sec) 1.93
Inlet Interception

Inlet Type Curb-Opening
LT Length for 100% Inteception (ft) 115.08
L Curb—0Opening Length (ft) G6.40
IS Inlet Efficiency 0.098
Qi Intercepted Flow {(cfs) 1.233
Qb By —pass Flow (cfs) 11.367




Section Upstream of First CB Q10

Project Deseription.

Friction Method Manning Formuia
Solve For Normal Depth

Channel Slope 0.00790 fit
Discharge 38.00 fts/s

Section Definitions

0+00 87.34
0+27 86.87
0+27 86.37
0+47 87.01
0467 86.37
0+67 86.87
0+78 86.86
3+03 87.25

Roughness Segment Definitions

£ Ro'ughne_‘ss Co_éf'ﬁéi't_é_n_t' o

{0+00, 87.34) {3+03, 87.25) 0.018
Options:
Lurrent Kougnness weignied Pavlovskil's Method
Method
Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results.

Normal Depth 062 1
Elevation Range 86.37 to 87.34 ft

Flow Area T 1905 @
Wetted Perimeter 134.34

Hydraulic Radius 0.14

Bentley Systems, Inc. Haestad Methods SolBtiolldyefimvMaster Vi (SELLECTseries 1) [08.11.01.03]
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Section Upstream of First CB 10

Top Width 13341
Normal Depth 0.62
Critical Depth 0.61 ft
Critical Slope 0.00917  fu/ft
Velocity 1.99 fifs
Velocity Head 0.06
Specific Energy 0.68 1t
Froude Number 0.93

Flow Type Subcritical

GV Tnpit Da

Downstream Depth 0.00 1t
Length 000 1t
Number Of Steps 0
GVF Output Data

Upstream Depth 0,00 f
Profile Description )

Profile Headloss 0.00 ft
Downstream Velocity Infinity  fi/s
Upstream Velocity Infinity ft/s
Normal Depth 0.62 #
Critical Depth 0.61
Channel Slope 0.00790 futt
Critical Slope 0.00917 Ut

Bentley Systems, Inc. Haestad Methods SolBotidhefmaMaster V8i (SELECTseries 1) [08.11.01.03]
1/15/2013 10:02:41 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1.203-755-1666 Page 2 of 2




Gutter Section of First CB Q10

Project Descriptiol

Solve For Discharge

inpiit Dt

Channet Slope 0.00790

Gutter Width 2.00

Gutter Cross Slope 0.03

Road Cross Slope 0.03

Spread 10.38
0.018

Roughness Coefficient

Resuls.

Discharge 2417

Flow Area 6.01

Depth 0.62

Gutter Depression 0.00
4.02

Velocity

ft/ft

/it
ftfft

ft/s
ﬁZ
ft

ft/s

Bentley Systems, Inc. Haestad Methods ScoiBatideiiteyMaster V8i (SELECTseries 1) [08.11.01.03]
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Section Upstream of First CB Q100

Friction Method Manning Formula

Solve For Normal Depth

Channel Slope 0.00790¢ fi/ft
Discharge 7860 ft3s

Section Definitions

0+00 87.34
0+27 86.87
0+27 86.37
0+47 87.01 .
0+67 86.37
0+67 86.87
0+78 86.86
3+03 87.26

Roughness Segment Definitions

* Roughness Coefficient - -

{0+00, 87.34) (3+03, 87.25) 0.018
Options
Lurrent Rougnness vveigned Paviovskii's Method
Method
Open Channel Weighting Method Paviovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results = -

Normat Depth 0.71 ft
Elevation Range 86.37to 8734 1t

Flow Area 3413 fi2
Wetted Perimater 183.77 ft
Hydraulic Radius 0.18 #

Bentfey Systems, inc. Haestad Methods SolBintidyeFlmwlaster V8i (SELECTseries 1} [08.11.01.03]
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Section Upstream of First CB Q100

Top Width 192.84
Normat Depth 071
Critical Depth 071
Critical Slope 0.00850 /4t
Velocity 2.30 ft/s
Velocity Head 0.08 1t
Specific Energy 0.80 ft
Froude Number 0.97

Flow Type Subgritical

GVF Input Data.

Downstream Depth 0.00 it
Length 000 #
Number Of Steps 0

Upstream Depth 0.00 f
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  fi/s
Normat Depth 0.71
Criticai Depth 071 #
Channel Slope 0.00790  #/ft
Critical Slope (.00850 ftrft

Bentley Systems, Inc. Haestad Methods SolBtiotidGeftmwMaster V8i (SELECTseries 1) [08.11.01.03]
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Gutter Section of First CB Q100

Project Descriptior

Solve For Discharge

Input Data

Channel Slope 0.00790
Gutter Width 2.00
Gutter Cross Sleope 0.03
Road Cross Slope 0.03
Spread 22.20
Roughness Coefficient 0.018

Results™ .

Discharge 34.72

Flow Area 7.89

Depth 0.71

Gutter Depression 0.00
4.40

Velocity

ft/it

fisit
ft/it

ft3/s
ftZ
ft

=

ftfs

Bentley Systems, Inc. Haestad Methods SolBotdjeRmewMaster VBi (SELECTseries 1) [08.11.01.03]
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Section of Second CB Q10

Project Desor

Friction Method Manning Formula
Solve For Normal Depth

Input Dat

Channel Slope 0.00780  fiMmt
Discharge 31.50 s

Section Definitions

0+00 87.34
0+27 86.87
0+27 86.37
0+47 §7.01
0+67 86.37
0+67 86.87
0+78 86.86
3+03 87.25

Roughness Segment Definitions

{ “"Roughnass Coefficient - -

‘Start Station Ending Station
{0+00, 87.34) (3+03, 87.25) 0.018
Options. 0o
Lurrent ikougnness vveignied Pavlovskii's Methad
Method

QOpen Channel Weighting Method Pavlovskii's Method
Closed Channel Weighting Method Pavlovskii's Method

Results s
Nermal Depth 0.60 ft
Elevation Range 86.37 to 87.34 ft

Flow Area 168.19 #
Wetted Perimeter 118.50 ft

Hydraulic Radius 014 1

Bentley Systems, Inc. Haestad Methods SolBsatidyefdewMaster V8i {(SELECTseries 1) [08.11.01.03]
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Section of Second CB Q10

Top Width ' 1757 ft
Normal Depth 0.60 ft
Critical Depth 0.59 ft
Criticat Slope 0.00928  fi/ft
Velocity 1.95 ftrs
Velocity Head 0.06 ft
Specific Energy 0.66 ft
Froude Number 0.92

Flow Type Subcritical

GVF [nput Dats

Downstream Depth 0.00
Length 0.00
Number Of Steps 0
Upstream Depth 0.00 1t
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity fi/s
Normal Depth 0.860
Critical Depth 0.59 g
Channel Slope 0.00780 #/it
Critical Slope 0.00928 f/it

Bentley Systems, Inc. Haestad Methods SolBiotidyefkewMaster V8i (SELECTseries 1) [08.11.01.03]
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Gutter Section of Second CB Q10

ject Desor

Discharge

Solve For

Channel Slope 0.00790
Gutter Width 2.00
Gutter Cross Slope 0.03
Road Cross Slope 0.03
Spread 18.756
Roughness Coefficient 0.018

i

Uit
/it

Discharge 2213
Flow Area 5.63
Depth 0.60
Gutter Depression 0.00
Velogity 3.93

ft¥s
2
ft

ftls

Bentley Systems, Inc. Haestad Methods SolBtotldyeFilmwMaster V8i (SELECTseries 1) [08.11.01.03]
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Section of Second CB Q100

Friction Method Manning Formula
Solve For Normal Depth

Channel Slope 0.00790 f/ft
Discharge 70.20  fe’fs

Section Definitions

0+00 87.34
0+27 86.87
0+27 86.37
0+47 87.01
0+67 86.37
0+67 86.87
0+78 86.86
3+03 87.26

Roughness Segment Definitions

 Ending Station "‘Roughness Coefficient |

.. Start Station *

{0+00, 87.34) (3+03, 87.25) 0.018
Options
GUIeNt Kougnness weignied Pavlovskii's Method
Method
Open Channel Weighting Method Paviovskii's Method

Closed Channel Weighting Method Paviovskii's Method

Results .
Normal Depth 0.70 &
Elevation Range 86.37 to 87.34 ft

Flow Area 31147 12
Wetted Perimeter 183.81 ft
Hydraulic Radius 0.17 1t

Bentley Systems, Inc. Haestad Methods SolBictidycfkewMaster V8i (SELECTseries 1) [08.11.01.03]
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Section of Second CB Q100

Top Width 182.88 1t
Normai Depth 0.70 ft
Critical Depth 0.69
Critical Slope 0.00861 fi/ft
Velocity 2.25 fus
Velocity Head 0.08
Specific Energy 078 #
Froude Number 0.96

Flow Type Subcritical

GVE Input et

Downstream Depth 0.00
Length 0.00
Number Of Steps 0
GVF Output Data

Upstream Depth .00 ft
Profile Description

Profile Headloss 000 #
Downstream Velocity Infinity  fi/s
Upstream Velocity Infinity fi/s
Normal Depth 0.70 ft
Critical Depth 0.69
Channel Slope 0.00790  ft/ft
Critical Slope 0.00861 fft

Bentley Systems, Inc. Haestad Methods SolBgotidefkewMaster V8i (SELECTseries 1) [08.11.01.03]
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Gutter Section of Second CB Q100

Solve For Discharge

Input Data. -

Channel Slope 0.00790 ft/ft
Gutter Width 200 1t
Gutter Cross Slope 0.03 fi/ft
Road Cross Slope 0.03 fi/#t
Spread 21.88 #f
Roughness Coefficient 0.018

Discharge 33.40  ft¥s
Flow Area 7.66 f2
Depth 0.70 ft
Gutter Depression 0.00 ft
Velocily 436 ft/s
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