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SECTION 1 INTRODUCTION 

1.1 Project Purpose 

At the request of City of Tucson, Pima County Regional Flood Control District (RFCD) 
commissioned a regional basin management study of the Alamo Wash Watershed, including the 
Arcadia, Sahuara, and Van Buren Wash Watersheds. RFCD selected CMG Drainage Engineering, 
Inc. (CMG) and JE Fuller to conduct this study, with CMG serving as the prime consultant.  The 
study entitled Alamo Wash Basin Management Plan (AWBMP) included updating the floodplain 
delineations and identifying existing constraints to aid in the development of alternatives for 
improving drainage conditions in the regional study area.  This need for this study was first 
identified in the Tucson Floodplain Management Plan (2016) (Reference No. 1) as a Flood Hazard 
Mitigation Project.  This Existing Conditions Report is one component of the study that has been 
prepared for the RFCD to document existing drainage conditions, which were used to help identify 
flood hazard locations and determine viable drainage improvements. 

1.2 Study Area Description 
The AWBMP area lies entirely within the corporate boundaries of the City of Tucson.  The four 
main watercourses evaluated in this report are the Alamo, Arcadia, Sahuara, and Van Buren Wash 
watersheds; however, the study domain will evaluate all flooding sources, including those not 
previously identified in the Flood Insurance Study (Reference No. 7)  The study area is bounded 
on the west by Swan Road, on the south by the Irvington Road and on the east by the Rose Hill 
and Atterbury Watersheds.  All flow generally drains to the north and west, to its confluence with 
the Rillito Creek.  The total drainage area is approximately 9.6 square miles.  A location map for 
the project study area is provided on Figure 1.  The jurisdictional boundaries and land ownership 
are shown on Figure 2. 
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SECTION 2 LAND USE AND FACILITIES 

2.1 Land Ownership 

The study area is comprised of two primary watercourses:  Alamo Wash and Arcadia Wash; two 
tributary street watercourses:  Sahuara and Van Buren; and a dense network of streets that drain 
an urban area that is located entirely within the City of Tucson corporate limits.  The primary 
watercourses are mostly in dedicated drainageways or easements with an occasional traversing of 
private property; all other surface and subsurface waterways are in roadway right-of-way.   Land 
throughout the study area is primarily privately owned with various municipally owned parcels 
and institutional ownership.  Figure 2, Jurisdictional and Land Ownership Map identifies the 
distribution of parcel ownership throughout the study area.        

2.2 Existing Land Use 

The study area saw significant development between 1960 and 1980 and can be described as built-
out.  Generally speaking all land within the study boundary has been developed since the early 
1980’s and the land-use has been established since that time.  The residential areas are older 
established neighborhoods whereas the commercial areas have gone through a state of re-
development and the only land-use change occurs due to re-development.  The only significant 
undeveloped parcels in the study area are owned by the Arizona State Land Department and are at 
the very top of the watershed.   

Residential land-use dominates the watershed with core commercial at most of the major arterial 
intersections.  Governmental land-use is the third largest land-use which includes parks, schools, 
and other municipally owned parcels.  See Figure 3, Existing Land Use. 

The primary watercourses are used heavily for recreation in the lower part of the watershed and 
serve as natural resource area in an otherwise very urban landscape.  Much of the channels are 
inhabited by riparian species and mature trees on the banks. 

Zoning exists and is inconsequential hydrologically except for infill and re-development.  This 
watershed does not have any formally designated industrial land-use within it.  See Figure 4, 
Existing Zoning. 

2.3 Proposed Land Use 

The study area is almost entirely built-out.  Some infill is occurring and some Tucson Unified 
School District (TUSD) owned parcels are being re-purposed or sold for re-development.  These 
school sites will fall under the Tucson Development Code and will be required to retain/detain 
their increases in runoff due to increases in impervious surfaces. 

2.4 Transportation and Utilities 

The transportation corridors in this study area have been established since the late 60’s with the 
development boom and generally cross the study area from east to west and north to south in a 
typical urban grid.  As mentioned earlier, much of the stormwater conveyance in this watershed is 
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dependent upon the public roadway right-of-way and in researching the transportation, careful 
consideration was taken to document the upcoming improvements from regional and local 
transportation plans.  When planning a watershed for drainage improvements it is very important 
to consider timing of other infrastructure improvements to lessen the disruption to drivers and 
consolidate forces so all infrastructure reaches its useful life without being prematurely 
reconstructed for other purposes.  See Figure 5 for Regional Transportation Areas Map. 

Utilities are significant constraints in the watershed, especially considering the built-out nature of 
the watershed and that utilities will occupy almost every available public corridor.  Effort was 
taken to collect roadway as-builts which include the location of utilities in the public right of way. 
Figure 6, Data Collection identifies the locations where plans were collected.  Figure 7, Drainage 
Inventory shows locations of exposed (from erosion) utilities discovered during field 
reconnaissance. 

 

2.5 Spatial Data 

Electronic data prepared for this project are based on the digital projection shown below: 

Horizontal Datum: NAD83 (HARN) 
Projection: Arizona State Plane, Central Zone 
Units:   International Feet 
Vertical Datum: NAVD88 

Pima County’s GIS Department provided 2015 bare earth LIDAR data which was prepared under 
the management of the Pima Association of Governments (PAG), for this study.  Topographic 
mapping with 2-foot interval contours was generated by utilizing Pima County’s 2015 bare earth 
LIDAR data (Reference No. 9). 

Aerial Photography for the study area is National Agricultural Imagery Program (NAIP) 2015 data 
set, which has 1-meter resolution.  The data is referenced directly from ESRI’s software server. 

Ashby Surveying & Drafting, Inc. performed supplemental field surveys for the drainage 
structures within the study area in 2017.  The survey data collected included culvert sizes, 
materials, invert elevations, and structure geometrics at the inlets and outlets.   
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SECTION 3 DATA COLLECTION EFFORTS 

3.1 Previous Drainage and Flood Insurance Studies 

3.1.1 Tucson Stormwater Management Study (TSMS): Phase II, Stormwater Master 
Plan, Final Report; Simons, Li & Associates, Inc. 1995 
The objective of this document was to present the fiver major components of the Stormwater 
Master Plan: (1) Preservation of Naturally Vegetated Watercourses, (2) Flood Hazard Studies, 
(3) Stormwater Quality Investigations, (4) Stormwater Capital Improvement Projects, and (5) 
Miscellaneous Capital Projects.  Specific to our study area, the Alamo Wash was included in 
this comprehensive study and had two capital projects ranked within the top 25. 

3.1.2 Tucson Stormwater Management Study (TSMS): Phase II, Stormwater Master 
Plan, Existing Conditions Hydrologic Modeling; Simons, Li & Associates, Inc. 1993 
This study presents the methodology and results of the City-Wide hydrologic analysis for 
existing conditions, which includes the Alamo Wash Watershed.  The existing regulatory 
discharge for Alamo Wash is documented within as well as the 3-hour distribution that is 
utilized in rainfall-runoff modeling. 

3.1.4 Detailed Verification of TSMS Hydrology for Alamo Wash Flood Control 
Improvement Project, Fort Lowell Road to the Rillito Creek, Tucson, Arizona; Simons, Li 
& Associates, Inc.  1998 
This letter report documents the verification process of the 100-year peak discharge used for 
the Alamo Wash Flood Control Improvement Project which included a channelization and bank 
protection for the downstream segment of Alamo Wash to its confluence with the Rillito River. 

3.1.6 Flood Insurance Study Vol. I-V for Pima County, Arizona and Incorporated 
Areas; Federal Emergency Management Agency, 2012 

This countywide Flood Insurance Study (FIS) investigates the existence and severity of flood 
hazards in, or revises and updates previous FISs/Flood Insurance Rate Maps (FIRMs) for the 
geographic area of Pima County, Arizona, including: the Cities of South Tucson and Tucson, 
and the Towns of Marana, Oro Valley, and Sahuarita, and the unincorporated areas of Pima 
County (hereinafter referred to collectively as Pima County) and aids in the administration of 
the National Flood Insurance Act of 1968 and the Flood Disaster Protection Act of 1973. This 
FIS has developed flood risk data for various areas of the county that will be used to establish 
actuarial flood insurance rates. 

 3.1.7 Alamo Wash:  Indian House Road to Wilmot Road – Letter of Map Revision 
Technical Data Notebook; CMG Drainage Engineering, Inc., 2015 

This study presents supporting information for a Letter of Map Revision (LOMR) for the Alamo 
Wash between Indian House Road and Wilmot Rd.  The study updated the effective model with 
FEMA approved TSMS hydrology and incorporated new storm drain features that had not 
previously been incorporated in the modeling effort.  CMG provided new hydraulic models and 
as-built plans to show the floodplain limits should be revised. 
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3.1.8 Flood Risk Map: Tucson, Arizona; Federal Emergency Management Agency, 
Version 2.3.3.2  

This map presents flood risks by category and areas of mitigation interest (AOMI).  Developed 
by FEMA it is a tool to help prioritize areas of mitigation for grant funding.  But, it will also be 
utilized to help prioritize projects during the alternative analysis component of this study. 

3.1.9 Proposal for Improvement District Alamo Wash, Fort Lowell to Rillito River, 
ICON Consultants USA, Inc. 1994.  

This document was a proposal to create an improvement district for improvements to the lower 
Alamo Wash reach.  The document presents support and justification for the creation of a 
district.  It’s not clear whether this received any traction or was created, but it’s clear that the 
improvements did go in and this document would be valuable for historical purposes only.  Only 
the cover page was scanned and this document resides in the TDOT’s warehouse. 

3.1.10 LOMR Application for Alamo Wash – Fort Lowell Road to Rillito Creek, 
Tucson, AZ.  Simons, Li & Associates, Inc. 2000.  

This document was a copy of the application to revise the FEMA floodplain along the lower 
Alamo Wash to reflect improvements that were made to the channel from Fort Lowell to Rillito 
Creek.  While valuable for historical purposes, the information is dated and the model output is 
obsolete.  The model does not reflect current conditions in the field.  Only the cover page was 
scanned and this document resides in the TDOT’s warehouse. 

3.2 Previous Drainage Complaints 

Drainage complaints compiled between 1980 and 2014 by the City of Tucson were reviewed to 
determine if the complaints help substantiate floodplain delineations or vice versa. Complaints 
were categorized as Paper Drainage Complaints (pre-1999) and Electronic Drainage Complaints 
(post-1999).   

The Paper Drainage Complaints were collected from archive and represent 33 drainage complaints 
from a period of approximately 20 years.  These complaints were screened for relativity but in 
some cases the complaints may be obsolete now due to the issue being addressed.  

The Electronic Drainage Complaints were screened for their applicability and pertinence to the 
existing conditions analysis.  The initial 2,100 complaints in the prescribed Township Section and 
Range were then screened and pared down to 121 complaints that were helpful as references to the 
existing conditions study.  All complaints are tabulated in Appendix A and shown spatially on 
Figure 6, Data Collection Exhibit. 

3.3 Historical Flooding Records 

Over 40 years of stream gage data have been recorded on the Alamo Wash.  This record tells us 
that there have been some notable events and one event in 1988, recorded as 4,000 cubic feet per 
second (cfs), that according to the flood frequency analysis was close to the 1% chance event of 
4,600 cfs (Reference No. 8).  Further accounts were collected from searches of news archives and 
correlate well with the stream gage records.   
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On August 11, 1995, the Alamo Wash claimed the life of a 43-year old woman when she tried to 
cross the wash at the Stella Road dip crossing in what gage records appear to show was a 10-year 
event (Reference No. 3). 

On August 18, 1998, the Arcadia Wash claimed the life of a 39-year old man at the at-grade 
crossing of Fairmount Ave during what appears to be a 5-year event on the Alamo Wash gage.  
His body was carried 8-miles downstream (Reference No. 3). 

On September 8, 2014, the Alamo Wash flowed with what appears to be a 5-year event per gage 
records and resulted in a fatality at the Calle Betelgeux at-grade crossing (Reference No. 5). 

On August 9, 2016, the Alamo 
Wash gage recorded a peak flow 
of approximately 1,500 cfs 
which is close to a 5-year event.  
No reports of casualties were 
found associated with the Alamo 
Wash; however, there were swift 
water rescues in other parts of 
Tucson.  The photo to the right is 
a picture of the Arcadia Wash 
upstream of its confluence with 
Alamo Wash. See Appendix C, 
Data Collection for historical 
records and published historical 
accounts of flooding. 

Approximately 17 years of 
stream gage data was recorded 
on the Arcadia Wash.  An historic 
peak of 1,210 cfs was recorded in 1971, and denoted as the highest flow since 1963. There were 
no historic news accounts to corroborate this event. 

 

3.4 Construction Plans and As-builts 

Construction documents for existing public drainage features throughout the watershed were 
collected and logged into our Data Collection Database.  When modeling the watershed with the 
FLO-2D program, information pertaining to the size, dimensions, material, and functional 
condition of existing drainage infrastructure is needed to guide decisions on input into the model.  
The Data Collection Database which presents the results of the data collection efforts is in 
Appendix C.  Figures 6 and 7, Data Collection and Drainage Inventory collectively present the 
availability and location of plans and specific structures throughout the study area.  
 
  

Doug Kreutz, Arizona Daily Star (Ref: No. 3) 
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3.5 Gage Data 

The United States Geological Survey (USGS) operated a stream gage recording station (Short ID 
4855.7) on the Alamo Wash   (Alamo Wash at Tucson, AZ #09485570) from 1976 – 1992 after 
which the RFCD continued to operate from 1993 – present.  Because of the operational change of 
ownership there were two distinct data sets collected.  The USGS data was downloaded from the 
National Water Information System (NWIS): Web Interface in the Watstore file format.  The Pima 
County data set was obtained from Lynn Orchard, Principal Hydrologist with the RFCD.  RFCD’s 
information was not formatted for use in any statistical program software, so the decision was 
made to compile the supplemental years from the Pima County operation period into the USGS 
Watstore File Format.  The data was vetted with historical information from Weather Underground 
website for the dates listed in the systematic record.  Several spikes in flow were invalidated 
because of the vetting process.  More details about the application of this data can be found in the 
Technical Memorandum: Alamo Wash Basin Management Plan – Summary of Flood Frequency 
Analysis (Reference No. 8). 
 
USGS also operated a stream gage recording station (Short ID 4855.5) on the Arcadia Wash 
(Arcadia Wash at Tucson, AZ #09485550) just downstream of Pima Street from 1966 – 1983.  
Their published statistics on the gage are found in Statistical Summaries of Streamflow Data and 
Characteristics of Drainage Basins for Selected Streamflow-Gaging Stations in Arizona Through 
Water Year 1996 (Reference No. 13), page 500.  The published 1% discharge event is listed as 
1,920 cfs. 
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3.6 Field Review 

A field review was conducted March 1, 2017 with the project team to visit key locations in the 
watershed and confirm on-ground conditions.  The following individuals were present for the 
field review: 
 
Sandy Steichen, Pima County Scott Altherr, CMG 
Elizabeth Leibold, City of Tucson Laura Mielcarek, Wheat Design Group 
Jerry Curless, CMG  Nanette Pageau, Kaneen 
John Wallace, JE Fuller  Diane Luber, Kaneen 
Jiankang Wang, CMG Cyrus Miller, JE Fuller 

 

 
Photo: Stop along the Arcadia Wash at Beverly Ave Crossing 

3.7 Public Open House 

A very valuable data gathering and outreach tool was the Public Open House.  While the open 
house format was for the purposes of informing the public of the ongoing study; the public was 
also encouraged to share information with the project team.  The medium for sharing was a public 
comment form linked to a location that was marked on maps that were present at the open house.  
The first open house was held March 22, 2017 at Sky Island Charter School which is located in 
the middle of the study area.  Attendance was estimated at around 125 based on the sign-in sheet.  
Approximately 62 comment forms were collected from that open house event which identified 
issues, concerns, and historical information on flooding.  These forms were compiled into a 
spreadsheet and it is included in Appendix B.  Comments forms were also geo-spatially located 
and are included on Figure 6, Data Collection Exhibit.  GIS users can query the locations to link 
the locations and comment form spreadsheet by opening the .mxd file in the electronic deliverable 
(Appendix D). 
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3.8 Previously Identified or Designed Projects 

There were two Capital Improvement Projects within the project study area identified as part of 
the 1995 Tucson Stormwater Management Study (TSMS) (Reference No. 1).  Neither has been 
designed or constructed likely due to a lack of available funding.  The third listed below was not 
identified within TSMS and was located during an as-built search from the City’s Map Tucson 
web interface.  

3.8.1 Box Culverts at Seven (7) Road Crossings (Not Designed/TSMS Project ID: 31) 

This project would have designed and constructed seven (7) new or upgraded box culvert 
structures at the following road crossings of the Alamo and Arcadia Washes:  Alamo Wash at 
Sahuara Ave, Broadway Blvd, Wilmot Rd, 22nd St, Golf Links Road; and the Arcadia Wash at 
5th St and Rosemont Blvd.  This project was ranked 22nd of 47 listed projects.  The estimated 
project cost was $480,000 in 1995 dollars. 

3.8.2 Van Buren and Sahuara Ave Storm Drains (Not Designed/TSMS Project ID: 32) 

This project would have designed and constructed 10-year capacity storm drains along both 
Van Buren and Sahuara Avenues between Speedway and the Alamo Wash confluence.  This 
project was ranked 13th of 47 listed projects.  The estimated project cost was $3.5 Million in 
1995 dollars. 

3.8.3 Grant Rd to Broadway Blvd Bank Protection (Designed/ E-85-15) 
This project, designed in 1985, is labeled a “study” however it has all the components of a 
construction document set.  These drawings are plan and profile drawings of bank stabilization, 
grade control and profile control.  It’s not clear if these were intended to be constructed or just 
advanced to design to get an estimated construction cost.   
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SECTION 4 ENVIRONMENTAL CONDITIONS 

4.1 ERZ and WASH Watercourses 
Environmental Resource Zone (ERZ) and Watershed, Amenities, Safety, and Habitat (W.A.S.H.), 
are defined in the Unified Development Code Section 5.7 – Environmental Resource Zone Overlay 
Zone and Tucson Code Chapter 29 Article VIII – Watercourse Amenities, Safety and Habitat 
Code, respectively.  The ERZ regulations serve to protect significant natural channels, which 
provide habitat for wildlife and support flood control, erosion mitigation, and groundwater 
recharge efforts.  The W.A.S.H. regulations are intended to maximize groundwater recharge, 
protect existing vegetation, and ensure that development does not generate any long term, adverse 
impact to vegetation. 

The main branches of both the Alamo Wash and Arcadia Wash are designated as W.A.S.H. 
watercourses. As this study advances towards identifying improvement alternatives this 
designation will serve to limit certain types of improvements that are not compatible with the goals 
and objectives of the W.A.S.H. ordinance.  These W.A.S.H. segments are shown on Figure 7, Data 
Collection Exhibit.   

4.2 Critical Basins 
According to City of Tucson GIS, the Alamo Wash Watershed is not designated as a balanced or 
critical basin management area.  Per City of Tucson floodplain regulations, proposed development 
must employ some form of peak and volumetric reduction.  Without the critical basin designation, 
developments can generally just ensure that their proposed post developed runoff does not exceed 
pre-developed conditions. 

4.3 Riparian Areas 
The City has issued an Interim Watercourse Preservation Policy, as part of Resolution 20505, 
which provides direction for applying existing codes while a consolidated preservation ordinance 
is being crafted.  Under this policy the watercourses designated by any of the following codes or 
overlays are to be preserved and protected in a manner consistent with the appropriate regulations: 

 W.A.S.H. ordinance (Reference No. 11) 
 ERZ ordinance (Reference No. 10) 
 Pima County Ordinance 2005-FC2 (Reference No. 6) 
 Shaw 1994 riparian habitat delineations 
 Riparian Habitat from TSMS Phase II Stormwater Master Plan 
 Unclassified and undocumented riparian habitat of equivalent value to the above criteria 

 
Existing environmental conditions are shown on Figure 7. 
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SECTION 5 EXISTING DRAINAGE FACILITIES & WATERSHED CONDITIONS 

Watershed conditions are generally consistent throughout the study area as the land-use has been 
established for over 40 years, with some exceptions to the lower reaches of the main channels.  
The channel systems are deep and in many cases improved and have the capacity to convey a 
significant amount of water.  Streets are the secondary drainage conveyance mechanism that 
distribute flow to the channels.  Streets either carry the flow as surface flow between the curbs or 
as subsurface flow in a storm-drain system.  Table 1, Drainage Inventory summarizes the statistics 
of drainage features in the watershed. 

Table 1, Alamo Wash Watershed Drainage Inventory 

Drainage Feature Type Unit Quantity 

Open Channel (main) mi 13.3 

Open Channel (tributary) mi 23.4 

Bank Protection mi 1.9 

Stormdrain  mi 23.1 

Culverts ea 24 

Bridges ea 23 

Pedestrian Bridges ea 15 

Catch Basins ea 475 

 

Locations of existing drainage infrastructure are shown on Figure 8 and a drainage inventory is 
included in Appendix C. 

In addition to the significant quantities of infrastructure that are currently in place, there is also 
areas identified from the field that are failing or represent a potential hazard and may need to be 
included as part of an alternative solution.  Two of these conditions are shown on Figure 8:  
exposed utilities and bank erosion.  Drainage Inventory tables are provided in Appendix C. 

The watershed is very urban and is experiencing “clear water” conditions meaning that sediment 
supply is low due to the developed nature and the channel flows with an appetite for sediment.  
The observed condition in much of the watershed is that at-grade crossings act as grade control, 
but in many cases the channel bed profile is lower than the road on both upstream and 
downstream sides of the crossing.  This condition supports the assertion of the “clear water” 
characteristic, because if sediment supply were available the channel bed profile elevation would 
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be equal to the upstream side of the road crossing.  This may present an advantage during the 
alternatives analysis as a lower bed profile may allow accommodation of cross-drainage 
structures at some of the present at-grade crossings. 

Bank erosion does exist, but there is surprisingly very little quantity of erosion in comparison to 
the length of the watercourses.  Much of the channel has reached an equilibrium with the current 
sediment supply.  The channels vary from mildly sloped sandy bottom washes, to steeper 
scoured out channel bottom with exposed hard-pan material.  Multiple outcrops serve as natural 
grade control along the reach. 

Lowering of the channel bed profile has occurred as evidenced by exposed utility lines.  Up to 
nine (9) locations of exposed utility crossings were observed. 

Significant household waste has been dumped along the banks of the channels.  This waste and 
other ambient windblown litter collects in the channels.   Shopping carts and mattresses are also 
abundant in the Alamo Wash channel.  The Alamo Wash channel vegetation was well 
maintained upstream of Stella Road.  Downstream of Stella Rd, the vegetation is largely 
unmaintained and naturally growing desert and riparian varieties of trees.  Both Alamo and 
Arcadia Wash watercourses are mostly improved fully-lined or bank protected channels 
downstream of Grant Rd and Craycroft Rd.  

Failure of existing bank protection is occurring in locations throughout the watershed.  Much of 
the failures occur on older slope stabilization methods that are undocumented and have probably 
served their useful life.  Another observation of this watershed is the constant battle of erosion 
downstream of the road crossings at the interface between built and natural channel.  It is evident 
that City crews have been making repairs and patches and battling erosion by dumping assorted 
materials at these interfaces.  This practice appears to require a significant amount of resources 
and may not be the most operationally efficient means of fighting the erosion.  It appears that 
when protection is extended downstream of the road that the erosion is just transferred 
downstream to the terminus of the new protection. 

Aggradation is occurring in the lower reach of the Alamo Wash and could be affecting capacity 
to convey flow.  Public comment obtained at the Open House (See Section 3.7) has shown that 
there is a general agreement that the wash is filling with sediment and that the loss of 
conveyance could have led to the flooding adjacent to the channel in 2014. 
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SECTION 6  GIS MAPS 

The Figures 6 and 7 maps were created with ArcGIS .mxd files.  The .mxd files have been 
provided on the DVD in Appendix D and are intended to be completely interactive.  Using the 
hyperlink       tool in ArcGIS, the user can pull up documents/photos related to the items on the 
maps.  In addition to the figures, an .mxd is provided entitled, “Field Conditions 
Assessment_Photos” which is a geospatially correct database of photos and direction of photo in 
the project area that can be utilized to confirm field conditions. 
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APPENDIX A

DRAINAGE COMPLAINTS







APPENDIX B

PUBLIC COMMENT FORM MATRIX





























APPENDIX C

DATA COLLECTION & DRAINAGE INVENTORY SUMMARIES



















APPENDIX D

DIGITAL FILES ON COMPACT DISK


