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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 6th 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 6th 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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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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PHOTO NO. 1 – CATCH BASIN EAST SIDE OF 6TH AVE. SOUTH OF TOOLE AVE 
PHOTO NO. 2 – CATCH BASIN EAST SIDE OF 6TH AVE  

LOOKING SOUTH 

PHOTO NO. 3 – CATCH BASIN EAST SIDE OF 6TH AVE  
LOOKING NORTH 

PHOTO NO. 4 – CATCH BASIN SOUTH SIDE OF TOOLE AVE  
EAST OF 6TH AVE. LOOKING WEST 



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

 

 
 

 

  

PHOTO NO. 5 – CATCH BASIN SOUTH SIDE OF TOOLE AVE  
LOOKING EAST 

PHOTO NO. 6 – CATCH BASIN SOUTH SIDE OF TOOLE AVE .  
PAVEMENT OVERLAID CONCRETE APRON/GUTTER  

TO EXTENT OF RESTRICTING OPENING HEIGHT 

PHOTO NO. 7 – CATCH BASIN NORTH SIDE OF TOOLE AVE 
EAST OF 6TH AVE 

PHOTO NO. 8 – CATCH BASIN NORTH EAST CORNER OF TOOLE 
AVE AND 6TH AVE (LOOKING WEST) 
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CITY OF TUCSON
HYDROLOGIC DATA SHEET FOR COMPUTING 100-YEAR PEAK DISCHARGE (Qp100)

PB Project No.:
Project Name:

CP Desc: A

DA: 1.60 -Acres
Lc: 699.0 -Feet Calc'd: Date:
Lca: 367.0 -Feet Chk'd: Date:

Land Use --

CPi Dli Dhi Si
Chann
el Type

Basin 
Factor

Area 
Factor

699.0 8.0 0.0114 DF 0.048 0.90

Lc: 699.0 Sc: 0.0114 nbw100: 0.048 FACW: 0.90

P1-100: 3.00 Inches FACW OVERRIDE: 1.00

Soils--
Sub-area B C B C C C D C D I C I C

CPi (acres) (%) (-) (%) (-) (%) (-) (%) (-) (-)
1.60 100 0.77 98 0.96 0.96

Cw: 0.96
Calc'd Used

TC100= 6.27 6.27

i100= 9.14
Aerial Weight Computation --

Area 
(Ac)

2-Yr 
Ratio

5-Yr 
Ratio

10-Yr 
Ratio

25-Yr 
Ratio

50-Yr 
Ratio FACW

1.60 0.22 0.35 0.50 0.70 0.90 0.90

Q100= 14.0
Q50= 12.6
Q25= 9.8
Q10= 7.0
Q5= 4.9
Q2= 3.1

Weighted Average: 0.22 0.35 0.50 0.70 0.90 0.90

Commercial/Industrial

Description

Description

Commercial/Industrial

DCIM
11536C

Description

Ruvalcaba

Commercial/Industrial

Slope Computation --

 EXISTING CONDITION, Upstream of CP-1

31.1
)23.0
4.0

100100,1

3.0
100

100
W

bw
C CScP

LcLcan
T

100

100,1
100 05.01

4
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P
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CITY OF TUCSON
HYDROLOGIC DATA SHEET FOR COMPUTING 100-YEAR PEAK DISCHARGE (Qp100)

PB Project No.:
Project Name:

CP Desc: 2

DA: 1.30 -Acres
Lc: 636.0 -Feet Calc'd: Date:
Lca: 270.0 -Feet Chk'd: Date:

Land Use --

CPi Dli Dhi Si
Chann
el Type

Basin 
Factor

Area 
Factor

636.0 8.0 0.0126 DF 0.048 0.90

Lc: 636.0 Sc: 0.0126 nbw100: 0.048 FACW: 0.90

P1-100: 3.00 Inches FACW OVERRIDE: 1.00

Soils--
Sub-area B C B C C C D C D I C I C

CPi (acres) (%) (-) (%) (-) (%) (-) (%) (-) (-)
1.30 100 0.77 98 0.96 0.96

Cw: 0.96
Calc'd Used

TC100= 5.43 5.43

i100= 9.44
Aerial Weight Computation --

Area 
(Ac)

2-Yr 
Ratio

5-Yr 
Ratio

10-Yr 
Ratio

25-Yr 
Ratio

50-Yr 
Ratio FACW

1.30 0.22 0.35 0.50 0.70 0.90 0.90

Q100= 11.7
Q50= 10.6
Q25= 8.2
Q10= 5.9
Q5= 4.1
Q2= 2.6

Weighted Average: 0.22 0.35 0.50 0.70 0.90 0.90

DCIM
11536C

Slope Computation --

Ruvalcaba

 EXISTING CONDITION, Upstream of CP-1

Description

Description
Commercial/Industrial

Description

Commercial/Industrial

Commercial/Industrial

31.1
)23.0
4.0

100100,1

3.0
100

100
W

bw
C CScP

LcLcan
T

100

100,1
100 05.01

4
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P
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CITY OF TUCSON
HYDROLOGIC DATA SHEET FOR COMPUTING 100-YEAR PEAK DISCHARGE (Qp100)

PB Project No.:
Project Name:

CP Desc: 1

DA: 4.60 -Acres
Lc: 1354.0 -Feet Calc'd: Date:
Lca: 705.0 -Feet Chk'd: Date:

Land Use --

CPi Dli Dhi Si
Chann
el Type

Basin 
Factor

Area 
Factor

1354.0 13.0 0.0096 DF 0.048 0.90

Lc: 1354.0 Sc: 0.0096 nbw100: 0.048 FACW: 0.90

P1-100: 3.00 Inches FACW OVERRIDE: 1.00

Soils--
Sub-area B C B C C C D C D I C I C

CPi (acres) (%) (-) (%) (-) (%) (-) (%) (-) (-)
4.60 100 0.77 90 0.96 0.94

Cw: 0.94
Calc'd Used

TC100= 10.15 10.15

i100= 7.96
Aerial Weight Computation --

Area 
(Ac)

2-Yr 
Ratio

5-Yr 
Ratio

10-Yr 
Ratio

25-Yr 
Ratio

50-Yr 
Ratio FACW

4.60 0.22 0.35 0.50 0.70 0.90 0.90

Q100= 34.5
Q50= 31.0
Q25= 24.1
Q10= 17.2
Q5= 12.1
Q2= 7.6

Weighted Average: 0.22 0.35 0.50 0.70 0.90 0.90

Commercial/Industrial

Description

Description

Commercial/Industrial

DCIM
11536C

Description

David Ruvalcaba

Commercial/Industrial

Slope Computation --

 EXISTING CONDITION, Toole Ave.

31.1
)23.0
4.0

100100,1

3.0
100

100
W

bw
C CScP

LcLcan
T

100

100,1
100 05.01

4

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

PB Project No.:
Project Name:

CP Desc: 1a

DA: 3.80 -Acres
Lc: 983.0 -Feet Calc'd: Date:
Lca: 446.0 -Feet Chk'd: Date:

Land Use --

CPi Dli Dhi Si
Chann
el Type

Basin 
Factor

Area 
Factor

983.0 9.0 0.0092 DF 0.048 0.90

Lc: 983.0 Sc: 0.0092 nbw100: 0.048 FACW: 0.90

P1-100: 3.00 Inches FACW OVERRIDE: 1.00

Soils--
Sub-area B C B C C C D C D I C I C

CPi (acres) (%) (-) (%) (-) (%) (-) (%) (-) (-)
4.60 100 0.77 90 0.96 0.94

Cw: 0.94
Calc'd Used

TC100= 8.07 8.07

i100= 8.55
Aerial Weight Computation --

Area 
(Ac)

2-Yr 
Ratio

5-Yr 
Ratio

10-Yr 
Ratio

25-Yr 
Ratio

50-Yr 
Ratio FACW

4.60 0.22 0.35 0.50 0.70 0.90 0.90

Q100= 30.6
Q50= 27.5
Q25= 21.4
Q10= 15.3
Q5= 10.7
Q2= 6.7

Weighted Average: 0.22 0.35 0.50 0.70 0.90 0.90

Description
Commercial/Industrial

Description
Commercial/Industrial

Commercial/Industrial

Slope Computation --

Description

11536C
DCIM

 EXISTING CONDITION, Toole Ave., South East of Toole and Pennington Intersection

David Ruvalcaba

31.1
)23.0
4.0

100100,1

3.0
100

100
W

bw
C CScP

LcLcan
T

100

100,1
100 05.01

4

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

PB Project No.:
Project Name:

CP Desc: 2

DA: 3.40 -Acres
Lc: 899.0 -Feet Calc'd: Date:
Lca: 490.0 -Feet Chk'd: Date:

Land Use --

CPi Dli Dhi Si
Chann
el Type

Basin 
Factor

Area 
Factor

899.0 9.0 0.0100 DF 0.048 0.90

Lc: 899.0 Sc: 0.0100 nbw100: 0.048 FACW: 0.90

P1-100: 3.00 Inches FACW OVERRIDE: 1.00

Soils--
Sub-area B C B C C C D C D I C I C

CPi (acres) (%) (-) (%) (-) (%) (-) (%) (-) (-)
3.40 100 0.77 98 0.96 0.96

Cw: 0.96
Calc'd Used

TC100= 7.74 7.74

i100= 8.65
Aerial Weight Computation --

Area 
(Ac)

2-Yr 
Ratio

5-Yr 
Ratio

10-Yr 
Ratio

25-Yr 
Ratio

50-Yr 
Ratio FACW

3.40 0.22 0.35 0.50 0.70 0.90 0.90

Q100= 28.1
Q50= 25.3
Q25= 19.7
Q10= 14.1
Q5= 9.8
Q2= 6.2

Weighted Average: 0.22 0.35 0.50 0.70 0.90 0.90

DCIM
11536C

Slope Computation --

David Ruvalcaba

 EXISTING CONDITION, Area between Toole and 6th Ave.

Description

Description
Commercial/Industrial

Description

Commercial/Industrial

Commercial/Industrial

31.1
)23.0
4.0

100100,1

3.0
100

100
W

bw
C CScP

LcLcan
T

100

100,1
100 05.01

4

CT
P

i



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

PB Project No.:
Project Name:

CP Desc: 2a

DA: 2.90 -Acres
Lc: 646.0 -Feet Calc'd: Date:
Lca: 290.0 -Feet Chk'd: Date:

Land Use --

CPi Dli Dhi Si
Chann
el Type

Basin 
Factor

Area 
Factor

646.0 9.0 0.0139 DF 0.048 0.90

Lc: 646.0 Sc: 0.0139 nbw100: 0.048 FACW: 0.90

P1-100: 3.00 Inches FACW OVERRIDE: 1.00

Soils--
Sub-area B C B C C C D C D I C I C

CPi (acres) (%) (-) (%) (-) (%) (-) (%) (-) (-)
2.90 100 0.77 98 0.96 0.96

Cw: 0.96
Calc'd Used

TC100= 5.36 5.36

i100= 9.46
Aerial Weight Computation --

Area 
(Ac)

2-Yr 
Ratio

5-Yr 
Ratio

10-Yr 
Ratio

25-Yr 
Ratio

50-Yr 
Ratio FACW

2.90 0.22 0.35 0.50 0.70 0.90 0.90

Q100= 26.2
Q50= 23.6
Q25= 18.4
Q10= 13.1
Q5= 9.2
Q2= 5.8

Weighted Average: 0.22 0.35 0.50 0.70 0.90 0.90

Description
Commercial/Industrial

Description
Commercial/Industrial

Commercial/Industrial

Slope Computation --

Description

11536C
DCIM

 EXISTING CONDITION, Area between Toole and 6th Ave. South West of Intersection of Pennington and Toole

David Ruvalcaba

31.1
)23.0
4.0

100100,1

3.0
100

100
W

bw
C CScP

LcLcan
T

100

100,1
100 05.01

4

CT
P

i



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

PB Project No.:
Project Name:

CP Desc: 3

DA: 2.10 -Acres
Lc: 817.0 -Feet Calc'd: Date:
Lca: 461.0 -Feet Chk'd: Date:

Land Use --

CPi Dli Dhi Si
Chann
el Type

Basin 
Factor

Area 
Factor

817.0 6.0 0.0073 DF 0.048 0.90

Lc: 817.0 Sc: 0.0073 nbw100: 0.048 FACW: 0.90

P1-100: 3.00 Inches FACW OVERRIDE: 1.00

Soils--
Sub-area B C B C C C D C D I C I C

CPi (acres) (%) (-) (%) (-) (%) (-) (%) (-) (-)
2.10 60 0.77 60 0.96 0.76

Cw: 0.76
Calc'd Used

TC100= 9.23 9.23

i100= 8.21
Aerial Weight Computation --

Area 
(Ac)

2-Yr 
Ratio

5-Yr 
Ratio

10-Yr 
Ratio

25-Yr 
Ratio

50-Yr 
Ratio FACW

2.10 0.22 0.35 0.50 0.70 0.90 0.90

Q100= 13.1
Q50= 11.8
Q25= 9.2
Q10= 6.6
Q5= 4.6
Q2= 2.9

Weighted Average: 0.22 0.35 0.50 0.70 0.90 0.90

Commercial/Industrial

Description

Description

Commercial/Industrial

DCIM
11536C

Description

David Ruvalcaba

Commercial/Industrial

Slope Computation --

 EXISTING CONDITION, 6th Ave

31.1
)23.0
4.0

100100,1

3.0
100

100
W

bw
C CScP

LcLcan
T

100

100,1
100 05.01

4

CT
P

i
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