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1 INTRODUCTION  

1.1 PURPOSE 

Pima County Regional Flood Control District (District) commissioned a regional basin 
management study of the Airport Wash (North) area, consisting of the Airport Wash watershed.  
The District selected CMG Drainage Engineering (CMG) and Kimley-Horn and Associates to 
conduct this study, with CMG Drainage Engineering serving as the prime consultant.  The Airport 
Wash Basin Management Study Phase 2 (AWBMS2) includes a Physical Map Revision of the 
FEMA mapped portions of Airport Wash, updating the floodplain mapping of the locally regulated 
watercourses in Airport Wash, and identifying existing constraints to aid in the development of 
alternatives for improving drainage conditions in the regional study area.  This report has been 
prepared for the District to document the criteria used to rank the existing flood hazard areas and 
provide documentation for supporting hydraulic design documentation to improve the 4 highest 
ranking flood hazard areas in the project area.   

1.2 AUTHORITY  

This project was conducted under the authority and direction of the Pima County Regional Flood 
Control District.  The District Project Manager is Janice Hughes.  Ms. Hughes may be contacted 
at the following address: 

Ms. Janice Hughes, P.E. 
Project Manager 
Pima County Regional Flood Control District 
201 N. Stone Avenue, 7th Floor 
Tucson, AZ 85701 
(520) 724-4600 

1.3 LOCATION  

The study area for the Airport Wash area was divided into North and South study areas to allow 
the study to be conducted in two phases.  Airport Wash (South) was documented in the report 
entitled Summary Report for Airport Wash (South) Basin Management Study by CMG Drainage 
Engineering and Kimley-Horn.  Airport Wash (North) is comprised of the Airport Wash 
watershed.  The study is bordered on the north by the Wyoming, Rodeo, and Julian watersheds 
with I-10 and E. Brekke Rd serving as the eastern and southern boundaries, respectively.  All flow 
outfalls to the Santa Cruz River, which is the western boundary of the project.  The total study area 
is approximately 25.3 square miles.  A location and vicinity map for the project is provided on 
Figure 1. 
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3 ALTERNATIVES MATRIX  

Information from the Data Collection task (i.e. drainage complaints, agency input, historical 
flooding accounts, newspaper articles, and previous studies in the area) and the existing conditions 
floodplain mapping was used to develop a preliminary list of problem areas in the study area.  
Twenty two (22) locations for potential drainage improvements were initially identified, as shown 
on the Existing Constraints Map, Figure 2 in Appendix A.  To reduce the alternatives to a final 
four (4) projects, an Alternatives Matrix was developed consisting of multiple evaluation criteria 
that would help rank and prioritize the projects to aid the project team in selecting the final project 
list. 

The ranking criteria and weighting techniques are described below.  The results are shown in Table 
1.  The Alternatives Matrix can be found in Appendix C and ranked projects are shown on Figure 
3 in Appendix A.  

3.1 RANKING CRITERIA  

3.1.1 FEMA Mapped 

Alternatives in areas that have been FEMA mapped were assigned a value of 1 and non-
FEMA mapped washes were assigned a value of 0.   

3.1.2 Habitable Structures Prevented from Flooding 

Alternatives that would prevent structures from flooding were ranked quantitatively based 
on the number of structures in the floodplain.  Structures in FEMA mapped areas were 
weighted higher than structures in the regulatory floodplain as homes mapped within FEMA 
designated flood zones require mandatory flood insurance. Alternatives that prevented 
structures from flooding were weighted according to Table 1 below. 

Table 1 �± Habitable Structures Ranking 

Designation Structures Prevented from Flooding Weight Factor 

FEMA Mapped 

>5 3 

3-5 2 

1-2 1 

Non-FEMA Mapped 

>10 3 

5-10 2 

1-4 1 
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3.1.3 Addresses Erosion Issue 

Alternatives that would improve erosion protection in areas showing significant signs of 
erosion were ranked qualitatively using a scale of low to high based on level of risk.  
Alternatives that would provide scour protection for areas deemed a lower risk were assigned 
a value of 0.5.  Alternatives that would provide erosion protection for moderate risk areas 
were assigned a value of 1 and alternatives that would mitigate high risk areas were assigned 
a value of 2. 

3.1.4 Improves Airport  Drainage 

Alternatives that would improve drainage on Tucson International Airport (TIA) were 
assigned a value of 1 and those that did not received a value of 0. 

3.1.5 Alternative Solves Existing Complaint 

Alternatives that would solve an existing complaint were assigned a value of 1 and 
alternatives that would not solve an existing complaint were assigned a value of 0. 

3.1.6 Major Utility Conflicts  

Utility conflicts can impair the feasibility of projects by increasing the cost and causing 
schedule delays. Locations with major utility conflicts received a value of 0 and locations 
without major utility conflicts were given a value of 1.   

3.1.7 Existing Right-of-Way  

Existing Right-of-Way was weighted using the percentage of existing right-of-way, 
expressed as a decimal.  Alternatives that are completely constructible using existing right-
of-way, received a value of 1 and those without any existing right-of-way, were assigned a 
value of 0. 

3.1.8 Disruptions to Operations/Commerce During Construction 

Construction disruptions were determined as anything disrupting normal operations to a 
major commerce center such as the Union Pacific Railroad (UPRR), TIA, Landfill, State or 
Federal prison, or any roadway serving as an important business corridor.  Alternatives 
deemed disruptive were given a value of 0 while non-disruptive alternatives were given a 
value of 1.       

3.1.9 All Weather Access 

In existing conditions, flow depths overtopping roadways often exceed the all-weather 
access condition of 1 ft, as defined by Pima County.  Alternatives that would reduce flow 
depths and provide all weather access were weighted depending on the road classification.  
Alternatives providing all weather access for local roads, collector roads, and arterial roads 
were assigned values of 0.5, 1, and 2, respectively. 
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3.1.10 Identified/Designed in Other Study 

Previous studies reviewed during the Data Collection phase of this project have identified 
projects within this study area.  Some of those projects have been constructed, others 
designed but not constructed, and others identified but never designed.  Drainage problems 
identified in this project that were also identified in other projects show that there is a 
precedence for the need, thus they were weighted with a value of 1 or 2.  Previously 
identified proposed alternatives (in prior study) were given a value of 1.  Proposed 
alternatives that had previously been designed (never built) were given a value of 2.  Problem 
areas that have not been identified in other studies were given a value of 0. 

3.1.11 Stand Alone or Dependent  

Some of the alternatives require the construction of another alternative in order to be feasible.  
These were labeled as dependent alternatives and were assigned a value of 0.  Alternatives 
that were deemed to be stand-alone solutions received a value of 1. 

3.1.12 Arterial Traffic Counts  

Roadways designated as arterials were weighted using traffic volumes, which were 
normalized so that a weight of 0.5 was the maximum assigned for this criterion. 

3.1.13 Cost 

Cost was evaluated qualitatively using a scale of low, medium, and high which corresponded 
to values of 0, 1, and 2.  Values were selected based on perceived cost of alternatives based 
on comparable project costs, extents of project, constructability, and needed right-of-way. 

3.2 RANKING SUMMARY  

Values corresponding to the criteria described in Section 3.1 were summed to create the score 
shown in Table 2 .  The top ranking locations result from a lack of capacity in the main channel 
of Airport Wash, undersized culverts or no culverts at roadway crossings, and insufficient or 
missing erosion protection at critical locations.    
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Table 2 �± Ranking Summary 

Rank Project ID Project Description Score 

1 A I-19 Containment Structure 8.5 

2 G Country Club Rd Erosion Protection 8.0 

3 J Alvernon Way RCBC Outlet Protection 7.8 

4 D Channel Capacity Upstream of UPRR 7.75 

5 B Fontana Ave Crossing 7.5 

6 E Sewer Main near UPRR Bridge 7.4 

7 R Erosion Protection at Gasline near Old Vail Connection 7.25 

8 I Erosion Protection on Country Club Rd, North of Corona 7.15 

9 H Country Club Rd RCBC and Collector Channel 7.0 

10 K Upgrade Alvernon Way Pipe Culvert 6.8 

10 L Upgrade Alvernon Way RCBC 6.8 

12 V Waterline at Morris Blvd 6.75 

13 T Utility Road near Rita Road 6.5 

14 C Upgrade Nogales Highway Bridge 6.25 

15 M Klafter Rd Drainage Improvements 6.0 

16 N RCBC at northern Wilmot Rd dip crossing 5.15 

16 O RCBC at southern Wilmot Rd dip crossing 5.15 

18 F Upgrade Plumer Ave RCBC 5.0 

18 P Upgrade Kolb Rd Pipe Culvert 5.0 

18 Q Upgrade Kolb Rd RCBC 5.0 

21 S Erosion Protection on Utility Roads south of Old Vail 
Connection 4.75 

22 U Upgrade Rita Rd Pipe Culverts and Erosion Protection 4.5 
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4 PROPOSED HYDROLOGY &  HYDRAULICS  

4.1 RECOMMENDED ALTERNATIVES HYDROLOGY  

The alternatives analysis was completed based upon the hydrology summarized in Section 2.1.  
The existing 100-year peak discharge was utilized in the conceptual design of the final projects.  
Additional hydrologic calculation for the alternatives was not necessary.  Table 3 provides the 
summary of design discharges for the top-ranked alternatives. 

Table 3 �± Design Discharge Summary 

Rank Project ID Project Description Discharge  
[cfs] 

1 A I-19 Containment Structure 3,953 

2 G* Country Club Rd Erosion Protection 3,993 

3 J Alvernon Way RCBC Outlet Protection 657 

4 D Channel Capacity Upstream of UPRR 3,953 

5 B Fontana Ave Crossing 3,953 
* Project G not included in top 4 due to recent maintenance 

 

4.2 RECOMMENDED ALTERNATIVES  HYDRAULICS  

The final alternatives were conceptually designed using the existing conditions HEC-RAS models 
as baselines.  Projects were developed using a combination of increased channel capacity, new 
culvert crossings, and new or upgraded erosion protection.  Channels were sized to contain the 
100-year peak discharge, with required freeboard.  Roadway crossing were sized to provide all-
weather access.  If all-weather access was not feasible within reason, the roadway crossing was 
designed to provide a greater level of access than existing conditions.  Erosion protection was 
designed per Pima County standards.  Sections 4.2.1 to 4.2.5 provide details on the improvements 
necessary to meet these design objectives.  Proposed projects are shown on Figure 3 in Appendix 
A.   

4.2.1 Project A �± I -19 Containment Structure (Rank #1)  

The Main Branch of Airport Wash flows northwesterly, crossing Interstate-19 (I-19) via a 
pair of multi-span bridges.  As the wash approaches I-19, the north bank of the channel loses 
height, allowing flow to breakout to the north.  The breakout flow impacts multiple 
residences before flowing into the Nebraska Wash.  Review of the existing conditions model 
shows that the breakout is caused by the channel geometry, not backwater from the bridge.  
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overtopping the roadway.  The RCBC includes a cut-off wall at the outlet, but no other 
erosion protection.  A scour hole has formed at the outlet of the box culvert.  Portions of the 
bottom of the cut-off wall are exposed.  Additional scouring could result in undermining of 
the cut-off wall, box culvert, and ultimately failure of the roadway.  The existing conditions 
HEC-RAS model shows that 100-year culvert outlet velocity at this location is over 12 feet-
per-second (fps).  Comparing these conditions to the more natural flow velocities that are 
typically less than 3 fps, the erosion problem is clear.   

The ratio of culvert outlet flow velocity to natural flow velocity is greater than 2.5, thus an 
energy dissipater is necessary.  A wire-tied rip rap plunge basin is recommended to protect 
the outlet of the culvert and return downstream flow velocities to a more natural condition.  
Right-of-way acquisition and/or temporary construction easements are NOT anticipated for 
Project J.  

4.2.4 Project D �± Channel Capacity Upstream of UPRR/Nogales Hwy (Rank #4)  

The Airport Wash Main Channel, between Old Nogales Highway and Park Avenue currently 
consists of a natural channel section.  The wash has a sandy bottom with earthen banks 
covered with trees and brush.  As the channel continues west (downstream) it loses depth, 
allowing overbank flow to impact residences between Euclid Avenue and the Union Pacific 
Railroad (UPRR).  Along this stretch of wash there are two exposed utilities; a sewer main 
approximately 130-feet upstream of the UPRR, and a waterline in the Morris Boulevard 
alignment (~ 1100-feet upstream of the UPRR).  Both of the exposed utilities appear to be 
protected by a circular sleeve.  Immediately downstream of this section of Airport Wash, the 
UPRR and Nogales Highway run parallel to each other.  The Nogales Highway crossing 
consists of a bridge with a concrete scour floor.  The scour floor acts as a grade-control 
structure.  The UPRR crossing consists of an open bottom bridge.  Both bridges are 
adequately sized to convey the 100-year discharge from Airport Wash.  Review of the 
existing conditions water surface profile within this section of wash shows that the water 
surface elevations are controlled by the bed profile and channel geometry, not backwater 
from the bridges.   

The solutions to address the drainage issues at this location include trapezoidal channels with 
earthen bottoms and bank protection, sized to contain the 100-year discharge within the 
banks.  The limits of the project are from the UPRR bridge on the downstream end to the 
Park Avenue box culverts on the upstream end.  The limits could potentially be reduced as 
the portion of the project from Morris Boulevard to Park Avenue currently has capacity to 
contain the 100-year discharge within its earthen banks.  For this concept design, the entire 
limits were included in order to provide continuity in the bank protection, and a worst-case 
cost estimate.  Also, for this concept design, the bank protection was assumed to be shotcrete.  
Soil cement could be evaluated as an alternate.  Two design alternatives were evaluated for 
this channel; 

The first alternative leaves the channel bottom elevation at the current bed elevation of the 
wash.  This alternative would either require the existing exposed utilities to be relocated, or 
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project footprint, effectively moving the grade control structure from the existing dip-
crossing to the proposed drop inlet.  The drop inlet could be eliminated, and channel grading 
completed upstream of the new crossing to increase capacity of the upstream channel.  
During final design, the hydraulics of the drop inlet shall be further evaluated.  The current 
conceptual design results in a rise in water surface elevation upstream of the project.  This 
rise is isolated to the area immediately upstream of the drop inlet and could potentially be 
mitigated with other inlet designs.  The outlet protection shown is a rip rap apron, based on 
the culvert outlet conditions.  A plunge basin or other energy dissipater should be considered 
due to the significant roadway overtopping and precedence for erosion.   

Sewer and Water are located in Fontana. Overhead Electric parallels the west side of the 
roadway, with a power pole located near the south bank of the wash.  The project could 
remove one (1) residence from the floodplain and significantly reduce the amount of 
overbank flooding.   

4.3 PROPOSED HYDRAULICS SUMMARY  

Table 4 summarizes the hydraulic components required for each project.  Figure 3 shows the 
improvements for each project. 

Table 4 �± Proposed Structure Matrix  

Project 
ID Levee(s) Bank 

Protection Channelization Culvert(s) Culvert Outlet 
Protection 

R/W 
Needed 

A X X     

J     X  

D  X X   X 

B  X  X X X 

 

4.3.1 Levees 

Project A requires a levee to contain flow in the channel and prevent breakout from 
impacting residences on the north bank.  Table 5 summarizes the levee. 

Table 5 �± Proposed Levees 

Project 
ID 

Top Width  
[ft]  

Waterside 
Slope 

Landside 
Slope 

Max Height  
[ft]  

Length  
[ft]  

A 12 2:1 3:1 5 560 
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4.3.5 Culvert Outlet Protection 

Culvert outlet protection is necessary at Projects J and B. 

Table 9 �± Proposed Outlet Protection 

Project 
ID Type Length  

[ft]  
D50  
[in]  

Volume  
[ft 3] 

J Wire-Tied Riprap 
Plunge Basin 36 6 2,250 

B Riprap Apron 32 6 2,830 

 

4.3.6 Construction Costs 

Total estimated construction costs, including contingencies as specified in the project scope, 
are shown in Table 10 and detailed descriptions of construction cost estimates can be found 
in Appendix B.  Contingencies, which were estimated to be 30 percent of the construction 
cost, are intended to cover under-designed components typically required for construction.  
The District requested a line item for design fees, which were estimated at 15 percent of 
construction cost and contingencies. Costs were not inflated for future dollars as no 
implementation schedule was prepared as part of this study.  

Table 10 �± Construction Cost Estimates 

Project Rank Project Number Total Estimated 
Project Cost 

1 A $429,263 

3* J $67,814 

4 D $1,401,261 

5 B $700,365 

 Total $2,598,703 
* The second ranked project, Project G, was not included in top 4 due to recent maintenance 
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6 CONCLUSION AND RECOM MENDATIONS  

Twenty two (22) problem areas in the Airport Wash watershed were identified and then evaluated 
based on established criteria to determine the four (4) projects to be advanced to the conceptual 
design and cost estimate stage.  Projects selected for the 4 highest ranked locations include 
improvements to alleviate flooding, improve scour protection, and increase level of access.  
Improvements include flood containment structures, channel improvements, erosion mitigation, 
and an improved roadway-drainage crossing.      

Preliminary hydraulic modeling results show that the projects in the study area are technically 
feasible, but depend largely on the feasibility of right-of-way acquisition and construction funding 
availability.   Construction cost estimates were generated with the understanding that significant 
contingency would be necessary to cover the unknown at this stage and would also account for 
design and construction administration costs.   

Implementation of these projects will improve the drainage in the study area; however, 
maintenance of existing and future drainage facilities is crucial to the effective operation of the 
watershed as a whole.  Therefore it is highly recommended that in addition to programming 
projects for future completion that the non-structural alternatives are considered and implemented 
to ensure that all occupants of the watershed, both residential and business, can experience a 
system of drainage improvements that creates an improved quality of life.      
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