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1. OVERVIEW 
 
This report presents the findings of an assessment of without project conditions and a 
preliminary analysis of project alternatives for the Gila River, Santa Cruz River Watershed 
Feasibility Study (Watershed Study).  It updates and extends the “Santa Cruz River Watershed, 
Feasibility Phase Assessment of Without Project Conditions” report published in August 1998. 
 
The Watershed Study is being conducted in response to local concerns related to environmental 
resources, wastewater management, groundwater management, floodplain and regulatory 
activities, erosion control, recreation opportunities and watershed hydrology.  The Watershed 
Study presents an opportunity for local, state and Federal agencies to work together in 
developing watershed solutions to manage resources of the Santa Cruz River environment in 
the greater public interest.  The Watershed Study will ultimately result in a recommended 
watershed management plan, including recommended actions, to address problems and 
opportunities along the Santa Cruz River in Pima County, Arizona.  The Watershed Study aims 
to develop a management plan that provides a foundation for supportable, implementable 
projects that strike a balance between watershed concerns of environmental 
protection/restoration and economic development.  
 
The updated without project assessment provides an accounting and description of water and 
related land resources within the watershed.  Wherever possible, resource trends and their 
cause and effect relationships are identified.  This examination of how resource conditions have 
changed over time provides information to facilitate an understanding of watershed problems 
and the development of effective solutions.  The preliminary analysis of project alternatives 
provides an inventory of structural and non-structural projects and an evaluation of each project 
in regards to how it fits into an overall watershed management plan.  The project alternatives 
address the problems and opportunities and include structural flood and erosion control 
measures, non-structural measures, environmental restoration, water and wastewater 
management, groundwater recharge, and recreation. 
 
 
1.1 - Study Area 
 
The study area consists of approximately 65 miles of the Santa Cruz River in eastern Pima 
County, Arizona.  Santa Cruz County bounds the study area to the south.  Pinal County bounds 
the study area to the north.  A map of the study area is provided as Figure 1A. 
 
The study focuses on watershed management opportunities in the Santa Cruz River mainstem 
as well as major tributaries that significantly impact the mainstem.  Major tributaries in the study 
area include the Lee Moore Wash, the West Branch Santa Cruz River, the Rillito River (and its 
tributaries Pantano Wash and Tanque Verde Creek), and Canada del Oro Wash.  Through 
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Pima County, the Santa Cruz River passes by the towns of Arivaca Junction, Continental, 
Green Valley, and Sahuarita, then through the San Xavier District of the Tohono O’odham 
Nation, the City of Tucson, and on by the town of Marana before entering Pinal County to the 
North. A more detailed account of the study area is provided in Section 2, Study Area 
Description. 
 
1.2 - Study Authority   
 
General authorization for the Watershed Study is provided by the Flood Control Act of 1938 (for 
the Gila River and its tributaries – which includes the Santa Cruz River).  The specific 
authorization for the Reconnaissance and Feasibility phases of the Watershed Study are 
provided in House Resolution 2425 dated May 17, 1994, and the 1995 Energy and Water 
Development Appropriations bill which respectively read, 
 
“The Corps of Engineers is directed to undertake a study for the Santa Cruz River Basin, Gila 
River and Tributaries, Arizona, to establish baseline river basin water and related resource 
conditions and needs, and to evaluate basin-wide solutions to urban flood control, water 
conservation, recreation, environmental resource preservation and enhancement, and related 
purposes.  Particular attention should be placed on establishing baseline hydrologic conditions 
in the basin.” 
 
“The Corps of Engineers is directed to initiate a cost-shared feasibility study to develop a 
watershed management plan including flood plain land use and maintenance plans to minimize 
future flood damages, identification of degraded habitats that can be restored as mitigation for 
permitted activities, water quality improvements, ground water supply, low flow augmentation, 
and recreation.” 
 
Section 503, of the Water Resources Development Act of 1996 (WRDA 1996) provides the 
authority for the Corps to conduct a watershed-level study for the Santa Cruz River Basin. The 
Corps of Engineers provided implementing guidance for Section 503 of WRDA 1996 in Planning 
Guidance Letter 97-8, dated 3 July 1997: 
 
“2.  The WRDA ‘96 authorizes the U.S. Army Corps of Engineers to provide technical planning 
and design assistance to non-Federal interests for carrying out watershed management, 
restoration and development projects at 13 specific locations. 
 

a. Authorized locations include:  
-Gila River and Tributaries, Santa Cruz River, Arizona. 

 
b. Assistance may be in support of non-Federal projects for the following purposes: 

-Management and restoration of water quality, 
-Control and remediation of toxic sediments, 
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-Restoration of degraded streams, rivers, wetlands, and other waterbodies to 
their natural condition as a means to control flooding, excessive erosion, and 
sedimentation,  

-Protection and restoration of watersheds, including urban watersheds, and 
-Demonstration of technologies for nonstructural measures to reduce destructive 
impacts of flooding 

  
1.3 - Reconnaissance Study 
 
The Gila River, Santa Cruz River Watershed Basin, Arizona Reconnaissance Study 
(Reconnaissance Study) was conducted by the Corps of Engineers to review and assess past 
and current activities and resource trends on the Santa Cruz River.  The goal of the 
Reconnaissance Study was to determine if a Federal interest existed for investing public 
resources in a more detailed Feasibility Study of the watershed.  The Reconnaissance Study 
looked at river management issues from a basin-wide perspective.  Issue areas investigated 
included land use, topography, geology, sedimentation, hydrology, flooding, water supply, 
groundwater, biological habitat, cultural resources, regulatory issues and physical changes.   
 
The Reconnaissance Study included a public involvement program that resulted in the 
identification of a range of public concerns.  The concerns identified at public meetings centered 
on the following areas: (1) flooding and flood frequency discharges, (2) bank erosion, (3) 
surface and groundwater resources (including Central Arizona Project), and (4) environmental 
resources.  The Reconnaissance Study identified opportunities for the development of an 
integrated river management program comprising a range of interrelated activities currently 
addressed separately by different local, state, and Federal agencies. 
 
The Reconnaissance Study phase was completed in April 1996, resulting in the identification of 
a Federal interest in further cost-shared feasibility-level studies.  The Reconnaissance Report 
recommends: 
 
“…further joint Federal/non-Federal feasibility studies be undertaken to complete the detailed 
baseline data collection, evaluation and plan formulation required to develop an implementable 
Santa Cruz River Management Plan for Pima County.” 
 
1.4 - Feasibility Study 
 
The purpose of the Gila River, Santa Cruz River Watershed Feasibility Study (Watershed Study) 
is to develop an integrated watershed management plan for the Santa Cruz River system.  This 
management plan will include the recommendation of specific projects for detailed 
implementation studies.  The watershed management plan is intended to serve as a framework 
for future basin management decisions by a wide range of agencies in addition to the study 
sponsors.  The Watershed Study will produce management objectives, goals, policy guidelines, 
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and the structures for cooperation and action regarding watershed issues among local, state, 
and Federal agencies.   
 
Based upon the assessment of modern historic, existing, and future without-project conditions 
and upon the planning objectives, a range of river management alternatives will be formulated 
that address ecosystem restoration, management of wastewater effluent, groundwater 
recharge, flood control, erosion control, and recreation.  Alternatives may include river 
management practices to be implemented by local agencies as well as specific projects for 
potential participation by the Corps of Engineers and other agencies.   The study will result in 
the recommendation of a single watershed management plan. 
 
The Watershed Study Feasibility Report is not a project implementation document.  The level of 
detail in investigations is at a scale adequate for making watershed–level resource assessments 
and recommendations.  As specific projects are identified for potential implementation under 
existing authorities of the Corps of Engineers (for example, Flood Damage Reduction or 
Ecosystem Restoration), separate interim reports will be required covering specific project 
features that include a detailed engineering appendix and appropriate NEPA documentation. 
 
 
1.5 - Local Sponsors’ Support 
 
The Reconnaissance Study coordinated with five separate Arizona counties: Santa Cruz, 
Cochise, Pima, Pinal and Maricopa.  Various state agencies, environmental groups and 
watershed stakeholders were also included.  Of these groups, Pima County and the City of 
Tucson expressed an interest and willingness to participate in the cost-shared Feasibility Study 
with the goals of developing a comprehensive river management plan and identifying and 
pursuing environmental restoration opportunities.   
 
Four non-Federal sponsoring agencies from Pima County and City of Tucson are participating in 
the feasibility study.  These sponsors are Pima County Flood Control District and Department of 
Transportation, Pima County Wastewater Management Department, City of Tucson Department 
of Transportation, and the Tucson Water Department.  The Sponsors each contribute funds and 
services towards completion of the Watershed Study.   
 
Contributions of the Pima County Flood Control District include hydraulic studies and the 
development of a continuous hydraulic model for the study area.  Contributions of the Pima 
County Wastewater Management Department include a review of wastewater discharges into 
the Santa Cruz River, an assessment of current floodplain restrictions, and development of a 
growth model for estimating future conditions.  Contributions of the City of Tucson Department 
of Transportation include coordination and public involvement, and the mapping of urban 
vegetation types and conditions. Contributions of the Tucson Water Department include a study 
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of water rights, water conservation, and groundwater resources as well as the identification of 
potential mitigation banking opportunities. 
 
1.6 - Watershed Planning Goals and Objectives 
  
The overall goal of the Watershed Study is to develop a comprehensive basin-wide 
management plan that balances floodplain issues including development, river stability and 
sedimentation, flood protection, ecosystem protection/restoration, wastewater management, 
stormwater quality, groundwater recharge, and recreation. 
 
Specific study tasks in pursuit of these objectives include: 
 

1) Resolve conflicting assessments of hydrology and the varying flood peak 
discharges associated with flood frequency estimates along the Santa Cruz 
River. 

2) Assess the sediment transport characteristics, bank erosion, degradation and 
aggradation potential along the Santa Cruz River. 

3) Develop conceptual plans providing ecosystem restoration benefits. 
a) Examine viability of treated wastewater effluent for potential 

integration with ecosystem restoration, maintenance of riparian habitat 
areas and groundwater recharge. 

b) Examine viability of improving stormwater quality for potential 
integration with ecosystem restoration, maintenance of riparian habitat 
areas and groundwater recharge. 

c) Examine viability of Central Arizona Project water for potential 
integration with ecosystem restoration, maintenance of riparian habitat 
areas and groundwater recharge. 

4) Develop plans to facilitate the regulatory permitting of planned river 
maintenance activities on a regional basis under Section 404 of the Clean 
Water Act. 

5) Develop opportunities for expansion of the regional river park system along 
the Santa Cruz River and major tributaries. 

 
While the study area covers the entire Santa Cruz River within Pima County, a major goal of the 
Pima County Flood Control District (PCFCD) is the formulation of a comprehensive river 
management plan for the 100-year floodplain and delineation of the erosion hazard zone for the 
upper Santa Cruz River.  The Upper Santa Cruz project area extends from the Pima 
County/Santa Cruz County line to the San Xavier District of the Tohono O’odham Nation.  
PCFCD’s objectives for study activities in the upper Santa Cruz area include: 
 

1) Identification of major cultural and physical resources and constraints; 
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2) Identification of existing flooding and erosion risks on main stem and 
tributaries; 

3) Evaluation of hydrologic, hydraulic and geomorphic impacts of existing flood 
control and erosion control measures (including soil cement and grade 
control); 

4) Identification of future public infrastructure and private development activities; 
5) Evaluation of impacts of flood/erosion control alternatives; and 
6) Identification of appropriate floodplain management and flood control 

policies/practices. 
 
Issues related to the area defined above as the Upper Santa Cruz River are described in detail 
under the sections pertaining to Study Reaches 1 and 2 of this report.  Study reaches are 
identified in Section 2.2, Study Area Definition. 
 
1.7 - Draft Feasibility Report 
 
This report updates the August 1998  “Santa Cruz River Watershed, Feasibility Phase 
Assessment of Without Project Conditions”.  New information is provided throughout the report 
but special attention is given to Section 4 – Economics, Section 5 – Hydrology and Hydraulics, 
Section 6 – Floodplain Characteristics, Section 7 – Environmental Resources, Social and 
Cultural Studies, and Section 8 - Water Resources.  Section 10 – Study Reach Summaries, 
Section 11 – Preliminary Project Concepts, and Section 12 – Decision Making Framework from 
the Without Project Assessment have been replaced by sections entitled Watershed Problems 
and Opportunities (Section 10), Watershed Management Plan Components (Section 11), and 
Watershed Management Plan and Effects (Section 12) and Watershed Management Plan 
Implementation (Section 13). 
 
 
1.8 - Prior Studies 
 
Many studies have been conducted pertaining to water and related land resources within the 
study area.  These studies have examined themes including development trends, environmental 
resources, water supply, groundwater recharge, wastewater management, flooding and erosion, 
geology, cultural resources, history, and recreation.  Table 1A provides a listing of some of 
these studies and includes each study’s thematic area, title and preparing agency/party.  The 
list is not intended to be a comprehensive list of previous reports, but to provide a sample of the 
types of studies that have been completed in the study area. 
 
As part of the Watershed Study’s public involvement and interagency coordination process, an 
information exchange workshop was held in Tucson on March 24, 1998.  Representatives of 
local, state and Federal agencies/groups attended the workshop. The workshop provided an 
opportunity for different groups to learn about the types of studies and information that were 
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completed or under way by other groups throughout the watershed.  The workshop is discussed 
in greater detail in Section 3, Public Involvement and Coordination.  Appendix A identifies some 
of the types of information provided by the various stakeholders at the workshop. 
 
 

Table 1A - Prior Studies, Santa Cruz River 
 

TOPICS  
 

REPORT TITLE 
 

AGENCY 

ARCHAEOLOGY  
Arizona Stream Navigability Study for the 
Santa Cruz River (Gila River Confluence to 
the Headwaters) Final Report 

Prepared by SFC Engineering Company 
for the Arizona State Land Department 

ARCHAEOLOGY  

Sonoran Desert Conservation Plan:  
 
Relationships Between Land and People – 
The Cultural Landscapes Approach in 
Archaeology and History (May 2000) 
 
Overview of Traditional Cultural Places in 
Pima County (May 2000) 
 
Preserving Cultural and Historic 
Resources – A Conservation Objective of 
the Sonoran Desert Conservation Plan 
(May 1999) 

Pima County 

ENVIRONMENTAL 

Sonoran Desert Conservation Plan:  
 
Pygmy Owl Update November 1999) 
 
 
Proposal in Support of the Ironwood 
Preserve March 2000 
 
Biological Stress Assessment (Synthesis 
(Cover Memo/Executive Summary April 
2000)  

Pima County 

EROSION CONTROL 

Feasibility Study Report  Section 14, 
Emergency Streambank Protection: 
Streambank Protection Along the Santa 
Cruz River, Cortaro Road and Avra Valley 
Road (June 1994) 

U.S. Army Corps of Engineers Los 
Angeles District 

EROSION CONTROL 
Design Memorandum, Rillito River, 
Tucson, Arizona Bank Protection (October 
1992) 

U.S. Army Corps of Engineers Los 
Angeles District 

FLOOD DAMAGES Final Documentation October, 1993 Flood 
Damage Report 

Pima County Department of 
Transportation and Flood Control District 

FLOOD CONTROL 
Pima County Flood Control District 
Comprehensive Program (December 
1990) 

Pima County Department of 
Transportation and Flood Control 
District, Planning and Development 
Division 

FLOOD CONTROL Tortolita Drainage Area, Arizona – 
Reconnaissance Study (August 1996) 

U.S. Army Corps of Engineers Los 
Angeles District 

FLOOD CONTROL 
Offsite Drainage Investigations, Lower 
Santa Cruz Levee Project – Phase 1A 
(May 1997) 

Pima County Department of 
Transportation and Flood Control 
District, Flood Control Engineering 
Section 
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Table 1A - Prior Studies, Santa Cruz River 
 

TOPICS  
 

REPORT TITLE 
 

AGENCY 

FLOOD CONTROL 
Tucson Drainage Area, AZ – Draft 
Feasibility Report and Environmental 
Impact Statement, (April 1997) 

U.S. Army Corps of Engineers Los 
Angeles District and Pima County 
Department of Transportation and Flood 
Control District 

FLOOD CONTROL 
Pima County Flood Control District 
Comprehensive Program Report FY1990-
91-FY1995-96 (January 1997) 

Pima County Department of 
Transportation and Flood Control 
District, Planning and Development 
Division 

GROUNDWATER 
RECHARGE 

Santa Cruz River Alignment Recharge 
Study - Final Report (July 1986) 

Prepared by Pima Association of 
Governments for City of Tucson 

GROUNDWATER 
RECHARGE 

Canada del Oro Recharge and Recovery 
Project 

Prepared by the Bureau of Reclamation 
for the Tucson Metropolitan Domestic 
Water Improvement District, the Town of 
Oro Valley, the Town of Marana, and 
Pima County 

HAZARDOUS WASTE & 
MATERIALS  

Landfills and Waste Disposal Sites along 
the Lower Santa Cruz River - Final Report 
(February 1995) 

Prepared by Pima Association of 
Governments for Pima County Flood 
Control District 

HAZARDOUS WASTE & 
MATERIALS 

Landfills and Waste Disposal Sites Along 
the Upper Santa Cruz River - Final Report 
(February 1995) 

Prepared by Pima Association of 
Governments for Pima County Flood 
Control District 

HAZARDOUS WASTE & 
MATERIALS 

Landfills Along the Santa Cruz River in 
Tucson and Avra Valley – Final Report, 
Arizona (May 1995) 

Prepared by Pima Association of 
Governments for City of Tucson Office of 
Environmental Management 

HAZARDOUS WASTE & 
MATERIALS 

Landfills and Waste Disposal Sites Along 
the Santa Cruz River from Grant Road to 
Pima Mine Road (July 1996) 

Prepared by Pima Association of 
Governments for City of Tucson Office of 
Environmental Management 

HISTORY (of river including 
historical geomorphology and 
hydrology) 

Arizona Stream Navigability Study for the 
Santa Cruz River (Gila River Confluence to 
the Headwaters) Final Report 

Prepared by SFC Engineering Company 
for the Arizona State Land Department 

RECREATION 
Sonoran Desert Conservation Plan:  
Mountain Parks (August 1999) 

Pima County 

RECREATION Pima County River Parks Master Plan 
(December 1996) 

Prepared by Planners Ink for Pima 
County Department of Transportation 
and Flood Control District 

WATERSHED 
Gila River, Santa Cruz River Watershed 
Basin, Arizona – Final Reconnaissance 
Report (April 1996) 

U.S. Army Corps of Engineers Los 
Angeles District 

RESTORATION 

Sonoran Desert Conservation Plan Draft 
Report (October 1998) 
 
Sonoran Desert Conservation Plan Update 
– Focus on Riparian Area (July 1999) 
 
Paseo de Las Iglesias – Restoring Cultural 
and Natural Resources in the Context of 
the Sonoran Desert Conservation Plan 
(April 1999) 

Pima County 
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Table 1A - Prior Studies, Santa Cruz River 
 

TOPICS  
 

REPORT TITLE 
 

AGENCY 

RESTORATION 

Paseo de las Iglesias, Pima County, 
Arizona -  Reconnaissance Phase Study,  
905B Analysis (1999) 
 
Pima County, Arizona -  Reconnaissance 
Phase Study,  905B Analysis (September 
2000)    (Includes Tres Rio del Norte and 
Agua Caliente) 

U.S. Army Corps of Engineers Los 
Angeles District 

WATERSHED 
Gila River, Santa Cruz River Watershed 
Basin, Arizona – Final Reconnaissance 
Report (April 1996) 

U.S. Army Corps of Engineers Los 
Angeles District 

 
 
1.9 - Organization of Report 
 
This assessment of without project conditions for the Santa Cruz River Watershed basin is 
presented in twelve sections and seven technical appendices.  Section One, Overview, provides 
an overview of the watershed study; including a description of the study area, study authority, 
reconnaissance study, feasibility study, local sponsor support, watershed study planning goals 
and objectives, without project conditions assessment goals, prior studies, and report 
organization. 
 
Section Two, Study Area Description, provides a more specific description of the study area; 
including discussions of watershed geography, study area definition, study area trends, 
watershed study stakeholders, and mapping/GIS resources. 
 
Section Three, Public Involvement and Coordination, provides a discussion of the watershed 
study’s public involvement and coordination activities; including a description of the initial public 
workshop, technical information exchange workshop, and plans for subsequent public meetings. 
 
Section Four, Economics, provides a summary of findings from studies of economic without-
project conditions in the Santa Cruz River Watershed.  Specific topics addressed include 
economic damages from storm-related flooding and erosion, property at-risk of flooding (historic 
damages, property values in floodplain, at-risk infrastructure), and recreation 
activities/opportunities and storm damages (Federal, state, and local parks, trails and nature 
preserves) and recreational demand and use in the vicinity of proposed watershed plan 
components, 
 
Section Five, Hydrology and Hydraulics Studies, provides a summary of findings from 
hydrologic and hydraulic engineering analyses including climate, historic flooding conditions, 
base flow analyses, historic channel changes, discharge-frequency relations, hydraulics, 
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sensitivity of hydraulics to watershed plan components, geomorphology and sedimentation, and 
bridge scour evaluations. 
 
Section Six, Floodplain Characteristics, provides a summary of findings from the watershed 
study’s assessment of floodplain characteristics; including land ownership, open space 
designations, land-use policy, floodplain land-uses, Flood-prone Land Acquisition Program, 
storm damage control/capital improvement facilities, river management/maintenance activities, 
and regulatory issues. 
 
Section Seven, Environmental Resources,  provides a summary of findings from the watershed 
study’s environmental resource assessments; including environmental resource trends, 
biological resources, aesthetics, summaries of findings from social and cultural studies; 
including demographics (population growth trends, labor force and employment sectors, and 
racial composition), social perspectives on the river environment, cultural resources 
(archeological and historical sites), and ethnohistoric setting. 
 
Section Eight, Water Resources , provides a summary of findings from the watershed study’s 
assessment of water resources; including discussions of the Tucson Active Management Area, 
water supply, groundwater, wastewater effluent, Central Arizona Project, stormwater runoff, 
surface water, water quality, water demand, and water rights.  
 
Section Nine, Geological Characteristics, provides a summary of findings from the watershed 
study’s assessment of geological characteristics; including discussions of regional geology, soil 
characteristics, erosion and sediment delivery characteristics, the groundwater aquifer, 
subsidence and earth fissures, and hazardous, toxic and radioactive wastes (HTRW). 
 
Section Ten, Study Reach Summaries – Problems and Opportunities, provides a summary of 
the watershed-level problems and opportunities organized in to the following categories: flood 
damages, environmental resources, water supply, and recreation.  Section Ten also provides a 
summary of the entire assessment of without-project conditions organized by each study reach.  
Each study reach summary includes discussions of the following categories: reach description, 
hydraulic characteristics, sedimentation and geomorphology, at-risk property, Floodplain Land 
Acquisition Program lands, scour susceptible bridges, capital improvement projects, recreation, 
river management/regulatory issues, groundwater recharge projects, Central Arizona Project 
water availability, treated effluent availability, environmentally sensitive areas, archeological 
sites, and problems and opportunities. 
 
Section Eleven, Watershed Management Plan Components, introduces numerous existing and 
proposed projects or programs that address the problems and opportunities identified in Section 
Ten.  Selected components are developed in further detail and include conceptual design and 
cost estimating. 
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Section Twelve,  Watershed Management Plan and Effects, is a matrix display that summarizes 
major benefits and major effects  for each component of the watershed management plan. 
 
Section Thirteen, Watershed Management Plan Implementation,  Identifies likely project lead 
agencies and sponsors, potential implementation funding and authorities, cost sharing 
requirements, phasing of implementation for watershed plan components, and steps for 
environmental and regulatory compliance. 
 
The report’s technical appendices include more detailed information for their respective subjects 
than is provided in the main text and are organized as follows: Appendix A – Public Involvement 
and Coordination, Appendix B – Map Resources Inventory, Appendix C – Economics, Appendix 
D – Hypothetical Environmental Assessment, Appendix E –Hydrology/ Hydraulics/ 
Sedimentation, and Appendix F – HAZMAT Site Identification. 
 
 
SECTION 1 REFERENCES: 
 
Flood Control Act of 1938 
 
House Resolution 2425.  U.S. House of Representatives.  17 May, 1994. 
 
1995 Energy and Water Development Appropriations Bill 
 
Water Resources Development Act of 1996 
 
U.S. Army Corps of Engineers Planning Guidance Letter 97-8. Headquarters, U.S. Army Corps 

of Engineers – Planning Division. 3 July 1997. 
 
Gila River, Santa Cruz River Watershed Basin Arizona, Final Reconnaissance Report.  US 

Army Corps of Engineers Los Angeles District.  April 1, 1996. 
 
Gila River Santa Cruz River Watershed Basin, Arizona, Feasibility Study Cost Sharing 

Agreement and Project Study Plan. 
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2. STUDY AREA DESCRIPTION 
 
Section two provides a description of the Santa Cruz River Watershed Study Area. Included is a 
discussion of study area boundaries, study reaches, resource trends, study cost sharing 
partners, and map/GIS resources.  In some cases, more detailed information is included in the 
report’s Appendices and is referenced as such in the appropriate subsections to follow. 
 
2.1 - Santa Cruz River Watershed Geography 
 
The Santa Cruz River Watershed Basin comprises approximately 8,600 square miles of the 
58,000 square mile Gila River Watershed in Southern Arizona. Four hundred square miles of 
the Santa Cruz Watershed are in Sonora, Mexico.  The Santa Cruz River headwaters initiate in 
the San Rafael Valley in Santa Cruz County, Arizona at an elevation of 5,100 feet NGVD.  From 
there, the river flows southward across the Mexican border making a 35 mile loop before 
reentering Arizona six miles east of Nogales, continuing northward to Tucson, then north-
westward towards its confluence with the Gila River twelve miles southwest of Phoenix, 225 
miles from its source.  A detailed watershed map is provided in Figure 2A. 
 
2.2 - Study Area Definition 
 
The study area includes those portions of the Santa Cruz River Watershed that fall within Pima 
County, Arizona.  The reconnaissance phase of the study examined resource issues throughout 
the five-county area of the Santa Cruz River basin.  However, the greatest concentration of 
issues and the greatest opportunity for the resolution of problems was found within the portion 
of the watershed in Pima County.  This area is the most rapidly developing area within the 
watershed and has the greatest population base.  In addition, the major watershed stakeholders 
responsible for those water resource activities having the greatest influence on the hydrologic 
and hydraulic regime are located in Pima County and were prepared to cost share the 
Watershed  Study.  Prior to entering Pima County, the river flows through Santa Cruz County 
and Sonora, Mexico to the south.  Through Pima County, the river flows north, parallel to I-19, 
adjacent to the towns of Arivaca Junction, Continental, Green Valley, and Sahuarita.  Just south 
of the City of Tucson, the river flows under I-19 at Rancho De Martinez on lands of the San 
Xavier District.  The river then flows to the northwest through Tucson and the town of Marana 
before entering Pinal County to the North. 
 
The Watershed Study breaks the Santa Cruz River into six reaches.  This is done to organize 
the wide range of watershed resources data into manageable areas.  In Section 10, Problems 
and Opportunities, watershed resources are summarized by study reach.  This will help to focus 
plan formulation efforts to come in subsequent phases of the feasibility study.  Major tributaries 
are organized by the location of their confluence with the Santa Cruz River. The six reaches are 
shown in Figure 2B.  The six reaches are described below and are displayed in Figure 2C-2L. 
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Reach 1 - Upper Santa Cruz Reach 
The Upper Santa Cruz Reach of the Santa Cruz River, as defined in the Watershed Study, runs 
from the Santa Cruz County line to the Continental Road Bridge.  The reach is characterized as 
mostly undeveloped and runs for approximately 9.5 miles.  See Figure 2C for an aerial view of 
Reach 1. 
 
Reach 2 - Green Valley/Sahuarita Reach 
The Green Valley/Sahuarita Reach of the Santa Cruz River, as defined in the Watershed Study, 
runs from the Continental Road Bridge to the southern boundary of the San Xavier District at 
Pima Mine Road.  The reach is characterized as developing and runs approximately 10.5 miles.  
A large area of Reach 2 is used for agriculture.  The reach passes to the east of the 
unincorporated community of Green Valley, a retirement community, and the incorporated town 
of Sahuarita.  See Figure 2D for an aerial view of Reach 2. 
 
Reach 3 - San Xavier District Reach 
The San Xavier District Reach of the Santa Cruz River, as defined in the Watershed Study, runs 
from the south boundary of the Reservation at Pima Mine Road to the north boundary of the 
Reservation at Los Reales Road.  The reach is characterized as mostly undeveloped and runs 
for approximately 8 miles through the San Xavier Indian Reservation. See Figures 2E and 2F for 
aerial views of Reach 3. 
 
Reach 4 - Tucson Urban Reach 
The Tucson Urban Reach of the Santa Cruz River, as defined in the Watershed Study, runs 
from the north boundary of the San Xavier Reservation at Los Reales Road to Sunset Road 
(just south of the of the confluence with the Rillito River).  The reach is characterized as fully 
developed and runs for approximately 14 miles through the city of Tucson.  See Figures 2G – 2I 
for aerial views of Reach 4. 
 
Reach 5 - Marana Reach 
The Marana Reach of the Santa Cruz River, as defined in the Watershed Study, runs from 
Sunset Road (and includes the confluence of the Rillito River) to Sanders Road.  The reach is 
characterized as developing and runs for approximately 10 miles through the incorporated town 
of Marana. See Figures 2J and 2K  for aerial views of Reach 5. 
 
Reach 6 - Lower Santa Cruz Reach 
The Lower Santa Cruz Reach of the Santa Cruz River, as defined in the Watershed Study, runs 
from Sanders Road to the Pinal County Line.  The reach is characterized as mostly 
undeveloped and runs for approximately 8 miles. Soil cement bank protection is planned within 
Reach 6.  When in place, it is likely that land use will change and development will increase.  
See Figure 2L for an aerial view of Reach 6. 
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2.3 - Study Area Description and General Trends 
 
Prior to the arrival of European settlers, the Santa Cruz River was a shallow stream occupying a 
wide flat floodplain covered with mature mesquite forests and cottonwood trees.  Stream flows 
were perennial at the San Xavier District, approximately 10 miles south of downtown Tucson.  
Large marshes existed along the river.  The Tohono O’odham Indians at San Xavier, and 
farmers at Tucson, used the surface waters of the river for irrigation. The Santa Cruz River 
served as an important transportation route for Native Americans, missionaries,  Spanish 
explorers, colonizers, miners, cattlemen, and settlers. The river provided a well-established 
route from the south and the east into present day Arizona as far as Tucson, providing food and 
water for the traveler. The river also provided food, water, wood and shelter for the people who 
lived near it.  Farmers diverted the surface water of the river and millers powered their grinders 
with the river’s water.  Dams on the river created lakes used for fishing, boating, and swimming. 
 
During the late 1800s the character of the river, particularly within Pima County, began to 
change rapidly.  Groundwater pumping for agricultural and municipal uses caused the 
groundwater table to drop significantly. At the time of statehood (1912), the Santa Cruz River 
was still perennial in some of the reaches that had shown historic surface flows, but flows were 
becoming increasingly intermittent in most areas.  As perennial surface waters disappeared, so 
did the marshes and large mesquite and cottonwood forests they supported.  Dramatic 
downcutting of the riverbed occurred.  Much of the area’s riparian vegetation had been cut for 
wood or lumber.  Homes and farms, using increasing amounts of the scarce water, left little to 
support the establishment of new riparian growth. 
 
U.S. Geological Survey stream gage summaries (1907, 1912) indicate that all surface water 
flows were diverted at the Tucson gaging station by irrigation ditches.  Agricultural uses in 
Tucson and San Xavier accounted for most of the area’s surface water with supplemental 
irrigation water coming from groundwater pumps.  Diversions and groundwater pumping also 
diminished flows on major tributaries, especially the Rillito River.    As diversions and pumping 
took most, if not all, the flow, springs dried up in the San Xavier area.  A high water table still 
supported a large mesquite bosque south of the San Xavier Mission.  As development and 
farming activities increased, the growing numbers of wells contributed to declines in the 
groundwater table. Figures 2M – 2P present historic photographs of the Santa Cruz River in the 
study area – note the presence of surface water and riparian vegetation.  The study area is now 
characterized by a deep, dry Santa Cruz River channel with steep vertical banks through many 
areas.  Natural flows on the river now occur only in response to rainfall.  Annual groundwater 
overdrafting has dramatically lowered the area’s groundwater table. Riparian vegetation now 
exists only in parts of the channel that receive treated effluent discharges.  The large mesquite 
bosque at San Xavier is gone.  There is a clear public desire for the development of solutions to 
the area’s water resource and environmental problems.  The following paragraphs discuss 
some general trends in the study area. 
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Figure 2C – Photograph showing Elephant Head Road Bridge, Reach 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2D – Photograph showing Continental Road Bridge, Reach 2 
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Figure 2E – Photograph showing Pima Mine Road Bridge, Reach 3 

 
Figure 2F – Photograph Showing I-19 Crossing, Reach 3 
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Figure 2G – Photograph showing pipeline crossing, Reach 4 
 

 
Figure 2H – Photograph showing 22nd Street crossing, Reach 4 
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Figure 2I – Photograph showing Roger Road Wastewater Treatment Facility, Reach 4 
 

 
Figure 2J – Photograph showing Ina Road Water Pollution Control Facility, Reach 5 
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Figure 2K – Photograph showing CAP Siphon, Reach 5 
 

 
Figure 2L – Photograph showing Pinal County Line, Reach 6 
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Figure 2M –Santa Cruz River Perennial Flow North of Tucson, late 1800’s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2N – Santa Cruz River Perennial Flow near the San Xavier District, early 1900’s 
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Figure 2O –  Santa Cruz River Storm Flows near Tucson, early 1900’s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2P – Santa Cruz River Mesquite Bosque south of Tucson, Early 1900’s 
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conservation, utilization of treated effluent, and utilization of CAP water will be vital components 
in reaching safe-yield goals. 
 
In summary, development within the study area over time has contributed to growing public 
concern over issues of flooding and erosion, recreation, floodplain management, environmental 
resources, and groundwater and wastewater management.  These issues are areas of focus for 
the Watershed Study and will be discussed in further detail throughout the remainder of this 
report. 
 
2.4 - Watershed Stakeholders 
 
The river and activities conducted within the regulatory floodplain in Pima County are currently 
under the jurisdiction of several local, state, and Federal agencies.  Pima County, with flood 
control and maintenance responsibility over the entire river, floodplain management 
responsibility over the unincorporated county, and wastewater treatment plants, is a major local 
presence.  The City of Tucson, including the Tucson Water Department, is another major local 
presence.  Other local jurisdictions include the incorporated cities of Sahuarita, Marana, and 
Oro Valley and the San Xavier District of the Tohono O’odham Nation.   
 
State agencies with an interest in the Watershed Study include the Arizona Department of 
Environmental Quality, Arizona Department of Water Resources, and the Arizona Department of 
Game and Fish.  Federal agencies with jurisdiction over the river include the Corps of 
Engineers, the Environmental Protection Agency, the Federal Emergency Management Agency, 
the U.S. Fish and Wildlife Service, and the Bureau of Reclamation.  Private parties own large 
portions of the river and floodplain with divergent interests in the river resources. 
 
As part of the Watershed Study’s public involvement and interagency coordination process, an 
information exchange workshop was held in Tucson on March 24, 1998.  Representatives of 
local, state and Federal agencies/groups attended the workshop.  The workshop provided an 
opportunity for different groups to learn about the types of studies and information that were 
completed or under way by other groups throughout the watershed.  The workshop is discussed 
in greater detail in Section 3 of this report.  A complete summary of the Watershed Study’s 
public involvement program and activities is provided in Appendix A of this report, Public 
Involvement and Coordination.  Table 2A provides a summary of the Watershed Study’s 
stakeholders. 
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Table 2A - Watershed Study Stakeholders 
Organization Type 
Bureau of Land Management Federal  
Bureau of Reclamation Federal  
Federal Emergency Management Agency Federal  
National Park Service Federal  
US Army Corps of Engineers Federal  
USDA – Natural Resources Conservation Service Federal  
USDA – Forest Service Federal  
USDA – Coronado Resource Conservation & Development Federal  
Coronado National Forest Federal  
U.S. Fish and Wildlife Service Federal  
USGS – Water Resources Division Federal  
Tohono O’odham Nation Native American 
San Xavier District – Tohono O’odham Nation Native American 
International Boundary and Water Commission International 
Arizona Department of Environmental Quality State  
Arizona Department of Water Resources State  
Arizona Fish and Game Department State  
Arizona Department of Transportation State  
Arizona State Parks Department  State  
Arizona State Land Department State  
Arizona Center for Environmental Studies State  
University of Arizona State  
Pima Association of Governments Regional 
Pima Natural Resource Conservation District County 
Pima County Department of Transportation & Flood Control District County  
Pima County Wastewater Management Department County  
Pima County Parks and Recreation Department County 
Pima County Department of Environmental Quality County 
Pinal County Civil Works Department County 
City of Tucson Department of Transportation City 
City of Tucson Water Department City 
City of Tucson Parks and Recreation City 
City of Tucson Solid Waste Management City 
City of Tucson Stormwater Section City 
City of Nogales City 
Town of Marana City 
Town of Sahuarita City 
Town of Oro Valley City 
Flowing Wells Water District City 
Community Water District City 
Metro Water District City 
Friends of the Santa Cruz River Public Interest 
Tucson Audubon Society Public Interest 
Cyprus Sierrita Corporation Private Interest 
Farmers Investment Company Private Interest 
Cortaro-Marana Irrigation District Private Interest 
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2.5 - Map Resources Inventory 
 

As part of the Watershed Study a literature search was conducted of available map resources 
documenting resources within the study area.  Maps identified could be broken into two main 
categories - topographic/aerial map products and thematic map products.  Map products in each 
category were identified from international, Federal, regional, state, county, and local agencies.  
Maps identified include both current and historical map resources.  Additionally, a collection of 
web sites that provide mapping information relevant to the study area was included in the 
inventory.  The complete results of the map resources inventory are provided in Appendix B, 
Map Resources Inventory. 
 
2.6 - Geographic Information System (GIS) Resources 
 
Pima County initiated a Geographical Information System (GIS) in 1986.  Currently, the 
Technical Services Division in the Department of Transportation provides GIS products and 
services to the Board of Supervisors, County Administrator, Pima County departments, other 
government agencies, consultants, and the public.  The Pima County Land Information System 
(PCLIS) CD is a collection of Pima County GIS data sets along with tools for viewing, querying 
and analyzing the data.   
 
The Pima County GIS is a central organizing component for the Watershed Study.  The GIS 
provides a vehicle for bringing together and presenting the results of the wide range of resource 
examinations included in this assessment.  The GIS is an especially useful tool in a watershed 
level study because it allows for presentation of the many levels of data that bear on resource 
decisions within the watershed.  As the results of individual investigations are incorporated into 
the GIS, they add another piece of the puzzle for developing comprehensive solutions to 
complex watershed problems. 
 
The Technical Services Division maintains over 161 GIS data sets.  The GIS data set library is 
categorized into distinct categories that share common information types.  The creation of new 
data sets and maintenance of existing data sets is an ongoing duty of the Technical Services 
Division, GIS Database Services section.  New data sets were generated and entered into the 
database as individual parts of the Watershed Study’s resource assessments were completed.   
 
Some of the GIS data sets applicable to the watershed study are included in Table 2B, Selected 
Pima County GIS Data Layers.  More information regarding the Pima County GIS can be found 
on the Pima County web site (http://www.dot.co.pima.az.us/gis/). 
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Table 2B - Selected Pima County GIS Data Layers 
Soils Section Boundaries Topography 

Street Network Airport Runways Wash Network 
Streets – Scenic Routes  Landfills – Existing Congressional Districts  
Sewers – Service Areas  Trails Land Ownership 

Sewers – Major Flood Insurance Rate Map Boundaries Railroads 
Corporate Limits Census Tracts Waste Water Treatment 

County Boundaries Tucson Active Management Area Golf Courses  
Bicycle Routes Water Wells FEMA Floodplains 
Riparian Habitat Parks – Local, State, Federal Zoning 

 

 
2.7 -  Sonoran Desert Conservation Plan 
 
Pima County has initiated a large scale, planning effort, titled the Sonoran Desert Conservation 
Plan that focuses on land use and conservation measures surrounding the Tucson Metropolitan 
area in Eastern Pima County.  The Sonoran Desert Conservation Plan is intended to preserve 
and protect lands that are of environmental, cultural, and historic importance.  The plan is 
intended to arrest urban sprawl,  and to protect those lands that contain the highest quantity and 
quality of regional resources.  The SDCP combines short-term actions to protect and enhance 
the natural environment with long-range planning to ensure that the natural and urban 
environments not only coexist but also develop an interdependent relationship, where one 
enhances the other.  The plan consists of a main report, first published in 1998, followed by a 
series of updates and appendices that are still ongoing.  An annotated bibliography of the 
information available to date is given below.  Summaries and complete texts of a few of the 
documents are available at http://www.co.pima.az.us/cmo/sdcp/sdcp2/iw/iw.html. 
 
Main Report and Updates 
 

Sonoran  Desert Conservation Plan Draft Report (10/98) 
 
Pima County has elected to implement the Sonoran Desert Conservation Plan to preserve and 
protect lands that are of environmental, cultural, and historic importance.  The plan is intended to 
arrest urban sprawl, and to protect those lands that contain the highest quantity and quality of 
regional resources.  The SDCP combines short-term actions to protect and enhance the natural 
environment with long-range planning to ensure that the natural and urban environments not only 
coexist but also develop an interdependent relationship, where one enhances the other. 
 
The SDCP includes six elements: 1) Riparian Restoration, 2) Ranch Conservation, 3) Historic and 
Cultural Preservation, 4) Biological and Ecological Corridor Conservation, 5) Mountain Parks, and 
6) Critical and Sensitive Habitat.   Under each element, the plan lists and describes  past, 
present, and future projects.  It also discusses funding and implementations options, land use 
policy, and regional cooperation. 
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The SDCP includes a large number of companion volumes (listed below) that describe or 
document each of the six elements as well as land use, natural resources, and the current state 
of existing information. 
 

Sonoran  Desert Conservation Plan Update – Focus on Riparian Areas (7/99) 
 

The report describes planning progress on each of the six elements from 3/99 through 7/99.  It 
identifies riparian habitat as  and connection as among the most critical in regards to species of 
concern, especially the Cactus ferruginous pygmy-owl 

 
SDCP – Summary Brochure (11/3/99) and 11x17 foldout map of Concept SDC Plan (5/14/99) 
 

The brochure lists past, present and future projects in the six categories:  Riparian Restoration, 
Ranch Conservation, Historic and Cultural Preservation, Biological and Ecological Corridor 
Conservation, Mountain Parks, and Critical and Sensitive Habitat. 
 
The map displays plan elements at a scale of about 1” = 5 miles. 

 
Sonoran  Desert Conservation Plan Update (3/00) 
 

A  4-page memo report that gives a brief update on the SDCP. In areas of research, public 
participation, and intergovernmental cooperation. 

 
Plan Element 1 – Riparian Restoration 

 
Water Resources and the Sonoran Desert Conservation Plan (7/99) 
 

Describes a “…comprehensive regional policy direction to achieve meaningful riparian restoration 
necessary for endangered species compliance.”  The report describes five water resource 
problems:  1) administration of surface water rights, 2) groundwater mining, 3) damages from 
past practices on riparian systems,  4) impact of past practices on species, and 5) continued 
strategies within the community to defer reconciliation of water use with water availability.   
 
The report includes five proposals in context of the SDCP.  These include acceptance of a 
regional water policy that:  1) anticipates types of water use, 2) achieves safe yield in the Tucson 
Active Management Area, 3) implements recovery strategies for riparian systems, 4) adapts 
multi-species conservation and recovery programs to riparian restoration plans, and 5) integrates 
effluent, recharge and reclamation of water programs into the regional program. 

 
SDCP – GIS Coverages of Perennial and Intermittent Streams and Areas of Shallow Groundwater 
(1/00) 
 

The report identifies 55 perennial stream reaches and 82 intermittent stream reaches across 74 
different streams (defined to include springs, p0onds, pools, wetlands, rivers, and washes).  It 
also identifies nearly 100 potential shallow groundwater areas (groundwater within 50 feet of the 
land surface). Prepared by Pima Association of Governments (PAG). 
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Role of Conservation Effluent Pool in the Riparian Protection Element of the SDCP (3/00). 
 

A cover memo and a copy of Resolution 2000-_____ that establishes A “Conservation Effluent 
Pool” for use in environmental restoration projects.  

 
SDCP - Pima County Riparian Vegetation Mapping Pilot Study (5/00) 
 

Discusses strengths and weaknesses of previous riparian vegetation mapping (paper and GIS) 
for use in the SDCP.  Appendix A describes a pilot study to map riparian habitat. 

 
SDCP – Springs in Pima County ( /00) 
 

Documents the preparation of a GIS coverage that represents springs in Pima County, discusses 
characteristics of certain springs, identifies vulnerable species associated with springs, and 
identifies actions needed to improve the conservation of springs and spring habitats.  The report 
identifies a need to expand and improve the springs database and GIS coverage. 
 

Plan Element 2 – Ranching 
 
SDCP – Ranching in Pima County (11/99) 
 

Ranch conservation is one of six elements of the SDCP.  The report describes the local history of 
ranching (back to the 1600’s) and current practices.  It places ranching in context with the overall 
SDCP by detailing advantages such as :  1) defining the metropolitan urban boundary, 2) 
preserving western heritage, 3) maintaining a traditional industry and diversifying the local 
economy, and 4) preserving unfragmented natural open space with wildlife habitat and water 
resources. 

 
Plan Element 3 – Historic and Cultural Preservation 

 
Preserving Cultural and Historic Resources – A Conservation Objective of the Sonoran Desert 
Conservation Plan (5/99) 
 

The report is divided into two parts.  The first part describes the potential conservation objectives 
under the SDCP.  It includes sections on Cultural Resources Conservation, A Cultural and 
Historical Summary of Pima County, Cultural Resources and the National Register, Status of 
Cultural Resource Inventory and Site Protection in Pima County.  The second part provides 
analysis and recommendations for improving Pima County’s historic preservation policy. 

 
SDCP - Relationships Between Land and People – The Cultural Landscapes Approach in 
Archaeology and History (5/00) 
 

Archaeology and a description of ancient landscapes in the Sonoran desert of southern Arizona.  
Based on a cultural landscapes approach. 

 
SDCP - Overview of Traditional Cultural Places in Pima County (5/00) 
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The report includes two individual reports..  The first is entitled “Overview of Traditional Cultural 
Places in Pima County (prepared by Statistical Research, Inc,) and provides background 
information on the definition and application of the traditional cultural places designation under 
the National Historic Preservation Act. The second is entitled “Overview of Traditional Cultural 
Places in Pima County and the Coronado National Forest (prepared by USFS) and expands on 
the first with examples of how traditional cultural places can be considered as part of land 
management planning.  

 
 

Plan Element  5 – Mountain Parks 
 
SDCP – Mountain Parks (8/99) 
 

Inventories and discusses existing mountain parks and natural preserves including Tucson 
Mountain Park, Tortolita Mountain Park, Cienega Creek Natural preserve, Colossal Cave 
Mountain Park, Catalina State Park Expansion, Saguaro National Park, and Coronado National 
Forest.   It also discusses potential new areas including Waterman-Roskruge Mountain Park, 
Santa Rita Mountain Park, Davidson Canyon Natural Preserve, Cerro Colorado Mountain Park, 
Buehman-Bingham Natural Preserve, and others. The discussions include background, existing 
conditions, park concepts, natural resources, recreation potential, linkages to other protected 
areas, and applicable planning documents.  In addition to providing recreation and open space, 
the mountain parks can help the county meet conservation compliance requirements for listed 
species. 

 
Plan Element  4 – Biological and Ecological Corridor Conservation and Plan Element 6 –  Critical and 
Sensitive Habitat 

 
SDCP – Pygmy Owl Update (11/99) 
 

Describes pygmy owl research and rulings and evaluates whether the efforts of the community 
are leading to the recovery, downlisting and delisting of the pygmy owl. 

 
SDCP – Proposal in Support of the Ironwood Preserve 3/00 
 

Summary of State of Arizona proposal to conserve lands in the following locations:  Las Cienegas 
(1335 ac), Tortolita Mountains/Fan (6852 ac), I-19 and Valencia (58 ac), Canada del Oro East 
area (659 ac), Tamamoc Hill (65 ac), and Pistol Hill (385 ac).  The report is superceded by the 
fact that the Ironwood Forest National Monument was established by Proclamation by the 
President in June 2000.  An updated report on the Ironwood National Monument can be obtained 
at Pima County’s website:    http://www.co.pima.az.us/cmo/sdcp/sdcp2/iw/iw.html 

 
SDCP – Biological Stress Assessment (Synthesis (Cover Memo/Executive Summary 4/00) 
 

The report identifies some of the major potential threats and stressors to vulnerable species in the 
watershed planning areas of Pima County, and to the underlying biological and hydrological 
resources upon which these species depend.  It examines past land and water uses, existing 
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uses, and major uses foreseeable over the next 30 years in an effort to determine the greatest 
potential threats to vulnerable species in the SDCP area. 

 
SDCP – Priority Vulnerable Species, Data Compilation and Synthesis (Cover Memo/Executive 
Summary 6/00) 
 

The complete 300 page (draft) report provides a detailed description of plants and animals that 
are being considered by the Science Technical Advisory Team (STAT) as potentially covered 
under the multi-species program.  It is currently under review and will be amended.  Priority 
vulnerable species include 9 mammals, 8 birds, 7 reptiles, 7 plants, 6 fish, 2 amphibians, and 
invertebrates. 

 
Land Use 

 
SDCP – History of Land Use in Pima County (1/00) 
 

The report provides an overview of 1) natural, constructed, and administrative influences that 
influence settlement and growth patterns across the landscape,  2) the origins and 
implementation of planning and zoning legislation and regulations, 3) a decade-by-decade review 
of some of the major land use decisions made within Pima County since the 1920’s. 

 
 
SDCP –Land Stewardship  in Pima County (2/00) 
 

The report provides 1) an overview of levels of management protection afforded to land in Pima 
County, 2) vegetation communities viewed within the context of varying levels of management 
protection, 3) an analysis of the amount of different types of vegetation that have been damaged 
or destroyed by urban, agricultural, and mining uses, and 4) recommendations for gathering and 
assessing data that will improve the accuracy of future reports on this topic. 

 
SDCP – Land Cover Data Assessment in Pima County (3/00) 

 
The report cover three major tasks:  1) development of a consolidated land cover map that 
represents the best available information for the SDCP study area, 2) documentation of data 
sources, accuracy of data sources, and decision making process for producing the land cover 
map, and 3) identification and prioritization of additional mapping needs .  

 
SDCP - Committed Lands in Eastern Pima County (4/00) 
 

Describes the various levels of built, zoned, and planned land use within incorporated and 
unincorporated areas in eastern Pima County.  The report includes numerous color plates, 
prepared from a GIS, that display land use, existing zoning, subdivisions, committed lands, 
planned land use.  The analysis breaks Pima County into watershed areas that include Upper, 
Middle, and Lower Santa Cruz, Middle San Pedro, Cienega-Rincon, Tortolita Fan, Altar Valley, 
Avra Valley, and Western Pima County.  

 
SDCP - Impact of Unregulated Development at the Community and Watershed Level (3/99) 
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Memorandum report that concerns the fiscal impact of unregulated development within Pima 
County 

 
SDCP - Impact of Unregulated Development on the Pima County Tax Base, Service Demand, and 
Future Infrastructure Liability (2/00) 
  

Memorandum report that concerns the fiscal impact of unregulated development within Pima 
County 

Projects 
 
Paseo de Las Iglesias – Restoring Cultural and Natural Resources in the Context of the SDCP  (4/99) 
 
This  report describes Paseo de las Iglesias, an environmental restoration plan for the Santa Cruz 
River between San Xavier Mission and Sentinel Peak (roughly between the bridges at I-19 and 
Congress Street).   The plan is currently under development by Pima County and the USCAE.   The 
report describes Paseo in the context of the SDCP, and includes discussions  historical and cultural 
perspectives, and in the context of inter-nation and intergovernmental cooperation.  The report 
identifies the basic features as 1) major riparian restoration along the Santa Cruz River between San 
Xavier Mission and Sentinel Peak, preservation of historic and cultural sites, recharge opportunities 
for CAP water and other water sources, native farming restoration opportunities, completion of 
missing trail links along the Santa Cruz River Park. 
 
 

 

SECTION 2 REFERENCES: 
 
Gila River, Santa Cruz River Watershed Basin Arizona, Final Reconnaissance Report.  US 

Army Corps of Engineers Los Angeles District.  April 1, 1996. 
 
Pima County Website (www.dot.co.pima.az.us) 
 
Pima County Land Information System 
 
Gila River Santa Cruz River Watershed Basin, Arizona, Feasibility Study Cost Sharing 
Agreement and Project Study Plan. 
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3. PUBLIC INVOLVEMENT AND COORDINATION 
 
Section three provides an overview of the watershed study’s public involvement and 
coordination activities.  The goals of the Watershed Study’s public involvement and coordination 
activities are to: 1) promote understanding of the planning, design, and construction processes; 
2) obtain public input on watershed problems, opportunities, constraints, alternatives, outputs, 
impacts and costs; and 3) coordinate the Santa Cruz River planning effort with the efforts of 
other Federal, state, and local agencies.  In pursuit of these goals, an initial public meeting was 
held in October 1997 and an interagency coordination and information exchange workshop was 
held in March 1998.  The complete public involvement plan for the Watershed Study is included 
as Appendix A, Public Involvement and Coordination. 
   

3.1 - Initial Public Workshop 
 

On October 8, 1997, the U.S. Army Corps of Engineers held an initial public workshop to 
introduce the Santa Cruz River Watershed Feasibility Study.  The workshop, held at the Tucson 
Convention Center, served to introduce the study to interested parties and to obtain public input 
on the scope of study activities and watershed problems and opportunities.   
 
Almost fifty interested citizens attended the workshop.  Following a presentation by the Corps of 
Engineers on the study background and direction, workshop participants had the opportunity to 
make comments and ask questions regarding the Watershed Study.  A complete listing of public 
questions/comments recorded at the workshop is presented in Appendix A.   
 
Comments and concerns recorded at the workshop can be grouped into three main categories: 
1) availability of information, 2) stakeholder list expansion, and 3) data collection and plan 
formulation.  Specific issues regarding the availability of information included the proposal for a 
study web site, a trade show/open house for the exchange of watershed data, a newsletter, and 
more public workshops.  Specific issues related to stakeholder list expansion included a need 
for greater involvement and coordination with Native American communities, 
neighborhood/grass roots committees and recreation enthusiast groups.  Specific issues related 
to data collection and plan formulation included the identification of needs to consider local 
initiatives, develop multi-purpose projects, and utilize the vast amounts of existing data of other 
agencies.  
 
A supplemental form was passed out, providing participants an opportunity to list and rank their 
priority issues for the watershed study to address.  People identified the following functions as 
their highest priority (#1 ranking out of 9) for the Santa Cruz River and tributaries: flood control, 
water quality, open space, habitat, and property rights.  
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3.2 - Technical Information Exchange Workshop 
 

On March 24, 1998, the City of Tucson in conjunction with the U.S. Army Corps of Engineers 
and Pima County held a public workshop to exchange technical information on the Santa Cruz 
River Watershed.  Approximately eighty attendees participated in the workshop, held at the 
Tucson Convention Center.  The Information Exchange Workshop was a local initiative, 
suggested by participants at the Initial Public Workshop as a forum for the many Santa Cruz 
River Watershed stakeholders to come together under one roof, discuss their respective roles, 
and exchange information.      
 
The Information Exchange Workshop proved very effective for the watershed study in a number 
of areas.  The workshop provided an opportunity for groups to present their responsibilities and 
the past/present activities of their respective agencies.  The workshop uncovered a wealth of 
data, much of which was previously unknown to members of the study team.  The workshop 
served to identify the wide range of agencies and interest groups that constitute the Watershed 
Study’s stakeholders.  The workshop also served to familiarize stakeholders with the Corps of 
Engineers and the Watershed Study.  Agencies were provided with tables to display studies and 
information.  Some agencies even set up physical watershed models.  A complete listing of 
participants and their information supplied is included in Appendix A. 
 
On March 24, 1998, the City of Tucson in conjunction with the U.S. Army Corps of Engineers 
and Pima County held a public Technical Information Exchange Workshop at the Tucson 
Convention Center.  The workshop was a local initiative, suggested by participants at the Initial 
Public Workshop as a forum for the many stakeholders in the watershed to come together under 
one roof, discuss their respective roles, and exchange information. The workshop included 80 
attendees and uncovered a wealth of data, much of which was previously unknown to members 
of the study team.  The workshop served to identify the wide range of agencies and interest 
groups that constitute the stakeholder.  The workshop also served to familiarize stakeholders 
with the Corps of Engineers and their watershed planning process. 
 
The Santa Cruz River Alliance (a citizen’s group) held a Santa Cruz River workshop in Tucson 
on March 30-31, 2001.  The Corps of Engineers - Los Angeles District attended and displayed 
poster size graphics depicting the study reaches, existing features and proposed projects, that 
were prepared as part of this study.  They also distributed copies of the Draft Public Summary 
Document which provided a brief summary of the overall study and included the graphics 
depicting the existing features, proposed projects, and conceptual plans (See Section 11). 
 
 

3.3 - Public Involvement and Coordination Summary 
 

Comments received at the October 1997 and March 1998 and workshops were consistent with 
those received in public involvement activities of the Reconnaissance Study.  The comments 
served to focus the Watershed Study’s objectives and data collection efforts.  The information 
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exchange was particularly useful for a watershed-scale study by providing an opportunity to 
learn about the involvement of many different agencies in the watershed. 
 
The Final Feasibility Report will be published as a hardcopy and on compact disc.  Copies will 
be distributed to the local sponsors and public libraries. 
 
 
 

SECTION 3 REFERENCES: 
 

Public Involvement Plan for Santa Cruz River Watershed Feasibility Study, Arizona.  U.S. Army 
Corps of Engineers.  September 1997. 

 
Gila River, Santa Cruz River Watershed Basin Arizona, Final Reconnaissance Report.  US 

Army Corps of Engineers Los Angeles District.  April 1, 1996. 
 
Gila River Santa Cruz River Watershed Basin, Arizona, Feasibility Study Cost Sharing 

Agreement and Project Study Plan. 
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4. ECONOMICS 
Section four provides a summary of findings from economic studies for without-project 
conditions in the Santa Cruz River Watershed.  Specific topics addressed include economic 
damages from storm-related flooding and erosion, property at-risk of flooding, and economics 
related to recreation activities/opportunities.  When applicable, more detailed information is 
included in Appendix C1 (Historic Data), Appendix C2 (Economic Assessment) and Appendix 
C3 Recreation Assessment.  In such cases, the Appendices are referenced in the 
corresponding paragraphs to follow.  
 
4.1 - Economic Storm Damages 
 
The major categories of potential economic damages in the Santa Cruz River Watershed study 
area include flood inundation damages to structures and their contents and damages to bridges, 
utilities, and properties resulting from storm-related bank erosion.  As part of the Watershed 
Study, an examination of “at-risk” property was conducted.  Here “at-risk” property includes 
major public infrastructure, private and commercial developments which have a record of 
emergency flood protection needs, lie within the 100-year floodplain, and/or are within a reach 
of the river that has demonstrated active erosion.  This section on economic damages presents 
information on: 1) historic flood damages, 2) property values within the designated Santa Cruz 
River floodplain, 3) information regarding bridge crossings, and 4) information on major utility 
crossings. 
 
4.1.1 - Historic Flood Damages 
 
As a part of the Watershed Study’s economic assessment, a review of reports and records of 
damages resulting from past flooding was performed.  The review focuses on four floods for 
which sufficient documentation was available.  These were the floods of October 1977, October 
1983, July 1990 and January 1993.  Each event resulted in either a state or federal disaster 
declaration (or both) for Pima County.  The following paragraphs provide a general description 
of the events and their associated damages.  Specific data from previous flood damage reports, 
summarizing damages in dollar values (where available) are provided in Appendix C1 - 
Historical Data.  A very complete description of historic floods from a hydrologic perspective is 
given in Appendix E1 - Mixed Population Discharge Frequency Analyses. 
 
October 1977 Flood Event: The storm of October 6-10, 1977 in southern Arizona resulted from 
a combination of meteorological factors.  The primary source of moisture was Tropical Storm 
Heather, which came in off the eastern Pacific Ocean, crossed the Baja California peninsula 
and entered Arizona near Nogales where it collided with a cold front moving northwest to 
southeast across Arizona.  The result was approximately 12 to 14 inches of precipitation near 
Nogales and a peak discharge on the Santa Cruz River at Tucson of approximately 23,700 cfs. 
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Based on the Corps mixed-population discharge-frequency relationship (see Section 5.2.1) the 
estimated recurrence interval for the Santa Cruz River gage at Tucson is the 25-year event. 
 
Flooding along the Santa Cruz River and tributaries caused an estimated $8,607,000 in 
damages, of which approximately $6.8 million was in agricultural damages associated with 
pecan and cotton production.  Residents suffered most in Sahuarita, located south of the City of 
Tucson near Green Valley, where four of the ten damaged homes were evacuated.  
Considerable damage, estimated at $230,000, was done to the Silverbell Golf Course, located 
along the Santa Cruz River near the Roger Road alignment, which was under construction at 
the time.  
 
October 1983 Flood Event: From September 29th to October 2, 1983, the combination of a cold 
front to the north of Arizona and the dissipation of tropical storm Octave over the southwestern 
United States brought record amounts of precipitation to much of Arizona.  Approximately seven 
inches fell in southern Arizona over this five-day period.  This precipitation came on the heels of 
an unusually wet August and September.  The result was record flooding throughout Pima 
County and particularly along the Santa Cruz Valley, with peak discharge on the Santa Cruz 
River at Tucson of approximately 53,080 cfs, which is estimated as the 100-year event.  
Considerable damage was caused to both public and private property.   
  
The 1983 flood caused extensive damage to the Green Valley Wastewater Treatment Facility in 
Reach 2 and destroyed the Sunset Road bridge in upper Reach 4.  Numerous other bridges and 
at-grade crossings along the Santa Cruz River, Rillito River, Pantano Wash and Canada del Oro 
Wash were damaged or destroyed.  An office complex and several apartment buildings along 
the Rillito River were substantially damaged or completely destroyed as a result of riverbank 
erosion and avulsion.  Numerous power lines along the Santa Cruz and Rillito Rivers were 
damaged when the foundations of the support towers, some of which were located within the 
riverbeds, were undermined by erosion.  Figures 4A-4D highlight some of the major damages to 
roads and bridges from the 1983 flood. 
 
Unfortunately, little information is available regarding specific dollar values associated with 
damages along the various reaches of the Santa Cruz River and major tributaries. However, in 
response to the flood damage, a mitigation plan was developed to repair the damage and 
provide flood control works to prevent future damage.  The plan combined Federal, state and 
local funding into a $105.8 million program. Appendix C1 contains a table documenting the 
breakdown of the costs and funding of the mitigation program and a table providing a summary 
of the damages by watercourse caused by the October 1983 flood event. 
 
July 1990 Flood Event: On July 24, 1990 an intense thunderstorm developed in the Phoenix 
area in the early morning hours and moved southeast toward the Tucson area bringing intense 
rainfall between 3 and 11 am that day.  The storm was considered atypical of the Tucson area 
monsoons, which are typically fed by moisture from the Gulf of California or Gulf of Mexico and 
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move from southeast to northwest across the Tucson area.  Isolated locations received rainfall 
depths in excess of 2 inches to the southwest of the City of Tucson and within the central 
portion of the city, with the southwest area being the hardest hit.   
 
The flood event led to a state declaration of Pima County as a disaster area, primarily as a 
result of flood damages to the two areas described above.  Information on damage amounts is 
limited but the Operations Division of the Pima County Department of Transportation and Flood 
Control District estimated damages at approximately $1.7 million, a figure that was also issued 
by the State Emergency Services Division. 
 
January 1993 Flood Event: From late December 1992 through February 1993, a series of winter 
storms produced record breaking amounts of precipitation and severe weather across Arizona.  
The rainfall in January, in particular, was 520% above normal statewide and, combined with 
rapid melting of snow-pack in higher elevations, caused intense runoff and flooding.  Within 
Pima County, flooding occurred along the Santa Cruz River with most damage occurring in the 
Green Valley and Marana areas, with inundation of considerable tracts of pecan groves in 
Green Valley and farmland in Marana.  Shifting of the channel caused considerable damage to 
the roadway approaches and bank protection at the Ina and Cortaro Road bridge crossings of 
the river.  The Trico Road bridge crossing in Study Reach 6 was completely filled with sediment 
and a new channel course was cut by the river north of the bridge.  Figure 4D shows the 
damage at and around the Trico Road Bridge Crossing. 
 
Most segments of the river within the Tucson metropolitan area have soil-cement lined banks 
and were of sufficient capacity to pass the flood flow without damage.  Considerable erosion 
damage occurred along the Tanque Verde Creek, a major tributary to the Santa Cruz River and 
along the Agua Caliente Wash, a tributary to the Tanque Verde Creek.  The January 1993 flood 
was particularly hard on the northeast part of the Tucson metropolitan area.  Erosion damage 
along the Agua Caliente Wash was dramatic and rendered the area east of the wash 
inaccessible (except by air) for a period of days.  
 
4.1.2 - Bridges 
 
 As a part of the Watershed Study’s economic assessment, a compilation of information 
regarding bridge crossings of the Santa Cruz River and major tributaries was developed.  Table 
4A lists the bridge crossings that were damaged in both the 1983 and 1993 flood events.  A 
complete listing of bridge crossings with indications of 1983 and 1993 damages and average 
weekday traffic estimates are included in Appendix C1.  
 
The Arizona Department of Transportation (ADOT) established a two phased “Local 
Government Bridge Evaluation Study.”  Phase I of the study produced a Project Procedures 
Manual and Phase II consisted of scour susceptibility evaluations performed in accordance with 
the procedures in Phase I.  In the evaluations, bridges are classified as scour stable (declared 
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or calculated) or scour critical (declared or calculated).  Scour stable bridges are considered 
safe from failure for the conditions evaluated while scour critical bridges are considered to be at 
risk of failure due to scour for the evaluated conditions.  The declared designation means that 
the bridge was evaluated using qualitative means while the calculated designation means that 
quantitative or analytical methods were required.  If there was insufficient information, the bridge 
was classified as unknown foundation. 
 
 

Table 4A - Bridge Crossings Damaged in 1983 and 1993 Flood Events 

CROSSING LOCATION WATERCOURSE 
Elephant Head Road Santa Cruz River 

Sahuarita Road Santa Cruz River 
Ina Road Santa Cruz River 

Cortaro Road Santa Cruz River 
Avra Valley Road (Replaced 1998) Santa Cruz River 

Sanders Road Santa Cruz River 
Trico-Marana Road Santa Cruz River 

Trico Road Santa Cruz River 
Dodge Boulevard Rillito River 

 
 
Bridge Scour Evaluation studies for structures of the Santa Cruz River have been performed by 
Pima County, the Town of Marana, and the Arizona Department of Transportation (ADOT), with 
ADOT doing the analyses for bridges within the City of Tucson. The results of the bridge scour 
study are summarized in Section 5, Hydrology and Hydraulics - Table 5E.  



Santa Cruz River Watershed Management Study Final Feasibility Report and Appendices 
 
 

 
4.0 Economics  August 2001 
 

4-5

 
Figure 4A – 1983 Flood Damage to Continental Road Bridge (Study Reach 1 & 2) 
 

 
 
Figure 4B – 1983 Flood Destroys Cortaro Road Bridge (Study Reach 5) 
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Figure 4C – 1983 Flood Damages to I-19 Approach and San Xavier Loop Road (Study Reach 3) 
 

 
Figure 4D – 1993 Flood Cuts New Channel Burying/Removing Trico Road (Study Reach 5) 
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4.1.3 - Utilities 
 
As part of the Watershed Study’s economic assessment, a compilation of information regarding 
major utility crossings of the Santa Cruz River and major tributaries was developed.  Table 4B 
summarizes the data gathered.  The comprehensive listing is provided in Appendix C1.  It 
should be noted that many of the utilities listed as damaged during the 1983 and 1993 floods do 
not appear on current utility base maps.  It is presumed that these utilities have since been 
replaced, upgraded or otherwise protected.  As such, they were not interpreted as utilities 
subject to flood or erosion threat during the review of utility base maps. 
 

Table 4B - Utility Crossings Damaged in 1983 and/or 1993 Flood Events 

WATERCOURSE UTILITY/OWNER 
1983 

DAMAGES 
1993 

DAMAGES 
Green Valley trunk sewer/PC Wastewater Y  
Green Valley wastewater treatment facility/PC Wastewater Y  
Southwest sewer interceptor(near 22nd street)/PC Wastewater   
Tangerine Road landfill/PC Solid Waste Y  

Santa Cruz River 

La Puerta del Norte Effluent Line/PC Wastewater Y  
Water main crossings (Alvernon Way to Columbus Blvd.)/Tucson 
Water Y  

Water main crossing at Dodge Blvd./Tucson Water Y  Rillito River 

Water main crossings at First Avenue/Tucson Water Y  
Water main crossing at Tanque Verdi Loop Rd./Tucson Water Y  
Sewer main parallel to north bank between Sabino Canyon Rd. 
and Houghton Rd./PC Wastewater Y  

Sewer main crossing downstream of Bonanza Blvd/PC 
Wastewater Y  

Tanque Verde 
Creek 

Sewer main parallel to south bank along Tucson Country 
Club/PC Wastewater  Y 

Sewer main near east bank at Sellarole Rd. alignment/PC 
Wastewater Y  

Water main crossings at Golf Links Rd./Tucson Water Y  
Sewer main parallel  to east bank form Speedway Blvd. To 22nd 
Street/PC Wastewater Y  

Pantano Wash 

Pressure line crossing at Glenn St./PC Wastewater Y  
Sewer main parallel to north bank from Ina Rd. to La Cholla Blvd. Y  Canada del Oro 

Wash Sewer main crossing upstream of Magee Rd. (in Tucson Nat’l 
Resort)/PC Wastewater Y  

 
 
4.1.4 – Economic Assessment of 100-year Flood Damages 
 
An economic assessment was conducted to examine the potential economic damages from a 
100-year flood event, as designated by the Federal Emergency Management Agency’s (FEMA) 
floodplain mapping, along the Santa Cruz River.  This economic assessment diverges from 
traditional USACE economic studies, in that the examination of a single event precludes the 
traditional estimation of expected annual damages of USACE economic analyses and only a 
general overall potential damage being presented.  However, the evaluation of damages for this 



Santa Cruz River Watershed Management Study Final Feasibility Report and Appendices  
 

 
4.0 Economics 4-8 August 2001 

assessment is constructed to be consistent with the methodologies and in general compliance 
with ER 1105-2-100 given its restriction of a single event evaluation.   
 
In Reach 4, the economic assessment is based on a previous study that was prepared for the 
University of Arizona (UA) (Simons, Li and  Associates, 1999), which in turn was based on an 
unpublished erosion damage study that was done by the USACE – Los Angeles District.  The 
study performed for the UA examined the damage associated with continued streambank 
erosion on the unprotected portion of the Santa Cruz River between Grant Road and Fort Lowell 
Road – or more specifically in the vicinity of the West Campus Agricultural Center, which is 
located on the right bank. The UA study is included as attachment 1 to Appendix C2.  The 
assessment in this area was based on probabilistic model that tracked annual movement of the 
bank towards damageable property and thus is a more accurate measurement of erosion 
damages than what might result from a single 100-year event.  The USACE is currently 
conducting a more in depth study of the erosion rates and frequencies in the entire Grant-Fort 
Lowell area.  Once complete, revised erosion damage estimates can be estimated. 
 
4.1.4.A – Damage Categories 
 
The damage categories and potential National Economic Development (NED) benefit categories 
associated with the control of floodwaters within the Santa Cruz River Watershed are: 
 
§ inundation damages to structures 
§ contents and agricultural crops 
§ prevention of infrastructure losses to agricultural enterprises and public facilities 
§ erosion damages to lands and structures 
§ public and private cleanup and emergency costs 

 
Overviews of each of these damage and potential NED benefit categories are provided in 
Appendix C2 - Economic Assessment. 
 
4.1.4.B – Data Collection 
 
Existing development within the study area was estimated through The First American 
Corporation’s FASTWeb online data services.  This service provides access to county assessor 
parcel records and includes a variety of data such as parcel number, ownership, size of parcel, 
land use, type and value of improvements, structure age, and structure size, as examples.  A 
field survey of structures was conducted to determine average first floor elevation of 
improvements and confirm structure sizes and types for a sample of the existing structures. 
 
Agricultural crop acreage by reach was computed using the Pima County Department of 
Transportation Technical Services - GIS Database Services.  Farm budget analysis data for 
upland cotton was acquired from the online data services of the Arizona Cooperative Extension, 
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Department of Agricultural and Resource Economics, University of Arizona for 1998, the latest 
data available. 
 
Construction costs for non-railroad bridges were obtained the Pima County Flood Control 
District – Capital Improvements Projects online database.  This database provides the 
construction year and cost of these improvements.  Union Pacific Railroad’s Engineering 
Department provided current replacement costs for the two railroad bridges subject to damage 
located in Reach 1 of the study area. 
 
Water surface profiles were derived from the continuous hydrology model as developed by Pima 
County and as described in the Hydrology, Hydraulics and Sedimentation Appendix.  
 
 
4.1.4.C – Methodology 
 
Structural unit counts were obtained as described above using FASTWeb.  First floor living area 
from the FASTWeb service was incorporated and cross-checked through spot field 
observations.  Average structure base elevation was determined through the field survey.  
Depreciated replacement structure value was estimated using Marshall & Swift valuation service 
and is at an October 1999 price level. Values were adjusted using a 4.16 percent inflation 
increase for construction costs between October 1999 and August 2001 (ENR, 2001).   Content 
to structure value was set at 55% for residential and 75% for agribusiness, based upon ratios 
developed for prior Los Angeles District studies.  FEMA 1998 depth-damage functions were 
employed for the calculation of inundation damages to structures and contents. 
 
Agricultural crop damages are based on the farm budget analysis methodology.  For this 
methodology a late summer, pre-harvest, flood event is assumed.  The agricultural damage 
analysis assumes that cotton is grown on all acres of the study area.  Based on previous Corps 
studies, significant damages are incurred by the need to relevel cropland and replace irrigation 
works after a large flood event. 
 
Emergency costs include those expenses resulting from a flood what would not otherwise be 
incurred. Clean-up cost estimates are based on studies of the South Pacific Division’s Los 
Angeles District and North Pacific Division’s, Seattle District.  The cost on a square foot basis 
for the extraction of floodwaters, dry-out, and decontamination range from $1 to $4.75 based on 
these prior works.   The current analysis assumes a clean-up cost of $3.65 per square foot.  
 
Erosion, as previously discussed, is mainly a concern in the area around University of Arizona’s 
West Campus Agricultural Center (WCAC). Erosion damage potential is principally a long-term 
process, unlike flood damage.  Although the long-term damage process of erosion is beyond the 
scope of this study, in that the analysis is related to a single major flood event, a recent analysis 
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for the University of Arizona on the erosion problem at WCAC is useful in the identification of the 
potential erosion problem and is included as an attachment to Appendix C2. 
 
4.1.4.D – 100-Year Damages  
 
Total potential damages to the study reach for a 100-year event are estimated to be 
approximately $46 million (Table 4C).  The majority of the damages are attributable to the 
potential for high erosion in the unprotected section of the Reach 4 between Grant Road and 
Fort Lowell Road.  The category includes losses to  public facilities (Interstate 10 and the 
Miracle Mile Interchange), utilities (petroleum and high pressure gas lines), and the loss of lands 
and facilities and research funding at the UA’s WCAC.  The second largest category is 
agriculture, which is split between Reaches 1 & 2 upstream of Tucson, and Reaches 5 & 6 
downstream of Tucson. The third largest category is public infrastructure and is attributable to 
potential bridge losses in Reaches 2 & 6.  The last categories (inundation, cleanup, and 
emergency costs) are attributable to the remaining unprotected subdivisions in Reach 6. 
 

Table 4C – 100-Year Flood Damages 

Damages by Category 

Reach 
Agricultural 

Public 
Infrastructure 

Inundation 
Cleanup & 
Emergency 

Railroad Erosion Total 

1 $740,707  NA NA NA NA NA $740,707  

2 $4,713,047  $5,050,000  NA NA $3,540,000  NA $13,303,047  

3 NA NA NA NA NA NA $0  

4 NA NA NA NA NA $17,257,496* $17,257,496* 

5 NA  NA NA NA NA NA $0  

6 $4,825,348  $4,840,000  $2,124,654  2,602,467 NA NA $14,392,469  

Total $10,279,102  $9,890,000  $2,124,654  $2,602,467  $3,540,000  $17,257,496* $45,693,719  

*Net Present Value for 50 years of  Annualized Damages to the UA WCAC - See Attachment 1 to Appendix C.2 
 

 
4.2 - Recreation Resources 
 
The Santa Cruz River watershed includes many federal, state, county, and local recreational 
facilities that serve the local population and also attract visitors from outside the region.  The 
most notable recreation areas in the watershed are Saguaro National Park and Sabino Canyon 
in Coronado National Forest.   With the exception of the Tucson Urban Reach (Reach 4), most 
of the main stem of the Santa Cruz River is not developed for recreational use.  Within the 
Tucson area, linear River Parks that include pedestrian and bicycle paths, and localized parks 
facilities, have been developed for local and regional use. 
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As part of the Watershed Study, an examination of recreation resources in the watershed was 
conducted.  Summary results of the recreation assessment are presented in this sub-section. 
Potentially informative for future plan formulation activities of the Watershed Study are the 
descriptions of Pima County’s River Parks System (4.3.3) and Pima County’s Cienega Creek 
Natural Preserve (4.3.F).  The River Parks Master Plan lays out existing and desired parklands 
for the development of a continuous park along the banks of the Santa Cruz River and 
tributaries.  The Cienega Creek Natural Preserve might serve as a useful source of “lessons 
learned” in the reestablishment of native species and habitat improvements on previously 
disturbed areas in this arid southwest environment. 
 
4.2.1 - Federal Recreation Lands 
 
Saguaro National Park (formerly Saguaro National Monument) was established in 1933 and is 
comprised of 131 square miles (83,576 acres) of Sonoran Desert scrub habitat.  It is divided into 
two areas, the East and West Units, which are located on either side of Tucson approximately 
25 miles apart.  The East Unit (also referred to as the Rincon Mountain District) is just south of 
Tanque Verde Wash, which feeds into the Santa Cruz River via Rillito Creek, and the northeast 
corner of West Unit is within 3 miles (5 km) of the main stem of the river.  
 
Coronado National Forest includes the Santa Catalina and Santa Rita mountains ranges, which 
rim Tucson to the north and south respectively, and totals 1.7 million acres.  The Forest 
contains several recreation facilities in the Santa Catalina Range, including Mount Lemmon, 
Sabino Canyon, Madera Canyon, and wilderness areas.  
 
4.2.2 - State Recreation Lands 
 
In Pima County, Catalina State Park (5,500 acres) is owned by Coronado National Forest, but is 
managed by Arizona State Parks.  The Park, east of State Route 77 and at the foothills of the 
Santa Rita Mountains, offers camping sites, picnic areas, hiking trails, restrooms, and 
equestrian facilities.  
 
4.2.3 - Pima County River Parks 
 
Pima County Flood Control District has been actively constructing River Parks along the 
County’s major washes and drainage ways as part of the Pima County River Parks Master Plan 
(Master Plan).  The Master Plan identifies the benefits of a regional parks plan as including: 1) 
continuous metropolitan networking corridor, 2) regional trail system linking primary and 
secondary trails, 3) opportunity to restore/maintain wildlife corridors, 4) multi-objective floodplain 
management, 5) cohesive sense of regional distinction, 6) educational/interpretive opportunities, 
7) enhanced property values/tourism, and 8) alternate transportation corridor/reduce air 
pollution. 
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The most recent update of the Master Plan was in December of 1996.  The overall goal of the 
Master Plan is to establish a continuous river trails system along the approximately 100 linear 
river miles existing in the Santa Cruz River, Rillito River, Tanque Verde Creek, Pantano Wash, 
and Canada del Oro Wash.   
 
Of the 234 miles of potential river embankment that could be incorporated into the river park 
system, approximately 20 miles of River Parks have been developed to date.  These 20 miles of 
park are concentrated along the Santa Cruz and Rillito Rivers in Tucson.  With the objective of 
completing segments of the river parks system in a manner that best utilizes existing resources, 
the Master Plan offers the following recommendations for phasing future river parks sections: 
 

Phase 1: Complete the River Park System on the Rillito River 
 
Phase 2: Complete the connection between the Rillito River Park and the Santa 

Cruz River Park 
 
Phase 3: Complete the River Park along the Pantano Wash that has been 

designed 
 
Phase 4: Complete the River Park along the Canada del Oro Wash from 

Thornydale Road to Magee that has been designed (construction 
drawings). 

 
Figure 4E shows the location of most completed segments of the Pima County River 
Parks System. 
 
4.2.4 - Tucson City Parks and Bike Trails 
 
The City of Tucson has developed nearly 4,000 acres of local community and neighborhood 
parks that include picnic areas, fishing ponds, and playing fields.  The City sponsors many local 
activities and festivals throughout the year at these facilities. 
 
The City of Tucson and Pima County are continuing to cooperate on the development of a 
bicycle trail system within the urbanized areas of Tucson.  Currently, the Tucson area contains 
346 miles of bike lanes, paths, and routes, with a projected need for an additional 682 miles of 
trails through 2020.  The City Department of Transportation has published a Bikeway 
Improvement Plan identifying planned improvements to the system through 2001.  Although the 
majority of the bike system needs will be met through arterial and collector roadway 
improvements, some expansion may take place within the linear parks along the main stem of 
the Santa Cruz River (see Section 4.2.7).  
      



INTE
RS

TATE 10

TUCSON INT'L
AIRPORT

Saguaro 
National 

Park

Tuscon Mountain
Park

Rillito River

City of Tuscon

Reach 4

Reach 3

LOS REALES ROAD

AJO WAY

Santa Cruz River Watershed Basin, Pima County, Arizona
Feasibility Phase Study

Scale:  1" = 15,000 ft

20000 0 20000 Feet

Figure 4E
Public Parks and Recreation

NReach Boundary

Major Washes

Bike Routes

Pima County Trails

Federal Parks

City/County Parks

Existing Riverparks

Legend:

Reach 5

Reach 4

DAVIS-
MOTHAN

AFB

Coronado 
National 
Forest

Can
ad

a d
el O

ro 
W

as
h

Reach Reference Map

1

2

3

4

5
6



Santa Cruz River Watershed Management Study Final Feasibility Report and Appendices  
 

 
4.0 Economics 4-14 August 2001 

4.2.5 - Historical Parks and Trails 
 
The greater Tucson area includes several historical areas including Mission San Xavier del Bac 
and Fort Lowell.  Mission San Xavier del Bac, completed in 1797, is sited just south of Tucson.  
The Mission attracts photographers and architectural enthusiasts from around the country.  In 
addition to the historic buildings, the mission contains a museum and gift shop.  The Tucson 
Historical Society has helped preserve Fort Lowell, established in the 1860s, in northeast 
Tucson. The group has created a museum and a park bordering on the Rillito River.   
 
The Juan Bautista de Anza National Historic Trail begins at Tumacacori and continues into 
Pima County along the Santa Cruz River. The historic route through Pima County basically 
followed the Santa Cruz River, passing through Green Valley, Tucson and Marana.  The July 
1993 Pima County Task Force Report on the Trail discusses the expedition ”…In those days the 
river was not incised and channelized as it is today; rather, it tended to meander and broaden 
out to create cienegas.  Vegetation along the stream, now largely destroyed, would probably 
have prevented the settlers from proceeding directly near the banks.”  The completed segments 
of the trail are typically associated with known campsite areas from the original expedition. The 
National Park Service developed a Comprehensive Management and Use Plan for the trail 
(September 1994) that identifies potential areas for trail development in Pima County in 
conjunction with the Pima County River Parks system.  See the Juan Bautista de Anza Map 
Supplement, included in Appendix B, for identification of existing and potential segments of the 
trail. 
  
4.2.6 - Nature Preserves 
 
The Pima County Department of Transportation and Flood Control District owns and operates 
the Cienega Creek Natural Preserve along Cienega Creek, a tributary to Pantano Wash.  The 
450 square mile preserve incorporates walking trails along the creek through riparian habitat.  
The management objectives for Cienega Creek are to 1) preserve and protect the existing 
perennial stream flow in Cienega Creek, 2) preserve and protect the biological resources 
associated with the riparian corridor, and 3) provide opportunities for public use of the preserve 
for recreation, education, and other appropriate activities.  The Preserve’s resource monitoring 
program focuses on water table levels, water quality, the regeneration of native aquatic plant 
species, the distribution and growth of tamarisk and other exotic plant species, and the 
presence of non-native animal species.  Pilot programs to reestablish native plant cover and to 
improve habitat on previously disturbed areas of the preserve will be implemented as funding 
becomes available. 
 
The U.S. Fish and Wildlife Service has established the Buenos Aires National Wildlife Refuge in 
southern Pima County.  The Refuge is located within the grasslands of the Altar Valley in the 
southeast portion of the watershed.  The Valley funnels waters into the Santa Cruz River via 
Altar and Brawley Washes. 
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Designated natural areas are also addressed in Sections 6.1.B, Open Space Designations and 
7.2.E, Wildlife Protection Areas. 
 
4.2.7 – Recreation Demand 
 
The Tucson metropolitan area has witnessed increasing population growth over the past few 
decades.  Since 1980, the population of the City itself has increased 46% and  the populations 
of outlying areas such as Marana and Sahuarita have increased almost 2000%. (see Section 
4.1.1).  The existing River Parks system has been designed with an emphasis on the 
recreational aspects of a linear River Park.  Ordinances, regulations and special conditions to 
preserve and/or mitigate significant vegetation, archaeology and integration of cultural features 
from surrounding neighborhoods have also assisted in preserving Tucson’s heritage.  The result 
of this effort has been the construction of over twenty miles of public trails and access to other 
recreational facilities in the Tucson Basin.   While several reaches of the Santa Cruz River Park 
have been constructed, there are critical linkages along the existing river park sections that 
have not been constructed due to funding, right-of-way, jurisdictional issues or lack of bank 
protection.   
 
An assessment of recreational demand was conducted as part of the watershed study.  The 
purpose of this assessment is to present an analysis of various components for inclusion into 
the complete Santa Cruz River Park/Path/Trail system.   
 
4.2.7.1 - Definitions 
 
Three basic classifications have been established for the Pima County River Park System, 
(Pima County, 1996) which are employed in this analysis.  The three categories, from most 
developed to the least developed are: River Park, River Path and the River Trail.   The River 
Park is the most extensively developed category and would include sufficient right-of-way to 
include a minimum of two pathways, one paved (min. 12’ wide), the other decomposed granite, 
planting areas, restrooms, drinking fountains, and grade separated intersections at roadway 
crossings.  This higher level of development is generally designed for location in central 
metropolitan Tucson to promote alternative modes of commuter traffic and provide 
open/recreational opportunities.  The River Path category is the intermediate system proposed 
along the fringes of developed urban areas or along less intensively developed urban areas.  
This classification does not require bank stabilization, though bank stabilization is preferred.  A 
minimum of one 12’ wide path is required; and, depending on the location of the system, the 
path may be paved or developed with decomposed granite.  The least developed category is 
the River Trails classification.  This is proposed in areas where there is no bank stabilization 
and bank stabilization is not seen within the near future.  The areas of River Trails are largely 
within the rural areas of Pima County.  These are areas where there are little cost to benefit 
returns of developing a more urbanized system. 
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4.2.7.2 – Proposed Recreational Features 
 
The following recreational facilities have been proposed for the Santa Cruz River Park System; 
which if implemented would establish essential linkages to existing facilities for the unification of 
the River Park System.  The facilities are broken out by reach and are further grouped to 
correspond to potential projects called out in the Watershed Plan (see Section 11.x), and by 
Reach. 
 
Reach 1 
§ 10 miles of river trail to the west bank between the Santa Cruz County Line and Continental 

Road Bridge.  This river trail will link up with 6 trails that are part of the Eastern Pima County 
Trail System Master Plan (EPCTSMP).  These include #8-Santa Cruz River, #83-
Continental Road, #80-Madera Canyon Wash, #78-Esperanza Wash, #281-Arroyo 17, and 
#289 -Power Line Loop. 

 
Reach 2 
§ 10 miles of river trail to the west bank between Continental Road Bridge and Pima Mine 

Road Bridge.  The river trail will link up with 6 trails that are part of the EPCTSMP.  These 
include #8-Santa Cruz River, #76-Dawson Road/Helvetia Wash/Jane’s Wash Loop, #83-
Continental Road, #86-Madera Canyon Road, #292-Wrest Loop Green Valley/Arroyo 17, 
and #294-West Toro Trail. 

 
Reach 3  (Not Included) 
 
Reach 4 ( Paseo de las Igelsias/COT Multiple Benefit Water Use Projects/Rio Nuevo)) 
§ 1 mile of river trail on the west bank from Los Reales Road to Valencia Road. 
§ 2 miles of river path on both banks from Valencia Road to Irvington Road. 
§ A 50-acre park with mesquite bosque and on the east bank between Irvington and Ajo Way. 
§ 1.5 miles of river park on both sides between Ajo Way and Silverlake Blvd with a potential 

link to 4-mile long Tucson Diversion Channel bike trail that connects to the Ajo detention 
basin. 

§ A 6-acre downtown gateway water feature park. 
§ The development of a 6.5 miles of seasonal/continuous low flow in mainstem Santa Cruz 

from Valencia Road to Saint Mary’s Road.  The concept should increase the value of the 
river parks by introducing riparian vegetation into the river channel.  It also includes up to 12 
different viewing areas at six different water-release points along the way 

 
Reach 4 (Grant to Fort Lowell Bank Protection) 
§ 1.5 miles of river park on both sides of river between Grant to Fort Lowell with an equestrian 

staging area developed at Juhan Park on west bank. 
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Reach 4 (Tres Rios del Norte) 
§ 1.25 miles of river trail on the west bank from Sweetwater Drive to El Camino del Cerro.  

This trail would connect with 2 other trails:  #26 Roger Wash and #27 Sweet Water Wash.  
Both would ultimately connect to the Saguaro National Park. 

 
Reach 5 (Tres Rios del Norte) 
§ 1.75 miles of river path on the east bank and 1.5 miles of river trail on the west bank from El 

Camino del Cerro to Rillito River Confluence.  The west bank trail would connect to 
EPCTSMP #152 (no name).  The east bank river path would connect with the Rillito River 
path. 

§ 1 mile of river trail on the west bank at Rillito River and Canada del Oro confluence.  This 
trail would connect to EPCTSMP # 137 – South Branch of East Idle Hour Wash with an 
ultimate connection to the Saguaro National Park. 

§ 2.75 miles of river path/trail on the east bank and river trail on west bank between CDO 
confluence and Cortaro Road, with the west bank river trail connecting to # 145-Yuma Mine 
Trail (and ultimately with the Saguaro National Park), and #146-Belmont Road.  The east 
bank path/trail would connect to the #152-Hardy Wash Trail. 

§  
Reach 5 (Beyond Cortaro Road) 
§ 3.75 miles of river path on both banks from Cortaro Road to Lambert Lane alignment.  West 

side path connects with EPCTSMP #25-Picture Rocks Wash, which ultimately connects to 
Saguaro National Park. 

 
§ 7 miles of river trail on both banks from the Lambert Lane alignment to Sanders Road.  Both 

sides connect with EPCTSMP #16-Avra Valley Road and #3 Central Arizona Project Canal.  
The northeast bank side of the CAP trail connects to Tortilla Mountain Park. 

 
Reach 6 
§ 3 miles of river trail on northeast bank from Sanders Road to Trico Marana Road and 8.5 

miles of river trail on southwest bank from Sanders Road to Pinal County line. 
 
4.2.7.3 – Demand Analysis 
 
Benefits from recreation opportunities created by a project are measured in terms of willingness 
to pay.  Benefits for projects (or project features) that increase supply are measured as the 
willingness to pay for each increment of supply.  Benefits for projects (or project features) that 
alter willingness to pay (e.g., through quality changes) are measured as the difference between 
the without and with project willingness to pay.  Willingness to pay includes entry and use fees 
actually paid for site use plus any unpaid value (surplus) enjoyed by consumers.  The total 
willingness to pay is represented as the difference (i.e., the area under the demand curve) 
between the old and new supply.  Because most recreation is publicly provided, it is usually not 
possible to estimate demand directly from observed price-consumption data.  An acceptable 
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procedure for the measurement of willingness to pay, as outlined in ER 1105-2-100 (USACE, 
2000), is the Unit Day Value method.  The unit day value (UDV) method relies on expert or 
informed opinion and judgment to estimate the average willingness to pay of recreational users.  
By applying a carefully thought-out and adjusted unit day value to estimated use, an 
approximation is obtained that may be used as an estimate of project recreation benefits.  
Development of recreational demand by the UDV is described in Appendix C3. 
 
Based on the UDV analyses, the total annual benefits attributable to the proposed facilities 
(Section 4.3.7.2) is approximately $10 million.  This figure is based solely on a regional 
assessment of demand and available facilities.  The additional effort required to measure the 
demand for individual facilities was beyond the scope of the watershed study.  However, Table 
4D provides a breakdown of how the overall benefits would be distributed to individual reaches 
or elements on the basis of land area (parks) or linear miles (multipurpose trails).  
 

Table 4D - Recreational Demand 

Type Annual Benefits  

Parks:  

   Downtown Gateway Park $677,340 

   Santa Cruz River Park Extension (Irvington to Ajo Way) $3,949,934 

Multi-Purpose Trails:  

   Reaches 1 and 2 $1,089,664 

   Reach 4 (Paseo/Rio Nuevo/Multiple Benefit projects) $926,793 

   Reach 4 (Grant to Fort Lowell) $466,820 

   Reaches 4 and 5 (Tres Rios Area) $759,631 

   Reaches 5 (beyond Cortaro) and Reach 6 $2,149,616 

Total $10,019,798 
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5. HYDROLOGY AND HYDRAULICS 
 
Section five provides a summary of findings from the Watershed Study’s investigations of 
hydrology and hydraulics (H&H) in the Santa Cruz River Watershed.  Specific issues addressed 
include climate, hydrologic investigations, the Santa Cruz River Hydrologic Task Force, 
hydraulic investigations, river geomorphology, and sedimentation.  When applicable, more 
detailed information is provided in the Hydrology and Hydraulics Technical Appendix at the end 
of the report.  In such cases, the appendix is referenced in the corresponding sections to follow.   
 
5.1 - Climate 
 
The climate in the Santa Cruz River Basin is desert in character with short, dry winters and long, 
hot summers.  High diurnal temperature variations are characteristic of the region due to the low 
humidity and general lack of cloud cover.  Temperature extremes below 3,000 feet elevation 
range from about 10° Fahrenheit in the winter to about 120° F in the summer.  Temperatures 
can exceed 80° F in any month of the year.  Table 5A shows maximum, minimum and average 

temperatures for Cortaro, Tucson and Sahuarita for the period of record reviewed.  Figure 5A 
shows the monthly mean and variation in temperature and precipitation.  Temperatures in the 
higher elevations of the watershed are typically cooler in summer and colder in winter. 
 
Precipitation occurs in two distinct seasons of the year:  summer and winter, and primarily 
occurs in the form of rainfall.  Summer runs from June into October.  Winter runs from 
December through February.  The primary precipitation falls during the summer months as a 
result of thunderstorms caused by moist air flowing from the Gulf of Mexico.  These storms 
occur frequently in the afternoons and evenings of summer days, producing generally localized 
precipitation.  Floods can occur from heavy thunderstorms, but are typically of short duration 
(lasting up to three hours).  The frequently occurring 2-year, 6-hour event in Tucson and Cortaro 
is about 1.5 inches of rainfall; and in Sahuarita about 1.8 inches.  The extreme 100-year, 6-hour 
event is about 3.6 inches in Cortaro, Tucson and Sahuarita.  The higher elevations receive 
slightly higher precipitation events (0.1-0.5 inches greater rainfall).   
 
Occasionally, longer-term summer storms occur, associated with tropical storms from the Gulf 
of Mexico or the Pacific Ocean.  These storms may provide heavy precipitation for up to 24 
hours, causing longer lasting flood events (24 hours or more).  The 2-year, 24-hour event is 
about 1.8 inches in Tucson and Cortaro, and 2 inches in Sahuarita.  The more extreme 100-
year, 24-hour event is about 4.6 inches in Tucson and Cortaro, and 4.8 inches in Sahuarita.  
The mountainous areas may receive up to 5.5 inches during a 100-year event. 
 
Winter storms provide lesser amounts of precipitation and are associated with frontal storm 
systems from the Pacific Ocean.  Precipitation typically occurs as rainfall in the lower elevations, 
but can occasionally occur as snow.  Precipitation primarily occurs as snow in the higher 
elevations of the watershed during winter storms. 
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Table 5A – Temperature and Precipitation Data for Cortaro, Tucson, and Sahuarita 

 January February March April May June July August September October November December 

Maximum Temp (deg F) 

Cortaro 88 91 96 102 112 116 115 116 113 106 96 88 

Tucson 87 92 99 104 107 116 114 110 105 102 90 84 

Sahuarita 88 94 95 103 112 113 112 110 114 105 89 85 

Minimum Temp (deg F) 

Cortaro 15 18 22 31 23 44 55 57 45 27 20 17 

Tucson 16 20 20 33 38 47 59 61 47 26 24 16 

Sahuarita 10 15 15 23 31 29 48 51 34 29 18 12 

Average High (deg F) 

Cortaro 67 71 76 85 94 102 103 100 98 89 76 68 

Tucson 63 67 72 80 88 98 97 95 92 83 72 64 

Sahuarita 73.5 79 84 93 101 101 98 96 86 74 67 67 

Average Low (deg F) 

Cortaro 34 37 41 47 55 66 73 71 65 53 42 35 

Tucson 39 40 45 51 58 68 74 72 68 57 45 39 

Sahuarita 35 38 43 50 60 68 66 60 47 38 33 31 

Average Precipitation (inches) 

Cortaro 0.7 0.8 0.8 0.4 0.1 0.3 2.3 2.1 1.1 0.9 0.7 1.1 

Tucson 0.9 0.7 0.7 0.3 0.2 0.2 3.8 2.3 1.4 0.9 0.6 1 

Sahuarita 0.8 0.5 0.5 0.2 0.1 0.3 2.6 2.2 1.4 0.7 0.5 1.2 

 

Temperature and precipitation data were obtained from the Tucson International Airport station (period of record 1949-2000), 
Sahuarita 2 NW station (period of record 1956-1972), and Cortaro Station (1948-1976). 
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Figure 5A – Temperature and Precipitation Summary, Tucson, Arizona 
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5.2 - Hydrology 
 
Historic records indicate that the Santa Cruz River was perennial from its source to Tubac (in 
Santa Cruz County just south of the study area) with intermittent reaches of surface flows 
between Tubac and Tucson through the 1890’s.  The Santa Cruz River from Tubac to Tucson 
had several springs and cienegas within its channel in this period.  Even in the earliest historic 
records, only the very largest flood events sustained flows to the confluence with the Gila River.  
Discharge records at the Tucson gage from the fall and winter of 1912-1913 show an average 
baseflow of about 12 cfs.  Gage records identify that season as the last to sustain such 
continuous baseflow for months at a time.  Climate changes at the turn of the century 
compounded with extensive groundwater pumping for irrigation and flow diversion for municipal 
use contributed to the decline in surface water flows. At present, there are no naturally occurring 
perennial reaches on the mainstem Santa Cruz River within the study area.  However, to the 
north of Tucson, there is a perennial baseflow of treated effluent that is discharged from the 
Roger Road Wastewater Facility and the Ina Road Water Pollution Control Facility.  
 
The location and character of surface water in the Santa Cruz River Basin is a function of the 
regional climate, the level of groundwater, and the geomorphology of the river channel.  In the 
study area, the Santa Cruz River has only ephemeral flows (i.e., flows directly resulting from 
precipitation).  Historically, perennial subflows and spring-fed surface flows supported several 
cienegas near Sentinel Peak in Tucson, where a subsurface dike and an impervious layer 
formed by the convergence of Pleistocene terraces and the bedrock at the base of the Tucson 
Mountains forced the groundwater to the surface.  Cienegas could be found above the San 
Xavier Mission (approximately 10 miles south of Tucson), and along both the Santa Cruz River 
and its West Branch approximately 3 miles south of the Congress Street Bridge.  Climate 
changes, groundwater pumping, and diversions contributed to declines in the groundwater table 
and the elimination of perennial subsurface flows and the cienegas they once maintained.   
 
 
5.2.1 - Discharge Frequency Analyses 
 
While all surface flows in the study are ephemeral in nature, storm flows can be of significant 
magnitude.  The Santa Cruz River flood of 1983 was estimated at approximately 53,000 cfs at 
Tucson.  This discharge is 1.8 times the previously estimated 100-year (regulatory) discharge of 
30,000 cfs at Tucson.  As a result of this flood, the validity of the 30,000 cfs estimate has been 
called into question by local regulatory agencies.  Several new estimates have been prepared, 
ranging from 30,000 cfs to 100,000 cfs.  Historically, the flood frequency estimates by the U.S. 
Army Corps of Engineers (USACE), the U.S. Geological Survey (USGS), the Federal 
Emergency Management Agency (FEMA) and some local jurisdictions are at odds with one 
another (Table 5B).  This has the effect of resulting in a loss of opportunity for the various 
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entities to work together on floodplain management and flood control projects toward common 
goals.  
 

Table 5B – Selected Estimates for the 100-year Peak Discharge, Santa Cruz River 

Source/Concentration Point Area (sm) Q100 (cfs) 

PCFCD – Floodplain and Erosion Hazard Management Ordinance No.1999-FC1   

At Continental 
 

Not listed 45,000 
At Tucson Not listed 60,000 

At Cortaro Not listed 70,000 

FEMA – 1992 Flood Insurance Study   

At Continental 1,662 30,000 

Above confluence with Rillito River  2,282 60,000 

Above confluence with Canada del Oro 3,232 70,000 

USGS – Estimates of Magnitude and Frequency of Floods in Pima County, 
Arizona.  Water Resources Investigations Report 84-4142 (data through 1979, 
gage record estimate) 

  

At Continental 1,662 25,600 

At Tucson 2,222 22,100 
At Cortaro 3,503 26,300 

USGS – Basin Characteristics and Streamflow Statistics in Arizona as of 1989.  
Water Resources Investigations Report 91-4041 (data through 1989, gage record 
estimate) 

  

At Continental 1,662 36,500 
At Tucson 2,222 29,600 

At Cortaro 3,503 35,000 

USACE – Hydrologic Engineering Section, Prior to this Study (based on analysis 
of the record prior to 1993)   

At Continental 1662 39,900 
At Tucson 2222 32,200 

At Cortaro 3503 45,000 

 
 
One of the key outputs of the Watershed Study is a hydrologic investigation to establish the 
discharge-frequency relationships for the existing and future condition.  The intent was to 
reconcile the difference in discharge-frequency relations between agencies with an interest in 
the Santa Cruz River.  The results can be used as a baseline in plan formulation tasks in the 
study, and to consider the impact of human disturbance and natural change on the future peak 
runoff potential. 
 
In an effort to coordinate consensus at the local level, the technical approach to the discharge-
frequency analyses was developed over a series of meetings held during the reconnaissance 
phase of the study in coordination with a “Hydrologic Task Force” (HTF) CONSISTING OF .  
Three HTF meetings were held in 1995-1996 during the reconnaissance phase of the Santa 
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Cruz Watershed Study.  The final output was an agreed on plan (the “PLAN”) to address the 
discharge frequency issues.  The PLAN included the following tasks. 
 
§ Hydraulic evaluation of the Santa Cruz River channel capacity for sub-periods of 

history, and an estimation of future channel changes. 
 

§ Adjustment of the recorded and historic annual maximum peak discharges to 
reflect changes in channel conveyance where appropriate, using an "index flood" 
procedure.  (Index flood here refers to an arbitrary range of synthetic floods, 
based upon observed record, which will be used to estimate relationships 
between upstream and downstream peak discharges, and hence, adjust the 
database.) 

 
§ Separate the adjusted annual maximum series into three populations: summer 

thunderstorms (generally occurring June - August), dissipating tropical cyclones 
(generally occurring September to October) and winter storms (generally 
occurring November - March).  

 
§ Bulletin 17B discharge frequency analysis of the mixed populations (assuming 

Log-Pearson Type III distribution) and combination of these results into an 
annual discharge frequency relationship. 

 
§ Estimation of confidence limits for the combined discharge frequency curves. 

 
The HTF was reconvened during the feasibility phase of the study to help collect new data and 
to provide continued technical input regarding the methodologies used to execute the PLAN.  
The first feasibility phase meeting of the HTF was held on January 22, 1998 in Tucson.  
Invitations were sent to attendees of the previous HTF meetings, those agencies specified in the 
Corps project study plan (including National Resource Conservation Service; the U.S. 
Geological Survey; the Arizona Department of Water Resources; the Arizona Department of 
Transportation; the Flood Control Districts of Santa Cruz, Pima, Pinal, and Maricopa counties; 
the City of Tucson Engineering Division, representatives from the cities of Sahuarita, Marana, 
and Tucson), and others expressing interest in hydrology issues at the October 8, 1997 public 
workshop (see Section 3 – Public Involvement and Coordination) held in Tucson.   
 
The HTF held the second feasibility phase meeting on April 21, 1999.  The Corps presented 
results and discussed their findings in regards to (1) peak discharge data collection and 
separation into storm types, (2) development of a series of index floods, and (3) development of 
the hydraulic model for evaluating channel changes on  the reach between Continental Road 
and Cortaro Road. 
 
The HTF held the third feasibility phase meeting on July 27, 1999.  The Corps discussed a short 
report entitled the “Santa Cruz River Watershed Study - Evaluation of Impacts of Channel 
Changes on Peak Discharge” that was prepared and distributed prior to the meeting.  In the 
report, the present and historic condition (1976) channels were compared by routing a series of 
index floods based on the 1983 flood event from Continental to Cortaro.  The report concluded 
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that the historic channel condition for 1976 resulted in slightly more flood peak attenuation than 
the present condition channel.  However, the difference is not significant enough to warrant an 
adjustment to the recorded peak discharges.  Further analysis of channel geometry prior to 
1976 was not pursued because of a lack of geometric and flood data to reliably reconstruct 
historic flood conditions. The Corps recommended that the next phase of the analysis 
(discharge-frequency curves) be based on the peak discharges as recorded. 
 
The final HTF Meeting was held on December 14, 1999.  The Corps presented a draft technical 
summary report entitled “Santa Cruz River Mixed Population Discharge-Frequency Analysis” 
which summarized the discharge frequency results for three different storm types (frontal, 
monsoonal, and dissipating tropical cyclones) at four different gage locations (Nogales, 
Continental, Tucson, Cortaro) on the Santa Cruz River. The Corps results generally support the 
regulatory discharges currently in use by Pima County.  As a result, the Corps and Pima County 
agreed that there was no reason to attempt to determine confidence limits for the combined 
analytical curves. Further, there is no theoretical method for determining confidence limits for a 
mixed population analysis.  Graphical/quasi-analytical procedures are suggested  (see “ Mixed-
Population Frequency Analysis”, USACE, Training Document 17, Apr 82) but LAD does not 
endorse using graphical confidence limits to support regulatory or engineering decisions 
because of the high-degree of uncertainty (reflected in an extremely wide range within the 
confidence limits) which would accompany the composite discharge-frequency curves. 
 
The results of the mixed population discharge-frequency analyses are given in Table 5C.  A 
complete description of the hydrologic analyses including data collection, data summary, 
channel change analyses, mixed population analyses, results, and conclusions, is given in 
Appendix E1 – Santa Cruz River Watershed Management Study – Mixed Population Discharge 
Frequency Analysis. 
 

Table 5C – Mixed-Population Discharge-Frequency Analyses, Results  

Period of Record (1) 

Location 
Drainage 

Area 
(sm) Peak 

(cfs) 
Water 
Year 

Observed Peak 
Discharge 

October 1983 

(2) 

Regulatory 100-
year Discharge 

Pima County 
FCD 

COE Discharge 
Mixed Population 

Analysis (3) 

Nogales  533 31,000 1974 17,100 NA 32,000 

Continental 1662 32,400 1993 45,000 45,000 45,000 

Tucson 2222 37,400 1993 52,700 60,000 55,000 

Cortaro 3503 23,000 
40,000(4) 

1978 
1993 65,000 70,000 66,000 

(1) Period-of-Record peak discharges excluding event of 10-2-83. 
(2) Water Year 1984, annual maximum peak on 10-2-83 or 10-3-83 at Santa Cruz River. 
(3) Mixed Population analysis – 1999/2000 
(4) Estimated peak discharge, 1999 Mixed Population Analysis  
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5.2.2 – Low Flow Analyses 
 

The natural and effluent baseflow conditions in the Santa Cruz River are an important 
consideration in terms of river management and potential restoration projects.  In the effluent 
dominated reach downstream of the Roger Road and Ina Road wastewater treatment facilities, 
the constant effluent flow has induced a lush riparian corridor that provides wildlife habitat, but 
also reduces the flow capacity of the main channel.   Upstream of the treatments plants, where 
base flow is nonexistent, the intermittent low flows that result from storm events may represent 
a usable resource in desert riparian restoration projects.   The characterizes of the low flow 
regime were characterized in terms of average daily discharges recorded at USGS gages, and 
in the expected discharges from wastewater treatment facilities (Appendix E2) 
 
The Watershed Study includes a number of restoration and seasonal flow concepts in the Santa 
Cruz River.  Most are concentrated in the area between the southern Tucson area (Valencia 
Road) and the Marana Area near Avra Valley Road (study reaches 4 and 5).  In the Santa Cruz 
River near Tucson (Reach 4), an average daily flow of I cfs was exceeded during 17% to 43% of 
the record during the summer season (July-August-September).  Average daily flows of 10 cfs, 
have been exceeded from 12% to 30% of the record.  In the winter months (December through 
March) average daily flows of 1 cfs were exceeded in 7% to 14% of record.  Average daily flows 
of 10 cfs were exceeded in  5% to 8% of the record  During the remaining months (October-
November, April-June) there are zero flows in upwards of 92% of the record. 

 
 
Figure 5B – Monthly Low Flows at Tucson 
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At Cortaro (Reach 5), under the current effluent dominated regime, average daily flows of 10 cfs 
have been exceeded 90% of the time.  If all treated effluent were converted and distributed as 
reclaimed water, the flows at Cortaro would likely return back to the pre-1969 regime, barring 
long term climate change.  However over the next 25-year, the expected reclaimed water use is 
expected to be only 20% of the total effluent produced.  In terms of natural water availability, 
flows of 1 cfs have been exceeded from 50%-75% of the time during the summer monsoon 
(July-September) and then level off to between 45%-50% of the record for the remainder of the 
year. 
 
5.3 - Hydraulics 
 
5.3.1 – Continuous Hydraulic Model 
 
The Pima County Department of Transportation and Flood Control District assembled a 
continuous HEC-2 water surface profile model, that extended from the Santa Cruz County line 
to the Pinal County line. The original model was adapted from previously coded HEC-2 flood 
insurance study and county engineering study models. In September 1998, the Corps of 
Engineers converted the original Pima County HEC-2 model into a HEC-RAS model and 
updated it with new cross section information in the San Xavier District (Reach 3), between 
Pima Mine Road and Interstate-19. The new cross section data were provided by Pima County 
and were generated from detailed topography provided to the county by the Bureau of 
Reclamation. Cross sections are summarized in Table 5D and are shown in Figures 5C-5H.  
The model includes profiles for the Pima County regulatory discharges (i.e., the 100-year event) 
and a number of smaller events for use in constructing stage-discharge-rating curves at points 
of interest.  The HEC-RAS output, with hydraulic characteristics for the 100-year event is 
included in Appendix E4.  Brief descriptions of the hydraulic characteristics of the study reaches 
are given below. 
 
Reach 1 - Upper Santa Cruz Reach 
Santa Cruz County Line to the Continental Road Bridge 

 
This ten-mile reach extends from river mile 72.15 to 62.23 (the HEC-RAS sections in the 
reach are labeled #914 through #850).  The overbank widths range from 1,000 to 2,000 
feet and are generally confined between Interstate-19 to the west, and the Southern 
Pacific Railroad (SPRR) to the east.  Pecan orchards owned by the Farmer's Investment 
Company (FICO) occupy the eastern overbank in the four-mile section just south of the 
Continental Road bridge. From this point south, there is no development in the river, 
save for limited agriculture near the Santa Cruz County line. This reach includes the 
Elephant Head Road bridge and the Continental Road bridge. 
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Table 5D – Summary of Selected HEC-RAS Cross Sections 

Reach/Landmark Bridge Bridge Owner HEC-RAS Section 

   Upstream Downstream 

Upper Santa Cruz Reach (Reach 1) 

Santa Cruz County Line   914  

Elephant Head Road Y PCDOT (#8912) 907 907.1 

Continental Road Y PCDOT (#8880) 855 855.1 

Green Valley/Sahuarita Reach (Reach 2) 

Nogales Highway  Y ADOT 815 816 

Railroad Y Southern Pacific RR 799.1 799.2 

Sahuarita/Helmet Peak Road Y PCDOT (#8304) 793 794 

Railroad Y Southern Pacific RR 773.1 773.2 

San Xavier Reservation Reach (Reach 3) 

Pima Mine Road Y PCDOT (#8476) 48.82 773 

Q100 changes from 60,000 cfs to 45,000 cfs   43.75 44.12 

Interstate 19 Y ADOT 41.32 41.34 

San Xavier Loop Road Y ADOT 41.19 41.2 

Tucson Urban Reach (Reach 4) 

Valencia Road Y City of Tucson 38.96 38.97 

Irvington Road Y City of Tucson 36.82 36.83 

Santa Cruz West Branch Energy Dissipater   36.6  

Ajo Way Y City of Tucson 35.77 35.78 

Tucson Diversion Channel   34.91  

Silver Lake Road Y City of Tucson 34.24 34.25 

Santa Cruz West Branch (natural Channel)  City of Tucson 34.02  

22nd Street Y City of Tucson 33.75 33.76 

Congress Street Y City of Tucson 32.61 32.62 

Saint Mary's Road Y City of Tucson 31.95 31.96 

Speedway Blvd Y City of Tucson 31.52 31.54 

Grant Road Y City of Tucson 30.16 30.18 

El Camino del Cerro Y City of Tucson 25.8 25.81 

Marana Reach (Reach 5) 

Rillito River Confluence   24.11 24.2 

Q100 changes from 70,000 cfs to 60,000 cfs   24.11 24.2 

Canada Del Oro Confluence   22.97 23.06 

Ina Road Y PCDOT (#9566) 21.54 21.55 

Cortaro Road Y Marana (#8863) 20.16 20.2 

Avra Valley Road Y PCDOT (#9228) 15.18 15.19 

Calmat Conveyor Y Calmat 14.93 14.935 

Central Arizona Project (CAP) Siphon   13.92 14.02 

Lower Santa Cruz Reach (Reach 6) 

Q100 = 70,000 cfs     

Sanders Road Y Marana (#8263) 9.47 9.48 

Trico-Marana Road Y PCDOT (#9552) 6.24 6.25 

Trico Road Y PCDOT (#8262) 4.24 4.26 

Pinal County Line     

 



71.88

71.39

70.94

70.40

69.79

69.36

68.38

67.49

66.93

66.36

64.96

64.19

62.28

62.69

63.33

60.97

61.85

San ta C ru z  Co un ty

Reach 1

Reach 2

Reach 1

C ON TIN EN TA L R O AD  BR ID G E

Figure 5C

HEC-2 Cross Section Locations - Reach 1

800 0 0 800 0 Fe et

Major Streets

HEC-2 Cross Sections

Reach Boundary

FEMA 100-yr Floodway

FEMA 100-yr Floodplain

Scal e:  1 " =  8 ,0 00  f tLegend:

San ta C ru z R ive r  W ate rshed B as in , P im a C oun ty,  A rizona

Feasib il i ty P hase  S tu dy

Pim a C ou nty

Reach Reference Map

San ta C ru z R ive r  W ate rshed B as in , P im a C oun ty,  A rizona

Feasib il i ty P hase  S tu dy

1

2

3

4

5
6

N

IN
TE

R
S

TA
T

E 
19

ELEPHANT HEAD ROAD

WHITE HOUSE CANYON ROAD

Pima  Co unty

Corporate Boundary

Sa nta  Rita Exp Ran ge
S

A
N

T
A

 C
R

U
Z 

R
IV

E
R



54.32

51.54

62.28

62.69

60.97

60.14

59.25

53.17

53.63

54.66

55.17

57.03

58.49

57.34

56.46

56.06

48.52

61.85

48.75

N

HEC-2 Cross Section Locations - Reach 2

Figure 5D

Reach Reference Map

1

2

3

4

5
6

San ta C ru z R ive r  W ate rshed B as in , P im a C oun ty,  A rizona

Feasib il i ty P hase  S tu dy

Scal e:  1 " =  8 ,0 00  f t

800 0 0 800 0 Fe et

SAHUARITA ROA D

S
a n

t a
 C

r u
z  

R
iv

e r

CONTINENTAL  ROAD B RI DG E
Reach 2

Reach 1

PIM A M INE ROA D
Reach 2

Reach 3

Sa n Xavier D istrict

    Pima  Co unty

Pima  Co unty

IN
T

E
R

S
T

A
T

E
 19

OLD NOGALES H
IG

HW
AY

Corporate Boundary

Legend: Major Streets

HEC-2 Cross Sections

Reach Boundary

FEMA 100-yr Floodway

FEMA 100-yr Floodplain

Sa nta  Rita Exp Ran ge



51.54

40.86

40.48

40.11

43.31

53.17

38.44

38.96

39.54

48.52

48.08

47.49

46.81

46.27

45.4
7

44.8
3

44
.2

1

42.78

42.1
241

.6
2

48.75

N

HEC-2 Cross Section Location - Reach 3

Figure 5E

Reach Reference Map

6
5

4

3

2

1

San ta C ru z R ive r  W ate rshed B as in , P im a C oun ty,  A rizona

Feasib il i ty P hase  S tu dy

Scal e:  1 " =  8 ,0 00  f t

800 0 0 800 0 Fe et

Santa C
ruz R

iver

PIM A M INE ROA D
Reach 3

Reach 2

In
tersta

te 19

Tuscon Int'l
Airport

LOS RE ALE S ROA D
Reach 4

Reach 3

    Pima  Co unty

Sa n Xavier D istrict

Sa n Xavier D istrict

P ima  Co unty

Corporate Boundary

Legend: Major Streets

HEC-2 Cross Sections

Reach Boundary

FEMA 100-yr Floodway

Estimated Floodplain



40.48

40.11

34.81

31.34
30.96

30.18

28.08

27
.5

1

26.95

24.58

25.72

24.96

26.3
8

28.6
5

29
.6

9

30.37

31.52

31.96

33.00

32.53

32.62

33.75

34.24

35.77

36.25

37.87

38.44

38.96

39.54

24.20

24
.0

1

N

HEC-2 Cross Section Locations - Reach 4

Figure 5F

Reach Reference Map

1

2

3

4

5
6

San ta C ru z R ive r  W ate rshed B as in , P im a C oun ty,  A rizona

Feasib il i ty P hase  S tu dy

Scal e:  1 " =  1 0,00 0 f t

100 00 0 100 00 Fe et

LOS RE ALE S ROA D

Reach 4

Reach 3

City of Tuscon

GRA NT RO AD

SUNS ET ROAD
Reach 5

Reach 4

TUCSON I NT'L
AI RP ORT

Sou th
Tuscon

S
a

gu
a

ro
 N

a
tio

na
l P

a
rk

P
im

a
 C

o
un

ty

Tuscon Mt.  Pa rk

City of Tuscon

Pima  Co unty

Pima  Co unty

Corporate Boundary

Legend: Major Streets

HEC-2 Cross Sections

Reach Boundary

FEMA 100-yr Floodway

FEMA 100-yr Floodplain

Tuscon Mt.  Pa rk

City of Tuscon



24.58

25.72

14
.9

3

15
.9

1

21.9
3

8.
817.
86

9.
49

21.74

22
.8

7

20
.2

0

19.31

18.43

17.43

16.59

14
.02

12
.8

8

12
.12

11
.17

10
.2

3

24.96

.38

24.20

24
.0

1

23.06

20
.1

0

N

HEC-2 Cross Section Locations - Reach 5

Figure 5G

Reach Reference Map

1

2

3

4

5
6

10000 0 10000 Feet

Scale:  1" = 10,000 ft

Santa Cruz River Watershed Basin, Pima County, Arizona
Feasibility Phase Study

TANGERINE ROAD

INA ROAD

I-10

CANADA DEL O
RO W

ASH

RILLITO RIVER

Santa Cruz River

R
ea

ch
 6

R
ea

ch
 5

Area Removed from the Santa Cruz 
Floodplain When Lower Santa Cruz 
Levee Project Was Completed 2/6/00

P
im

a C
ounty 

Saguaro N
ational Park

Pima  County

Pima County

Marana

Corporate Boundary

Legend: Major Streets

HEC-2 Cross Sections

Reach Boundary

FEMA 100-yr Floodway

FEMA 100-yr Floodplain

Reach 5

Reach 4



7.
10

1.
61

2.
56

3.
31

3.
88

4.
55

8.
817.
86

5.
49

6.
25

9.
49

N

HEC-2 Cross Section Locations - Reach 6

Reach Reference Map

1

2

3

4

5
6

Santa Cruz River Watershed Basin, Pima County, Arizona
Feasibility Phase Study

Scale:  1" = 8,000 ft

8000 0 8000 Feet

S
A

N
D

E
R

S
 R

O
A

D

T
R

IC
O

 R
O

A
D

I-10

R
each 5

R
each 6

Santa Cruz River

Reach 6

M
arana

P
im

a C
ounty 

Pinal County

Pima County

Figure 5H
Corporate Boundary

Legend: Major Streets

HEC-2 Cross Sections

Reach Boundary

FEMA 100-yr Floodway

FEMA 100-yr Floodplain

Pima County 

Marana



Santa Cruz River Watershed Management Study Final Feasibility Report and Appendices  
 

 
5.0 Hydrology and Hydraulics 5-17 August 2001 

Reach 2 - Green Valley/Sahuarita Reach 
Continental Road to Pima Mine Road 

 
This 13.5 mile reach extends from river mile 62.23 to 48.82 (the HEC-RAS sections in 
the reach are labeled 850 to 775). The width of the east overbank varies from 3,000 feet 
to 8,000 feet and are largely occupied by pecan orchards.  The west overbank is much 
narrower, ranging from a few hundred feet to roughly 2,000 feet, and is bounded by the 
community of Green Valley.   This reach also includes the Green Valley wastewater 
treatment plant (in the east overbank), and the newly constructed Pima Mine Road 
recharge facility.  Bridges include the old Nogales Highway, the Sahuarita/Helmet Peak 
Road, and two railroad crossings. 

 
Reach 3 - San Xavier Reach 
Pima Mine Road to Los Reales Road  

 
This nine-mile reach extends from HEC-RAS sections 48.82 to 40.11.  North of Pima 
Mine Road the Santa Cruz River becomes deeply incised.  The 100-year overflow 
boundary contracts and forms two narrow strips, one following the Santa Cruz, and one 
following Lee Moore Wash, which runs parallel to the east.  Overbank widths are 
generally less than 1,000 feet.  North of HEC-RAS section 44.12, the two watercourses 
join into a single narrow arroyo with overbank widths of only a few hundred feet.   
Bridges include the San Xavier Loop Road bridge and two Interstate-19 spans that cross 
the river near Martinez Hill.  One of the I-19 spans was lost in the 1983 flood but has 
since been replaced (see photo, Figure 4D).  

 
Reach 4 - Tucson Urban Reach 
Los Reales Road to Sunset Road  

 
This 14.5-mile reach extends from HEC-RAS sections 40.11 to 24.39, and includes 
urban Tucson.  It is described in three parts. 
 
The southern part, from Silverlake to Los Reales Road (sections 48.82 to 34.24) is 
characterized by a partially bank protected arroyo with a narrow 100-year floodplain.  
There is soil cement bank protection on both banks between Irvington Road and Ajo 
Way, and near Valencia Road, but the remainder is unprotected.  Bridges include 
Valencia Road, Irvington Road, Ajo Way, and Silverlake Road.  Between Ajo Way and 
Irvington Road, the Santa Cruz West Branch joins the Santa Cruz at a confluence 
marked by a large concrete drop structure.   
 
The central part of this reach, from El Camino del Cerro to Silverlake Road (sections 
34.24 to 25.8) runs through downtown Tucson, is characterized by soil cement bank 
protection that generally contains the 100-year event within the river banks, and several 
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major bridge crossings.  The soil cement is continuous on both banks of the river 
between Silver Lake Road (29th Street) and Grant Road and between Fort Lowell Road 
and El Camino del Cerro.  Unprotected sections include the reaches between Grant 
Road and Fort Lowell Road.  Bridges include 22nd Street, Congress Street, St. Mary's 
Road, Speedway Boulevard, Grant Road, and El Camino del Cerro.  This reach also 
includes the Roger Road Wastewater treatment plant, just north of Roger road on the 
northeast bank of the river.  The outflow from this facility is discharged to the Santa Cruz 
River, and where it initiates a perennial low flow channel that is lined with riparian 
vegetation.  
 
The northern end of the reach from Sunset Road to El Camino del Cerro (section 34.39 
to 25.8) is currently unprotected.  Overbank areas are less than 1000 feet and are 
currently undeveloped. 
 
Reach 5 - Marana Reach 
Sunset Road to Sanders Road  
 
This fifteen-mile reach extends from HEC-RAS sections 24.39 to 9.49 and includes the 
confluence of the Rillito River and Canada del Oro Wash.  At the Rillito, the regulatory 
(Q100) discharge increases from 60,000 cfs too 70,000 cfs.  The southern portion 
includes the Ina Road Water Pollution Control Facility, which also discharges treated 
effluent to the Santa Cruz.  The combined flows from the Ina and Roger Road plants 
continue north and are marked by a vegetated low flow channel that continues to the 
Pinal County line. 
 
Between Cortaro Road and Sunset Road (sections 24.39 to 20.20), the only bank 
protection is a 1.5 mile stretch that protects the wastewater treatment plant.  Between 
Cortaro Road and Avra Valley Road, the river is bank protected with a terraced cross 
section.  The perennial flow from the wastewater treatment plants and flood flows up to 
approximately the 10-year event are contained within a 350 - 400 foot wide low-flow 
channel.  The 100-year event flow is contained within the soil cement banks with a top 
width that varies from 800 feet (near Cortaro Road) to 2,000 feet within the Continental 
Ranch Subdivision.   
 
Between Avra Valley Road and Sanders Road the river has a meandering main channel.  
The southwest overbank has a width of 2,000 to 3,000 feet and is confined by a rise that 
marks the geologic floodplain.  It includes a small subdivision and some agricultural land 
in the southern portion, but is undeveloped in the northern portion.  The northeast 
overbank extends to the Interstate-10 embankment and has width that varies from 2,500 
feet to almost 10,000 feet.  It includes extensive agriculture, the Tangerine Road landfill, 
the town of Cortaro, and the subdivision of Berry Acres.  Bridges in this reach include 
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Avra Valley Road, Sanders Road, and a conveyor belt crossing (section 14.93) for the 
Calmat materials plant. 
 
The U.S. Bureau of Reclamation’s (BOR) Central Arizona Project (CAP) canal crosses 
the Santa Cruz River via a siphon located roughly 3 miles downstream of the Avra Valley 
Road Bridge.  The inlet to the siphon is located north of Interstate-10, and the outlet 
emerges within the 100-year floodplain, just south of the main channel near HEC-RAS 
section 14.11.  The cross sections in the HEC-RAS model include a 1:1 effective flow 
contraction on the upstream side, and a 4:1 effective expansion on the downstream side. 
 
The PCDOT&FCD completed construction of the Lower Santa Cruz Levee Project in the 
summer of 2000.  The project consists of a 7.5 mile soil cement levee extending from 
just upstream of Avra Valley Road (section 16.90) to Sanders Road (section 9.49).  It 
generally follows the northeast bank of the main channel but is offset by as much as 
1000 feet.  On the southwest bank, the project is limited to a 2,000-foot section of Avra 
Valley Road that will be embanked to remove a subdivision from the 100-year floodplain. 
Portions of the main channel will be excavated to improve conveyance.  A new Avra 
Valley Road bridge over the Santa Cruz was constructed in 1998 and has the capacity to 
convey the 100-year and 500-year events through the bridge opening.  
 
Reach 6 - Lower Santa Cruz Reach 
Sanders Road to Pinal County Line  

 
This 9.5-mile reach extends from HEC-RAS sections 9.49 to 0.00 and is characterized 
by a meandering main channel that includes the vegetated low flow channel caused by 
the effluent.  The southwest overbank is confined within the geologic floodplain and has 
a width of 3,000 to 6,000 feet. It is largely undeveloped but includes some agriculture.  
The northeast overbank has a width of 8,000 to 14,000 feet and is largely agricultural.  
Bridges include Trico Road (section 4.24) and the downstream most is at Trico-Marana 
Road (section 6.24).  
 
5.3.2 – Hydraulic Sensitivity Analyses 
 
Some of the proposed environmental restoration projects, such as Paseo de las Iglesias and the 
City of Tucson Multiple Benefit Water projects include establishment of a continuous stream 
flow in ephemeral portions of the Santa Cruz River near downtown Tucson.  The continuous 
stream flow will eventually result in a corridor of riparian vegetation that will increase the 
roughness of the riverbed.  Establishment of such vegetation is plainly visible downstream of the 
Roger Road Wastewater Treatment Facility and the Ina Road Water Pollution Control Facility in 
Reaches 4 and 5.  The continuous flow of nutrient rich secondary effluent has led to a lush 
ribbon of vegetation that varies from 50 to 100 feet wide.   
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The flows at the proposed projects will likely be much less than at the wastewater facilities and 
the water will not be a nutrient rich effluent.  However, it would be reasonable to expect a 50 
foot wide vegetative corridor, with such species such as cottonwood, willows, mesquite, acacia, 
desert willow, and  tamarisk or salt cedar.  The effect of such a corridor on the 100-year water 
surface elevation was conceptually evaluated by using the continuous HEC-RAS model 
developed for this study.   The vegetation was modeled in two different profiles by assigning 
respective Manning’s n-values of 0.055 and 0.075 to a 50-foot wide portion of the main channel 
for each cross section in Reach 4.  The lower n-value of 0.055  is obtained from Table 2 of 
“Guide for Selecting Manning’s Roughness Coefficients for Natural Channels and Flood Plains” 
(USGS, 1989) using medium to large amount of vegetation (i.e., selecting n4=0.030 and 
nb=0.025).   The “medium to large” designation was chosen to represent a fully vegetated 
corridor with the assumption that some of the vegetation will be pulled out during a high flow.  
The higher n-value of 0.075 is obtained using the upper limit ((i.e., selecting n4=0.050 and 
nb=0.025) for a large amount of vegetation. The original n-value of 0.025 was assigned to the 
remainder of the channel and the overbank values were left unmodified.  
 
Results are summarized in Table 5E. In the first case (n-value for the vegetation = 0.055) the 
weighted n-value for the channel varies from 0.027 to 0.034.  The increase in the water surface 
is generally between 0.5 feet and 2 feet.  In the second case, (n-value for the vegetation = 
0.055) the weighted n-value for the channel varies from 0.027 to 0.041 and the increase in the 
watersurface in generally between 0.8 feet and 3 feet. In cases where bridge conveyance is 
limited (i.e., at 22nd Street) the increased water surface impinges on the low chord leading to an 
additional increase in the water surface due to losses at the bridge. 
 
The assumptions in the n-value are approximate and somewhat conservative.  It is true that 
large flows through the soil cemented reaches could pull much of the vegetation out and reduce 
the n-value.  Such an affected has been noted downstream of the Ina Road Bridge for the flood 
of July 1999.   At the same time, tear out of mature vegetation could also deposit significant 
debris on bridge piers as was observed in the 1993 flood.  Future design of in-channel riparian 
areas should carefully consider the effects of roughness and debris on the regulatory water 
surface elevations. 

 

Table 5E – Sensitivity of Water Surface Profiles to Vegetation 

Without Added 
Vegetation 50' wide strip @ n=0.055 50' wide strip @ n=0.075 

River 
Station 

Nearest Upstream Feature 
Weighted 
Channel 
n-value 

WSEL (ft) 
Weighted 
Channel 
n-value 

WSEL (ft) 
Increase 

from 
Existing 

Weighted 
Channel 
n-value 

WSEL (ft) 
Increase 

from 
Existing 

   (ft)  (ft) (ft)  (ft) (ft) 
24.29 Sunset Road (24.29) 0.025 2210.0 0.031 2211.0 1.0 0.037 2211.5 1.5 
24.48  0.025 2212.9 0.033 2213.3 0.4 0.039 2213.8 0.9 
24.77  0.025 2218.1 0.029 2218.2 0.1 0.030 2218.7 0.6 
25.05  0.025 2222.6 0.027 2223.0 0.4 0.027 2223.1 0.5 
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Table 5E – Sensitivity of Water Surface Profiles to Vegetation 

Without Added 
Vegetation 50' wide strip @ n=0.055 50' wide strip @ n=0.075 

River 
Station Nearest Upstream Feature 

Weighted 
Channel 
n-value 

WSEL (ft) 
Weighted 
Channel 
n-value 

WSEL (ft) 
Increase 

from 
Existing 

Weighted 
Channel 
n-value 

WSEL (ft) 
Increase 

from 
Existing 

   (ft)  (ft) (ft)  (ft) (ft) 
25.43  0.025 2229.3 0.030 2230.0 0.7 0.035 2230.6 1.2 
25.72 El Camino del Cerro (25.805) 0.025 2231.2 0.030 2232.3 1.1 0.034 2233.0 1.8 
26.19  0.025 2240.0 0.032 2241.8 1.7 0.037 2242.7 2.7 
26.57  0.025 2246.7 0.030 2247.8 1.2 0.035 2248.7 2.0 
26.95  0.025 2252.4 0.027 2252.4 0.0 0.027 2253.4 1.0 
27.7  0.025 2265.2 0.028 2265.2 0.0 0.028 2265.3 0.1 
28.08  0.025 2274.6 0.034 2276.2 1.6 0.041 2276.8 2.2 
28.84  0.025 2282.3 0.029 2283.3 0.9 0.030 2283.8 1.5 
29.3  0.025 2289.0 0.029 2289.5 0.5 0.033 2289.8 0.8 
29.69  0.025 2293.4 0.028 2294.0 0.5 0.028 2294.3 0.8 
30.06 Grant Road (30.17) 0.025 2302.5 0.032 2303.2 0.6 0.037 2303.4 0.9 
30.37  0.025 2309.3 0.032 2310.0 0.7 0.037 2310.5 1.3 
30.58  0.025 2310.1 0.032 2311.3 1.2 0.037 2312.0 1.9 
31.05  0.025 2314.0 0.032 2316.1 2.0 0.037 2317.4 3.3 
31.34 Speedway Blvd (31.53) 0.025 2316.3 0.032 2318.5 2.2 0.038 2319.9 3.5 
31.63  0.025 2325.4 0.034 2325.9 0.5 0.039 2326.4 1.0 
31.95 St. Mary's Road Bridge (31.955) 0.025 2330.7 0.033 2332.6 2.0 0.038 2334.0 3.4 
32.15  0.025 2338.8 0.029 2339.3 0.4 0.030 2339.6 0.8 
32.53 Congress St Bridge (32.615) 0.025 2341.9 0.032 2342.9 1.0 0.038 2343.8 2.0 
32.9  0.025 2348.0 0.030 2348.7 0.7 0.031 2350.7 2.7 
33.19  0.025 2348.6 0.033 2350.3 1.7 0.040 2351.7 3.1 
33.38  0.025 2352.5 0.033 2354.8 2.3 0.040 2356.3 3.9 
33.66 22nd Street Bridge (33.755) 0.025 2357.0 0.033 2359.1 2.2 0.039 2360.7 3.7 
33.95  0.025 2363.2 0.031 2365.0 1.8 0.035 2366.7 3.5 
34.14 Silverlake Rd Bridge (34.245) 0.025 2363.2 0.033 2365.6 2.5 0.039 2367.6 4.4 

35  0.025 2380.9 0.031 2381.7 0.8 0.035 2382.1 1.2 
35.38 Ajo Way Bridge (35.775) 0.025 2386.7 0.028 2386.8 0.1 0.029 2386.8 0.2 
35.97  0.025 2400.8 0.033 2402.5 1.7 0.039 2403.6 2.8 
36.35  0.025 2406.6 0.032 2408.6 2.0 0.037 2409.9 3.4 
36.72 Irvington Rd Bridge (36.825) 0.025 2409.9 0.032 2412.4 2.4 0.036 2413.9 3.9 
37.02  0.025 2420.8 0.031 2421.6 0.8 0.036 2422.1 1.3 
37.59  0.025 2428.9 0.028 2429.2 0.3 0.029 2429.5 0.6 
38.25  0.025 2446.8 0.031 2447.2 0.4 0.035 2447.4 0.6 
38.73 Valencia Rd Bridge  (38.96) 0.025 2457.5 0.031 2458.0 0.5 0.036 2458.4 1.0 
39.44  0.025 2465.2 0.028 2465.6 0.4 0.029 2465.9 0.7 

 
Results are summarized in Table 5E.  Adding a 50-foot wide section having an n-value of 0.075 
increases the weighted n-value for the channel section from 0.028 in wider sections of the river 
to as much as 0.043 in narrower sections.  The resulting increase in water surface elevation 
generally varies from 1 to 3 feet. In cases where bridge conveyance is limited the increased 
water surface may impinge on the low chord of the bridge, and may lead to over topping and 
further damage. 
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5.4 Geomorphology/Sedimentation 
 
The geomorphology of the Santa Cruz River differs greatly upstream and downstream of 
Marana.  Through much of the study Reaches 1-4 (upstream of Marana), the river has a well 
defined and in some cases entrenched channel.  In upper Reach 5 and Reach 6, the channel 
begins to transform into the system of braided channels referred to as the Santa Cruz Flats.  
Both of these areas have experienced dramatic changes due to a combination of geomorphic 
processes and human influences.  
 
The Santa Cruz River has a long history of channel instability.  “Before the 1870’s the river 
occupied a shallow swale interrupted by discontinuous gullies.  Flood waters were spread over 
a wide active floodplain.”  (Parker, 1993).   Headcuts, which are abrupt, sometimes vertical, 
changes in the channel bed elevation were first described near San Xavier in 1871, and 
signaled the onset of arroyo formation in the Santa Cruz River.  The changes were coincident 
with similar arroyo formation throughout the southwestern United States (Parker, 1936) 
 
Headcutting is a natural process in which a river channel is adjusting to changes in climate, 
flood magnitude, sediment availability, channel morphology, etc.  However, it can be initiated, or 
aggravated by human-induced changes as well.  Irrigation and water course alterations by 
prehistoric Indians were much the same as those practiced by European settlers, which 
explains (in part) arroyo cutting evidence even before settlement by Europeans.  In the late 
1880’s, extensive headcutting was initiated in the Tucson area as a result of poorly engineered 
irrigation works (Parker, 1936). The problem was compounded by high flood flows in 1890.  By 
1910, the newly formed arroyo extended from Tucson to Martinez Hill.  Winter floods of 1914-
1915 caused major channel widening and extended the headcut through the San Xavier 
Reservation.  While the arroyo that characterizes the present day Santa Cruz can be traced 
back to that initial incision, it also has been affected by continuing natural channel adjustments, 
and man made change including excavations, bridge and highway building, bank protection, 
and lowering of the water table. 
 
Since 1915, various segments within the study area have experienced meander migration and 
cutoff, channel widening, arroyo widening, channelization, losses of riparian vegetation, and the 
new riparian effects of treated effluent discharges.  While the upper and middle Santa Cruz 
River reaches (Reaches 1-4) have experienced lateral channel migration in areas, vertical 
arroyo development has been the most obvious type of channel change to occur. The lower 
Santa Cruz River reaches (Reaches 5 and 6 - downstream of Marana) have experienced 
different changes.  Channel changes in these lower reaches have been predominately more 
lateral than vertical.   
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5.4.1 - Summary of Geomorphic Sediment Characteristics 
 
The following paragraphs provide a brief discussion of current geomorphic/sediment 
characteristics of the Santa Cruz River Watershed study reaches.  The discussion includes 
reach by reach descriptions of aggradational and degradational trends and the potential for 
lateral migration. 
 
Reach 1 - Upper Santa Cruz River Reach, Santa Cruz County Line to the Continental Road 
Bridge 
 
The Upper Santa Cruz River Reach is constrained by the Santa Rita Mountains to the east and 
the Sierrita Mountains to the west.  Both ranges have highly dissected alluvial fans that may 
constitute a significant sediment source to this river segment.  The sediment load and 
unconsolidated alluvium along the channel banks have permitted meander migration to occur 
through this reach, especially during high flow events.  The instability of this segment of the 
channel during flooding is illustrated by the changes that occurred during two recent flood 
events.  The USGS Survey Open File Report 93-41 indicates that the 1977 flood event 
increased the mean channel width in the upper reach by more than 50% while during the 1983 
floods mean channel width increased about 25% and maximum width increased from about 750 
feet to almost 1,700 feet. 
 
While major flood events have played a significant part in the natural channel change within this 
area, historically the majority of change in the Upper Santa Cruz River has stemmed from the 
channel being artificially reworked by man for agricultural, erosion-control, or flood-control 
purposes.  The Upper Santa Cruz segment has been altered through the construction of flood-
control levees adjacent to the channel; the placement of fill within the channel; and/or the 
channelization of portions of the river.  A majority of the artificial channel changes have occurred 
subsequent to the 1950’s.  Human intervention in the Upper Santa Cruz Reach has ultimately 
affected the hydraulics through this reach by decreasing the overall length and increasing the 
overall width of the channel. 
 
Little historic documentation is available on the slope stability and channel degradation within 
the Upper Santa Cruz segment of this study.  The incision of the channel has been documented 
as likely to have resulted as a consequence of erosion control and channelization projects circa 
1953 (USGS, 1993); however, the projects are not considered to be the leading factor in 
channel instability through this reach.  Channel instability has been primarily attributed to poor 
soil cohesion along channel embankments, as well as the sediment deposition from adjacent 
alluvial areas that enhance the meander migration of the channel. 
 
Reach 2 - Green Valley/Sahuarita Reach, Continental Road Bridge to Pima Mine Road Bridge 
 
The Green Valley/Sahuarita Reach is constrained by the Santa Rita Mountains to the east and 
the Sierrita Mountains to the west.  Both ranges have highly dissected alluvial fans that may 
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constitute a significant sediment source to this river segment.  Upstream of the Pima Mine 
Road, there has historically been extensive work along the channel for streambank stabilization, 
agricultural uses, and floodplain encroachments - all of which have used fill, rip-rap, and levee 
construction to achieve their intended purposes.  Although much human intervention has taken 
place to alter the channel configuration, a major morphologic impact has not been associated 
with this activity. 
 
The most significant channel changes have been associated with vertical stability.  The channel 
has been in a continuous state of degradation for many years.  Some hypothesize that this 
degradation is due to migrating headcuts from floodplain confinement and associated channel 
work performed along downstream reaches of the river system.  This segment of the Santa 
Cruz has incised at least 11 ft and possibly more than 20 ft since 1953.  In 1976, the channel 
bed was 24 ft below the floodplain of 1936 (USGS, 1993). 
 
Despite overall degradation in the channel, carrying capacity was still limited during the 1993 
floods.  Overbank flows were reported in several locations from Green Valley to South of 
Martinez Hill.  A major breakout of floodwaters occurred south of Pima Mine Road, and returned 
to the Santa Cruz via the Lee Moore Wash (COE, 1994). 
 
Comparison of historic aerial photography of the channel through this reach shows that little 
lateral shift of the channel has occurred over the past five decades.  Along the upper portions of 
the reach, past meander migrations have been cut off by the continued incision of the channel.  
Depending upon the soil strata and floodplain deposits within the natural channel embankments, 
general widening of the channel within this segment of the river has varied in response to 
increased channel depth.   
 
A documentation of channel and floodplain deposits near the upper end of the Green 
Valley/Sahuarita Reach cited permeable sands and gravels with discontinuous, relatively 
impermeable layers of silt and clay.  Admixtures of silty/clayey sand and silty/clayey gravel 
occur within the sand and gravel sequences (PCWW, 1988).  Most channel widening is 
documented as occurring within the upstream end of this reach; but is considered mild to 
moderate, with little change in the position of the historic channel.  Near the downstream end of 
the reach, the channel is deeply incised into more resistant, older alluvium (USGS, 1993). 
Channel widening at the downstream end has been minor, and the position of the documented 
historic channel has remained more or less constant. 
 
Reach 3 - San Xavier District Reach, Pima Mine Road Bridge to Los Reales Road 
 
The constrictions and topographical influences of the Santa Rita Mountains and Sierrita 
Mountains diminish along the San Xavier Reservation Reach.  The San Xavier Reservation 
Reach is characterized by a greatly widened basin and floodplain area.  The channel along this 
segment widens to several times the width of upstream reaches as a consequence of (1) area 
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morphology; (2) the development of point bars from sediment deposition resulting in 
undercutting of the adjacent banks; and (3) the existence of easily erodible alluvium which 
comprise the embankments along this reach.  The combination of the channel spread and basin 
configuration ultimately results in a volume capacity that provides long-term sediment storage 
for sand and alluvium that are deposited from upstream watershed sources. 
 
In a 1996 bank-stabilization study performed by the Bureau of Reclamation, erosion within this 
reach of the Santa Cruz River is characterized as being “severe”.  The study cites the total loss 
of about 50 acres of farmland along the banks of the river within the last 15-20 years.  A figure 
within the same study shows that 150 to 250 feet of embankment near a natural gas line was 
lost in the 1993 floods alone.  This embankment loss appears to have, at a minimum, exposed 
two supporting piers at the gas line crossing.  The Bureau of Reclamation has installed rip-rap 
bank stabilization to address past erosion problems in this area.  To the north of this area, 
Simons, Li and Associates, Inc. (SLA), on behalf of the Pima County Flood Control District 
(District), performed a meander/lateral-migration analysis.  The SLA analysis shows that, during 
the October 1983 flood, at the northern portion of the San Xavier Reservation Reach (in a reach 
lying between I-19 and Irvington Road), and just downstream thereof, there was a maximum 
lateral migration of 300 feet. Using measurements of pre-October 1983 channel conditions, the 
same SLA study predicts a ”Maximum Meander Belt Width” of 1400 feet along the San Xavier 
Reservation Reach of the Santa Cruz River. 
 
While geological data suggest that the San Xavier Reservation Reach has been an area of 
aggradation, the more recent historic data suggests that the reach is degrading.  Betancourt and 
Turner (1990) state that “a discontinuous arroyo deepened three meters between 1872 and 
1882“ in a cienega near the San Xavier Mission and that a ”new arroyo was initiated ... following 
earthquake related hydrological changes in the summer of 1887”.  A defined arroyo was formed 
suggesting that the channel bed was degrading.  Further degradation was documented via 
aerial photography in the early 1900’s, however the majority of the degradation occurred 
primarily in the 1950’s and 1960’s (USGS, 1993).  Several studies suggest that downstream 
channelization, as well as sand and gravel excavation, may have been a primary factor in these 
changes. 
 
Reach 4 - Tucson Urban Reach, Los Reales Road to Sunset Road 
 
As the Santa Cruz River enters the Tucson Urban Reach, the topography again provides more 
definition as the river flows northward, adjacent to the Tucson Mountains.  The channel narrows 
along this reach due to both topographic influences and human intervention. Documentation on 
the Tucson Urban Reach is characterized by extensive human intervention and intermittent 
channel degradation. 
 
Much documentation of the formation of the Santa Cruz arroyo is contained within the 
Betancourt and Turner dissertation (1990).  The dissertation cites the ENSO events of the 
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1880’s and 1890’s as the primary factor in creating a more defined watercourse system along 
the Santa Cruz River.  Agricultural practices and channelization were cited as additional factors 
in the formation of the channel system. 
 
USGS data suggest that there may have been vertical stability during the early to mid 19th 
century, but that this reach has been degrading since the 1950’s.  There have been multiple 
references to degradation along specific reaches of the Santa Cruz River during the late 1950’s 
to the mid 1960’s.  Ajo Way to Grant Road experienced 10 to 15 feet of degradation (USGS, 
1993), while 6 to 8 feet of degradation occurred between Speedway Boulevard and Valencia 
Road (SLA, 1986).  This change may be partially due to the extensive use of materials from the 
Santa Cruz River streambed during the construction of I-10 highway during the late 1950’s/early 
1960’s.  While subsequent bed profiles show a slight recovery,  the overall profile of the 
streambed has still degraded by one to four feet through the Tucson Urban Reach since 1947.  
Historic lateral changes are not easily identified through this reach of the river due to extensive 
fill and channelization.  There is general agreement that this reach is well defined and incised; 
however, any documentation of the lateral changes may suffer due to the intensive channel 
work performed in the metropolitan area.   
 
The floods of 1983 were a significant test of lateral and channel stability.  During this event, the 
unstabilized embankments along two reach locations—one reach located just upstream of and 
within the southern end (i.e., between I-19 and Ajo Way), and the other reach located at the 
northern end of the Tucson Urban Reach (i.e., just downstream of Grant Road to the Silverbell 
Golf Course)—experienced significant erosion/lateral migration (i.e., from 200 feet to 500 feet 
[SLA, 1986]). 
 
In response to the 1983 flood, Pima County and the City of Tucson initiated a program of bank 
stabilization. Throughout the mid to late 1980's and early 1990's, the Santa Cruz River in this 
reach was channelized and the banks were lined with soil cement revetment.  Soil cement 
grade control structures were also installed to prevent scour at selected bridges.  Currently, the 
following reaches are completely bank protected. 
 
§ Upstream and downstream of the  Valencia Road Bridge 
§ Irvington Road to Ajo Way 
§ Silverlake Road through Grant Road 
§ Fort Lowell Road Alignment through Sweetwater Drive 
§ Sweetwater Drive to El Camino Del Cerro (northeast bank only) 
 

There are five major gaps that prevent the revetment from being continuous through this reach. 
 
§ Los Reales to south of Valencia Road 
§ North of Valencia Road to Irvington Road 
§ Ajo Way to Silver Lake Road 
§ Grant Road to the Fort Lowell Road alignment 
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§ El Camino del Cerro to Sunset Road 
 

For floods up to the design event (usually the 100-year regulatory discharge), the protected 
reaches are vertically stable and are not subject to lateral migration. 
 
Reach 5 - Marana Reach, Sunset Road to Sanders Road 
 
Downstream of the Rillito confluence, primarily north of Cortaro Road, the Santa Cruz River 
changes from an incised channel configuration to a more shallow, narrower cross-sectional 
area. Sources generally agree that this configuration is a consequence of abundant sediment 
supply from the Rillito and Canada del Oro Wash.  Sediment sizes vary in D50 from about 0.80 
mm to 1.15 mm for this reach (SLA 1986).  The channel in this reach of the river varies in width 
from 800' to 1200', with perennial flow occurring due to the presence of sewage effluent (USGS, 
1993). 
 
The study reach is not stable, and has shifted laterally up to 2,400 feet though this reach (SLA, 
1986).  Some of the channel instability and shift has occurred due to sand and gravel 
excavations that have collapsed or diverted flow during flood events.  The general channel 
instability, however, is historic.  A previous analysis by the Army Corps of Engineers for this 
reach of the river states that the 20 years prior to the study showed a “trend of downstream 
translation and lateral extension, widening the channel and shifting the channel centerline to the 
east” (COE, 1994). 
 
While the reach is primarily depositional, the present channel has incised approximately 6 feet 
into the historic channel (USGS, 1993).  This shows that the channel also has periodic phases 
of incisement.  Carrying capacity of the channel in this area, however, is limited.  In the floods of 
1983, the river left the historic channel and floodwaters spread though much of the community 
of Rillito and Town of Marana (FEMA, 1983).  Bank protection has been installed for three miles 
north of Cortaro Road, which addresses a portion of the 1983 channel failures.  A bank-
protected levee for the eastern embankment of the Santa Cruz River has been constructed 
through the Town of Marana and extends all the way north to Sanders Road. 
 
In recent years, there has been significant bed degradation in the reach between Ina Road and 
the downstream end of the Continental Ranch bank protection (near Avra Valley Road).  Of 
particular concern is the portion downstream of Cortaro Road in which the river has degraded to 
near or slightly below the toedown of the existing bank protection.   The Pima County FCD 
investigated the problem by conducting field surveys, historical profile analyses, and sediment 
transport modeling, and determined that the cause was attributable to sediment free, perennial 
effluent flow discharged from the upstream Roger Road and Ina Road wastewater treatment 
facilities. Results were summarized in a July 1999 report entitled: Recent Channel Bed Changes 
in the Santa Cruz River from Ina Road to Continental Ranch.  This report also addresses a 
significant local scour hole that developed downstream of a grade control structure at the Ina 
Road bridge.  Computation of depths for the September 1996 flood peak discharge of 16,400 
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cfs indicate the estimated scour depths are in good agreement with the observed maximum 
depth of 11 feet. Since the grade control structure (constructed in 1995) has an initial head drop 
of 5 feet, it is likely that the scour hole will continue to develop at even moderate flows.  Pima 
County determined that the grade control structure is marginally stable for the 100-year design 
flow of 70,000 cfs. 
 
Reach 6 - Lower Santa Cruz Reach, Sanders Road to the Pinal County Line 
 
North of the Tucson Mountains, the topography flattens substantially.  At that point the Santa 
Cruz River ultimately turns into a braided, unconfined system called the Santa Cruz Flats. The 
Lower Santa Cruz Reach has a history of channel change during low to moderate flow events, 
as well as major flood events.  Avulsion during low to moderate events is linked with the high 
sediment accumulation from upstream sources, such as the Rillito River, the Canada del Oro, 
and the Tortolita Fan, as well as increased vegetative growth from effluent discharge.  Given the 
steady perennial flow from effluent, the growth of vegetation along the embankments, and the 
limited carrying capacity of the channel in this area, the channel has generally become more 
narrow and sinuous.  During the flood of October 1983, the river left the historic channel and 
floodwater spread though much of the Rillito and Marana area and north to Pinal County 
(FEMA, 1983).  A similar occurrence, but to a lesser extent, was experienced during the flooding 
in January of 1993. 
 
Past photographs of the area show a braided river system that has historically been unstable.  
By 1974, a single channel formed through much of the reach; however, the 1983 flows again 
showed an unstable system and widespread avulsion.  Lateral shifts of up to 2,000 feet 
occurred during this flow event (USGS, 1993).  A previous analysis by the Army Corps of 
Engineers in this reach states that the 20 years prior to the study showed a “trend of 
downstream translation and lateral extension, widening the channel and shifting the channel 
centerline to the east” (COE, 1994). 
 
 
5.4.2 – Mainstem Santa Cruz Profile Analysis 
 
Appendix E3  summarizes a qualitative analysis of the historical profile and channel morphology 
of the mainstem Santa Cruz River within Pima County.  Thalweg profiles throughout the study 
area and cross sections at fifteen selected locations were developed using current and historic 
topographic data collected from federal, state, and local agencies.  The data are compared on 
common scales to highlight channel changes over the last 85 years. The available topo ranged 
from 60’ quad sheets published between 1915 and 1918 to 2’ digital contours that were mapped 
in 1998.  In between, mapping include USGS 15’ and 7.5’ quads, and locally developed 
topography with scales between 1” = 50’ and 1” = 200’ (with 1’ and 2’ contour intervals) that 
have been used in floodplain mapping and design of flood control projects.  
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The mainstem profile and cross section analysis generally corroborates finding by others – as 
described in section 5.5.1.  The river as a whole has experienced significant horizontal and 
vertical changes over the last 85 years – especially in response to many large flood events 
experienced in the last 25 years.   However, with the exception of the effluent flows downstream 
of the wastewater treatment plants, the channel invert in Reaches 4 – 6 has been fairly stable 
since the mid 80’s.  In terms of horizontal changes, the unprotected sections of river have 
continued to widen and migrate laterally. 
 
 
5.5 - Bridge Scour Evaluations 
 
The Federal Highway Administration (FHWA) directed the States to perform an evaluation of 
scour for all public bridges over waterways.  In response, the Arizona Department of 
Transportation (ADOT) established the two phased ”Local Government Bridge Evaluation 
Study”.   Phase I of the study produced a Project Procedures Manual and Phase II consisted of 
the scour evaluations performed in accordance with the procedures in Phase I (Cannon and 
Associates, 1997) 
 
In the evaluations, bridges are classified as scour stable (declared or calculated) or scour critical 
(declared or calculated).  Scour stable bridges are considered safe from failure for the 
conditions evaluated while scour critical bridges are considered to be at risk of failure due to 
scour for the evaluated conditions.  The declared designation means that the bridge was 
evaluated using qualitative means while the calculated designation means that quantitative or 
analytical methods were required.  If there was insufficient information, the bridge is classified 
as unknown foundation. 
 
Bridge Scour Evaluation studies for structures of the Santa Cruz River have been performed by 
Pima County, the Town of Marana, and the Arizona Department of Transportation (ADOT), with 
ADOT doing the analyses for bridges within the City of Tucson.  A summarization of results is 
provided in the Table 5F.  
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Table 5F – Bridge Scour Susceptibility Study Results 

Reach Bridge Owner Bridge Scour Analysis Results 

Upper Santa Cruz Reach (Reach 1) 

Elephant Head Road PCDOT (#8912) Calculated Scour Stable, Q = 33,000 cfs 

Continental Road PCDOT (#8880) Calculated Scour Stable, Q = 62,000 cfs 

Green Valley/Sahuarita Reach (Reach 2) 

Nogales Highway (B-19) ADOT “Scour Vulnerable” No Q given 

Railroad Southern Pacific RR Scour analysis not available 

Sahuarita/Helmet Peak Road PCDOT (#8304) Calculated Scour Critical, Q = 72,000 cfs 

Railroad Southern Pacific RR 

Bridge scour analyses have not been performed.  
Both bridges were destroyed in 1983 and 
subsequently rebuilt with improvements and 
reinforcements.  

San Xavier Reservation Reach (Reach 3) 

Pima Mine Road PCDOT (#8476) Calculated Scour Critical, Q = 34,000 cfs 

Interstate 19 ADOT “Not Scour Vulnerable”  No Q given 

San Xavier Loop Road ADOT “Not Scour Vulnerable” No Q given 

Tucson Urban Reach (Reach 4) 

Valencia Road (EB and WB) City of Tucson Calculated scour stable, Q = 91,000 cfs 

Irvington Road City of Tucson Calculated Scour Stable, Q = 93,000 cfs 

Ajo Way (SR 86) ADOT “Not Scour Vulnerable” No Q given 

Silver Lake Road City of Tucson Reconstructed 1998-99 
Assume Scour Stable 

22nd Street City of Tucson Calculated Scour Critical, Q = 66,000 cfs 

Congress Street City of Tucson Calculated Scour Critical, Q = 53,000 cfs 

Saint Mary's Road City of Tucson Calculated Scour Stable, Q = 51,000 cfs 

Speedway Blvd City of Tucson Calculated Scour Critical, Q = 41,000 cfs 

Grant Road City of Tucson Calculated Scour Stable, Q = 55,000 cfs 

El Camino del Cerro City of Tucson Calculated Scour Critical, Q = 90,000 cfs 

Marana Reach (Reach 5) 

Avra Valley Road PCDOT (#9228) Reconstructed 1998 
Assumed Scour Stable 

Ina Road PCDOT (#9566) Declared Scour Stable, No Q given 

Cortaro Road Marana (#8863) Calculated Scour Critical, No Q given 

Lower Santa Cruz Reach (Reach 6) 

Sanders Road Marana (#8263) Calculated Scour Critical, No Q given 

Trico-Marana Road PCDOT (#9552) Calculated Scour Critical, Q = 34,000 cfs 

Trico Road PCDOT (#8262) Calculated Scour Critical, Q = 107,400 cfs 
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6. FLOODPLAIN CHARACTERISTICS 
 
This section provides a summary of findings from the Watershed Study’s investigations of 
floodplain characteristics and activities. Specific issues addressed include floodplain land 
ownership, land use activities, storm damage control capital improvement projects, river 
management/maintenance activities, and floodplain regulatory activities/issues.  
 
6.1 - Land 
 
The following paragraphs describe land characteristics within the study area that are important 
to the Watershed Study.  Specific topics addressed include land ownership, land designated as 
open space, and land use policy.  Much of the information to follow is from the Report to Pima 
County Board of Supervisors on Urban Growth and Development in Eastern Pima County. 
 
6.1.1 - Land Ownership 
 
In Pima County, federal, state and local governments own significant amounts of land. Table 6A 
lists land area by ownership for Pima County in its entirety, and for eastern Pima County, which 
is defined as all lands in Pima County east of the Tohono O'odham Indian Nation (the eastern 
Pima County designation includes the San Xavier District of the Tohono O’odham Nation and is 
representative of the study area).  Figures 6A-6F show the breakdown of land ownership for 
each of the study reaches from the Pima County Land Information System (note that the figures 
show Federal, state, county and city owned land, all remaining non-highlighted land is privately 
owned). 
 
 

Table 6A – Pima County Land Ownership Comparison 
 Eastern Pima County Pima County 
 Percent Square Miles  Percent Square Miles  
Federal 25.7% 1,003.10 24.50% 2,268.60 
Indian 2.8% 109.50 42.40% 3,921.50 
State 37.5% 1,467.00 16.00% 1,474.30 
City/County 1.9% 74.10 0.80% 74.20 
Private 32.1% 1,251.90 16.30% 1,502.40 
Total 100% 3,905.60 100.00% 9,241.00 
Source: Report to Pima County Board of Supervisors on Urban Growth  
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6.1.2 - Open Space Designations 
 
Governments own a majority of the land in Pima County, as well as in eastern Pima County.  
Large areas of government owned land are designated as open space.  Below is a description 
of some of the major open space reservations (see also Section 4.3.F – Nature Preserves and 
7.2.E, Wildlife Protection Areas, Figures 1A & 2B). 
 
Coronado National Forest: Approximately 294,000 acres in Pima County (the Forest ultimately 
extends into New Mexico) are managed for sustained multiple use of forest and rangeland 
resources including timber, grazing, recreation, and mining. It includes a wide range of habitats 
from Sonoran desert to alpine forest on several mountain ranges (Catalina, Rincon, Santa Rita 
and part of Whetstone). It includes Catalina State Park, which is owned by the Forest Service 
and managed by State Parks, and Mount Lemon Ski Valley, which is privately managed.  
 
Saguaro National Park: Saguaro National Park contains 91,327 acres, with 71400 acres in 
Wilderness designation. Saguaro National Monument was established 1933 "to preserve 
significant stand of saguaros." In 1961 the West unit (Tucson Mountains) was established with 
15,300 acres. Additions include 5,378 acres added to West Unit in 1976, 4,111 acres added to 
the Rincon Unit in 1991, and in 1994, another 3,460 acres were added to the West Unit. Also in 
1994, the Monument status was upgraded to National Park to recognize multiple features of 
international significance.  
 
Empire-Cienega Conservation Area: A majority of Pima County Bureau of Land Management 
property is in the Empire-Cienega Conservation Area planning unit located in southeast Pima 
County, and northern Santa Cruz County extending south nearly to Sonoita.  It is ultimately 
planned to be the Las Cienegas National Conservation Area, with an expansion area 
connecting the existing Conservation area and Cienega Creek (County) Preserve. This could 
provide a multi-jurisdictional public lands connection from Santa Cruz County to Oracle through 
Saguaro National Park and Coronado National Forest. This area is also on the route of the 
proposed Arizona Trail.  
 
Buenos Aires National Wildlife Refuge: The National Refuge is located at the southwest 
corner of the greater Eastern Pima County urban area. The refuge was created in 1985 to 
provide a reintroduction area for the endangered masked bobwhite quail, which had been 
eliminated from the United States by 1890. It is the largest ungrazed area in Arizona 
(approximately 120,000 acres). In addition to grasslands, the preserve includes high quality 
riparian areas, and the Arivaca Cienega in the town of Arivaca. Several endangered species 
and over 300 species of birds populate the refuge. Increased rural residential development and 
possible future resort development in the Arivaca area could create negative impacts on the 
preserve. There is currently a management plan update in process. 
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Santa Rita Experimental Range: The experimental range is located on the east and north 
slopes of the Santa Rita Mountains east of Green Valley. It is 53,000 acres of desert grassland 
and oak upland habitats, established in 1903 as a research area by Bureau of Plant Industry 
and was taken over by the United States Forest Service as a Forest Preserve in 1907. In the 
1920's the current research emphasis on grazing was established. In 1989 management of the 
Range was given to the University of Arizona (Department of Renewable Resources) as part of 
a land trade that established Catalina State Park. Recreational opportunities are limited to 
hunting and unorganized bird watching, there is some conflict between hunting and research 
activities. Diverse research programs include grazing rotation/carrying capacity, plant 
succession, local climate, watershed/runoff, hanta virus, and public school educational 
programs. There are no plans for changes to its boundary.  
 
Cienega Creek County Preserve: Cienega Creek preserve, located in the southeast portion of 
the County, was purchased with Flood Prone Land Acquisition Program bond money to reduce 
future downstream flood risk. It preserves two reaches of perennial riparian floodplain habitat 
(Cottonwood-Willow and Mesquite Bosque) and important historical resources . Jointly 
managed by the Flood Control District and Parks and Recreation, the Preserve provides 
recreational opportunities including bird watching and hiking.  
 
Tortolita Mountain County Park: The park is located in the Tortolita Mountains at the northern 
edge of Pima County and Southern Pinal County, and is planned for future expansion and 
development of additional trails and trail heads.  
 
Tucson Mountain County Park: The park abuts the southern edge of the West Unit of 
Saguaro National Park in the Tucson Mountains, established in the 1930's. It includes hiking 
trails, the Arizona-Sonora Desert Museum, and Old Tucson.  
 
Arizona State Trust Land: State Trust Land is often perceived and represented to be public 
open space.  In fact, it is considered private from a planning perspective, with value and use 
largely determined by market conditions. It is held in trust by the State of Arizona to maximize 
value of the trust and generate income for 14 beneficiaries, the majority of which are school 
related.  The State Land Trust had its beginnings at the creation of the Arizona Territory in 1863, 
with a focus on education provided by the Northwest Ordinance of 1787.  Two sections of every 
township were reserved for education.  The Land Commission was created soon after statehood 
in 1912 with an additional grant of 10.75 million acres.  Some states sold their land grants 
outright, but Arizona opted to create a sustainable program.  
 
The State Land Trust for years was allowed to participate in land swaps, but a mid 1980's court 
case testing condemnation of State Land by a school district eliminated this ability.  Now, only 
the Federal Government can swap State Trust Lands through condemnation.  Attempts to 
reinstate land swap authority have so far been unsuccessful.  Land swaps may be useful for 
consolidation of non-continuous ownership patterns and promoting land acquisition for 
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preservation.  The State Land Department has a super-planning authority over local land use 
regulations.  It has rarely exercised this power as it generally follows local zoning and planning 
processes.  One criticism of State Trust Land utilization is the long and unfamiliar auction 
purchase process.  The Land Commissioner ultimately decides if it is appropriate to release 
land to the private market.  
 
Under the Urban Lands Act of 1980, the State Land Department can initiate and participate with 
purchasers in master planning of land within 3 miles of a jurisdiction.  In eastern Pima County, 
this has been done several times, the most successful of which is Civano.  Civano is a mixed-
use energy efficient development project, a partnership that includes the City of Tucson, the 
State Land Department, and the State Energy Commission.  This process is being re-evaluated 
and new opportunities for applicants or jurisdictions to participate in the planning process may 
be created.  There may be an opportunity for additional master-planned, mixed use 
communities that are be pre-planned in conjunction with jurisdictional plans for infrastructure.  
 
The Arizona Preservation Initiative of 1996 provides an opportunity for jurisdictions to reclassify 
State Trust Land into a new conservation category.  Benefits of reclassification include removal 
of the land from the auction sale process, a potential eight year purchase period (at market 
prices), and potential enhancement of value of surrounding land.  The first of three areas 
designated in the state is on Tumamoc Hill in Tucson, and 11 other areas are pending 
statewide.  
 
From the previous list of public land reservations it is apparent that historical federal, state, or 
local decisions to create public reserves has had a significant influence on the present urban 
form of eastern Pima County.  For example, County acquisition of Cienega Creek and Bureau of 
Land Management development of the Empire-Cienega Conservation Area along with Colossal 
Cave Mountain Park, has created a distinct urban boundary edge on the southeastern fringe of 
the metropolitan area.  Similarly, formation of the Santa Rita experimental range also confined 
and becomes a Green Valley growth boundary.  Similar actions occurred with the creation of 
Catalina State Park, Tortolita Mountain Park, and the continuing expansion of the long 
established Tucson Mountain Park.  
 
These public land acquisitions and conservation areas have played a very important role in 
shaping the urban form of eastern Pima County.  While these actions today have historically 
withdrawn lands from development potential, potential development of certain public lands, 
specifically state trust lands, may play an equally important role in helping develop a more 
compact urban form for eastern Pima County.  
 
Today over 40 square miles of state trust land lies within the Tucson city limits.  Many of these 
lands have less environmental resource value than other private lands in Pima County that are 
eligible for urban development.  To develop state trust lands with low environmental resource 
value in close proximity to urban services and within the limits of the City of Tucson may be a 
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strategy that should be pursued in order to accomplish one of the goals of the comprehensive 
plan - to create a more compact urban form.  
 
 
6.1.3 - Land Use Policy 
 
Metropolitan and Regional Planning History in Pima County:  Land use planning for the 
Tucson area can be traced back to 1930 when the first city zoning ordinance was adopted.  In 
the late 1930's, a group of local citizens united for the purpose of promoting regional planning 
and fostered the development of a comprehensive, long-range plan.  Upon completion in 1943, 
sections of the Regional Plan (Segoe Plan) were adopted. After years of citizen effort, in 1949 a 
state-enabling act permitted counties to plan and zone the same as cities; allowing the creation 
of a county planning and zoning commission.  In 1952, the first county zoning code was 
adopted, and area or zoning plans such as the Rincon and Catalina Foothills plans were 
developed in the late 1950's.  
 
In 1950, the Tucson Urban Land Use Study was developed which provided the foundation for 
the General Land Use Plan Tucson Region (GLUP).  The GLUP was adopted in 1960, and 
projected a population of 1.4 million by the year 2000.  Records of platted subdivisions between 
1955 to 1959 that are referenced in the GLUP reveal early regional land use patterns beginning 
to take shape.  Large subdivisions, located in what is today the Rincon Valley and Oro Valley 
areas, were already beginning to define the geographic extent of the urban area.  Together with 
an amalgamation of area, community, neighborhood, and zoning plans, the GLUP served as the 
long range land use plan for unincorporated Pima County for many years.  
 
During the 1970's, a major effort to update and expand on the GLUP was made jointly by the 
City of Tucson and Pima County.  The draft 1975 Comprehensive Plan took three years to 
prepare, followed by another four years of public review.  The process provided an opportunity 
for community dialogue on issues that became focal in comprehensive planning.  The extensive 
document proposed policies for a wide range of local concerns.  The effort resulted in a policy 
plan with no map, which the city adopted (in a modified form), but the county did not.  After the 
initial construction of Interstate 10 through the urban portion of Tucson between 1956 and 1965, 
few major transportation improvements were built in the community until 1980. Transportation 
corridor planning began about that time, resulting in improvements to Valencia Road (Alvernon 
to Kolb), Golf Links Road (Alvernon to Craycroft) Alvernon (Golf Links to Valencia), east Tanque 
Verde Road, and Kolb Road (Valencia to Irvington, I-10 to Valencia), as well as Kino Boulevard 
and the Aviation Corridor.  
 
Using a community survey program, in 1983, a private, non-profit group called "Goals for 
Tucson" identified local goals and priorities. The following year, a panel comprising members of 
the Urban Land Institute and the American Institute of Architects produced an advisory report 
(The ULI/AIA Plan for Action: Preserving Tucson by Planning its Future), which represented an 
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independent, outside perspective on metropolitan Tucson, its environment and urban setting.  
The report's recommendations included an increased importance attributed to city and county 
planning and zoning, encouragement of "mixed-use activity nodes" to bring residential uses 
closer to employment centers and further protection of dry washes, rivers, and floodplains.  The 
report also stressed the need for a comprehensive, regional perspective to guide land use.  
Another report that identifies urban form policies and actions was produced by the Urban 
Design Commission (The Urban Design of the Tucson Basin) and adopted in principle by the 
Board of Supervisors.  
 
In 1985, the Board of Supervisors appointed an Open Space Committee to inventory and 
classify open space and recommend methods of preservation.  Draft findings emphasized a 
network of dedicated and linked open space, urban open space corridors, and the protection of 
public preserves.  The same year, the Board of Supervisors formed a comprehensive plan 
working committee to achieve a regional perspective on goals, objectives and policies. The 
Regional Vision of Eastern Pima County and several individual vision statements were early 
results of the committee's efforts.  Pima County's vision statement is defined by the Conceptual 
Land Use Element of the Pima County Comprehensive Plan Toward a Vision of a Possible 
Future (CLUE), which was adopted by the Board of Supervisors in 1989.  The CLUE document 
supplemented the GLUP and provided the goals for the development of the Comprehensive 
Plan that was adopted in 1992 by the Board. 
 
Current Regulatory Land Use Actions and Pima County Comprehensive Plan: The Pima 
County Comprehensive Plan covers approximately 1,300 square miles in the unincorporated 
portion of eastern Pima County.  The plan is divided into six sub-regions, and contains three 
elements: a) Land Use Intensity Legend which assigns a land use designation for all property in 
the plan area.  Rezoning requests must comply with the plan by requesting a zoning district and 
residential density permitted in the land use category for the subject property; b) Regional and 
Special Area Policies which are implemented through the rezoning process by identifying 
development and other guidelines that should be applied to individual requests; and c) Strategic 
Action Plan which identifies eight programs designed to implement quality of life objectives 
identified in the Conceptual Land Use Element (CLUE).  
 
Five years of rezoning activity under the guidance of the land use intensity legend indicates that 
the County may not be achieving a fundamental goal of the plan, which is to create a more 
compact urban form.  Analysis of rezoning requests indicates they have been approved at the 
low end of the expected density ranges for the land use designations, especially in the Medium 
Intensity Urban category (many rezoning cases would not have conformed to the plan if the 
minimum densities were included).  This means that if the population capacity of the Plan is 
reduced by accommodating lower density in designations that were originally designed to 
support higher densities, future population increases will be pushed further from the existing 
urban area. In other words, the land consumption rate per capita may be higher than expected, 
causing expansion of the urban area earlier than planned.  
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Staff also recognizes the need for more effective mitigation measures in order to alleviate 
neighborhood concerns about the impact of new development.  Additional mitigation measures 
may include more effective buffers, requirements for maintaining existing views, providing open 
space, and possibly even traffic calming measures to reduce vehicular travel through 
neighborhoods.  Until such measures are in place, it is unlikely that existing residents will 
support higher densities contained in the Plan. 
 
6.1.4 - Land Use in the Santa Cruz River Floodplain 
 
Percentages of Santa Cruz River main stem floodplain land in each study reach were calculated 
that correspond to different land uses.  The data used for these calculations is the same as was 
used for calculating values of properties in the Santa Cruz River floodplain.  The methodology 
for determining properties to include in the analysis is described in Section 4.2.B, Property 
within the Santa Cruz River Floodplain.  Areas of land by land-use for each study reach are 
presented in Table 6B. 
 

Table 6B – Areas of Land in Santa Cruz River Floodplain by Land Use 
 Land Use Area (acres) % of Total 

N/A 1,671 33.43 
Vacant 541 10.81 

Residential 38 0.76 
Commercial 6 0.11 

Industrial 1 0.02 
Agricultural 2,473 49.47 

Railroad 206 4.12 
Utilities  0 0.01 
Mines 1 0.02 
Public 63 1.25 

Reach 1 
 

Total Reach 1 5,000 100.00 
 

N/A 4,364 26.17 
Vacant 3,643 21.84 

Residential 999 5.99 
Commercial 269 1.62 

Industrial 174 1.04 
Agricultural 5,580 33.46 

Railroad 292 1.75 
Utilities  0 0.00 
Mines 151 0.91 
Public 1,205 7.22 

Reach 2 

Total Reach 2 16,677 100.00 
 

N/A 1,134 26.19 
Vacant 1,221 28.21 

 
 
 Residential 454 10.49 
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Table 6B – Areas of Land in Santa Cruz River Floodplain by Land Use 
 Land Use Area (acres) % of Total 

Commercial 0 0.00 
Industrial 15 0.35 

Agricultural 562 12.99 
Railroad 52 1.21 
Utilities  0 0.00 
Mines 0 0.00 
Public 890 20.56 

Reach 3 
 

Total Reach 3 4,329 100.00 
 

N/A 323 9.77 
Vacant 679 20.54 

Residential 106 3.20 
Commercial 3 0.10 

Industrial 147 4.45 
Agricultural 40 1.20 

Railroad 0 0.00 
Utilities  13 0.41 
Mines 10 0.29 
Public 1,984 60.04 

Reach 4 

Total Reach 4 3,305 100.00 
 

N/A 1,050 10.05 
Vacant 2,092 20.04 

Residential 308 2.95 
Commercial 22 0.21 

Industrial 379 3.63 
Agricultural 4,207 40.30 

Railroad 12 0.12 
Utilities  0 0.00 
Mines 95 0.91 
Public 2,275 21.79 

Reach 5 
 

Total Reach 5 10,440 100.00 
 

N/A 1,234 7.30 
Vacant 446 2.64 

Residential 178 1.05 
Commercial 26 0.15 

Industrial 0 0.00 
Agricultural 9,716 57.43 

Railroad 0 0.00 
Utilities  1 0.01 
Mines 0 0.00 
Public 5,317 31.43 

Reach 6 

Total Reach 6 16,919 100.00 
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Table 6B – Areas of Land in Santa Cruz River Floodplain by Land Use 
 Land Use Area (acres) % of Total 

N/A 9,776 17.25 
Vacant 8,622 15.21 

Residential 2,083 3.68 
Commercial 326 0.58 

Industrial 716 1.26 
Agricultural 22,579 39.84 

Railroad 562 0.99 
Utilities  15 0.03 
Mines 257 0.45 
Public 11,733 20.70 

Total Santa Cruz 
River 

Total Santa Cruz 
River 

56,670 100.00 

 
6.2 – Floodplain Management  
 
The Pima County Flood Control District has adopted a Floodplain and Erosion Hazard 
Management Ordinance (Title 16 of the Pima County Code) that regulates activities with the 
regulatory floodplain as adopted by the district and the federal Emergency Management Agency 
(FEMA).  Selected portions of the ordinance that affect the mainstem Santa Cruz River is 
reprinted below.  The complete text is available at http://www.co.pima.az.us . 
 
16.08 - Definitions 
 

"Base flood " means the peak discharge of a one-hundred-year flood. The base flood has a one-percent 
probability of being equaled or exceeded in any given year……… 
 
"Base flood elevation" means the calculated water-surface elevation of the base flood.  
 
"Floodway area" means the channel of a watercourse and the adjacent land areas necessary in order to discharge 
the base flood without cumulatively increasing the water surface more than one foot above the base flood 
elevation and without creating hazardous velocities of floodwaters…… 
 
"Floodway fringe area" means land outside the floodway but within the regulatory floodplain and below the 
base flood elevation.  
 
 

16.28.010 - Uses allowed. 

Any use, to the extent not prohibited by this title or any other ordinance or law, is allowed within the floodway 
fringe area.  

 

16.28.020 - Conditions applicable to all uses. 

A. The following general conditions shall apply to all uses within the floodway fringe area: 
 
B. No development, storage of materials or equipment, or other uses shall be permitted which, acting alone or in 
combination with existing or future uses, create a danger or hazard to life or property. 
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C. Consideration of the effects of a proposed use or development shall be based on the assumption that there 
will be an equal degree of encroachment extending for a significant reach on both sides of the watercourse.  
 

16.28.030 - Fill and fill materials. 

A. Any fill proposed to be deposited in the floodway fringe must be shown to have some beneficial purpose and 
the amount thereof not greater than is necessary to achieve that purpose, as demonstrated by a plan submitted by 
the owner showing the uses to which the filled land will be put and the final dimensions of the proposed fill or 
other materials. 
 
B. Such fill or other materials shall be protected against erosion by riprap, vegetative cover, bulkheading, or 
other approved methods.  
 

16.28.040 Structures--Construction restrictions. 

A. Structures shall be constructed so as to offer the minimum obstruction to the flow of floodwaters. Wherever 
possible, structures shall be constructed with the same alignment as the direction of flood flow and so far as 
practicable shall be placed approximately on the same alignment as those of adjoining structures. 
 
B. All structures shall be firmly anchored to prevent their flotation, which might otherwise result in damage to 
other structures or restriction of bridge openings and other narrow sections of the watercourse. 
 
C. Service facilities such as electrical and heating equipment shall be constructed at or above the regulatory 
flood elevation for the particular area, or be adequately flood proofed. 
 
D. Any structure designed or utilized for human habitation, whether full-time or part-time, shall have the lowest 
floor elevated at or above the story flood elevation. Prior to the pouring of the first slab or finish floor 
inspection, the applicant shall submit to the county engineer certification by an Arizona registered land surveyor 
that the elevation of the lowest floor is in compliance with the floodplain use permit. 
 
E. Enclosed areas within the regulatory floodplain and below the regulatory flood elevation shall be designed to 
equalize hydrostatic flood forces on exterior walls by allowing for the entry and exit of floodwaters. 
 
F. If fill is used to elevate any structure, the minimum elevation of the fill shall be at or above the base flood 
elevation and shall extend at such elevation for a distance of at least twenty-five (25) feet beyond the outside 
limit of the structure unless a study/analysis prepared by an Arizona registered professional civil engineer 
demonstrates that a lesser distance is acceptable. 
 
G. Structures designed or utilized for human habitation, whether full-time or part-time, shall only be permitted 
where the product of the flow depth d, in feet, times the square of the flow velocity v, in feet per second, of the 
surrounding floodwaters of the base flood does not exceed the numerical value of eighteen for a period in 
excess of thirty minutes, or the surrounding floodwaters of the base flood do not exceed three feet in depth.  

 
 
16.40.010 Building setback requirements  -  In erosion hazard areas where watercourses are subject to flow-related 
erosion hazards, building setbacks are required as set out in Sections 16.40.020 (Major Watercourses. 
 
16.40.020 - Setbacks near major watercourses. 
 
For major watercourses, with base flood peak discharges of two thousand cfs or greater, the following building 
setbacks shall be required where approved bank protection is not provided: 

 
A. Along the following major natural watercourses where no unusual conditions exist, a minimum building 
setback, as indicated below, shall be provided at the time of the development unless an engineering analysis 
which establishes safe limits is performed by an Arizona registered professional civil engineer and is 
approved by the county engineer. Unusual conditions include, but are not limited to, historical meandering 
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of the watercourse, large excavation pits, poorly defined or poorly consolidated banks, natural channel 
armoring, proximity to stabilized structures such as bridges or rock outcrops, and changes in the direction, 
amount and velocity of the flow of waters within the watercourse. 
 

1. The building setback shall be five hundred feet along the Santa Cruz River, Rillito Creek, 
Pantano Wash, Tanque Verde Creek and the Canada del Oro Wash downstream of the 
confluence with Sutherland Wash; 
 
2. The building setback shall be two hundred fifty feet along major watercourses with base flood 
peak discharges greater than ten thousand cfs; 
 
3. The building setback shall be one hundred feet along all other major watercourses with base 
flood peak discharges of ten thousand cfs or less, but more than two thousand cfs. 

 
B. Along major watercourses where unusual conditions do exist, building setbacks shall be established on a 
case-by-case basis by the county engineer, unless an engineering study which establishes safe limits is 
performed by an Arizona registered professional civil engineer and is approved by the county engineer. 
When determining building setback requirements, the county engineer shall consider danger to life and 
property due to existing flood heights or velocities and historical channel meandering. Unusual conditions 
include, but are not limited to, historical meandering of the watercourse, large excavation pits, poorly 
defined or poorly consolidated banks, natural channel armoring, proximity to stabilized structures such as 
bridges or rock outcrops, and changes in the direction, amount, and velocity of the flow of waters within 
the watercourse.  

 
 

In general, the ordinance allows, but regulates, development within the floodway fringe.  The 
erosion hazard setback limits building construction within 500 feet of the Santa Cruz River 
where banks are unprotected.  
 
6.3 - Floodprone Land Acquisition Program 
  
Pima County Flood Control District initiated the Floodprone Land Acquisition Program (FLAP) 
following the disastrous 1983 flood.  The original intent of the program was to provide quick 
financial relief to property owners through land acquisition.  In February 1984, Pima County 
voters approved $8.3 million in bonds to fund the program.  The following year, the program was 
expanded to authorize for the purchase of undeveloped land to prevent future floodplain 
development in sensitive riparian areas and to meet open space goals of the community.  In 
1986, voters approved $20 million in bonds for the purpose of natural flood storage and 
management, groundwater recharge, and natural riverine habitat preservation. 
 
To date, approximately 7200 acres of land have been purchased through the FLAP program at 
a cost of just under $42 million.  Funding for the program is provided through a combination of 
bond monies and flood control taxes.  There is currently a remainder of $1.8 million in the 1986 
bonds for FLAP acquisitions but the money cannot be spent until bonds are actually sold.  Pima 
County has attempted to obtain additional FLAP funding but the proposals did not make it onto 
recent election ballots. 
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Program acquisition priorities were initially defined and adopted in 1984 as part of the Flood 
Repair and Flood Hazard Mitigation Implementation Plan.  Priorities were revised in 1985 and 
again in 1991.  The Property Acquisition List was adopted in the 1991 revision.  The priorities 
set in this list are tied to the bonds that provided the funding.  The development of new 
acquisition priorities may require the approval of new bonds or the identification of another 
funding source. 
 
The current FLAP priority ranking system is based upon property development status.  The six 
levels of prioritization criteria are included in Table 6C.  A list of prioritized desired properties is 
included in Table 6D.  The Priority Property Acquisition List states that priority rankings can be 
altered when it is shown that acquisition of particular parcels of floodprone land would fulfill 
other community goals of flood storage, groundwater recharge, recreation, open space; or 
completion of parcel acquisition within a designated area.  The priority list criteria designate 
flood storage and groundwater recharge as the highest priority output categories. 
 

Table 6C – FLAP Priority Ranking Criteria (based on property development status) 

Priority Criteria 

1 
Improved real property occupied for residential use where flood damage to the residential 
structure has occurred. 

2 
Improved real property occupied for residential use where the property is located within a 
designated floodway and flood damage to the property has occurred. 

3 
Improved real property occupied for residential use where the property is located within a 
designated floodway. 

4 Unimproved real property located within a designated floodway. 

5 
Improved real property occupied for residential use where the property is located outside a 
designated floodway but within the regulatory floodplain and/or erosion hazard area. 

6 
Unimproved real property where the property is located outside a designated floodway but 
within the regulatory floodplain and/or erosion hazard area. 

 
Figures 6G-L show the existing FLAP lands for each study reach.  Figure 6M highlights FLAP 
lands along Pantano Wash and Tanque Verde Creek, tributaries to the Rillito River where a 
large percentage of FLAP properties are located.  Each figure also shows publicly owned land 
and protected riparian habitat areas (note: no FLAP lands exist in Reaches 1 or 2, Figures 6G 
and 6H, respectively). 
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Table 6D – FLAP Prioritized Acquisition Sites by Watercourse 
Location Priority* 
Santa Cruz River Mainstem 
a) Sanders Road to Avra Valley Road 4 
b) 29th Street to Ajo Way 4 
c) U.S. Highway 89 Vicinity 1 
d) Canoa/Amado Area 3,5 
Tanque Verde Wash 
a) Craycroft Road to the Wilmot Road Alignment 3 
b) Jones Road to the Forty-Niner Country Club 1 
c) Forty-Niner Country Club to Coronado National Forest Boundary 2 
Canada del Oro 
a) La Cholla Boulevard to Overton Road 1 
b) Catalina State Park north to County Line 1 
Sabino Creek 
a) Tanque Verde Wash to Coronado National Forest Boundary 2 
Rillito River 
a) Southern Pacific Railroad to La Cholla Boulevard 2 
b) Country Club Alignment to Craycroft Road including 
     -Bend Area 
     -Alamo Wash Confluence 
     -Columbus Boulevard Area 

 
3 
4 
4 

Pantano Wash 
a) Craycroft Road to Glenn Street Alignment 3 
b) Golf Links to Houghton Road  3 
c) Houghton Road to Los Reales Road 5 
Agua Caliente Wash 
a) Jones Road to Houghton Road 3 
b) Fort Lowell Road to Coronado National Forest 3 
Rincon Creek 
a) Confluence with Pantano Wash to Camino Loma Alta including Ranchos Pequenos Area 3 
Pima Wash 
a) Oracle Road to Coronado National Forest Boundary 2,3 
Black Wash 
a) Ajo Way to Headwaters  1 
Miscellaneous Areas 
a) Tributary Foothill Washes  2 
b) Fairview/Limberlost Area 1 
c) High School Wash 1 
d) Rolling Hills Wash 1 
(1 = highest priority; 5 = lowest priority) 
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6.4 - Storm Damage Control/Capital Improvement Facilities 
 
Pima County Flood Control District maintains a database of capital improvement projects along 
the Santa Cruz River and major tributaries.  Projects in this database included bridge repair and 
protection projects, bank stabilization projects, access improvements, river parks, and drainage 
improvements.  For the watershed study, data on projects along the mainstem of the Santa 
Cruz and near the confluence of the Rillito River and Canada del Oro Wash were imported from 
the Pima County Database into the Table 6E. Projects in Table 6E are sorted by the study reach 
in which they are located.  Figures 6N-6S show existing and proposed bank protected areas, 
detention basins, and flood control facilities. 
 

Table 6E – Santa Cruz River Capital Improvement Projects 
Reach Project Type Project Title Cost Date Completed 

1 Bridge Canoa Rd. bridge, SCR $2,206,000 Apr-86 

1 Bridge Repair/Protection Elephant Head Rd. bridge, SCR $171,000 Apr-96 

4 Bank Stabilization Speedway to Grant SCR $8,175,000 Sep-91 

4 Bank Stabilization 29th St. to Mission Lane SCR $3,775,000 Feb-88 

4 Bank Stabilization Irvington Rd. to Ajo Way SCR $3,273,000 Dec-88 

4 Bank Stabilization Silverbell Park at SCR $1,660,000 Sep-92 

4 Bank Stabilization St. Mary's Rd. to Speedway Blvd. SCR $1,641,000 Apr-89 

4 Bank Stabilization Kostka Ave. SCR $1,033,000 May-84 

4 Bridge Valencia Rd. bridge SCR $3,336,000 May-89 

4 Bridge Irvington Rd. bridge SCR $1,722,000 Jul-81 

4 Bridge Repair/Protection El Camino Del Cerro Bridge Protection $1,225,000 Jul-85 

4 Bridge Repair/Protection Valencia Rd. Bridge SCR $838,000 Jul-85 

4 Bridge Repair/Protection Grant Rd. Bridge $402,000 Jul-85 

4 Bridge Repair/Protection 22nd Street SCR $67,000 ?/85 

4 Drainage Improvement West Branch Dissipator SCR $642,000 Dec-91 

4 River Park SCR River Park - Ajo to Irvington $1,960,000 Sep-92 

4 River Park SCR River Park – Mission Ln. to 29th St. $1,555,000 Apr-93 

4 River Park SCR River Park – Speedway to Grant $1,471,000 Mar-93 

4 River Park SCR River Park - St. Mary's to Speedway $892,000 Mar-92 

5 Bank Stabilization Ina Rd. Landfill SCR $987,000 Feb-91 

5 Bank Stabilization Tangerine Road Landfill, SCR $530,000 Aug-83 

5 Bank Stabilization Ina Rd. Landfill SCR $458,000 Jun-81 

5 Bank Stabilization Continental Ranch, SCR $283,000 Sep-94 

5 Bank Stabilization Cortaro Rd., e. bank at SCR $5,000 Feb-83 

5 Bank Stabilization Shannon Rd. to Cmo. de la Tierra, Rillito $1,889,000 Nov-93 

5 Bank Stabilization Rillito River Bank Protection $4,274,000 nearly complete 

5 Levee/Bank Stabilization Lower Santa Cruz Levee $15,000,000 2000 

5 Bridge Cortaro Rd. bridge, SCR $4,708,000 Sep-88 
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Table 6E – Santa Cruz River Capital Improvement Projects 
5 Bridge Ina Rd. bridge, SCR $1,650,000 Nov-85 

5 Bridge Avra Valley Road Bridge   

5 Bridge Repair/Protection Avra Valley Rd. bridge, SCR $167,000 Jul-93 

5 Bridge Repair/Protection Ina Rd. bridge SCR $164,000 May-96 

5 Bridge Repair/Protection Cortaro Rd. Bridge, SCR $31,000 Aug-96 

5     

5 River Park Pegler Wash Soccer Field (Rillito River) $122,000 Jun-90 

6 Bank Stabilization Berry Acres, SCR $550,000 Sep-94 

6 Bridge Repair/Protection Trico Marana Rd. Bridge $899,000 Mar-86 

6 Bridge Repair/Protection Trico-Marana Rd. bridge, SCR $174,000 Feb-96 

6 Bridge Repair/Protection Trico Rd. bridge, SCR $37,000 May-96 

1/2 Bridge Continental Rd. bridge, SCR $4,660,000 Jun-86 

5/6 Bridge Repair/Protection Sanders Rd. Bridge $629,000 Apr-85 
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6.5 – Section 404 Permit Issues  
 
Local sponsors, primarily Pima County, have voiced concerns that Section 404 permitting 
process is too slow and restricts the county’s ability to conduct routine maintenance and to 
repair of flood control, mitigation, and/or other restoration facilities in the watershed.   Based on 
interviews with the County, the Corps - Los Angeles District, and USFWS it appears there are 
two major issues with the application of the Section 404 permit program in Pima County, 
Arizona.  First, there are significant endangered species issues/concerns in the watershed and 
second, there are too few Corps Regulatory personnel to process permit applications in a timely 
manner.  The problem does not generally lie with the quality of applications submitted by the 
County and other local entities, but rather with the time needed to process the permit 
applications and consult with USFWS on endangered species issues.  Pima County has a 
detailed template for permit applications that has been fully coordinated with and agreed to by 
Los Angeles District Regulatory staff.  This template includes all information needed to prepare 
a 404(b)(1) analysis, which provides significantly more information than is generally required for 
a Section 404 permit application package.   
 
 
6.5.1 - Relevance to the Watershed Management Study 
 
The primary goal of the watershed management study is to develop a watershed management 
plan that will address flooding and bank erosion, floodplain management, fish and wildlife 
habitat restoration (particularly riparian), recreational opportunities, groundwater recharge, and 
water/wastewater management in the Santa Cruz River watershed.  The implementation of 
proposed plans, whether by local agencies or under a cost shared agreement with the Corps, 
will likely require state and federal permits, including Section 404 permits.  The Corps would like 
to assist the sponsors in streamlining the permitting process to ensure that recommended 
actions can be accomplished in a timely manner.  If local agencies are conducting 
environmental studies that could expedite future permit applications, there is the potential to 
incorporate these studies as part of the Watershed Management Study or undertake them in 
connection with future spin-off studies.  Extensive mapping of habitats and species in the 
watershed is already being conducted by the County (see description of Sonoran Desert 
Conservation Plan, below), but any significant data gaps that remain could be collected under 
this study.  Potential efforts might include surveys for vegetation, riparian areas, and 
endangered species; and wetland delineation and functional analysis. 
 
 
6.5.2 - Endangered Species Issues 
 
Currently, there are 15 species listed under the Endangered Species Act (ESA) which occur in 
Pima County and one species of concern (see Table 6F).  Numerous other species associated 
with the Sonoran Desert ecosystem could be at risk.  Not all of these species occur within the 
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Santa Cruz River watershed, but many do.  Of primary concern is the cactus ferruginous pygmy 
owl.  Pygmy owls were historically present in mature riparian areas characterized by cottonwood 
(Populus fremontii) and willow (Salix spp.) galleries, as well as in mesquite (Prosopis spp.) 
bosques.  This type of habitat has been particularly devastated as a result of urban and 
agricultural development, and the loss of water in the Santa Cruz River.  Currently, pygmy owls 
utilize remaining shrub and tree habitats, such as Sonoran desertscrub and remnant riparian 
areas.  The USFWS considers riparian areas, Sonoran desertscrub and semidesert grasslands 
below 4,000 feet in elevation as suitable habitat for pygmy owls (USFWS, 2000).   
 

Table 6F - Endangered Species List for Pima County 
(source http://ifw2es.fws.gov/EndangeredSpecies/Lists/ListSpecies.cfm) 

Common Name Scientific Name Listing Status 
Cactus ferruginous pygm y owl Glaucidium brasilianum cactorum Endangered 

Desert pupfish Cyprinodon macularius Endangered 

Gila topminnow Poeciliopsis occidentalis occidentalis Endangered 

Huachuca water umbel Lilaeopsis schaffneriana recurva Endangered 

Jaguar Panthera onca Endangered 

Jaguarundi Felis yagouaroundi cacomitli Endangered 

Kearney’s blue star Amsonia kearneyana Endangered 

Lesser long-nosed bat Leptonycteris curasoae yerbabuenae Endangered 

Masked bobwhite Colinus virginianus ridgwayi Endangered 

Mexican spotted owl Strix occidentalis lucida Threatened 

Nichol’s Turk’s head cactus Echinocactus horizonthalonius nicholii Endangered 

Ocelot Felis pardalis Endangered 

Pima pineapple cactus Coryphantha scheeri robustispina Endangered 

Sonoran pronghorn Antilocapra americana sonoriensis Endangered 

Southwestern willow flycatcher Empidonax trailii extimus Endangered 

San Xavier talus snail Sonorella eremita Species of Concern 

 
Surveys for the presence of pygmy owls must be conducted for all projects proposed within 
potentially suitable pygmy-owl habitat.  Both spring and fall surveys are recommended prior to 
receiving ESA clearance for a project.  Only persons who have received training from AGFD or 
USFWS and received a surveyor’s permit are authorized to conduct surveys.  Survey 
requirements can be financially onerous and time-consuming when conducted on a project-by-
project basis.  It would be more time-saving and cost-effective for local governments to obtain 
either an incidental take permit via development of a Habitat Conservation Plan (HCP) under 
the ESA, or a special area management plan or general permit under Section 404.  Currently, 
Pima County is developing the Sonoran Desert Conservation Plan (SDCP), which is intended to 
function similarly to an HCP.  It includes a county-wide survey for cactus ferruginous pygmy owl 
presence and habitats as well as extensive riparian and vegetation mapping. The City of Tucson 
has habitat protection regulations that protect riparian habitat along specific washes as well as 
regulations to protect native vegetation. washes. 
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The SDCP study team is collecting a significant amount of data on riparian and desert 
vegetation distribution, endangered species habitat and known locations of use or presence, 
water resources, historic and cultural resources, mountain parks and ranches.  This data will be 
the basis for developing the plan and its accompanying Environmental Impact Statement.  
Habitats and species will be protected and restored, with a priority ranking of projects and land 
acquisitions/preservation.  Expected impacts from continued development and the operation of 
county facilities will be identified.  The cumulative effects of development, permit programs and 
county activities is being analyzed.  This plan, if agreed to by the USFWS, EPA and the Corps 
would allow significantly expedited permitting in the Santa Cruz watershed with required 
mitigation or restoration actions to conserve the Sonoran Desert ecosystem. 
 
 
6.5.3 - Corps of Engineers Permit Processing Issues 
 
The LAD, Corps of Engineers, covers all of southern California and Arizona under its Regulatory 
program.  This area has tremendous population growth and development occurring at the 
present time.  Currently, the regulatory staff of the LAD is approximately 30 permit and 
enforcement personnel.  The current workload of the Regulatory Branch exceeds 1000 permits 
granted per year, which does not count permits not granted, or otherwise withdrawn or 
cancelled.  This translates to approximately 33 permits granted per year per Regulatory staff 
person, which includes ESA consultation requirements for all or most permits.  Across the 
nation, the Regulatory program of the Corps has been subject to significant budget cuts over the 
past several years, even though the number of permit applications continues to increase.   
 
One of the ways that Regulatory branches throughout the country have coped with the 
increased workload and reduced resources is through the development of general permits and 
special area management plans (SAMPs).  These types of permits and plans allow specific 
types of activities or a variety of activities within a certain geographic area to proceed without 
individual permitting requirements after the development of a plan which identifies advanced 
and future mitigation requirements for expected environmental impacts from the authorized 
activities. Some of the information that is collected and utilized in developing general permits 
and SAMPs includes: 
 
§ inventory of jurisdictional wetlands in the area/watershed 
§ functional assessment of wetlands 
§ endangered species distribution and habitats 
§ cumulative effects on endangered species and wetlands 
§ location of all flood control facilities in the area/watershed 
§ vegetation surveys 
§ wildlife surveys 
§ location of ordinary high water levels in the area/watershed 
§ land use mapping and trends information 
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§ location and number of all permits issues in area/watershed 
 
Once the level of past and current effects on natural resources (particularly wetlands and 
endangered species) has been estimated, then limiting factors to fish and wildlife production can 
be identified.  Also, existing high quality habitats and appropriate locations for mitigation and 
restoration can be identified.  Then a plan or permit can be developed authorizing certain 
activities that will affect existing wetlands and other habitats, while requiring appropriate 
mitigation and restoration actions that will both address past cumulative effects and expected 
future impacts on a regional or watershed scale.  The SDCP will likely address all or most of 
these issues, which would make it compatible with (or nearly equivalent to) a SAMP or other 
Corps general permit.  The Corps Regulatory Branch should consider joining the SDCP process 
to ensure it will be compatible with their regulatory requirements and ease the future permitting 
load in Pima County. 
 
Bridges and flood-control projects are generally unique and too large to make the development 
of a SAMP or regional 404 permit practical for those activities a sensible alternative.  However, 
the environmental information developed under a regional effort can potentially fulfill some of 
the baseline data requirements for a more project specific permit. 
 
6.5.4 - Recommendations to Streamline  
 
Pima County is currently working on the SDCP and is coordinating with USFWS and EPA.  In 
order for the SDCP to be adopted either as a SAMP or regional general permit, this process 
needs to be coordinated with (and direct involvement from) Corps Regulatory staff.  Endangered 
species and vegetation mapping has already taken place under the SDCP, but additional habitat 
mapping and wetland inventories may also be necessary to cover all of the Section 404 issues.  
 
Further data collection could be also incorporated into a spin-off study from this Watershed 
Management Study.  The SDCP will develop a list of priority conservation and restoration sites 
for a variety of species and habitat types, which should be utilized as a starting point when 
considering further Corps project involvement.  The major partners in this Watershed 
Management Study should continue to coordinate closely with Pima County to ensure that 
proposed projects will be consistent with the SDCP to the extent possible.  
 
6.6 – River Management Activities 
 
Maintenance practices along the Santa Cruz River and its major tributaries have varied 
substantially over the past 20 years.  Two decades ago there were widespread mechanical 
alterations to the watercourses, and a maintenance crew was devoted to watercourse 
maintenance continuously throughout the year.  Maintenance and alterations to the Santa Cruz 
River and its tributaries took several forms, including practices to assist in flow conveyance and 
to reduce erosion.  To assist flow conveyance, vegetation and excess sediment were removed 
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in areas of rapid aggradation.  Unstable banks were compacted, and rip-rap or other fill 
materials were often added to stabilize areas of erosion.  In addition to the above measures, the 
low-flow areas of channels were recontoured to assist the conveyance of flow and reduce lateral 
meandering and erosion. 
 
By the late 1980s and early 1990s, however, the former maintenance practices began to 
radically change as Pima County responded to internal changes as well as those changes 
mandated by Federal agencies.  Watercourses began to be viewed by the public as an 
important community asset when maintained in their natural vegetative state.  Pima County, in 
turn, realized that proactive maintenance was not always the best solution to perceived 
maintenance problems.  At the same time, State and Federal agencies asserted more oversight 
of watercourses at a local level, requiring justification for alterations within these areas.   
 
Federal-agency oversights include not only the United States Army Corps of Engineers (Corps) 
404 permitting process, but the U.S. Fish and Wildlife Endangered Species Act; the National 
Historic Preservation Act; Federal Emergency Management Agency guidelines; and, the 
Environmental Protection Agency’s National Pollutant Discharge Elimination System (NPDES) 
402 Permits.  Several Arizona State agencies also became involved in the protection of 
watercourses.  These state agencies include two within the Arizona Department of 
Environmental Quality (ADEQ).  The ADEQ Point Source and Monitoring Unit administered 
concurrent certification for Corps Nationwide and 404 permits; while the ADEQ Permits Section 
required duplicate notification of the NPDES Notice of Intent (NOI) process. 
 
Some activities may not be under the direct authority of the Corps at all, such as thinning 
phreatophytic vegetation either manually or with a chain saw.  Removing vegetation manually 
does not require either a Nationwide or a 404 Permit unless the site is contoured, graded, or 
excavated at the same time.  In addition, there is an existing Nationwide Permit for the 
maintenance of Existing Flood Control Projects (Nationwide Permit 31), which may eliminate the 
comprehensive 404 Permitting process for some maintenance activities.  However, if the 
vegetation was providing habitat for threatened or endangered species, the County, or other 
jurisdictions, could be at risk of “taking” an endangered species by removing vegetation. 
 
Currently there is little proactive maintenance on the Santa Cruz River and its major tributaries, 
unless there is a need for emergency flood or erosion protection.  Most work is performed in the 
Santa Cruz River when requested by the Pima County Departments of Floodplain Management, 
Transportation, or Flood Control Engineering in conjunction with site-specific projects where a 
404 permit has been obtained.  Where watercourse maintenance issues do exist, the concerns 
fall into four major categories: (1) removal of sediment, (2) erosion mitigation, (3) site-specific 
bank stabilization, and (4) removal of vegetation. A reach by reach discussion of maintenance 
issues is presented in the following paragraphs.  Most information presented is the result of 
interviews with staff of Pima County Flood Control District.  The “overall flood control approach” 
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was taken from the Flood Control Districts  “Major Watercourses in Eastern Pima County”, 
Preliminary Draft (July 2000).  
 
6.6.1 - Reach 1, Upper Santa Cruz River Reach  
 
6.6.1.1 - Current River Management Activities 
 
Pima County’s overall flood control approach is to maintain the natural floodplain to the extent 
possible.  The goals are to preserve overbank storage, riparian habitat, and existing sediment 
transport characteristics. 
 
Traditionally, the maintenance of the Santa Cruz River along this reach (Santa Cruz County 
Line to Continental Road Bridge) has been a localized concern.  Private agricultural interests 
such as the Farmers Investment Company (FICO) have generally performed most of the in-
channel modifications.  Aggradation within the main channel and at the outlets of tributaries has 
been reported and appears to be an ongoing maintenance issue.  This reach also has a history 
of lateral channel instability, which may be in part due to the agricultural use.    
 
FICO was granted a 404 permit in 1999.  The permit allows FICO to use spot landscaping to 
stabilize banks, control erosion, and maintain channel integrity on the Santa Cruz.  The 
improvements, which will apply to Reaches 1 and 2,  are designed to control relatively frequent 
and small flood events while washing out during large floods.  
 
6.6.2 - Reach 2, Green Valley/Sahuarita Reach  
 
As in Reach 1, Pima County’s overall flood control approach is to maintain the natural floodplain 
to the extent possible, to preserve overbank storage, habitat, and existing sediment transport 
characteristics. The maintenance of the Santa Cruz River in the Green Valley/Sahuarita area 
between Continental Road and Pima Mine Road is similar to the Upper Santa Cruz River 
Reach.  Most maintenance is being conducted by local agricultural interests, and aggradation in 
the tributaries is the primary concern.  In addition, Pima County Flood Control District has cited 
channel degradation at the Pima Mine Road bridge that has exposed buried utilities.  The lateral 
instability, which again may be linked with agricultural use, is better documented.  The railroad 
bridge near Sahuarita Road had once been perpendicular to the channel, but is now skewed by 
25 degrees and has become a maintenance problem for the railroad.  
 
6.6.3 - Reach 3, San Xavier District Reach  
 
This river reach (between Pima Mine Road and Los Reales Road) lies within the Tohono 
O’odham Indian Reservation.  Since it is not within Pima County’s jurisdiction, there are no 
county maintenance records.  However, it is generally accepted that this river reach is degraded 
with steep erosion-prone banks in many areas.  Previous studies in the area document the 
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potential for severe lateral channel migration within the reach.  In preliminary studies on the 
potential for groundwater recharge, the San Xavier District has cited the need to stabilize the 
steep, erosion prone banks if recharge projects are constructed within or alongside the river.  
 
6.6.4 - Reach 4, Tucson Urban Reach  
 
Pima County’s flood control approach is to complete the bank protection and expand the river 
park system through this reach.  Historically, there has been extensive channelization of the 
Tucson urban reach  from Los Reales Road to Sunset Road.  Lateral shifting in the Santa Cruz 
River has been controlled by fill and intermittent bank protection.  Pima County Flood Control 
District Operations personnel indicated that little channel maintenance is currently performed 
along this reach.  Historically, there had been some vegetation removal, but more recently the 
residents complained about the dust generated by grading and subsequently the vegetation 
removal efforts were halted.   
 
The Pima County Flood Control District Operations Division stated that the West Branch of the 
Santa Cruz River, a major tributary to the Santa Cruz River, has embankment erosion problems.  
The channelized portion of the wash near Irvington road has experienced continuous piping and 
rilling problems, especially upstream of its outlet into the Santa Cruz River.  The gullies and rills 
that form inhibit access by Operations personnel.   Maintenance in this area involves balancing 
needs for reduced fire hazard from dry brush and weeds while allowing some natural processes 
to take place.      
 
Tucson Water often does work in this reach and in tributaries and generally applies for two-three 
404 permits a year.  Pima County Wastewater is currently designing the Santa Cruz Interceptor, 
a 48” or 72” pipe from Congress to Prince, between the freeway and the river designed to 
relieve out-fall.  The project will require a 404 permit. 
 
6.6.5 - Reach 5, Marana Reach  
 
Reach 5, from Sunset Road to Sanders Road is marked by lateral migration and channel 
avulsion attributable to the high sediment load from the Rillito River, Canada del Oro, and other 
tributaries.  Sand and gravel mining activities and agriculture have modified the channel in 
places, and intermittent bank protection has been installed from the Orange Grove Road 
alignment to south of the Avra Valley bridge.  The Pima County Operations Division stated that 
sediment accumulation in this area is a major concern, particularly after large flow events. In the 
past, after the 1983 and 1993 flood events, sediment removal had been needed at the bridge 
crossings at Avra Valley and Sanders Road.   
 
The Pima County Flood Control Division also mentioned a problem with sediment accumulation 
on the downstream portions of the Marana Reach.  They stated that the Avra Valley bridge had 
been improved and would not need as much maintenance as the Sanders Road crossing 
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downstream.  There are also unconfirmed reports that maintenance and repairs may be 
required on portions of the bank protection through this reach. 
 
Pima County’s flood control approach is to complete the bank protection except for areas of 
gravel mining near the confluences of the Rillito and Canada del Oro.  The first segment of the 
Lower Santa Cruz Levee, from Avra Valley Road to Sanders Road was completed in 2000.  A 
number of groundwater recharge projects have been sited in this reach as well.  
 
6.6.6 - Reach 6, Lower Santa Cruz Reach  
 
Sediment accumulates in many areas along the Lower Santa Cruz Reach (Sanders Road to 
Pinal County Line).  Personnel from both the Town of Marana and the Pima County Flood 
District have stated that sediment accumulation in this area is a major concern, particularly after 
large flow events on the Santa Cruz River.  In the past, particularly after the 1983 and 1993 
flood events, sediment removal was needed at the bridge crossings at Trico Road and Trico-
Marana Road bridges. Lateral migration and channel avulsions are attributed to the high 
sediment load that is carried through this reach.  Agricultural activities have modified the 
channel in places.   
 
Pima County’s flood control approach is to complete the Lower Santa Cruz Levee from Sanders 
Road to the Pinal County Line.   The existing riparian habitat associated with effluent flow will be 
preserved.  
 
6.6.7 - Summary of Maintenance/Regulatory Issues 
 
A majority of the maintenance problems discussed within the study area were associated with 
tributaries or tributary outlets into the Santa Cruz River system.  Tributary problems include: (1) 
Sediment accumulation at drainage outlets along the Upper Santa Cruz and Sahuarita/Green 
Valley Reaches within the Green Valley urban area (2) Erosion and piping of channel banks 
upstream of the West Branch of the Santa Cruz River outlet (3) Vegetation growth through the 
Canada Del Oro Wash (4) Defining aggradation and degradation trends along the Canada Del 
Oro Wash. 
 
Along the main channel of the Santa Cruz River the problems which were discussed include (1) 
Sediment removal - particularly after large flow events - at two bridge crossings in the Marana 
Reach, (2) Sediment removal - particularly after large flow events - at two bridge crossings 
along the Lower Santa Cruz River Reach, and (3) Inspection of bank protection installed 
adjacent to the Continental Ranch Subdivision in the Marana Reach, for possible maintenance 
and repairs. 
 
The primary task in resolving these problems will be compiling site specific information on each 
maintenance task.  Much of the information, which is readily available on these Santa Cruz 
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Reaches and tributaries, provides general trends or discussion of river morphology and does 
not provide specific data at each site in question.  Available topography, development plans and 
bridge plans combined with new research may provide better data. 
 
6.6.8 - Recommendations (River Maintenance/Regulatory Issues) 
 
Some of the maintenance problems may be better addressed through minor engineering 
projects such as lowering grade control structures along the Santa Cruz River at Green Valley 
or by extending bank protection further upstream at the West Branch of the Santa Cruz.  Again, 
the cost and benefit of these projects can only be answered with site specific information. 
 
If a Corps permit is required to rectify the problems that have been outlined, then discussions 
should be opened with the Regulatory Branch of the Corps.  Corps permits should be explored 
on a progressive basis.  If the periodic activity is not covered under an existing Nationwide 
Permit it may be possible to develop an ongoing maintenance permit which applies to specific 
reaches or sub-basins along the Santa Cruz River.  If a 404 Permit cannot be modified into a 
maintenance permit, then a Regional Permit is a last solution in a series of possibilities. Given a 
cooperative effort by Pima County and the Corps to define the necessary periodic activities, 
there may be several ways to simplify or stream-line the Corps permitting or certification 
process for any of the on going maintenance activities. 
 
If a Corps permit proves to be the preferred alternative, then several options must be explored.  
The permit(s) might best be issued via one of the following options; (1) as a Nationwide Permit 
at intermittent locations within the Upper Santa Cruz Reach (2) as 404 Permit(s) for larger areas 
within the Upper Santa Cruz reaches, specifying detailed maintenance schedules or (3) as a 
modified regional permit for maintenance activities within the Upper Santa Cruz reach.    
Processing a Corps of Engineers regulatory permit application would require comments from 
additional agencies such as the U.S. Fish and Wildlife Service; Arizona Department of Game 
and Fish; the Arizona State Park, State Historic Preservation Officer; the Arizona State Museum 
Public Archeologist; and the Arizona Department of Environmental Quality, Permit Section.  
Additional permits and certifications may be needed such as the EPA National Pollutant 
Discharge Elimination System (NPDES) 402 Permits; as well as the Arizona Department of 
Environmental Quality (ADEQ) 401 and 404 permit certification.  In addition to external permits 
and review, the application would be subject to internal County review through the Hillside and 
Grading Section of the Development Services Department; the Floodplain Management Section 
of the Flood Control District and the Pima County Cultural Resources Manager.  Future 
applications for a 404 permit upstream and downstream near the San Xavier District boundary 
should be reviewed, by and include comments from, the appropriate representatives of the 
Tohono O’odham Nation. 
 
Pima County should coordinate the ongoing Sonoran Desert Conservation Plan with the Corps 
of Engineers Regulatory Branch.  Much of the information collected as part of the plan can be 
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used as baseline data in regulatory permits and to facilitate ESA consultations. The SDCP plan 
itself could result in a regional permit of some kind. 
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7. ENVIRONMENTAL RESOURCES  
 
Section seven provides a summary of findings from the Watershed Study’s investigations of 
environmental resources in the Santa Cruz River Watershed.  Specific issues addressed include 
environmental resource trends, biological resources (vegetation and wildlife), biological 
regulatory issues, and aesthetics. Additionally, Appendix D – Hypothetical Environmental 
Assessment of the Santa Cruz Watershed, is included with the report.  
 
The intent of the appendix is to supply a format for an Environmental Assessment of the Santa 
Cruz Watershed using hypothetical circumstances. The example illustrates the level of detail, 
analysis, format, content and types of evaluations needed by an EA that meets federal 
guidelines. Moreover, it demonstrates how potential actions may be accomplished without the 
need to prepare a more extensive Environmental Impact Statement. 
 
7.1 - Environmental Resource Trends 
 
Historical information indicates that the Santa Cruz River has undergone dramatic change over 
time.  The river has been transformed from a wide, meandering river with little or no defined 
channel to an entrenched and channelized watercourse.  The river has also lost much of its 
vegetation, which negatively affects the wildlife species that depend on these areas for forage 
and shelter.  Such loss of functional ecosystems and biodiversity is a major concern to scientists 
worldwide (Noss and Cooperrider, 1994; Noss et al., 1998).  Water-dependent communities, 
such as cienegas and riparian areas, are especially vulnerable to loss because of their low 
resiliency to change.  The Santa Cruz River’s low resiliency is fundamentally a function of 
climatic conditions and local geology (see Section 9 0 Geological Characteristics). However, 
several factors have contributed to the severity and rate of change in the river including fire 
suppression, channelization, urban development, diversion of water flows, groundwater 
withdrawal, grazing, agriculture, hunting, introduction of non-native species, sand and gravel 
mining, and extractive mining. 
 
The majority of the information in this section was obtained from the Arizona Comparative 
Environmental Risk Project (ACERP, 1997) and Tucson’s Santa Cruz River and the Arroyo 
Legacy (Betancourt and Turner, In prep) which are incorporated by reference and are 
summarized below. 
 
Climate change has become a large issue in the United States and abroad.  Although modeling 
has shown that catastrophic effects to whole ecosystems are likely if the earth’s temperature 
changes, there is debate whether we are currently experiencing this phenomenon.  Climatic 
changes, whether long-term or part of a natural cycle of drier and wetter periods, have 
influenced vegetation in Arizona, and have had a secondary impact on erosion and 
sedimentation of the river channel. 
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During a dry period, much of the vegetation is shriveled back or never sprouts.  The absence of 
vegetation exposes soil, increasing erodibility along the hillsides and eventually leading to 
(accumulation of sediment) of waterways.  In theory, aridity will steepen stream gradients and 
produce alluviation as silt and sediment wash down the slopes, and humid conditions will 
reduce gradient and lead to entrenchment (a river channel contained within steep sided banks).   
 
Arroyo cutting (a type of erosion where the stream bed cuts downward and becomes 
entrenched within steep walls) occurred in the Santa Cruz River during relatively wet decades 
characterized by strong and frequent El Niño Southern Oscillation (ENSO) activity events. (El 
Nino Southern Oscillation is a disruption of the ocean-atmosphere system in the Tropical Pacific 
having important consequences for weather and climate around the globe. In the southwest 
United States, it generally leads to increased and sometimes high-intensity rainfall).  Indeed, a 
single large storm began the arroyo cutting cycle that predominates the main stem of the river 
today (see Diversion of Water Flows below).  The natural cycle of wet periods following dry 
periods will continue to cause erosion within the watershed’s waterways regardless of 
surrounding land uses, however human influences do increase the magnitude of these events 
(see discussions below). 
 
The underlying strata of an area determine the rate of erosion and the magnitude.  For instance, 
dense volcanic rock will erode slower in comparison to sedimentary rock.  The Santa Cruz River 
is predominately flowing through loose alluvial sand deposits which erode easily (Hendricks, 
1985).  The rate of headcutting by streams and rivers will be reduced upon reaching a caliche (a 
crust of calcium carbonate that forms on the stony soil of arid regions) area, which is denser, but 
will still erode quicker than other strata. 
 
Alluviation and erosion should balance in a natural watershed resulting in little or no 
entrenchment over time.  Although the Santa Cruz River is inclined towards erosion, historic 
alluviation levels must have been equal to erosion levels as inferred from historic accounts that 
the river had no banks (Betancourt and Turner, In prep).  Changing land uses have lowered the 
sedimentation load in the river, resulting in entrenchment.  The following subsections describe 
the environmental effects of land management practices on a range of issues including erosion, 
sedimentation, vegetation, wildlife, and water quality. 
 
7.1.1 - Fire Suppression 
 
Erosion: Fire suppression has changed the vegetation community that surrounds the Santa 
Cruz River (Bahre, 1991; Betancourt and Turner, In prep.) and has had a secondary impact on 
the erosion of hillsides and stream areas.  The lack of fire has allowed a brushland community 
to develop in place of perennial grassland.  The loss of the densely packed grasses has 
exposed more soil surfaces to erosion. 
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Sedimentation: Although fires in southeastern Arizona have been suppressed by human 
intervention, future fires will be more intense because of increased fuel load.  This burned fuel 
(vegetation) will be washed into the waterways with the first storm resulting in alluviation of the 
ash. 
 
Vegetation: Cottonwood-willow riparian areas are not dependent on a fire regime, however 
upland grasslands and conifer forests in the upper reaches of the Santa Cruz River Watershed 
have been altered significantly as a result of fire suppression.  Since the 1930s, there has been 
a large increase of brush and shrubby trees (mesquite) which invaded unburned grasslands 
(Bahre, 1991).  Indeed, the mesquite trees are now so large that grass fires cannot kill them 
(Bahre, 1991).  At this point, a return to the original grassland conditions would require more 
than a severe fire.  Conifer forests are dependent on periodic fires for their health, but 
increasing the fuel load in these areas can result in devastating crown fires (Bahre, 1991).  
Unfortunately, there has been no regular pattern of fire in the Tucson area since 1893 (Bahre, 
1991) and these systems now only undergo planned prescribed burns. 
 
Wildlife:  Many of Arizona’s grazing species prefer the forage available in recently burned areas 
where forbs are frequently abundant and provide superior forage.  Without fires, many of the 
forest meadows in the upper reaches of the watershed are being overtaken with pines, and 
grasslands become shrublands (Bahre, 1991), which forces grazers to abandon the area or 
travel farther for forage. 
 
7.1.2 - Channelization 
 
Erosion: Urban improvements to prevent flooding (e.g., channels lined with soil cement or 
concrete, drainage basin construction) or for transportation have had a significant impact on the 
river’s hydrology and geomorphology.  ACERP (1995) estimates that channelization has been 
applied to about 40% of the existing perennial stream miles in Arizona.  In a survey of literature, 
Crandall et al. (1984) determined channelization caused both increased current velocities, and 
incision and rejuvenation that result in increased sediment loads downstream. 
 
The construction of bridges across the river has disturbed the immediate area and also modified 
stream hydraulics above and below the crossing points.  For instance, Congress Street Bridge 
built in 1972, includes a soil-cemented east bank which artificially narrowed the river.  This 
narrowing has caused a considerable lowering of the streambed downstream and immediately 
below the bridge (Betancourt and Turner, In prep).  The lowering of a streambed also lowers 
sub-surface groundwater which bankside vegetation depends on (see discussion below). 
 
Sedimentation: The Works Projects Administration in the early 1930s initiated several projects 
to remove sharp meanders in the river channel to reclaim areas for cultivation (Betancourt and 
Turner, In prep).  These projects successfully installed revetments to capture sediment.  
However, the narrowing of the channel typically has additional erosion impacts downstream 
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(see above). 
 
Vegetation: Urban improvements impact the vegetation alongside and within the channel.  
Where channel sides are lined using concrete or soil cement, bankside riparian vegetation may 
be totally excluded because shallow groundwater is no longer available.  The channel bottoms 
themselves are routinely cleared to retain the channel’s capacity to hold flood waters.  Other 
undisturbed channel bottoms are experiencing enough erosion (see discussion of Urban 
Development below) that the vegetation within the channels and on the banks is missing. 
 
Wildlife: Improvements to control flooding have negatively impacted some species of wildlife. In 
addition to the erosion impacts cited previously, Crandall et al. (1984) determined 
channelization caused the following: altered substrate composition, increased current velocities 
and water temperatures, and altered pool to riffle ratios.  These changes negatively impact 
wildlife that deposit eggs in water such as amphibians and fish.  Without proper substrate to lay 
eggs, such species become extinct within a system (Minckley, 1973).  Most channelization 
activities took place after perennial flows had ceased in the Santa Cruz River Watershed. 
Therefore, impacts to wildlife did not actually occur from the projects.  However, if flows are 
reestablish, these impacts may need to be considered. 
 
7.1.3 - Urban Development 
 
Erosion: Although the urban core itself is less susceptible to erosion because of the large 
amount of surface area that is either covered or paved, the run-off from these hydrologically 
impermeable surfaces increases the flow size and intensity in the river itself, resulting in 
increased erosion.  The changes in channel topography as a result of urban development have 
increased the peak discharge downstream for the same volume of runoff (Webb and 
Betancourt, 1992) and also constricted the channel and promoted bed degradation (Betancourt 
and Turner, In prep).  Since 1915, the channel at the Tucson water gauging station has 
deepened over 15 feet (5 m), and the elevation of zero flow at Congress Street has dropped 9 
to 12 feet (3 to 4.5 m) between 1946 and 1980 (Aldridge and Eychaner, 1984). 
 
Downcutting of the Santa Cruz River is influenced in part by the placement of landfills within or 
next to the main channel (Webb and Betancourt, 1992; Betancourt and Turner, In prep).  As 
described in Betancourt and Turner’s book (In prep), between 1953 and 1962, Tucson’s main 
dump was at the base of Sentinel Peak.  This landfill completely filled the confluence of the 
Santa Cruz River and the West Branch (a tributary to the Santa Cruz).  A second landfill near 
Congress Street narrowed the river there.  Constricting the channel has lead to downcutting in 
these areas and has raised the floodplain by more than 6 feet (2 m). 
 
Erosion of old wagon roads has also had an impact on the river’s course.  South of San Xavier, 
the old wagon road that ran between Tucson and Nogales eroded into a deep channel by the 
1940s.  The berm was eventually breached and captured the main flow of the Santa Cruz 
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(Betancourt and Turner, In prep). 
 
Sedimentation: As stated above, the covering and paving of the urban landscape has resulted 
not only in higher water flows, but flows that have little or no sediment in them.  Thus, when the 
water enters the channel from urban areas, there is a tendency for the sediment-hungry waters 
to erode the bed and banks.  This effect is evident through the urban areas of the Santa Cruz 
River. The eroded material becomes part of the sediment load and may be deposited in a 
downstream area where the sediment transport capacity is reduced (i.e., the gradient is flatter or 
the cross section is much wider). 
  
Wildlife: Urban development alters the natural community such that many wildlife are often 
extirpated.  The removal of riparian vegetation to build houses, the filling of cienegas to create 
farmlands, and the impact of noise and visual disturbances next to remaining areas have all 
contributed to the loss of biodiversity in the area. 
 
Water Quality: While storm drain and urban runoff can be common sources of non-point 
pollution that contribute hydrocarbons and other organic contaminants in many urban 
watersheds (Sommerfeld and Amalfi, 1991), stormwater data collected by the Pima County and 
the City of Tucson identify sediment as the only consistent source of pollutants.  Both 
governments have stormwater quality programs in place to limit pollutants.  Smaller 
municipalities in the watershed will soon be required to implement similar programs under the 
National Pollutants Discharge Elimination System municipal stormwater regulation.  The Arizona 
Department of Environmental Quality recently prepared a 305b report documenting impaired 
water bodies in the state.  In this study, no water bodies within the study area were identified as 
having water quality problems. 
 
7.1.4 - Diversion of Water Flows 
 
Erosion: Irrigation and water course alterations practiced by prehistoric Indians were much the 
same as those subsequently practiced by European settlers. This explains arroyo cutting 
evidence found before European settlement of the area (Betancourt and Turner, In prep).  
However, the reach near Tucson was not entrenched until erosion of a diversion ditch (San 
Hughes’) in the summer of 1890 (Betancourt and Turner, In prep) began a process of 
systematic headcutting up the Santa Cruz River channel.  The headcut from this ditch continued 
to migrate upstream, and by 1910 was well into the San Xavier Reservation (Betancourt and 
Turner, In prep).  For further discussion of headcutting on the Santa Cruz River see Section 5.5, 
Geomorphology and Sedimentation.  
 
Sedimentation: Reservoirs, such as Patagonia Lake, have had a potential impact on the Santa 
Cruz River watershed because they promote the loss of sediment and sediment bound nutrients 
through settling. Released waters are clear and erosive; in their passage they remove 
sediments without alluviation, and in so doing modify substrate composition and channel 
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geometry immediately downstream of the reservoir (NRC, 1991). The eroded material becomes 
part of the sediment load and may be deposited in a downstream area where the sediment 
transport capacity is reduced. 
  
Vegetation: The diversion of water flows, including the use of pumping of the surface waters 
once the river became entrenched, allowed agriculture to spread outward from the river.  The 
removal of water from the waterways has had a negative impact on the water-dependent plants 
that historically existed along the river’s course.  The lack of perennial surface flows combined 
with a lowering of groundwater levels (see discussion on Groundwater Withdrawal below) has 
caused much of the riparian vegetation along the river to disappear.  As the study area 
population grows, increased wastewater discharges to the Santa Cruz River could add to the 
existing flows north of Tucson, supporting more riparian vegetative growth (assuming  
continuation/augmentation of treated effluent discharges to the Santa Cruz River channel.) 
 
Fish and Wildlife: At least one third of the native freshwater fish taxa in North America are 
considered endangered, threatened, or of special concern by the American Fisheries Society; 
and habitat loss and degradation are the major causes of decline (Williams et al., 1989).  
Diverting water from the main stem, springs, and tributaries has changed the flow patterns in the 
watershed, which in turn has caused the elimination of several fish species in the watershed 
(Minckley, 1973).  Diverting water also forces terrestrial animals to travel farther for drinking 
water. 
 
7.1.5 - Groundwater Withdrawal 
 
Erosion: In 1986, according the a U.S. Department of Agriculture and Arizona Water 
Commission report, 87 percent of all water depletion in Arizona was due to irrigation (Bahre, 
1991).  Large-scale groundwater irrigation began in the 1940s, although irrigated agriculture had 
been part of the settlement patterns of the areas since the 1870s.  Between 1965 and 1970, 
Santa Cruz Valley groundwater levels dropped by as much as 50 feet, and since 1947 there 
have been declines of more than 100 feet (Matlock and Davis, 1972).  Lowering the 
groundwater may increase the erodibility of fine grain sediments overlying previously water-
saturated strata along drainages.  Groundwater overdraft also eliminates the influence of near-
surface water in limiting channel downcutting (Betancourt and Turner, In prep).   
 
Vegetation: The Santa Cruz River has seen significant losses of riparian habitat in part due to 
groundwater withdrawal which eliminates the life-blood of a riparian system (see Betancourt and 
Turner, In prep; Judd et al., 1971; Bahre, 1991; Stromberg et al., 1993a).  In studies along 
Tanque Verde Creek,  Stromberg et al. (1992, 1993b) documented  that resistance of the 
riparian system is high if groundwater withdrawal is limited (a few meters), but deep 
groundwater withdrawal causes the riparian system to have little or no resilience and, in most 
cases, the riparian system will be decimated because the surface flows will have also been lost 
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(Walters et al., 1980).  Riparian vegetation ameliorates the intensity of flood events while 
promoting groundwater recharge. 
 
Wildlife: The loss of surface water from the many areas can be attributed to the drop in 
groundwater levels.  Because free water is a critical habitat component for many species, the 
impacts to wildlife can be severe as discussed in Water Flow Diversion above. 
 
7.1.6 - Grazing 
 
Erosion: Betancourt and Turner indicate that it is still undetermined to what extent, if any, 
grazing ultimately plays in arroyo development.  As much as 100% vegetation removal due to 
grazing has been reported by Platts and Nelson (1985) in semi-arid riparian habitats (ACERP, 
1995).  This loss of vegetation has negative impacts on streams because the fibrous roots of 
grasses stabilize streambank soils, and the woody roots of willows and other woody vegetation 
help to prevent streambank damage in annual floods (Platts, 1981; Elmore and Beschta, 1987; 
Beschta and Platts, 1986; Clifton, 1989).  Croft et al. (1943) examined erosion at three levels of 
grazing: light, moderate, and heavy.  Their study reported a linear response in soil erosion to 
intensity of grazing and concluded that soil management problems and forage management 
concerns should be considered together (ACERP, 1995).  Some potions of the Santa Cruz 
River that fall on State Trust Lands are still under grazing allotments (Williams, 1998). 
 
The combined effects of riparian vegetation loss and compaction of streamside soils from 
trampling by cattle increases storm discharges, stream velocities, and results in channel 
deepening and headward cutting.  Trampling is especially evident during arid times when 
animals cluster around remaining water sources. 
 
Sedimentation: In areas with overgrazing, the wind and rain easily sweep away the earth that 
has been kicked up from wandering horses and cattle.  The highly used water and feed trails 
are especially vulnerable and can begin to cut down and carry large sediment loads to the 
streams below.  As early as 1902, the trampled ranges in the Santa Cruz Valley were attributed 
with “violent floods of great erosive power, which carry enormous quantities of sedimentary 
matter” (Bahre, 1991).   
 
Vegetation: Grazing is noted as virtually eliminating all vegetation from the grasslands in the 
Santa Cruz River watershed during the late 1800s (Bahre, 1991).  If grazing is removed from a 
riparian system, the system demonstrates a moderate level of resilience, but not all components 
of the system respond equally.  Herbaceous species such as grasses, sedges (Carex spp., 
Cyperus spp.), and rushes (Juncus spp.) show recovery within a few years and begin to trap 
sediment and provide some bank stability.  Willows and other woody species are slow to 
recover, and may fail to return if seed sources have been eliminated (ACERP, 1995).  Historical 
photographs of Pima and other counties and written observations reveal miles of rangeland 
denuded of grasses, grasses in bottomland grazed to the ground, hills covered with cattle trails, 
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rampant slope and soil erosion, and severely browsed oaks and other native trees (Bahre, 
1991).  Grazing also actively and inactively promotes the invasion of exotic plants (see 
Introduction of Non-native Species below). 
 
Wildlife: Severe overgrazing in the late 1800s eliminated the forage base used by the native 
herbivores.  Today’s grazing is less severe, but may in some cases still create minor 
competition to native species.  In addition, contact between livestock and native ungulates 
(hoofed mammals) spreads diseases which can decimate a population.   
 
In order to promote livestock grazing in the early 1900s, the Forest Service and Bureau of Land 
Management instigated large-scale predator control programs.  Such programs extirpated the 
black-tailed prairie dog (Cynomys ludovicianus), which is not a predator, and the Mexican wolf 
(Canis lupus baileyi) which are now being considered for reintroduction by Arizona Game and 
Fish (AZGF, 1996). 
 
Water Quality: Nutrient and organic matter loading from livestock wastes have a negative 
impact on water quality (Chaney et al. 1993).  In addition, excessive removal of vegetation 
through grazing can sufficiently alter the biological composition of watershed cover to result in 
qualitative and quantitative changes in nutrient inputs to streams.  Finally, the loss of riparian 
vegetation under an overgrazing situation will increase the stream-water temperatures due to a 
loss of shade. 
 
7.1.7 - Agriculture 
 
Erosion: Erosion from agriculture can occur both during active agriculture and after 
abandonment.  Activities associated with soil preparation for planting turn up the soil making it 
more vulnerable to erosion that in turn leads to deposition of fine sediments in waterways.  
Between 1973 and 1983, more than 300,000 acres of agricultural land in southeastern Arizona 
were retired, leaving vast areas that are and subject to erosion and loss of topsoil (Bahre, 
1991).  
 
Sedimentation: Agricultural areas are generally located on fertile soils found in the active 
floodplain areas of streams and rivers.  In the case of the Santa Cruz River, the Works Projects 
Administration in the early 1930s initiated several projects to remove sharp meanders in the 
channel to reclaim areas for cultivation (Betancourt and Turner, In prep).  The changes in 
channel morphology as a result of this action are discussed in Channelization above. 
 
Wildlife: Agriculture has three direct impacts on wildlife: it eliminates native forage species in 
order to grow crops, disturbs soil that is used by ground-dwelling species, and purposefully uses 
chemicals to eliminate “pest” species from cultivated lands.  As a result of agriculture in the 
watershed, there have been two secondary impacts: a drop in groundwater and surface water 
supplies (discussed above) and a change in water quality (see below).  All of these changes 
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have been negative to wildlife.  The positive aspect of agriculture for wildlife is the increased 
forage base for seed-eating (granivore) and fruit-eating (frugivore) species. 
 
Water Quality: Floodplain agriculture places pesticides and fertilizers in immediate proximity to 
streams.  Either through inadvertent drift or less careful application on crops, pesticides can be 
deposited on adjacent water surfaces (ACERP, 1995).  Eroded soils containing pesticides, 
herbicides, and fertilizers also enter the watercourses from runoff.  The Arizona Department of 
Environmental Quality (1992) states that agriculture is the “predominant source of contamination 
in streams” through both direct and indirect effects of range management, irrigated and non-
irrigated crop production, and concentrated livestock feeding (ACERP, 1995). 
 
7.1.8 - Hunting 
 
Erosion: The intensive hunting in the past for beaver pelts left the area devoid of beavers.  The 
beaver dams historically collected sediment and prevented downcutting of the channel. 
 
7.1.9 - Introduction of Non-Native Species 
 
Erosion: Non-native plants are often recommended to control erosion on disturbed right-of-ways 
and roadsides.  The Tucson Plant Material Center of the Soil Conservation Service still 
recommends several exotic grasses for these purposes (Bahre, 1991).  These plants do 
stabilize the soils, but have adverse impacts on natural vegetation (see below). 
 
Vegetation: Introduced species have altered the composition of riparian habitats or have 
thoroughly integrated into the native plant communities (Bahre, 1991).  A federal livestock 
program employed by the Forest Service and the Bureau of Land Management (BLM) involved 
the introduction of exotic species thought more palatable to livestock.  Lehmann’s lovegrass 
(Eragrostis lehmanniana) and filaree (Erodium spp.) were the most prevalently used species.  
These species displace native grasses and herbs and change the fuel load for fires (Bahre, 
1991). 
 
The tamarisk was also an introduced species used in bank stabilization projects. The non-native 
tamarisk (Tamarix pentandra) overtakes riparian areas creating a dense monotypic stand of 
relatively poor habitat quality.  These dense stands in general provide poorer habitat for birds 
than most native riparian communities (England and Laudenslayer, 1995).  The extent of 
tamarisk is likely to decrease in southeastern Arizona due to eradication programs, lowered 
groundwater tables, and increases in water and soil salinity (Bahre, 1991).  If mesquite is able to 
replenish the void left from tamarisk removal, there will be an overall gain for wildlife. 
 
Fish and Wildlife: The introduction of non-native predatory fish has had a negative impact on 
native fish stocks (Minckley, 1973). These predators have extirpated native stocks of Gila 
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topminnow (Poeciliopsis occidentalis) and Gila chub (Gila intermedia) from portions of the 
watershed.  
 
7.1.10 - Sand and Gravel Mining 
 
Erosion: Sand and gravel mining operations are often located in the river channel or on adjacent 
river terraces.  Sand and gravel mining operations typically create a temporary berm or dike to 
protect the gravel operation from storm flows.  However, if this berm is breached during high 
flows, erosion begins as the longitudinal profile of the riverbed approaches a new equilibrium, 
causing erosion of the channel bottom both upstream and downstream of the mining area.  
Lateral erosion can also occur as disruptions in the river profile caused by gravel pits smooth 
out. 
 
Sedimentation: Sand and gravel mining, in combination with other factors, contributes to the 
sediment deficient condition along portions of the river because sediment is typically extracted 
at greater rates than it can be replenished from upstream sources.  The loss of sediment 
contributes to channel entrenchment, often resulting in increased stream power and scouring.  
The processing of sand and gravel near a river can also result in a localized increase in the 
turbidity of the river (Mount, 1995).  Turbidity and sediment loads can negatively impact fish 
breeding areas (see following). 
 
Vegetation: The banks of sand and gravel mining operations are usually devoid of vegetation.  
This can cause the banks to collapse when flows begin to scour vertically and laterally (Mount, 
1995).  As the banks scour out, riparian vegetation is lost and the open banks created can be 
colonized by exotic plants (see above). 
 
Wildlife: Generally, in-channel sand and gravel mining can increase sediment loads, that 
negatively impacting wildlife habitat.  In the study area, sand and gravel operations downstream 
of the low flow channel originating at the Roger Road and Ina Road water treatment facilities are 
typically located off the channel, precluding runoff and sediment loading.  
 
Water Quality: Development of sand and gravel mines and borrow pits within or near river 
channels often alters stream channel dynamics and may result in degradation of downstream 
water quality, especially during flows that are above baseline (ACERP, 1995). 
 
7.1.11 - Extractive Mining 
 
Erosion: The tailing piles created from small crushed rocks are easily eroded without proper 
revegetation of the surface.  This can cause alluviation of waterways. 
 
Sedimentation: The effect of mining on a river system will vary with the method used, and the 
manner in which mine waste piles, haul roads, tailings ponds, stock piles and processing plants 



Santa Cruz River Watershed Management Study Final Feasibility Report and Appendices 
 

 
7.0 Environmental Resources 7-11 August 2001 

are developed and operated.  Dirt roads are notorious for the amount of sediment that they pour 
into nearby waterways (Mount, 1995). 
 
7.2  - Biological Resources 
 
The following discussion of biological resources describes conditions of vegetation 
communities, sensitive plant species, wildlife species and habitat, sensitive wildlife species, 
wildlife protection areas, and the biological resources regulatory setting within the study area. 
 
7.2.1 - Vegetation 
 
Presently within the Pima County portion of the Santa Cruz River watershed, the principal 
natural biotic communities occurring consist of xeric to mesic desertlands (Lower Colorado 
River Valley Sonoran Desert Scrub, Arizona Upland Sonoran Desert Scrub, and Chihuahuan 
Desert Scrub), grasslands (Semidesert Grassland and Plains and Great Basin Grassland), 
scrublands, woodlands and forests (Interior Chaparral, Madrean Evergreen Woodland, and 
Petran Montane Conifer forest) and riparian communities (Deciduous Riparian Forests and 
Marshes or Cienegas) (see Table 7A). 
 

Table 7A – Biotic Communities Within the Study Area 

Vegetation Types 

Lower Colorado River Valley 
Sonoran Desert Scrub 

Sonoran Desert Scrub 
Arizona Upland Sonoran Desert 
Scrub 

Desertlands 

Chihuahuan Desert Scrub 

Semidesert Grassland 
Grasslands 

Plains and Great Basin Grassland 

Interior Chaparral Arizona Chaparral 
Madrean Evergreen Woodland Shrublands, Woodlands and Forest 
Petran Montane Conifer Forest 
Deciduous Riparian Forest Riparian 
Cienegas(marshes) 

 
Lower Colorado River Valley Sonoran Desert Scrub: Within the Santa Cruz River watershed in 
Pima County, a creosote bush-white bursage series of the lower Colorado River Valley 
Subdivision comprises the natural community found in and immediately adjacent to the Santa 
Cruz River (USACE, 1996, Wood, et al.,1996) and may constitute up to 20 percent of the 
watershed within Pima County.   
 
Arizona Upland Sonoran Desert Scrub: Within the Pima County portion of the Santa Cruz 
watershed, this community transitions from the Lower Colorado River Valley Sonoran Desert 
scrub habitat, described above, and occupies most of the northern half of the undeveloped 
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portions of the watershed within Pinal and Pima Counties. It may make up as much as 40 
percent of the watershed within the study area.  From the northern boundary of Pima County in 
the vicinity of Tortolita Mountains, Arizona Upland Sonoran Desert Scrub extends south to 
Sahuarita and Haivana Nakya, west to the Cimarron Peak area, east to the Rillito River and 
Tanque Verde area (USACE, 1996). 
 
Chihuahuan Desert Scrub: Although one of the largest of the three creosote bush-dominated 
desert types in North America (Brown, 1994), this habitat types occupies only a small portion of 
the Santa Cruz River watershed (possibly less than 5 percent).  A pocket of Chihuahuan Desert 
scrub is located on the eastern boundary of Pima County southeast of Rillito River and Pantano 
Wash, in the Rincon Valley area (USACE, 1996). 
 
Semidesert Grassland: Within the study area, semidesert grassland occurs in the upper Santa 
Cruz River basin within Pima County including Green Valley, Altar Valley, and the Santa Rita 
Experimental Range at elevations between 3,000 and 5,500 feet (Brown, 1994).  This habitat 
may occupy as much 40 percent of the Santa Cruz River watershed, from the vicinity of 
Sahuarita south into Santa Cruz County, extending east and west to the watershed boundaries, 
and occupying a small portion in the northeastern corner of the watershed in the Del Oro Creek 
and Big Canada Wash areas (USACE, 1996). 
 
Plains and Great Basin Grassland: This community occupies only a small fraction (less than 1 
percent) of the watershed, in the southeastern corner, east of the Santa Rita Mountains in the 
vicinity of Sonoita known as the Sonoita Grasslands (USACE, 1996). 
 
Interior Chaparral: Within the watershed, interior chaparral occupies a small fraction of the study 
area (less than 1 or 2 percent) and integrates with the Madrean evergreen woodland that 
occupies the Santa Catalina and Tanque Verde Mountains in the northeastern portion of the 
study area (USACE, 1996). 
 
Madrean Evergreen Woodland: A relatively small portion of the watershed is occupied by this 
community (probably no more than 5 to 10 percent of the watershed within Pima County) and 
occurs in scattered mountainous areas between 4,000 and 7,000 feet (USACE, 1996, Wood, et 
al., 1996).  In the western portion of the watershed, this woodland is found in the Baboquivari 
and Coyote Mountains vicinity.  A small woodland also occurs between Brawley Wash and the 
Santa Cruz River.  In the southeast portion of the watershed, this community occupies the area 
of the Santa Rita Mountains that extend into Santa Cruz County.  In the northeast portion of the 
watershed, Madrean evergreen woodland occupies the Santa Catalina Mountains, Sabino 
Canyon, and Mica Mountain (USACE, 1996). 
 
Petran Montane Conifer Forest: This forest habitat occupies only a small portion of the 
watershed (probably 1 percent or less) and occurs only in the highest elevations in the study 
area.  In the eastern extreme of the watershed, this community occupies the higher elevations 
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of the Santa Catalina and Tanque Verde Mountains and in the high elevations peaks of the 
Santa Rita Mountains (such as Mt. Wrightson and Mt. Hamilton) in the southeastern portion of 
the watershed study area (USACE, 1996). 
 
Deciduous Riparian Forest: Within the watershed, riparian communities are sporadically 
scattered due to the high variability of available water within the channel and tributaries.  In the 
eastern portion of the watershed, riparian forests dot the Tanque Verde Creek, Agua Caliente 
Wash, the Rincon Creek, Pantano Wash, and Cienega Creek.  In the southern portion of the 
watershed, riparian forests are scattered in Madera Canyon and its branching drainages.  The 
series of washes falling within the Altar Valley in the southwestern portion of the watershed 
(including Ash Wash, Altar Wash, Fresnal Wash, Penitas Blancas Wash, Thomas Canyon, 
Brown Wash, Solano Wash, Alambre Wash, and Sabino Wash) support many riparian forest 
communities.   
 
Within the Santa Cruz River, riparian forests are sparsely scattered.  Downstream, a few 
riparian forests also occur where the Canada Del Oro Wash joins with the Santa Cruz River 
(Figure 2B) .  Riparian forests are also supported within the series of washes and tributaries 
feeding into the Santa Cruz River channel south of Tucson International Airport (Figure 2B) 
Turner, 1974). 
 
Cienegas: Cienegas have disappeared rapidly within Arizona due to land drainage and clearing 
for development and agriculture (Brown, 1985).  The Arivaca Cienega (the farthest west cienega 
in Arizona) fed by the Arivaca Creek occurs within the southwestern portion of the watershed 
near the Pima County/Santa Cruz County interface.  Cienega Creek in the southeastern portion 
of the watershed also supports a significant cienega community as well as several riparian 
forests (Brown, 1985).  Cienega Creek is discussed further in Sections 4.3.F, Nature Preserves 
and 6.1.B Open Space Designations. 
 
7.2.2 - Threatened, Endangered, or Sensitive Plant Species 
 
The natural plant communities remaining in the Santa Cruz River watershed support a variety of 
sensitive plant species that are either Federally-protected under provisions of the Endangered 
Species Act or by Arizona state law under the Arizona Native Plant Law.  Within the Santa Cruz 
River watershed, 17 officially Federal- or State-listed or specifically protected sensitive species 
are known to occur within the Pima County portion of the watershed (Table 7B).  It should be 
noted that the Arizona Native Plant Law also protects all native cacti, perennials, and annuals 
from unlawful salvage or destruction whether designated “sensitive,” “highly safe-guarded,” 
“salvage restricted” or not. 
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Table 7B – Sensitive Plant Species Known To Occur Within Study Area 

Scientific Name Common Name Status* Known Locations Within the 
Study Area Source 

Abutilon parishii Pima Indian 
mallow FSOC, S, SR Growler Mtns, Tucson Mtns and 

Santa Catalina Mts, Pima County 

Tellman & Yarde, 
1996, Rondeau et al., 

1996. 

Amsonia kearneyana Kearney’s blue 
star FE Baboquivari Mountains in Pima 

County, 3,500 ft. USACE, 1996 

Bursera fragaroides Fragrant bursera S Baboquivari Mountains in Pima 
County, 4,000 feet. Reimer, 1998 

Capsicum annuum 
glabriuscum  Chiltepin S Santa Catalina Mtns and south of 

Tucson 

Tellman & Yarde, 1996 
& Reimer, 1998, 
Johnson, 1998 

Cereus giganteus 
(cristate form) Crested saguaro HS, SR 

In Arizona upland Sonoran Desert 
scrub or wherever saguaro 
populations in Tucson area. 

Reimer, 1998, 
Johnson, 1998 

Cheilanthes pringlei Pringle lip fern S Tucson Mtns of Pima County, 3,000 
to 5,000 ft. 

Tellman and Yarde, 
1996, Johnson, 1998, 
Rondeau et al., 1996. 

Coryphantha scheeri 
var. robustispinia 

Pima pineapple 
cactus FE, S, HS 

Baboquivari Mtns, Santa Rita Mtns, 
Patagonia Mtns, Green Valley, Avra 
Valley, Pima, Cochise, and Santa 
Cruz Counties, 2,000 to 6,000 ft. 

USACE, 1996, 
Tellman and Yarde, 

1996, Bureau of 
Reclamation, 1998. 

& Johnson, 1998 

Coryphantha recurvata Santa Cruz 
beehive cactus FSOC, S, HS Pajarito Mtns and Tumacacori, 

Santa Cruz County 
Tellman and Yarde, 

1996 

Echinocactus 
horizonthalonius 

nicholii 

Nichol’s Turk’s 
head cactus  FE 

Santa Catalina Mtns, Waterman 
Mtns, Pima County at approx. 2,500 

ft. 

USACE, 1996 & 
Johnson, 1998 

Echinocereus 
triglochidiatus var. 

arizonicus 

Arizona hedgehog 
cactus FE 

Pinal Graham, Cochise, and Pima 
Counties in mountains from 3,000 to 

6,000 ft. 
NPWRC, 1988 

Fraxinus gooddingii Goodding ash S Tumacacori Mtns, Santa Cruz 
County, Pima County 

Tellman and Yarde, 
1996 & Johnson, 1998

Hexalectris spicata Crested coral root SR 

Santa Catalina Mtns. , Santa Rita 
Mtns, Rincon Creek and Rincon 

Mtns,  Santa Cruz and Pima 
Counties  

Tellman and Yarde, 
1996 & Johnson, 1998

Lilaeopsis 
schaffneriana recurva 

Huachuca water 
umbel FPE Known from Santa Cruz River 

mainstem near Tucson 
USACE, 1996 & 
USFWS, 1998 

Mammillaria thornberi Thornber fishhook 
cactus SR Avra Valley, in Pinal and Pima 

Counties, 600 to 2,500 ft. 
Tellman and Yarde, 

1996 & Johnson, 1998

Notholaena lemmonii Lemmon cloak 
fern FSOC, S 

Santa Rita, Tumacacori, Rincon, and 
Santa Catalina Mtns, in Santa Cruz 

and Pima Counties, ~4,000 ft. 

Tellman and Yarde, 
1996 & Johnson, 1998
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Table 7B – Sensitive Plant Species Known To Occur Within Study Area 

Scientific Name Common Name Status* Known Locations Within the 
Study Area Source 

Streptanthus  
carinatus 

Lyre-leaved 
twistflower S Santa Rita Mtns, Pima County, 

~4,500 ft. 
Tellman and Yarde, 

1996 

Tumamoca 
macdougalii 

Tumamoc 
globeberry SR Near Tucson, Pima County. USACE, 1996 

 

*Federal Codes:       
FE = Federally-listed as Endangered. 
FPE = Federally-proposed for listing as Endangered. 
FT = Federally-listed as Threatened. 
FSOC = Former Federal candidate species, now given unofficial status but for which gathering information continues. 
 
*Arizona State Codes:      
S = Sensitive 
SR = Salvage Restricted 
HS =Highly Safeguarded 
 
 
7.2.3 - Wildlife 
 
Arizona wildlife species can be associated with a grouping of plants and climatic conditions, 
collectively called a vegetation community.  The diversity of the communities, and Arizona’s 
geographic position in a mild climate, have resulted in a large number of wildlife species 
inhabiting the study area.  Some of these species are under threat.  Arizona has about 119 
species of mammals per 100,000 square miles (or 46.1 per 100,000 sq. km; Hoffmeister, 1986) 
and is the sole North American location of 30-plus species of birds (ABA, 1995).  Wildlife 
Species in the study area will be discussed in the sections to follow (sections based on 
communities). 
 
Aquatic Community: Large standing bodies of water in the Santa Cruz River watershed are rare, 
but they attract a wide variety of birds. The largest lake in the watershed is Patagonia Lake (in 
Santa Cruz County) which is a major stop-over for migrating waterfowl and also attracts unique 
species such as the neotropic cormorant (Phalacrocorax olivaceus).  The greater Tucson area 
has several city and county parks with small ponds such as John F. Kennedy Park, Christopher 
Columbus Park, Gene C. Reid Park, and Lakeside Park.  Lakes within parks typically attract the 
more disturbance-tolerant species such as such as ducks (especially mallards) and herons. 
Ponds at wastewater treatment facilities in the Tucson area, including those at Avra Valley (near 
Snyder Hills to the northwest of San Xavier del Bac Mission) and Green Valley, attract open 
water species that are frightened away from park settings, such as white-face ibises (Plegadis 
chihi), red-necked phaloropes (Phalaropus lobatus), and several species of plovers (Charadrius 
spp.).  
 
The fish in Patagonia Lake and the urban ponds include exotic vector-control and sport-fish 
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such as mosquitofish (Gambusia affinis affinis), trout (various species including char, salmon, 
and grayling), catfish (various species including channel, blue, and flathead), bass (largemouth 
and smallmouth), sunfish (Lepomis sp.), and white amur (Ctenopharyngodon idella).  Native fish 
do not occur in any of the reservoirs, ponds, or lakes found in the Santa Cruz River watershed. 
 
As a result of diversions, impoundments and groundwater pumping, many of the smaller rivers 
and streams of Arizona are dry except during periods of heavy precipitation.  Most of the native 
fish that once used the Santa Cruz River and its tributaries have been extirpated as a result of 
the loss of habitat.  Where flows still exist (e.g., Sonoita Creek), extirpation of fish has occurred 
as the result of exotic introductions such as mosquitofish and largemouth bass (Micropterus 
salmoides) which out-competed and preyed upon native species.  Extirpated fish species within 
the Santa Cruz River main stem include the Gila chub (Gila intermedia) and Gila topminnow 
(Poeciliopsis occidentalis occidentalis).  Native fish species that still survive in limited 
populations within the Santa Cruz River watershed (in tributaries not in the Santa Cruz River 
main stem) include the longfin dace (Agosia chrysogaster), speckled dace (Rhinichthys 
osculus), Gila topminnow, and desert sucker (Catostomus clarki).   
 
Riparian Community: Low-lying riparian communities (less than 1,000 feet, 350 m in elevation) 
typically are composed of velvet mesquite and Fremont cottonwood.  Nearly 90% of pre-
settlement riparian ecosystems have been destroyed since the settlement of Arizona (DOW, 
1996).  One of the areas that has lost its riparian character is Rincon Creek, east of Tucson.  
Rincon Creek is now dominated by burrowbush and ragweed and only experiences flow in 
direct response to rainfall (Briggs, 1996).  Remaining intact low-lying riparian systems include 
pockets along Madera Canyon wash (southeast of Green Valley), Sonoita Creek near 
Patagonia Lake, Tanque Verde Creek north of Tucson, and Arivaca Creek in Buenos Aires 
National Wildlife Refuge.  An artificially supported riparian system occurs along the Santa Cruz 
River near Christopher Columbus Park in Tucson.  All of these riparian areas still retain large 
mesquites and cottonwoods that support many migrating warblers, cuckoos, and a variety of 
sparrows.  
 
In the past, low-elevation washes in southern Arizona were typically bordered with mesquite and 
thronscrub communities.  However, many of today’s washes lack a mesquite component 
because of their steep cut-banks or structural improvements, such as soil cementing, which 
isolate these areas from flows. One of the few remaining mesquite bosque areas is Florida 
Wash near Madera Canyon, southeast of Green Valley.  This wash supports quail, phainopepla, 
towhees, hummingbirds, thrashers, and sparrows.  McCleary Wash, in the same general area, 
is a prime location for the buff-collared nightjar (Caprimulgus ridgwayi) a rare migrant to the 
United States and the five-striped sparrows (Amphispiza quinquestriata) an Arizona Game and 
Fish Department Wildlife Species of Concern, AZGF WSC.  These washes also attract mule 
deer (Odocoileus hemionus), rodents, and bats.  
 
The Santa Cruz River main stem and tributaries have lost the mesquite bosque that used to dot 
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their low-elevation course.  Mesquite bosque areas were home to several lizards, gopher 
snakes (Pituophis melanoleucus), shrews (Sorex sp.), and birds, while also attracting traveling 
predators such as grizzly bear (Ursus horribilis), jaguars (Pathera onca), and raptors.  Mesquite-
lined riparian areas now only occur along Sonoita Creek or wastewater discharge areas. 
 
Mid-elevation riparian communities (1,000-1,500 feet, 350-450 m) are typically composed of 
Arizona sycamore.  The upper end of Madera Canyon (southeast of Green Valley) and Brown 
Canyon (part of Buenos Aires National Wildlife refuge) have sycamore areas supporting elegant 
trogons (Trogon elegans) and buff-breasted flycatcher (Empidonax fulvifrons) both of which are 
proposed AZGF WSC.  Other species attracted to the communities include vireos (Vireo spp.), 
hawks, woodpeckers, mule deer, and garter snakes. 
 
Riparian Wetlands/Cienega Community: Since European settlement, 76% of Arizona’s cienegas 
have been destroyed (Dahl, 1990).  Remaining cienegas include areas along Arivaca Creek in 
the Buenos Aires National Wildlife Refuge and Cienega Creek.  Green kingfisher (Chloroceryle 
americana) and yellow-billed cuckoo (Coccyzus americanus) both proposed AZGF WSC can be 
found within the vicinity of the Arivaca cienegas.  Artificial wetland systems have been created 
within Tucson where treated effluent is discharged into the Santa Cruz River.  The most notable 
artificial wetland system is near Christopher Columbus Park in Tucson which supports 
shorebirds, ducks, red-winged blackbirds (Agelaius phoeniceus), and coots (Fulica americana). 
 
Grassland Community: Semidesert grasslands were largely impacted by past livestock grazing 
and many are still in a degraded condition.  Intact semidesert grasslands within the study area 
include the Santa Rita Experimental Range (east of Green Valley) and Altar Valley in the 
Buenos Aires National Wildlife Refuge (in the southwest corner of the study area).  These areas 
support several raptors, quails, ground squirrels, and hares.  The rare antelope jackrabbit 
(Lepus alleni) can usually be found on the Experimental Range, and the Buenos Aires Wildlife 
Refuge is the only habitat for the Federally-endangered masked bobwhite (Colinus virginianus) 
in the United States (ABA, 1995).  In addition, successful habitat restoration and reintroduction 
for Sonoran pronghorn (Antilocapra americana) have been undertaken at the grasslands at the 
Buenos Aires Wildlife Refuge (ABA, 1995).  The grasslands also support ravens, quail, mule 
deer, and ground squirrels. 
 
Several short-grass prairie grasslands still exist intact in southeastern Arizona including the 
Sonoita and San Rafael Grasslands (Santa Cruz County).  These grasslands are home to 
predatory birds such as golden eagles (Aquila chrysaetos) and Swainson’s hawks (Buteo 
swainsoni), as well as grassland birds such as horned lark (Eremophila alpestris) and 
grasshopper sparrow (Ammodramus savannarum; ABA, 1995).  The Sonoita grasslands have 
the distinction of being a second reintroduction site for Sonoran pronghorn (ABA, 1995).  The 
headwaters of the Santa Cruz River, known as the San Rafael Valley, is a popular spot to find 
the Federally-listed endangered Baird’s sparrow (Ammodramus bairdii) in the winter. 
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Evergreen Woodlands/Oaks Community: The pattern of oak woodlands in southern Arizona has 
changed little over time (Bahre, 1991).  Areas like Madera Canyon (southeast of Green Valley), 
which is one of the best-watered canyons in the area, still support many bird species that are 
dependent on the pine/oak woodlands found along the borderlands. Madera Canyon supports 
populations of elegant trogon, sulphur-bellied flycatcher (Myiodynastes luteiventris), and 
possibly the Arizona shrew (Sorex arizonae).  Other wildlife that utilize the oak woodlands 
include mice (Peromyscus sp.) and rabbits. 
 
Sonoran Desert Scrub Community (Saguaro, Ironwood and Paloverde or Creosote): In Pima 
County, Sonoran Desert Scrub is found along the majority the main stem of the Santa Cruz 
River.  This vegetative community contains many species of kangaroo rats (Dipodomys spp.), 
rabbits and snakes of Arizona, as well as a specialty habitat for many succulent-dependent 
species.  For instance, saguaro cacti are the preferred nesting-habitat of the Federally-
endangered cactus ferruginous pygmy owl (Glaucidium brasilianum cactorum) and cactus 
wrens (Campylorhynchus brunneicapillus), and many raptors’ nests can be found in the taller 
saguaros. 
 
Coniferous Forest Community: The highland areas of the Coronado National Forest which 
surrounds the Santa Cruz River watershed are covered in coniferous forest.  Although limited in 
the study area, these areas support forest-dependent species such as red crossbills (Loxia 
curvirostra), and historically contained grizzly bear. 
 
Urban and Rural Area Communities (Residential, Farmlands): The areas directly adjacent to the 
urban ponds attract many species in addition to those attracted to the open water (see Aquatic 
above).  Species such as black phoebe (Sayornis nigrinus), which are ecologically tied to water, 
are permanent residents of these areas (ABA, 1995).  Farmlands, especially nut groves and 
orchards, also attract birds in the greater Tucson area.  The pecan groves near Green Valley 
and Madera Grove northeast of Tucson attract many birds during the spring migration (ABA 
1995). 
 
7.2.4 - Threatened, Endangered, and Sensitive Wildlife Species 
 
Table 7C lists the sensitive wildlife species known to occur or that previously occurred in the 
study area.  “Sensitive” is defined as those species that: have formal listing by the U.S. Fish and 
Wildlife Service (USFWS) as endangered or threatened, or species proposed by the Arizona 
Department of Game and Fish as Wildlife of Special Concern (AZGF WSC; AZGF, 1996).  Of 
the 113 sensitive species native to Arizona, the study area includes 38 of them.  
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Table 7C – Sensitive  Wildlife Species 
Known to Occur or Previously Occurring in the Study Area (1) 

Common Name (Scientific Name) Status 2 Presence in the Study Area 

San Xavier Talussnail (Sonorella eremita) WSC Single Location 

Gila Chub (Gila intermedia) WSC Extirpated 

Gila Topminnow (Poeciliopsis occidentalis)  FE / WSC Small Population 

Desert Pupfish (Cyprinodon macularius) FE / WSC Extirpated 

Sonoran Tiger Salamander (Ambystoma tigrinum stebbinsi) FE / WSC Small populations  

Desert Tortoise (Gopherus agassizii) FT / WSC Small populations near Tucson 

Bald Eagle (Haliaeetus albacilla) FT / WSC Small winter populations  

Ferruginous Hawk (Buteo regalis) WSC Common in winter 

Northern Aplomado Falcon (Falco femoralis septentrionalis) FE / WSC Extirpated 

Crested Caracara (Polyborus plancus audubonii) FT Scattered individuals  

Peregrine Falcon (Falco peregrinus) 
No longer 

listed 
Several locations  

Masked Bobwhite (Colinus virginianus ridgwayi) FE / WSC 
Extirpated, a reintroduction 
location is present 

Western Yellow-billed Cuckoo (Coccyzus americanus 
occidentalis)  

WSC Scattered locations  

Mexican spotted owl (Strix occidentalis kucida) FT / WSC Single location 

Cactus Ferruginous Pygmy-owl  
(Glaucidium brasilianum cactorum )  

FE / WSC 
Several populations near 
Tucson 

Elegant Trogon (Trogon elegans) WSC Scattered locations  

Green Kingfisher (Chloroceryle ameicana) WSC Scattered locations  

Southwestern Willow Flycatcher (Empidonax trailii extimus) FE / WSC Migrants in scattered locations  

Buff-breasted Flycatcher (Empidonax fulvifrons) WSC Single location 

Thick-billed Kingbird (Tyrannus crassirostris) WSC Single location 

Rose-throated Becard (Pachyramphus aglaiae) WSC Scattered locations  

Azure Bluebird (Sialia sialis fulva) WSC Scattered locations  

Sprague’s  Pipit (Anthus spragueii) WSC Scattered locations  

Arizona Grasshopper Sparrow  
(Ammodrammus savannarum ammolegus)  

WSC Scattered locations  

Baird’s Sparrow (Ammodrammus bairdii) WSC Single location 

Five-striped Sparrow (Amphispiza quinquestriata) WSC Sporadic occurrences  

Arizona Shrew (Sorex arizonae) WSC Single location 

Lesser Long-nosed Bat  
(Leptonycteris curasoae [=sanborni] yerbabuenae) 

FE / WSC Scattered locations  

Western Red Bat (Lasiurus blossevillii) WSC Poorly known 

Western Yellow Bat (Lasiurus xanthinus) WSC Single location 

Townsend’s Big-eared Bat  
(Corynorhinus townsendiii pallescens) 

WSC Scattered locations  
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Table 7C – Sensitive  Wildlife Species 
Known to Occur or Previously Occurring in the Study Area (1) 

Common Name (Scientific Name) Status 2 Presence in the Study Area 

Greater Western Mastiff Bat (Eumops perotis) WSC Scattered locations  

Mesquite Mouse (Peromyscus merriami) WSC Scattered locations  

Mexican Wolf (Canis lupus baileyi) FE / WSC Extirpated 

Grizzly Bear (Ursus arctos) FT / WSC Extirpated 

Jaguar (Felis onca) FE / WSC Extremely small population 

Ocelot (Felis pardalis) FE / WSC Extirpated 

1  “Sensitive” is defined as those species that have formal listing by the USFWS as endangered or threatened, or 
species proposed in the Arizona Game and Fish as Wildlife of Special Concern (AZGF, 1996) 
2 FE = Federally Endangered, FT = Federally Threatened, WSC = Proposed by Arizona Game and Fish as a 
Wildlife Species of Concern 

 
7.2.5 - Wildlife Protection Areas 
 
Several areas in the Santa Cruz River watershed have been set aside for wildlife or have 
features that makes the area attractive for wildlife.  The most valuable areas in the watershed 
promote and preserve wildlife habitat actively.  These areas include four wilderness areas 
(Tabletop, Pusch Ridge, Baboquivari Peak, and Mt. Wrightson), two wildlife refuges (Buenos 
Aires, Patagonia-Sonoita Preserve), and two large National Monuments (Saguaro West and 
East).   
 
The study area also includes areas that allow multiple use, but still retain much of the natural 
character of the landscape.  These areas include Patagonia Lake State Park, Santa Rita 
Experimental Range, and the Coronado National Forest lands that encompass Madera Canyon, 
and the Santa Catalina and Santa Rita Mountains.  Because of the scarcity of water in the 
watershed, several areas are attractive simply because of the presence of water including: Avra 
Valley wastewater treatment facility, Green Valley wastewater treatment facility, Christopher 
Columbus Park, Kino Springs, and Monkey Springs.   
 
Several areas are attractive because they provide a specialized habitat, including Colossal 
Cave, Marana Pecan Groves, Green Valley Pecan Groves, Sonoita and San Rafael 
Grasslands.  These specialty areas however are not managed for wildlife, and any benefits are 
only secondary to the current land use.  Many of these areas are under private ownership as 
well, which creates an insecure environment for long-term preservation. 
 
Further discussion of specific wildlife areas is provided in Sections 4.3.5, Nature Preserves and 
6.1.B, Open Space Designations. 
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7.2.6 - Biological Resources Regulatory Setting 
 
Federal Endangered Species Act of 1973 (16 U.S.C. 1531 et seq.): Five sections of the Federal 
Endangered Species Act (ESA) are relevant to the preparation, approval, and implementation of 
the Santa Cruz River Watershed Plan 
 

Section 4, which covers designation of critical habitat, the listing process, 
issuance of special rules for the protection of threatened species, and 
preparation of recovery plans 
 
Section 6, which authorizes cooperative agreements between the USFWS and 
States and includes provisions for the conservation of Federally-listed plants 
 
Section 7, which provides for consultation requirements on Federal projects and 
outlines the instances when the USFWS can authorize incidental take resulting 
from federal actions 
 
Section 9, which prohibits the import, export, take, possession, transport, receipt, 
or sale of species protected under the ESA 
 
Section 10(a), which outlines the instances when the USFWS can authorize 
incidental take of listed species to non-federal jurisdictions. 

 
The study area does contain species that require consultation under Section 7.  A Section 7 
consultation is initiated when a federal agency determines that an action may affect a listed 
species, prepares and submits to USFWS a biological assessment that examines the potential 
effects of a specified action on a species, and requests formal consultation.  Consultation is 

concluded when the USFWS issues a Biological Opinion that pronounces whether the action 
would jeopardize a listed or proposed species or adversely affect critical habitat.  If the species 
is not in jeopardy, the written statement will include authorization for incidental take, normally with 

Reasonable and Prudent Measures, Terms and Conditions, and Conservation recommendations.  If a 
species is in jeopardy, mitigation and minimization actions will be included in the written 
statement. 
 

Migratory Bird Treaty Act: The Migratory Bird Treaty Act makes it unlawful to pursue, hunt, 
capture, kill, or possess or attempt such an action towards any bird listed in wildlife protection 
treaties between the United States and several countries including Great Britain, Mexican 
States, Japan, and Union of Soviet States.  The Act does allow take permits pursuant to the 
procedure under Title 50 of the Code of Federal Regulations (CFR). 
 
Fish and Wildlife Coordination Act (16 U.S.C. 661): The Fish and Wildlife Coordination Act 
requires federal agencies to coordinate with the USFWS and local state agencies when any 
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stream or body of water is proposed to be modified.  The intent is to give fish and wildlife 
conservation equal consideration with other purposes of water resources development projects.   
 
Wildlife of Special Concern in Arizona: The Arizona Game and Fish Department is involved in 
ongoing efforts to convert the list of Threatened Native Wildlife of Arizona (1988) to a list of 
Wildlife of Special Concern in Arizona.  The list will serve as a policy guide for wildlife 
management, but is non-regulatory.  The last updated draft for this list was October 1996, and 
no final listing had been released at the time of writing. 
 
Arizona Game and Fish Commission Order #14: The following mammals may not be possessed 
under the auspice of a hunting license: bats (all species), Hualapai vole (Microtus mexicanus 
hualpaiensis), jaguar, jacarundi (Felis yagoouaroundi), black-footed ferrets (Mustela nigripes), 
otter (Lutra canadensis), porcupine (Erethizon dorsatum) and wolves.  
 
Arizona Game and Fish Commission Order #40: The following native fish are protected 
statewide and may not be possessed under auspice of a fishing license: Gila Trout 
(Oncorhynchus gilae), humpback chub (Gila cypha), woundfin (Plagopterus argentissimus), 
Colorado River squawfish (Ptychocheilus lucius), bonytail chub (Gila elegans), razorback sucker 
(Xyrauchen texanus), Sonora chub (Gila ditaenia), spikedace (Meda fulgida), desert pupfish, 
loach minnow (Tiaroga cobitis), little Colorado River spinedace (Lepidomeda vittata), Virgin 
River roundtail chub (Gila seminuda), Yaqui chub (Gila purpurea), Mexican stoneroller 
(Campostoma orenatum), Virgin River spinedace (Lepidomeda m. mollispinis), Gila chub, 
beautiful shiner (Cyprinella formosa), Yaqui catfish (Ictalurus pricei), Quitobaquito pupfish 
(Cyprinodon macularius eremus), Yaqui topminnow (Poeciliopsis occidentalis sonoriensis), & 
Gila topminnow. 
 
Arizona Game and Fish Commission Order #41: The following amphibians may not be 
possessed or trapped under the auspice of a Fishing or Combination license: Tarahumara frog 
(Rana tarahumarae), Plains Leopard Frog (Rana blairi), Chiricahua Leopard Frog (Rana 
chiricahuensis), Northern Leopard Frog (Rana pipiens), Lowland Leopard Frog (Rana 
yavapaiensis), Relict Leopard Frog (Rana onca), and Ramsey Canyon Leopard Frog (Rana 
subaquavocalis).  
 
Arizona Game and Fish Commission Order #42: The following crustaceans and mollusks 
cannot be possessed or trapped under the auspice of a Combination license: Kanab ambersnail 
(Oxyloma haydeni kanabensis) and San Xavier talussnail. 
 
Arizona Native Plant Law:   Plants cannot be removed from any lands - whether they are owned 
by a private individual or managed by a government agency — without permission and a permit 
from the Arizona Department of Agriculture. Lessees of state or federal land must obtain 
specific authorization from the landlord agency to remove protected native plants. Theft of 
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protected native plants from private, state, or federal lands may result in a felony charge, as well 
as native plant law violation. 
 
 
7.3 - Representative Environmental Cross-Sections of River Reaches 
 
Representative cross-sections (                     ) corresponding to each of the six subreaches were 
surveyed to assess the general conditions typifying each reach as well as to discern any 
significant environmental trends from the upper to lower reaches of the study area.  The relative 
locations of these cross-sections within the study area is presented in Figure 7A.  In each cross-
section, the width of the apparent floodplain is approximated and the surrounding landscape 
and vegetative characteristics are described.  Adjacent land uses and key features immediately 
upstream and downstream of cross-sections are also discussed.  These broader descriptions 
are followed by a synopsis of stream flow, landform, and biotic conditions. 
The approximate location and elevation of each transect were determined using a Global 
Positioning System (GPS) and are indicated in Universal Transverse Mercator (UTM) 
coordinates for Zone 12 South.  An aerial photograph of the vicinity of each representative 
cross-section is provided and indicates the position of transects relative to established 
landmarks.  Unless otherwise noted in the figure caption, all views are looking downstream. 
On the days the surveys were conducted (20-21 July, 1998), thunderstorms during each of the 
previous nights resulted in considerable surface flows within the Santa Cruz River.  Although 
these flows are not of average conditions, efforts were made to estimate the flow rates within 
each cross-section while noting the time of day the observation was made. 
 
Upper Santa Cruz Reach (Reach 1).  This transect is located approximately 1/4 mile 
downstream from Elephant Head Road Bridge (Figure 7B) with corresponding UTM coordinates 
of 496,732e, 3,512,359n, at 2,995 feet elevation.  The width of the apparent floodplain is about 
1/4 to 3/8 of a mile.  Land use in the adjacent uplands is typically disturbed, open range with 
current signs of low-intensity cattle grazing.  The railway runs above the east bank of the river 
and I-19 to the west about 1/2 mile.  Low density residential and light agriculture occur in the 
local vicinity.  An excavated tributary and streambank protection in the vicinity of the cross-
section are indicative of sporadic floodplain management practices.  Upstream of the transect 
and near the County line, riparian vegetation tends to be more lush and more representative of 
shallower groundwater conditions.  The higher rates of groundwater pumping within the Pima 
County boundary may partially account for this observed difference in vegetative patterns. At 
the time of the survey (7/20/98; 11:30am) surface flows in the river channel were estimated at 
about 15 cfs. 
 
Nature of stream flow: natural runoff without indications of agricultural chemicals; seasonal flow 
 
Transition landform from channel to upland: gradual slope up from sandy channel to a low 
bench, then a second bench 2 or 3 feet above that 
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Figure 7A –Environmental Cross Section Locations 
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Predominant perennials in the flood channel & approximate % ground cover: 
mulefat, <2%, desert broom, <2%, tamarisk, <1%, willow, < 1%, cottonwood, <2%,  tree 
tobacco, <1% 
 
Predominant perennials on uplands & approximate % ground cover: 
mesquite, 20 - 50% (depending on distance from and height above channel), acacia, <5%, 
palo verde, <1%, cheesebush, <40% at upper edge of upper bench, desert almond, < 3% 
 
Potential suitability for enhancement as natural  Sonoran Desert site: relatively high 
 
Other remarks: cattle have grazed uplands heavily, promoting establishment of invasive weedy 
perennials. 
 
Green Valley/Sahuarita Reach (Reach 2).  This cross-section is located approximately 1 mile 
downstream (north) of the Green Valley Treatment Plant near the Nogales Highway Bridge 
(Figure 7C).  Coordinates were 503,327e, 3,531,385n, at 2,710 feet elevation.  The width of the 
floodplain in this locale is about 1/8 of a mile.  The west bank of the river consisted in part of a 
graded bench made of roadbed material that contained large amounts of woody debris and 
man-made fills.  The site is apparently used as a materials storage area by the local 
transportation agency.  Also adjacent to the west bank are pecan orchards that are 
characteristic of the Green Valley area.  Low density rural land uses and a sand and gravel 
mining operation dominate the east bank of the river.  Signs of cattle grazing were detected 
within the floodplain.  The area is generally disturbed and was cluttered with domestic debris. 
No surface flows were present at the time of the survey (7/20/98; 1:30pm).  The channel bottom 
was wet, however, from recent discharges. 
 
Nature of stream flow: no surface flow to judge 
 
Transition landform from channel to upland: Abrupt bench on the western bank appears to have 
been graded on top; stockpiles of road materials limit growth of native plants in some regions.  
Eastern side slopes more gradually to a hummocky bench and older braided channels. 
 
Predominant perennials in the flood channel & approximate % ground cover: virtually none 
 
Predominant perennials on uplands & approximate % ground cover: 
 
mesquite, 5 - 30% (depending on distance from and height above channel), acacia, <5%, palo 
verde, <3%. 
 
Potential suitability for enhancement as natural  Sonoran Desert site: poor 
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Other remarks: cattle have grazed uplands heavily, promoting establishment of invasive weedy 
perennials.  Urban refuse and construction debris is widespread in the area but not profuse. 
 
San Xavier Reservation Reach (Reach 3).  This cross-section is located about 1/4 mile 
southeast of the intersection of Interstate 19 and Santa Cruz River near San Xavier Mission 
(Figure 7D).  The floodplain in this area was by far the widest of any of the transects, at about 
1/2 mile.  Coordinates near the west bank were 501,149e, 3,551,632n at 2,475 feet elevation.  
The height of river banks were another extreme relative to the other transects, estimated at 
between 25 to 30 feet.  Land use in this portion of the San Xavier Indian Reservation is open 
range, bordering suburban areas to the northeast.  The river in this cross-section is relatively 
undisturbed and retains much of its natural character. Only low-volume flows, estimated at 
about 1/2 cfs, were present at the time of the survey (7/20/98; 3:30pm).  Compared to cross-
section 2, however, in which there was no surface water observed, this condition is in keeping 
with anecdotal accounts of the rationale for the siting of the San Xavier Mission, being at least 
partially dependent on the re-emergence of ground water flows in this reach of the river. 
 
Nature of stream flow: natural runoff without indications of agricultural chemicals; seasonal flow; 
clear water 
 
Transition landform from channel to upland: vertical cliffs, 25 to 30 feet high, of heavy clays and 
caliche, partly bound together by deep root system of mesquite 
 
Predominant perennials in the flood channel & approximate % ground cover: mulefat, 15%, 
desert broom, <5%, tamarisk, <5%, cottonwood, < 1%, willow, < 1%, elderberry, <1%, tree 
tobacco, <1% 
 
Predominant perennials on uplands & approximate % ground cover: mesquite, 95 - 100%,  
Potential suitability for enhancement as natural  Sonoran Desert site: very high 
 
Other remarks: A dense mesquite bosque grows on the eastern bluff.  Martinez Hill to the north, 
sports typical Sonoran Desert vegetation in close proximity to this isolated and undisturbed 
stretch of river. 
 
Tucson Urban Reach (Reach 4).  This transect is located about 500 feet downstream from 
Irvington Road Bridge between the confluences of Tucson Diversion Channel and the west 
branch of the Santa Cruz River with the mainstem (Figure 7E).  Coordinates were 500,717e, 
3,558,733n at 2,420 feet elevation.  The approximately 1/8 mile wide floodplain is confined by 
channel levees and conditions within the channel are semi-disturbed.  Flood control measures 
are a significant factor in this reach.  Land uses on the east bank are open space and low-
density commercial, and open space and low-density residential on the west bank towards the 
Tucson Mountains. Surface flows in the channel at the time of the survey (7/21/98; 12:30pm) 
were estimated at 5 to 10 cfs. 
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Nature of stream flow: sluggish flow; algal growth suggestive of elevated nutrient contents 
 
Transition landform from channel to upland: soil cement trapezoidal channel 
 
Predominant perennials in the flood channel & approximate % ground cover: desert broom, 10% 
tamarisk, <3%, mulefat, <1% 
 
Predominant perennials on uplands & approximate % ground cover: demonstration horticultural 
plantings of natives on the west bank.  East bank may have been substantially disturbed in the 
past. 
 
Potential suitability for enhancement as natural  Sonoran Desert site: negligible 
 
Other remarks: Site is a municipal park, for all intents and purposes. 
 
Marana Reach (Reach 5).  This cross-section is located about 1/4 mile downstream of Avra 
Valley Road Bridge (Figure 7F).  GPS coordinates were 486,548e, 3,584,820n at 2,080 feet 
elevation.  The floodplain in this area is about 1/8 mile wide and is artificially constrained on the 
east bank by a small earthen levee.  Floodplain management practices are apparent in the 
vicinity of this transect.  Conditions in the floodplain are characteristically lush due to the 
reclaimed water effluent from the Ina Road Wastewater Treatment Plant located about 6 miles 
upstream from the site.  Surface flows at the time of the survey (7/21/98; 10:40am) were 
approximated at 200 cfs.  Land use in the surrounding area is mostly open space but includes 
some industrial.  The Arizona Portland Cement Plant is located northeast of the survey site. 
 
Nature of stream flow: remarkably strong and steady, turbid water; clearly year round as 
indicated by plant growth; strong odor of agricultural chemicals or by products, possibly sewage 
treatment effluent.  
 
Transition landform from channel to upland: River here is confined to a distinct channel on the 
eastern side of a small hill.  Heavy flows could expand toward the east. 
 
Predominant perennials in the flood channel & approximate % ground cover: willows, 50 - 70% 
cottonwood, 15%, tamarisk, 5%, desert willow, < 1% 
 
Predominant perennials on uplands & approximate % ground cover: 
mesquite, 20 - 50%, depending on distance from channel and height above it, acacia, 5%, palo 
verde, 5%, desert willow, <1% 
 
Potential suitability for enhancement as natural  Sonoran Desert site: relatively high 
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Other remarks: Riparian growth well established and vigorous at this site.  Several wildlife 
species indicative of persistently wet areas were noted, as well as similar wetlands plant 
species growing well on the banks. 
 
Lower Santa Cruz River Reach (Reach 6).  This transect is located about 200 feet 
downstream of the Sanders Road Bridge (Figure 7G).  Coordinates were 478,162e, 3,588,515n, 
at 1,975 feet elevation.  The floodplain is about 1/8 mile wide in this locale.  However, the 
floodplain is significantly wider (approximately 3/8 mile) just upstream of the bridge and is 
confined by soil cement on the north bank of the river.  Land use is a combination of open 
space, residential, and agriculture.  Signs of cattle grazing were present in the floodplain.  The 
scent of agricultural chemicals was noticeable in moist depositional areas. Surface flow in the 
active channel was estimated at about 50 cfs, a large proportion of which is likely effluent from 
the Ina Road Plant. 
 
Nature of stream flow: dense brush suggests water is present at or close to the surface much of 
the year; odor indicative of agricultural chemicals. 
 
Transition landform from channel to upland: confined by a graded embankment on the north 
side of the river and soil cement levee just upstream, high and eroded bank on the south side. 
 
Predominant perennials in the flood channel & approximate % ground cover: desert broom, 
50%, tamarisk, 20%, mulefat, 5%,  willow, < 2%, palo verde, <1%,  tree tobacco, <1% 
 
Predominant perennials on uplands & approximate % ground cover: mesquite, 3 - 10%, 
depending on distance from channel and height above it, acacia, <2% 
 
Potential suitability for enhancement as natural Sonoran Desert site: low 
 
Other remarks: cattle have grazed in the channel extensively.  A residential area just east of the 
channel minimizes chance of growth by native perennials. 
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Figure 7B – Representative Cross Section, Reach 1 
 

Figure 7C – Representative Cross Section, Reach 2 
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Figure 7D – Representative Cross Section, Reach 3 
 

 
Figure 7E – Representative Cross Section, Reach 4 
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Figure 7F – Representative Cross Section, Reach 5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7G – Representative Cross Section, Reach 6 
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7.4 - Climate 
 

The Santa Cruz River watershed is located in the Sonoran Desert region of southern Arizona.  It 
is characterized as semiarid with long, hot summers and short, mild winters.  Most of the annual 
rainfall in the study area occurs during two separate periods or seasons; one season is from 
December to March, and the other season is between July and September.  Winter precipitation 
is generally associated with mid-latitude cyclonic disturbances from the Pacific Ocean, while 
summer precipitation is associated with tropical warm, moist air masses from the Gulf of 
Mexico. 
 
Three monitoring stations within the watershed were selected to provide a general profile of the 
local weather conditions within the watershed.  Table 7D provides the temperature and 
precipitation monitoring data from weather stations in the Nogales, Tucson, and Casa Grande 
areas.  As described in Table 7D, average summer high and low temperatures (July) in the 
Nogales area are 94Ε F and 64Ε F, respectively.  In the Tucson area, the average summer 
temperatures are 100Ε F and 74Ε F, while in the Casa Grande area, average summer 
temperatures range from 107Ε F to 76Ε F.  Average winter high and low temperatures (January) 
in the Nogales area are 64Ε F and 27Ε F, respectively.  In the Tucson area, the average winter 
temperatures are 65Ε F and 37Ε F, while in the Casa Grande area, average winter 
temperatures range from 66Ε F to 35Ε F.  Rainfall averages approximately 18 inches per year in 
the Nogales area, approximately 11 inches in the Tucson area, and approximately 8 inches in 
the Casa Grande area.  
 

Table 7D - Monthly Temperatures and Precipitation 
 

 
 

Month 

Santa Cruz County 
Nogales Area 

Pima County 
Tucson Area 

Pinal County 
Casa Grande  Area 

  Temperature (o F) Precipitation 
 (Inches) 

 Temperature (o F) Precipitation 
 (Inches) 

Temperature (o F) Precipitation 
(inches) 

 Max Min  Max Min  Max Min  
January 64 27 1.22 65 37 0.91 66 35 0.75 
February 67 30 0.89 69 40 0.86 72 39 0.78 

March 71 33 0.92 74 44 0.75 77 43 0.75 
April 78 38 0.36 82 49 0.38 86 49 0.28 
May 86 45 0.25 91 57 0.18 95 57 0.12 
June 95 54 0.40 100 66 0.26 105 66 0.16 
July 94 64 4.42 100 74 2.03 107 76 1.03 

August 91 62 4.12 98 72 2.11 104 74 1.52 
September 90 55 1.61 95 67 1.17 100 67 0.80 
October 82 44 1.30 86 55 0.74 89 54 0.51 

November 71 33 0.68 74 44 0.78 76 42 0.73 
December 65 28 1.51 66 38 1.01 68 36 0.99 

Annual 80 43 17.67 84 54 11.17 87 53 8.42 
Source: Western Regional Climate Center, 1998 

Period of Record:  Nogales - October, 1952 to December, 1997; Tucson - September, 1894 to October, 1997; Casa 

Grande - June, 1898 to December, 1997. 
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Surface winds in the Valley are influenced to a considerable extent by the adjacent mountains 
and by the slope of the valley floor.  Under light pressure gradients, this effect is evident in the 
frequently noted change in wind direction from the southeast during the night and early morning 
hour then veering to the northwest during the warmer portion of the day.  The strongest peak 
wind speed, not associated with thunderstorms but usually driven by synoptic scale systems, 
are usually from the west to southwest and east to southeast (NWSO, 1997). 
 
 
7.5 - Air Quality 
The following section discusses air quality within the Santa Cruz watershed and methods used 
to evaluate air quality and compare it to national and regional ambient air quality standards. The 
discussion is divided in to three sub-sections that detail regulatory criteria pollutants, attainment 
status, and the regulatory setting for air quality. 

 
7.5.1 - Criteria Pollutants 
 
The quality of surface air (air quality) is evaluated by measuring ambient concentrations of 
pollutants that are known to have deleterious effects.  The degree of air quality degradation is 
then compared to the ambient air quality standards established by Federal and State agencies.  
The air pollutants that are regulated by these standards are called “criteria pollutants”.  The 
current National and State Ambient Air Quality Standards are equivalent and are listed below in 
Table 7E. 
 
Air quality standards are designed to protect those people most susceptible to further 
respiratory distress, such as asthmatics, the elderly, very young children, people already weak-
ened by other disease or illness, and people engaged in strenuous work or exercise.  Table 7F 
provides a summary of potential health effects associated with the major criteria air pollutants.  
It should be noted that healthy adults can tolerate occasional exposure to air pollutant 
concentrations that are above the standards listed above before adverse effects are observed. 
 
7.5.2 - Attainment Status 

 
A summary of the air quality status of the watershed, relative to meeting the National and State 
AAQS is provided in Table 7G. Non-attainment is a term used to indicate violations of the 
standard.  In the past, air quality in some areas within the watershed have regularly exceeded 
the Federal and State AAQS for CO and PM10.  As a result, the U.S. Environmental Protection 
Agency (USEPA) and the Arizona Department of Environmental Quality (ADEQ) have classified 
areas within Santa Cruz (Nogales), Pima (Rillito), and Pinal (northwest corner) Counties as non-
attainment areas for PM10.  In addition, the Tucson area within Pima County is classified as an 
non-attainment area for CO. 
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Table 7E - National and State Ambient Air Quality Standardsa 

 
Pollutant 

 
Averaging Time 

National and State Standards 

  Primaryb Secondaryc 

Ozone (O3) 8-hourd 
1-hour 

0.08 ppm (160 µg/m3) 
0.12 ppm (235 µg/m3) 

NS 
0.12 ppm (235 µg/m3) 

Carbon Monoxide (CO) 8-hour 
1-hour 

9.0 ppm (10 mg/m3) 
35.0 ppm (40 mg/m3) 

9.0 ppm (10 mg/m3) 
35.0 ppm (40 mg/m3) 

Nitrogen Dioxide (NO2) Annual Average 0.053 ppm (100 µg/m3) 0.053 ppm (100 µg/m3) 
Sulfur Dioxide (SO2) Annual Average 

24-hour 
3-hour 

80 µg/m3 (0.03 ppm) 
365 µg/m3 (0.14 ppm) 

NS 

NS 
NS 

1300 µg/m3 (0.5 ppm) 
Suspended Particulate Matter 
(PM10) 

Annual Arithmetic Mean 
24-hour 

50 µg/m3 
150 µg/m3 

50 µg/m3 
150 µg/m3 

Lead (Pb) Calendar Quarter 1.5 µg/m3 1.5 µg/m3 
Notes: NS = no standard; ppm = parts per million; µg/m3 = microgram per cubic meter; mg/m3 = milligrams per 

cubic meter 
a  Standards are not to be exceeded more than once per year with two exceptions.  In the case of ozone and PM10, 

compliance is determined by the number of days on which the ozone or PM10 standard is exceeded.  The number 
of exceedance days per year, based on a 3-year running average, is not to exceed 1.0. 

b  Primary Standards are designed to protect public health, allowing for an adequate margin of safety. 
c   Secondary Standards are designed to protect human welfare from any known or anticipated adverse effects of the 

criteria on the soils, water, crops, animals, structures, or other property. 
d  The Interim Implementation Policy will define how and when states must achieve the new standards will be 

proposed by the end of 1997 and finalized by the end of 1998. 
Source: 1996, Arizona Department of Environmental Quality. 
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Table 7F - Summary of Health Effects of the Major Criteria 
Air 

Pollutant 
Description Adverse Effects 

• Ozone 
(O3) 

• Ozone is formed in the atmosphere through a series of 
complex photochemical reactions involving oxides of 
nitrogen (NOX), volatile organic compounds (VOC), and 
sunlight occurring over a period of several hours.  Since 
ozone is not directly  emitted, but is formed over several 
hours in the atmosphere as a result of photochemical 
reactions, it is classified as a secondary or regional 
pollutant.   

• Eye irritation 
• Respiratory function impairment 
• Aggravation of respiratory and 

cardiovascular diseases 
• Ozone has shown effects on the plants 

and material (e.g., rubber) 

• Carbon 
Monoxid
e (CO) 

• CO is formed primarily by the incomplete combustion of 
organic fuels.  The highest concentrations are found 
where vehicles are present in great numbers operating at 
low speeds during conditions of a surface inversion layer 
(a condition that limits the vertical dispersion of 
pollutants).  This often occurs during winter mornings.  

• Impairment of oxygen transport in the 
bloodstream, increase of carbo-
xyhemoglobin 

• Aggravation of cardiovascular disease 
• Impairment of central nervous system 

function 
• Fatigue, headache, confusion, dizziness 
• Death at high levels of exposure 
• Aggravation of some heart diseases 

(angina) 

• Nitrogen 
Dioxide 
(NO2) 

• Nitrogen dioxide is a by-product of fuel combustion. The 
principal form of nitrogen oxide produced by combustion 
is nitric oxide (NO), but NO reacts quickly to form NO2, 
creating the mixture of NO and NO2, commonly referred 
to as NOx. 

• Risk of acute and chronic respiratory 
disease 

• Sulfur 
Dioxide 
(SO2) 

• Sulfur dioxide is also a by-product of fuel combustion.  
The major source of sulfur dioxide is from burning coal to 
produce electricity. 

•  Bronchoconstriction accompanied by 
symptoms, which may include wheezing, 
shortness of breath and chest tightness, 
during physical activity in persons with 
asthma. 

• Suspend
ed 
Particula
tes 
(PM10) 

• PM10 is a class of particulate matter (PM) with a diameter 
of ten microns (millionth of a meter) or less.  These finer 
particulates are inhalable and have adverse health 
effects.  The largest single source of PM10 emissions is 
soils (from roads, construction, agriculture, and naturally 
windblown dust).  Particulate matter is also released 
during combustion processes, such as those using 
gasoline and diesel fuels, and wood burning.   

• Increased risk of chronic respiratory 
disease 

• Reduced lung function 
• With SO2, may produce acute illness 
• Particulate matter 10 microns or less in 

size (PM10) may lodge in and/or irritate the 
lungs 

• Lead 
(pb) 

• Lead in the atmosphere occurs as particulate matter.  
Lead emissions results primarily from mining operations 
and lead smelters.   

• Prolonged exposure to atmospheric lead 
poses a serious threat to human health 

• Health effects associated with exposure to 
lead include gastrointestinal disturbances, 
anemia, kidney disease, and in severe 
cases, neuromuscular and neurologic 
dysfunction. 

Source: SCAQMD, CEQA Air Quality Handbook,  1993  
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Table 7G - Attainment Status of the Santa Cruz River Watershed 

Location O3 CO NO2 SO2 PM10 

 State Fed. State Fed. State Fed. State Fed. State Fed. 

SANTA CRUZ COUNTYa 

Nogales Area A A A A A A A A MN MN 

Remainder of the County 
(Excluding Nogales Area) 

A A A A A A A A A A 

PIMA COUNTYb 

Tucson Area A A MN MN A A A A A A 

Rillito Area A A A A A A A A MN MN 

Remainder of the County 
(Excluding the Tucson and 

Rillito Area) 

A A A A A A A A A A 

PINAL COUNTYc 

Phoenix Area A A A A A A A A SN SN 

Remainder of the County 
(Excluding the Phoenix 

Area) 

A A A A A A A A A A 

Notes:  A = Attainment;  MN = Moderate Nonattainment;  SN = Serious Nonattainment 
a  Santa Cruz County is designated as Non-Attainment in Nogales for PM10 
b  Pima County is designated as non-attainment in Tucson for CO, and non-attainment in Rillito for PM10 
c  Pinal County is designated as serious non-attainment for PM10 in the northwest corner of the county (near Phoenix) 
Source: EPA, 1996. 

 

Indications of criteria pollutant levels within the study area can be obtained by reviewing recent 
data collected at nearby monitoring stations.  Seven monitoring stations within the watershed 
were selected to provide a general profile of its ambient air quality conditions.  Four of the 
monitoring stations are located in Pima County (see Table 7H), two are located in Pinal County 
and one is located in Santa Cruz County (see Table 7I). 
 
Table 7H provides the air quality monitoring data from 1994 to 1996 for the selected Pima 
County monitoring stations (three of the monitoring stations are dispersed in the greater Tucson 
area, and one is located in Rillito).  As described in Table 7H, ambient criteria pollutant levels at 
all four monitoring stations were below the National and State AAQS for all criteria pollutants 
during the three year study period.  Levels of ozone and NO2 appear to have been relatively 
stable during the study period with maximum concentrations of approximately 0.09 ppm (75% of 
State and Federal AAQS) and 35 ug/m3 (35 % of State and Federal AAQS), respectively.  
During the three-year study period, levels of PM10 have fluctuated considerably with the highest 
concentrations recorded during 1995.  Typically, carbon monoxide levels vary according to the 
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distance from the area highway networks.  As described in Table 7H, CO concentrations are 
well below the State and Federal AAQS. 
 

Table 7H - Air Quality Summary for Pima County 

 
Standards  

Pima County 

 Monitoring Station Monitoring Station Monitoring Station Monitoring Station 

 190 West Pennington, 
Tucson 

3401 W. Orange Grove, 
Tucson 

22nd & Craycroft, 
Tucson 

8820 W. Water, 
Rillito 

 1994 1995 1996 1994 1995 1996 1994 1995 1996 1994 1995 1996 

Ozone (1-Hour) Standard 
Max. Concentration (ppm) 
Days>NAAQS (0.12 ppm) 

 
0.08 

0 

 
0.09 

0 

 
0.09 

0 

 
NM 
NM 

 
NM 
NM 

 
NM 
NM 

 
0.09 

0 

 
0.11 

0 

 
0.09 

0 

 
NM 
NM 

 
NM 
NM 

 
NM 
NM 

NO2 (Annual) Standard 
Max. Concentration (ug/m3) 
 Days>CAAQS (100 ug/m3) 

 
NM 
NM 

 
NM 
NM 

 
NM 
NM 

 
NM 
NM 

 
NM 
NM 

 
NM 
NM 

 
35 
0 

 
36 
0 

 
34 
0 

 
NM 
NM 

 
NM 
NM 

 
NM 
NM 

PM10 (24-Hour) Standard 
Max. Concentration (ug/m3) 
Days>NAAQS (150ug/m3)c 

 
NM 
NM 

 
NM 
NM 

 
NM 
NM 

 
52 
0 

 
107 
0 

 
62 
0 

 
82 
0 

 
106 
0 

 
38 
0 

 
63 
0 

 
92 
0 

 
84 
0 

CO (8-Hour) Standard 
Max. Concentration (ppm) 
Days>NAAQS (9.0 ppm) 

 
5.0 
0 

 
5.5 
0 

 
4.6 
0 

 
NM 
NM 

 
NM 
NM 

 
NM 
NM 

 
3.9 
0 

 
3.0 
0 

 
3.1 
0 

 
NM 
NM 

 
NM 
NM 

 
NM 
NM 

Notes: ppm=parts per million; ug/m3=micrograms per cubic meter; NM = not monitored 
Source:  ADEQ.  1994, 1995, and 1996 Air Quality Data for Arizona 

 
 
 

Table 7I - Air Quality Summary for Santa Cruz and Pinal Counties 
 

 
Standards  

Santa Cruz County Pinal County 

 Monitoring Station 
U.S. Post Office, Nogales 

Monitoring Station 
Airport, Casa Grande  

Monitoring Station 
401 Marshal Rd., Casa Grande

 1994 1995 1996 1994 1995 1996 1994 1995 1996 

Ozone (1-Hour) Standard 
Max. Concentration (ppm) 
Days>NAAQS (0.12 ppm) 

 
NM 
NM 

 
NM 
NM 

 
NM 
NM 

 
0.09 

0 

 
0.08 

0 

 
0.1 
0 

 
NM 
NM 

 
NM 
NM 

 
NM 
NM 

NO2 (Annual) Standard 
Max. Concentration (ug/m3) 
Days>CAAQS (100 ug/m3) 

 
NM 
NM 

 
NM 
NM 

 
NM 
NM 

 
NM 
NM 

 
NM 
NM 

 
NM 
NM 

 
NM 
NM 

 
NM 
NM 

 
NM 
NM 

PM10 (24-Hour) Standard 
      Max. Concentration (ug/m3) 
      Days>NAAQS (150 ug/m3) 

 
116 
0 

 
123 
0 

 
114 
0 

 
NM 
NM 

 
NM 
NM 

 
NM 
NM 

 
61 
0 

 
77 
0 

 
73 
0 

CO (8-Hour) Standard 
Max. Concentration (ppm) 
Days>NAAQS (9.0 ppm) 

 
NM 
NM 

 
NM 
NM 

 
NM 
NM 

 
4.0 
0 

 
1.1 
0 

 
1.2 
0 

 
NM 
NM 

 
NM 
NM 

 
NM 
NM 

Notes: ppm=parts per million; ug/m3=micrograms per cubic meter; NM = not monitored 

Source: ADEQ.  1994, 1995, and 1996 Air Quality Data for Arizona 
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Table 7I provides the monitoring data from the years 1994 through 1996 for the selected Santa 
Cruz and Pinal County monitoring stations (one monitoring station is located in Nogales within 
Santa Cruz County and two are located in the Casa Grande area within Pinal County).  It should 
be noted that nitrogen dioxide data were not monitored at any of the subject monitoring stations.  
As described in Table 7I, ambient concentrations for ozone at all three monitoring stations were 
below the National and State AAQS.  Levels of ozone have been relatively stable during the 
three year study period with maximum concentrations of approximately 0.09 ppm.  During the 
study period, PM10 concentrations have fluctuated, with higher peak levels again occurring 
during 1995.  Similar to the monitoring stations in Pima County, the concentrations recorded in 
Santa Cruz and Pinal Counties were well below the State and Federal AAQS. 
 
7.5.3 - Regulatory Setting 

 
Federal, state, and regional agencies have established standards and regulations that affect 
proposed projects.  The following federal and state regulatory considerations may apply to the 
project and to the alternatives. 
 
• The Federal Clean Air Act of 1970 directs the attainment and maintenance of National 

AAQS for six “criteria” pollutants (e.g., ozone, carbon monoxide) 
 
• The 1977 Clean Air Act enacted legislation to control seven air toxic pollutants.  USEPA 

adopted the National Emission Standards for Hazardous Air Pollutants (NESHAP), which 
were designed to control Hazardous Air Pollutants (HAP) emissions to prevent adverse 
health effects in humans. 

 
• The 1990 Amendments to this Act determine attainment and maintenance of NAAQS (Title 

I), motor vehicles and reformulation (Title II), hazardous air pollutant (Title III), acid 
deposition (Title IV), operating permits (Titles V ), stratospheric ozone protection (Title VI), 
and enforcement (Title VII). 

 
• USEPA implements the New Source Review (NSR) and Prevention of Significant 

Deterioration (PSD) regulations. 
 
• The Arizona Department of Environmental Quality (ADEQ) implements Title 18 
(Environmental Quality), Chapter 2 (Department of Environmental Quality Air Pollution Control) 
of the Arizona Administrative Code. 
 
Smaller regional regulatory regulations may also apply to the project and alternatives. The 
Santa Cruz River Watershed is located within Santa Cruz, Pima, and Pinal Counties.  The Pima 
County Department of Environmental Quality has jurisdiction over Pima County, and Pinal 
County Air Quality Control District has jurisdiction within the County of Pinal.  Santa Cruz 
County currently does not have an air pollution control department, and all air quality permitting 
issues are handled by the ADEQ. 
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Emissions that would result from construction and or maintenance of any project would be 
subject to the rules and regulations of these agencies mentioned above.  Rules and regulations 
of these agencies are designed to achieve defined air quality standards that are protective of 
public health.  To that purpose they limit the emissions and the permissible impacts of 
emissions from projects, and specify emission controls and control technologies for each type of 
emitting source in order to ultimately achieve the air quality standards. 
 
7.6 - Aesthetics 
 
Prominent visual features of the Santa Cruz River watershed include natural features (including 
major landforms) and human alterations of the landscape (such as agriculture, mining, and 
urbanization). The watershed includes a dramatic natural landscape consisting of rugged 
mountain ranges and desert basins.  Human influences can be seen throughout the watershed, 
but are most prevalent along the main stem of the river where human settlement is 
concentrated.  The following description of the visual features of the watershed begins at the 
headwaters of the Santa Cruz River and progresses downstream to the Santa Cruz Flats where 
the river channel loses definition and becomes dispersed among a series of normally dry 
washes. 
 
The headwaters of the Santa Cruz River are fed by the east slope of the Patagonia Mountains, 
the south slope of Canelo Hills, and the west slope of the Huachuca Mountains.  Supplied by 
springs and run-off from surrounding high peaks, the shallow, perennially-flowing river rolls 
south through a broad grassland in eastern Santa Cruz County known as the San Rafael Valley 
before crossing the border and flowing into Mexico.  The river makes a severe bend below the 
Mexican border and returns to the United States just east of Nogales.  As the river proceeds 
north, it squeezes between the Santa Rita and Patagonia Mountains on the east, and the 
Tumacacori Mountains on the west.   
 
A deep valley, which holds Sonoita Creek, cuts between the Santa Rita and Patagonia 
Mountains.  Sonoita Creek drains the west slope of the Canelo Hills and the south slopes of the 
Patagonia and Santa Rita Mountains and joins the river at Calabasas in Santa Cruz County.  
Sonoita Creek flows steadily for its first 15 miles (24 km), but sinks into the sand nearly 8 miles 
(13 km) before reaching the Santa Cruz.  Where flows are steady, the creek supports an 
extensive community of riparian vegetation.  Patagonia Lake, created in 1968 from the Sonoita 
Creek flows, is a prominent feature of this valley.  On the backside (west slope) of the  
 
Tumacacori Mountains, the Altar Valley is covered in broad grassland.  Baboquivari Peak, which 
stands like a thumb from the Baboquivari mountain range, dominates the western edge of Altar 
Valley.  Altar Valley gathers the waters from the Baboquivari Mountains and delivers them to the 
Santa Cruz River north of Tucson via Altar and Brawley Washes. 
 
After flowing past the Santa Rita and Tumacacori Mountains, the Santa Cruz River enters the 
Punta de los Llanos, or Point of the Plains.  This refers to the opening up of the Santa Cruz 
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Valley north of Green Valley.  At this point, the river sinks underground and will not surface 
again until it approaches Tucson.  Looking south from this edge of the Santa Cruz Valley, the 
dual summits of the Santa Rita Mountains dominate the horizon.  Mount Hopkins is the slightly 
lower peak, and the taller Mount Wrightson to the east marks the center of a wilderness area.  
From the north slope of these mountains, a long slope of lighter-colored sediment, called a 
bajada, spills out onto the level floor of the Santa Cruz Valley.  At the westernmost tip of Santa 
Rita range, a smaller hill called Elephant Head marks the beginning of the grasslands.  One of 
the largest protected grasslands in the country, Santa Rita Experimental Range and Wildlife 
Area is located along the north-facing and west-facing slopes of the Santa Rita Mountains. 
 
Green Valley lives up to its name by supporting over 7,000 acres (2,800 ha) of pecan trees with 
irrigation canals and groundwater pump stations.  The area is quickly developing as a retirement 
community.  A large copper mining pit has been operating just west of Green Valley since the 
1960s.  Although the mining operation is not visible from any vantage point in Green Valley, the 
mine tailings have created several large graded slopes with small plantings of vegetation.  
These light-colored tailings form a prominent ridge along the western edge of Green Valley. 
 
Just before the river reaches Tucson, the white towers and walls of the San Xavier Mission can 
be seen in the foreground.  This large mission served as a beacon for many travelers since it 
was built in 1790.  The tribal land that surrounds the mission has been relatively untouched and 
stately saguaro cactus stand tall above the bushy palo verde. 
 
The west branch of the Santa Cruz River stems from Black Mountain which stands above the 
level plain of the valley just south of the San Xavier Mission.  The west branch does not reach 
the main stem until just south of Sentinel Peak and Tumamoc Hill, but much of the water has 
been diverted out of the channel, and it sits as a dry wash.  Near Sentinel Peak, this branch of 
the river was artificially filled in the 1960s to create Mission Road. 
 
Near Sentinel Peak, the river enters the urban environment of metropolitan Tucson where it 
becomes an improved channel defined by reinforced banks. Downtown Tucson buildings are 
visible just east of the river channel near Sentinel Peak and Tumamoc Hill.  Tucson is a 
sprawling, low-density metropolitan area that straddles the river for many miles.  The majority of 
the urban area is located east of the channel in a basin defined by the Tucson, Santa Catalina, 
and Rincon Mountains.  As it passes through the Tucson area, the river flows near popular 
urban parks such as Christopher Columbus Park.  Like many urban parks in Tucson, 
Christopher Columbus Park contains a large pond, but is landscaped with natural shrubs rather 
than turf grass.  Several golf courses are scattered near banks of the river and their green turf 
forms a sharp contrast with the otherwise xeric vegetation. 
 
Looking westward from the Tucson segment of the river, the Tucson Mountains form a colorful 
and jagged profile.  These mountains were formed from thick deposits of colorful ash and the 
purple, buff, and reddish rocks make a spectacular silhouette at sunset.  The most prominent 
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peak of the Tucson Mountains is Wasson Peak.  In the foreground are mostly low-lying 
residential areas and golf courses.  To the east, the Rincon Mountains stand with their rounded 
peaks.  Mica Mountain is the most prominent feature of the Rincon range.  In the foreground are 
downtown Tucson and the brick red buildings of the University of Arizona campus.  To the north 
and east, Tucson is cradled within the high peaks of the Santa Catalina Mountains.  Deeply 
incised canyons are prominent on the south-facing slopes of the mountains.  Under the 
jurisdiction of the U.S. Forest Service, these canyons hold many of Tucson’s most valuable 
recreation areas including Sabino Canyon.  A hike down Sabino canyon offers towering cliffs 
and a lush riparian area.  Residential development has expanded to the very edge of these 
beautiful protected open spaces.  Mount Lemmon is the tallest peak in the Santa Catalina 
Mountains, and is often covered in snow during the winter months. 
 
As the river flows north from Tucson, it turns in a northwesterly direction.  In northwest Tucson, 
two tributaries, the Canada del Oro and Rillito Creek, join the Santa Cruz River.  A wide flat 
plain known as the Santa Cruz Flats stretches to the north after this confluence.  As the river, 
dry except for during large storms, continues to travel through these low-lying plains, the 
Picacho Mountains to the north and the Sawtooth Mountains to the west are easy to distinguish. 
 
Irrigated agricultural fields (largely cotton) begin to dominate the landscape as the river, now a 
system of normally dry washes, approaches Casa Grande.  On the southern horizon, several 
mountain ridges can be seen including those of the Casa Grande, Sawtooth, and Silver Reef 
Mountains.  To the north, the Sacaton Mountains indicate the boundary of the Gila River Indian 
Reservation.  The Santa Cruz Wash continues westward from the Santa Cruz Flats and empties 
into the Gila River within the Gila River Indian Reservation. 
 
7.7- Demographics 
 
The following paragraphs provide an overview of demographics for the study area.  Specific 
items addressed include population growth trends, labor force and employment sectors, and 
racial composition. 
 
7.7.1 - Population Growth Trends by Jurisdiction 
 
The population of Pima County has grown sharply in recent years, going from 531,443 in 1980 
to 843,746 in 2000, an increase of 59% in 20 years.  The population is expected to rise to 
1,206,244 by the year 2020. The current regional population is approximately 821,712 located in 
about 367,000 housing units. Since 1990, the region grew by about 174,500 new residents and 
68,500 new housing units (AZDEC, 2001). This translates into about 17,500 new residents each 
year, and about 6,850 new units annually. Table 7J presents projections of population growth 
for Tucson, Oro Valley, Marana, South Tucson, Sahuarita, unincorporated Pima County 
(including Green Valley), and the San Xavier District of the Tohono O’odham Nation (PAG, 
1999). 
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Population projections to the year 2020 indicate the region will grow roughly 2 percent annually, 
which translates into about 330,000 new residents and 147,000 additional dwelling units 
regionally. This equates to about 15,000 to 18,000 new residents per year, and about 6,000 to 
8,000 new housing units annually. At an average density of two residential housing units per 
acre and considering streets and other support services, 7,000 new residential units per year 
will consume approximately 7.2 square miles of land per year.  
 
For unincorporated Pima County, the current estimated population is 305,059, and is expected 
to increase by about 158,000 in the year 2020 (for a total of 463,000). Unincorporated Pima 
County currently contains about 129,000 dwelling units, and to accommodate the projected 
population increase, 70,000 additional units may be needed (for a total of 199,000 units). If 
present low-density residential housing trends continue approximately 70 square miles of urban 
area will be needed to accommodate this unincorporated population growth.  
 

Table 7J - Population Growth by Jurisdiction in Pima County 
Jurisdiction 1980 1990 1997 2000 % 

Increase 
(1980-
2000) 

% Annual 
Increase 

(1980-
2000)* 

% 
Projected 

Growth 
(2000-
2020) 

Tucson 330,537 405,390 452,836 486,699 47.2% 2.4% 21.2% 

Oro Valley 1,489 6,670 22,453 29,700 1,894.6% 94.7% 99.9% 

Marana 1,647 2,187 6,831 13,556 723.1% 36.2% 464.7% 

South Tucson 6,554 5,093 5,565 5,490 -19.4% -1.0% 30.3% 

Sahuarita ***154 1,629 2,445 3,242 2,005.2% 100.2% 225.8% 
Unincorporated Pima 

County** 191,216 247,540 299,430 305,059 59.5% 2.9% 51.7% 

Total Pima County 531,443 669,139 789,650 843,746 58.8% 2.9% 43.0% 

San Xavier District*  1,172 1,153  -1.6%% -0.2%  
*% increase for San Xavier calculated for 1990-1997 timeframe 
** includes Green Valley 
***Value generated using 6% growth rate for pre-1990 timeframe 

Table generated from information provided by PAG, 1999 and the AZDES 2000 census data. 
 
Within the City of Tucson, approximately 30 percent of the land area is vacant or 79 square 
miles. If fully developed, it may be possible to accommodate up to 250,000 additional residents. 
The Town of Marana has estimated that an additional 40,000 housing units have been approved 
in the adopted specific plans within the Town. These plans include Acacia Hills in the Linda 
Vista/Interstate 10 area, Continental Ranch (along Silverbell Road), and Dove Mountain (north 
of Tangerine).  In the Town of Sahuarita, the Rancho Sahuarita specific plan has been approved 
for over 10,000 dwelling units. There appears to be sufficient development capacity based on 
existing or planned zoning to accommodate almost twice the planned population increase in the 
next 20 years.  The town of Sahuarita was incorporated in September 1994 and a special 
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census in 1995 counted 2,159 residents. Few population records exist for Sahuarita, and growth 
rates prior to the town incorporating are estimated at six percent per year. 
 
As of this writing, there are efforts underway to incorporate numerous different portions of 
unincorporated Pima County as a result of a 1997 change in the state incorporation laws that 
specifically affected Pima County.  Depending on the results of these incorporation efforts, the 
population of unincorporated Pima County could be significantly reduced as new towns and 
cities are created. 
 
7.7.2 - Population Growth Trends by Age 
 
Table 7K provides a breakdown of population in Pima County by age group. Figure 7H presents 
a chart summarizing the data in Table 7K and shows predicted trends in age of Pima County’s 
population.  As seen in the table, a high percentage of Pima County’s population (15%) occurs 
within the college age group (age 20 to 29) reflecting the presence of the University of Arizona.  
A high percentage (19%) also occurs within the over 60 age groups, reflecting Pima County’s 
reputation as a choice retirement location.  Much of the retirement age population is centered 
within the retirement areas of Green Valley and Sun City Vistoso located at the very southern 
and northern limits, respectively, of the Santa Cruz River valley within Pima County. 
 

Table 7K - Population Breakdown by Age 
Age Group 2000      % of Total 2020      % of Total 2045      % of Total 

0 to 9 114,748 14% 156,186 13% 218,420 13% 
10 to 19 121,132 14% 143,125 12% 202,571 12% 
20 to 29 121,882 14% 170,951 15% 228,939 14% 
30 to 39 118,190 14% 144,207 12% 196,248 12% 
40 to 49 122,278 14% 125,028 11% 176,137 11% 
50 to 59 92,284 11% 134,058 11% 168,349 10% 
60 to 69 65,955 8% 141,308 12% 158,024 10% 
70 to 79 57,261 7% 99,420 9% 151,153 9% 

80 + 30,016 4% 54,154 5% 128,126 8% 
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Table generated from information provided by PAG, 1999 and the AZDES 2000 census. 

Figure 7H – Projected Population Trends in Pima County 
 
 
7.7.3 - Labor Force and Employment Sectors 
  
The 1997 Pima County civilian labor force is estimated to be approximately 379,300 people, 
roughly 50% of the total county population.  The current unemployment rate is approximately 
3.1%.  Employment grew at a rate of approximately 3.9% between 1992 and 1996, however 
growth has slowed recently and is expected to range from 2 to 3% through the year 2000.   
 
Tucson has historically relied on mining, ranching, farming, and tourism for much of the private 
sector basis of its economy.  Military and government employment play a large role for the area 
as well.  Of the top 25 employers in Pima County in 1997, 15 of those are public sector 
employers accounting for 20% of the total employment base.  Table 7L shows the distribution of 
employment in Pima County by sector. 

Pima County Population Distribution by Age Group 
(Pima Association of Governments)
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Table 7L - Pima County Employment by Sector 

Employment Sector 
Employment March 

1997 
Percent of 

Total 
Manufacturing 29,100 9.16% 

Mining 2,400 0.76% 
Finance, Insurance & Real Estate 12,700 4.00% 

Construction 18,000 5.67% 
Trade 69,300 21.82% 

Government 73,100 23.02% 
Services 99,800 31.42% 

Transportation, Communications & Public Utilities 13,200 4.16% 
TOTAL 317,600 100.00% 

Source: Pima Association of Governments, Tucson Metropolitan Community Information Database  
 
 
7.7.4 - Racial Composition 
 
Until the mid-1800's the Santa Cruz River Valley was part of Mexico.  The Gadsen Purchase of 
1854, which brought the valley under U.S ownership, solidified, rather than deterred, the 
Mexican presence in the valley by offering the hope of protection from Apache raids and other 
natural and man-made threats.  As a result the demographics of the valley strongly reflects the 
Mexican heritage of the area, with approximately 29.3% of the Pima County population listed as 
being of Hispanic background by the 2000 census, compared with 12.5% nationwide. Table 7M 
below shows the racial composition of the population of Pima County (1990. 
 
 

Table 7M - Racial Composition of Pima County Population 
Racial Category % Composition in Pima County, Arizona 

White 59.3 
Hispanic 29.3 

African American 3.0 
Native American 3.2 

Asian/Pacific Islander 2.0 
Other Races 3.2 

Source: PAG, Census 2000 Counts and Population Information 
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7.7.5 - Social Perspectives on the River Environment 
 
The present day social structure of Pima County is influenced by its Spanish, Mexican and U.S. 
heritage.  Many residents have long associations with the Tucson area but there is also a 
continuing influx of new residents from the eastern, northern and other parts of the country who 
are drawn to the area by the temperate climate, desert environment and wide-open spaces. 
 
Modern day Tucson has seen considerable changes along the Santa Cruz River and its major 
tributaries.  As indicated in Section 2.3, Study Area Description and Trends, excessive 
groundwater pumping and the attendant drop in groundwater levels has had an adverse effect 
on many stream segments by depriving riparian vegetation of needed water.  Along reaches 
such as the Santa Cruz River at San Xavier Mission and Sentinel Peak where water once 
flowed perennially and supported substantial growths of cottonwoods, mesquites and other 
phreatophytes, the river bed is now devoid of any substantial growth of vegetation.  Recently 
there has been a renewed interest in recreating riparian environments along the Santa Cruz 
River and its tributaries and in recreating and commemorating historic conditions along these 
streams.  Many within the community yearn to recreate the days when portions of the Santa 
Cruz River ran perennially, including redevelopment of the associated riparian and aquatic 
habitat.  
 
Currently Pima County and the City of Tucson are both interested in pursuing multiple-benefit 
water projects along the Santa Cruz River.  A potential site has been identified from Irvington 
Road to Grant Road to recognize the important role that water has played in the culture and 
history of the area.  The project concept includes community gardens and constructed wetlands 
and would integrate water features in a number of projects that have a historical context.  
Another proposed project on the Rillito River would enhance and expand a mesquite bosque 
near the Craycroft Road crossing and restore the historic irrigation canal that supported the 
bosque.  In the San Xavier District, the Tohono O’odham endeavor to restore the mesquite 
bosque that existed in the area as late as the 1960's.  These potential multi-use projects are 
discussed further in Section 12, Preliminary Project Concepts. 
 
Many stream segments have been modified to stabilize the banks and beds of the streams 
against erosion, particularly in the urban areas.  Other segments have been widened and/or 
deepened to increase their carrying capacity.  Early efforts at such improvements resulted in a 
somewhat sterile and aesthetically unattractive appearance along the river corridors.  As 
methods of making these improvements matured, environmental and recreational components 
were included in the planning and design of such projects.  Some improvements included 
landscaping with native and other low-water use plants, construction of pedestrian and bicycle 
paths, playgrounds and plaza areas which memorialize and celebrate Tucson and Pima 
County’s history through interpretive exhibits.   
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As a result of erosion protection and flood control efforts, plans have been developed over time 
to connect and expand upon the existing projects to provide a continuous linear park system 
through the river basin.  This park system would provide unbroken pedestrian, bicycle, and in 
some locations, equestrian access from Marana and Oro Valley at the north end of Pima 
County, to Green Valley at the south end of the county.  This River Parks System is discussed 
in more detail in section 4.2.3, Pima County River Parks. 
  
Variations in demographics along the river may dictate variation in the design of such facilities.  
Amenities aimed at older populations are needed in such areas as Green Valley where 
retirement age groups predominate.  Recreation oriented facilities are needed in areas where 
families with children predominate such as the portions of the Santa Cruz and Rillito Rivers 
through the City of Tucson and other developed areas. 
 
Concern for the condition of the riparian system has been expressed by the community in other 
ways as well.  In 1991 the City of Tucson adopted the Watercourse Amenities, Safety and 
Habitat (“WASH”) Ordinance, which identifies urban washes requiring special protection 
measures to prevent destruction of riparian habitat associated with development.   The City’s 
Environmental Resource Zone (“ERZ”) Ordinance provides similar protection for other riparian 
areas within the City.  Pima County’s Floodplain and Erosion Hazard Management Ordinance 
includes provisions (Article 10) to “…enhance wildlife and recreation values by preserving 
riparian vegetation along watercourses and floodplains…”  In July 1997, the City of Tucson 
adopted the Native Plant Preservation Ordinance to protect and mitigate effects of development 
on native vegetation. 
 
7.8 - Recreation 
 
The Santa Cruz River watershed includes many federal, state, county, and local recreational 
areas and facilities that serve the local population and attract visitors from outside the region. 
There are several notable recreation areas in the Santa Cruz watershed including Saguaro 
National Park, Sabino Canyon in the Coronado National Forest, and the Santa Catalina and 
Santa Rita mountain ranges, which rim Tucson to the north and south respectively.  With the 
exception of the Tucson Urban Reach, most of the main stem of the Santa Cruz River is not 
developed for recreational use.   
 
Pima County Flood Control District has been actively constructing River Parks along the 
County’s major washes and drainage ways as part of the Pima County River Parks Master Plan 
(Master Plan). The most recent update of the Master Plan was in December of 1996.  The 
overall goal of the Master Plan is to establish a continuous river trails system along the 
approximately 100 linear river miles existing in the Santa Cruz River, Rillito River, Tanque Verde 
Creek, Pantano Wash, and Canada del Oro Wash. 
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The City and Tucson and Pima County have developed an extensive system of foot and bicycle 
trails throughout the watershed and the city of Tucson.  Currently, the Tucson area contains 346 
miles of bike lanes, paths, and routes, with a projected need for an additional 682 miles of trails 
through 2020. The City of Tucson and Pima County are continuing to cooperate on the 
development of a bicycle trail system within the urbanized areas of Tucson. Although the 
majority of the bike system needs will be met through arterial and collector roadway 
improvements, some expansion may take place within the linear parks along the main stem of 
the Santa Cruz River (see Section 4.2.3). 
 
The greater Tucson area includes several historical parks and trails linking the Juan Bautista de 
Anza National Historic Trail, Mission San Xavier del Bac, Fort Lowell, the Buenos Aires National 
Wildlife Refuge in southern Pima County and the Cienega Creek Natural Preserve. Many of 
these historic areas and routes are being restored to their former condition described by 
traveling explorers and settlers. 
 
7.9 - Cultural Resources 
 
Cultural resources are defined as prehistoric and historic sites, structures, and districts, or any 
other physical evidence associated with human activity considered important to a culture, a 
subculture, or a community for scientific, traditional, religious, or any other reason.  For the 
purposes of description, the cultural resources of the Santa Cruz River watershed have been 
divided into two types: 
 
 • Archaeological resources (includes pre-historic and ethnohistoric resources up to the 

EuroAmerican influence of 1690) 
 

• Historic resources. 
 
The majority of the data in this section was obtained from the Arizona Stream Navigability Study 
for the Santa Cruz River (SFC, 1996) that is incorporated by reference for this section, and is 
summarized below. 
 
7.9.1 - Cultural Setting 
 
The PaleoIndian Period (11,500 - 8500 B.C.) corresponds with the final retreat of the Wisconsin 
glaciation at the end of the Pleistocene.  This is the period of big-game hunters and their quest 
for mega-fauna (many now extinct).  Isolated Clovis projectile points have been recovered in the 
past in Avra Valley west of Tucson, and from the surface of the Valencia site.  While no distinct 
PaleoIndian sites have been recorded in the study area, the potential exists along watercourses 
where sites may be buried by alluvial sediments. 
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The Archaic Period in the Santa Cruz River watershed, Arizona, dates from approximately 7000 
B.C. to 300 A.D.  The Early and Middle Archaic stages, also known as the Sulpher Spring 
(7500-3500 B.C.) and Chiricahua (3500-1500 B.C.) stages, were cultures associated with plant 
food gathering and processing rather than hunting.  Excavations have documented base camps 
from these cultures within the lower bajadas of the Picacho Mountains in Santa Cruz County, 
and the Santa Cruz Flats in Pinal County.  These cultures were probably small, mobile groups 
that moved seasonally in response to resource availability.  The Late Archaic stage, also known 
as the San Pedro (1500 B.C. to 100 B.C.) stage, shows a change in mobility patterns and 
subsistence practices.  The Late Archaic camps include permanent buildings, and large storage 
pits that contained maize (corn).  The camps were located on the Santa Cruz River floodplain 
itself.  Identified camps include Matty Canyon, Milagro, and Tator Hills (see Table 7N).  The truly 
sedentary lifestyle however did not occur until the Hohokam culture developed. 
 
The Agua Caliente phase (ca. 50 B.C. - A.D. 425) is the transitional phase from the Archaic and 
Hohokam traditions.  During this phase, cultures showed a dependence on maize, and began to 
create new ceramic and lithic technology as well as large, permanent houses.  Pottery from this 
phase was used predominately for storage purposes, probably of shelled corn (West and 
Whittlesey, 1996).  This phase is represented by the Houghton Road, El Arbolito, Coffee Camp, 
and Square Heath sites (see Table 7N).   
 
Early Hohokam culture developed about 300 A.D.  The cultural development of this tribe is 
divided into four periods: Pioneer (A.D. 425-750), Colonial (A.D. 750-950), Sedentary (A.D. 950-
1150), and Classic (A.D. 1150-1400).  The divisions represent ceramic advancements and 
variations in architecture and other material culture.  During the Pioneer period, red-slipped 
pottery was introduced, trade became evident and villages containing permanent winter 
structures, as well as temporary summer hamlets, evolved.  This early period is represented by 
the Lonetree, Rabid Ruin, Valencia, Dairy Site, Hodges Ruin, Paloparado, Hodges Ruin, and 
Redtail Village sites (see Table 7N).  The Colonial Period ruins suggest villages that included 
permanent and temporary housing, and ballcourts.  Ballcourts show the Mesoamerican sphere 
of influence, and exhibit evidence that the Hohokam were highly organized at both the village 
and regional level (Naylor, 1986).  Ballcourts from this period are documented at Rosemont, 
Fastimes, Waterworld, and Los Morteros (see Table 7N).  The Colonial culture practiced 
seasonal floodwater farming using runoff from the arroyos or gullies of the surrounding area. 
During this period, a distinctive cremation mortuary ritual developed that included ceramic 
paraphernalia (West and Whittlesey, 1996). The Sedentary period was a time of population 
growth and expansion.  Sites that represent this period include Valencia, West Branch, Hodges 
Ruin, Tanque Verde Wash, Punta de Agua, (see Table 7N).  Many of these sites are located 
away from the floodplain and this is attributed to the Santa Cruz River’s entrenchment and 
cienega formation.  The Classic Period showed a shift to larger sites with contiguous pueblo 
structures as represented by excavations at El Viento, Gecko, Los Rectangulos, Martinez Hill, 
Tumamoc Hill, Black Mountain, Jackrabbit Ruin, Marana Platform Mound, and Sabino Canyon 
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Ruin (see Table 7N).  Agave cultivation and processing begins during this period (West and 
Whittlesey, 1996). 
 
The protohistoric period (A.D. 1400 to 1700) represents a transition from pre-history to the 
historic period.  By 1450, the Hohokam culture had largely collapsed and the villages, irrigation 
systems, and ballcourts were abandoned (Naylor, 1986).  The reason for the collapse is still 
under speculation.  It is during this time period that the “trincheras” or small rock terraces were 
built along the contour of hillslopes, as represented by Cerro Prieto northwest of Tucson (see 
Table 7N).  Their purpose also lacks an explanation.  During the protohistoric period, the Pima 
Culture filled the void of the Hohokam passage using much of the same regional homeland.  
The Pima culture is divided into the Papago (also called the Tohono O’odham), Sobaipuri and 
Gileño tribes (together called the Aikmel O’odham).  It was the Pima culture that Spanish 
explorers like Kino described when they first explored the area in the 1690s. 
 
The transition to the Spanish Colonial period (1690-1854) would cause drastic changes in 
lifestyles for the Native peoples.  The Spanish program for creating an empire in the northern 
provinces was based on creating a few major social institutions: the “Presidio” (military fort), the 
real de minas (mining town), the hacienda (cattle ranch and/or plantation), and the mission 
(church).  Once these institutions were established, smaller homesteads, mines, and 
commercial areas would develop in the vicinity.  Many of these Spanish institutions were 
created under the guidance of Eusebio Francisco Kino (see Section 7.9.3). Using the forced 
labor of the tribes, the area was mined heavily for its silver and gold, and exporting natural 
resources from the area became a major enterprise (Polzer, 1986).  During the mid-1700s, 
Apaches began to raid the area, leveling a devastating blow to the area’s Pima and Spanish 
inhabitants.  Eventually, the local tribes promised to be allies to the missionaries against the 
Apaches in return for cattle, horses, sheep, goats, wheat and other produce, which would alter 
their diet and lifestyle significantly.  Throughout Spanish rule, the native tribes of the area would 
slowly decrease due to the fights with Apache neighbors, and the diseases brought from the 
Spanish-sponsored civilians, soldiers, and missionaries. 
 
Although the mission system introduced great changes, more profound negative changes 
resulted when the mission ceased to have political and economic authority because of the 
Mexican government’s secularization of the Mission system in 1834.  This political change 
introduced private Mexican land grants, which created vast agricultural and cattle rancheros 
under the control of a few wealthy Mexican government loyalists. 
 
After the Gadsden Purchase in 1854 (see Section 7.9.3), the area came under American rule, 
and the Anglo-American population in the area began to expand.  The Mexican land grants 
were gradually bought out or otherwise obtained by Anglo-American ranchers and farmers.  In 
the 1870s, the Pima Tribes, Mexicans, Anglos, and the peaceful Apaches depended on each 
other for their very survival and this interdependence became a major characteristic of the 
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region.  With the arrival of U.S. military troops in 1857, the threat of Apache attacks subsided 
and fields and pastures began to expand outside the Presidio’s walls.  
 
The Tribes were relegated to reservation lands soon after the Arizona territory was purchased.  
The San Xavier Indian reservation lands were established for the tribe by Ulysses S. Grant in 
1874.  The Tohono O’odham reservation was established for the tribe between 1911 and 1940.  
The traditional lifestyle still carries on in these proud tribes whose history stretches back 10,000 
years. 
 
 
7.9.2 - Archaeological Resources 
 
Archaeological resources are places where human activity has measurably altered the earth or 
left deposits of physical remains.  Archaeological resources may be either prehistoric (before 
the introduction of writing in a particular area) or historic (after the introduction of writing). The 
majority of such places in the Santa Cruz River watershed are associated with Native American 
occupation of the area.  The most frequently encountered prehistoric and early historic Native 
American archaeological sites are village settlements with residential areas and sometimes 
cemeteries; temporary camps occupied where food and raw materials were collected; smaller, 
briefly occupied sites where tools were manufactured or repaired; and special-use areas like 
caves, rock shelters, and sites of rock art. 
 
The use of the Santa Cruz River watershed by several traditional cultures prior to the Spanish 
Colonial Period (1691-1854) is evident by the many archaeological sites that have been 
excavated (see Table 7N, which constitutes only a sample).  Excavations have been sponsored 
in the study area by the National Park Service, State Historic Preservation Office, National 
Science Foundation, Arizona State Museum, Bureau of Reclamation, City of Tucson, University 
of Arizona, and others (SFC, 1996).  The archaeological resources discovered during these 
excavations have helped document the traditional lifestyles of the cultures that have lived in the 
valley. 
 

Table 7N – Archeological Resources of the Santa Cruz River Watershed, Arizona 

Site Name Approximate Location in Watershed Site Description 

Santa Cruz Main Stem and West Branch, Pima County 

Punta de Agua Main Stem, Near San Xavier del Bac, Reach 4 Pithouses, Ceramics  

Black Mountain South of San Xavier del Bac Mission, Reach 4 Rock walls, Petroglyphs, Stone 
enclosures  
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Table 7N – Archeological Resources of the Santa Cruz River Watershed, Arizona 

Site Name Approximate Location in Watershed Site Description 

West Branch Near confluence of Main Stem and West Branch of the 
Santa Cruz River, Reach 4 

Pithouses types, Ceramics, Tools, 
Pigments  

Martinez Hill Ruins  Near confluence of Main Stem and West Branch of the 
Santa Cruz River, Reach 4 Room blocks  

Valencia Near confluence of Main Stem and West Branch of the 
Santa Cruz River, Reach 4 Ceramics  

Square Hearth Ruin Near the confluence of the Rillito and Santa Cruz River, 
Reach 4 Pithouses, Storage pits, Ceramics  

Hodges Ruin Near the confluence of the Rillito and Santa Cruz River, 
Reach 4 Structures, Ballcourt, Ceramics  

Santa Cruz Bend Near the confluence of the Rillito and Santa Cruz River, 
Reach 4 Pithouses, Central Big House 

Tumamoc Hill  West of downtown Tucson, Reach 4 Pithouses, Ceramics  

Brickyard West of downtown Tucson, Reach 4 Not Described 

Rabid Ruin Near  the confluence of the Rillito and Santa Cruz River, 
Reach 4 Pithouses, Cremation site, Ceramics  

Lonetree Near  the confluence of the Rillito and Santa Cruz River, 
Reach 5 Ceramics  

Redtail Near  the confluence of the Rillito and Santa Cruz River,  
Reach 5 Structures, Ballcourt 

Los Morteros Near  the confluence of the Rillito and Santa Cruz River,  
Reach 5 Ballcourt, Canal system  

Dairy Site Near  the confluence of the Rillito and Santa Cruz River,  
Reach 5 

Pithouses within a compound, Ballcourt, 
Ceramics, Canals  

Cortaro Fan Site Near Marana along Main Stem, Reach 5 Not Described 

Marana Platform 
Mound North of Marana along Main Stem, Reach 5 Pithouses within a compound 

Pantano Wash and cienega Creek, Pima County 

Matty Canyon Near confluence of Pantano Wash and cienega Creek Pithouses, Storage pits, Fire-cracked 
rocks, Middens, Cremation areas 

Cienega Creek Near confluence of Pantano Wash and cienega Creek Pithouses  

Rosemont Ballcourt West of cienega Creek Ballcourt 



Santa Cruz River Watershed Management Study Final Feasibility Report and Appendices  
 

 
7.0 Environmental Resources 7-53 August 2001 

Table 7N – Archeological Resources of the Santa Cruz River Watershed, Arizona 

Site Name Approximate Location in Watershed Site Description 

El Arbolito Between cienega Creek and the main stem of the Santa 
Cruz Pithouses, Ceramics  

University Indian 
Ruin Eastern terrace of Pantano Wash Room blocks  

Tanque Verde Creek and Agua Caliente Wash, Pima County 

Tanque Verde Ruins Along Tanque Verde Creek Pithouses, Ceramics  

Milagro Site Along Tanque Verde Creek Pithouses, Storage pits, Fire-cracked 
rocks, Middens, Cremation areas  

Houghton Road Site Near confluence of Tanque Verde Creek and Agua 
Caliente Wash Pithouses, Ceramics  

Whiptail Site Along the Agua Caliente Wash Not Described 

Rillito Creek and Northern Tributaries, Pima County 

Ventana Canyon Within Ventana Canyon, north of Rillito Creek Not Described 

La Paloma North of Rillito Creek near Finger Rock Not Described 

Sabino Canyon 
Ruins  Within Sabino Canyon, north of Rillito Creek Pithouses within a compound 

Brawley Wash, Pima County 

Fastimes  Near confluence of Brawley Wash and the Main Stem of 
the Santa Cruz River Pithouses, Ballcourt 

Water World Between Brawley Wash and the Main Stem of the Santa 
Cruz River Pithouses, Ballcourt 

Hawk’s Nest Between Brawley Wash and the Main Stem of the Santa 
Cruz River Pithous es, Pollen 

Jackrabbit Ruin East of Brawley Wash Hamlet 

Santa Cruz Main Stem, Santa Cruz County 

Paloparado Site East side of Main Stem, near Tubac Pithouses, Ceramics  

Santa Cruz Main Stem, Pinal County 
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Table 7N – Archeological Resources of the Santa Cruz River Watershed, Arizona 

Site Name Approximate Location in Watershed Site Description 

Cerro Prieto East of Main Stem, northwest of Tucson Pithouses  

Gecko Along Main Stem near McClellan Wash Village site 

Los Rectangulos  Along Main Stem near McClellan Wash Village site 

McClellan Wash, Pinal County 

Picacho Pass Near bend in McClellan Wash Not Described 

McClellan Wash Near bend in McClellan Wash Not Described 

Buried Dune Site North of McClellan Wash Evidence of a Short-term Field Camp 

Arroyo Site North of McClellan Wash Evidence of a Long-term Base Camp 

Gate Site North of McClellan Wash Evidence of a Base Camp 

Santa Rosa and Greenes Wash, Pinal County 

El Viento Between Greenes Wash and the Main Stem of the Santa 
Cruz River Village site 

Hotts Hawk Between Greenes Wash and the Main Stem of the Santa 
Cruz River Evidence of a Farmstead 

Tator Hills  Between Greenes Wash and the Main Stem of the Santa 
Cruz River 

Pit houses, Storage pits, Fire-cracked 
rocks, Middens, Cremation areas  

Coffee Camp Site Between Tator Hills and the Main Stem of the Santa 
Cruz River Single circular structure, Ceramics  

Shelltown Near confluence of the Santa Rosa Wash and the Santa 
Cruz River Pithouses,  Shells Fragments, Tools  

Hind Site Near confluence of the Santa Rosa Wash and the Santa 
Cruz River Pithouses,  Shells Fragments, Tools  

Source: SFC, 1996, West and Whittlesey, 1996. 
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7.9.3 - Historic Resources 
 
Historic resources are standing structures of historic or aesthetic significance.  Architectural 
sites dating from the Spanish Colonial Period (1690-1854) through the early years of the 
Depression (1929-1930) are generally considered for protection if they are determined to be 
historically or architecturally significant.  Post-depression sites may also be considered for 
protection if they could gain significance in the future.  Historic resources are often associated 
with archaeological deposits of the same age.  The majority of the data in this section were 
obtained from Celebrating Tucson’s Heritage (City of Tucson, 1996) that is incorporated by 
reference for this section, and is summarized below. 
 
One of the earliest missionaries to the area was Eusebio Francisco Kino who traveled the area 
in the 1690s.  He established many missions in the Santa Cruz River watershed including the 
Guevavi, San Agustin (at Tucson), Tumacacori, and San Xavier Missions.  The Guevavi 
Mission, established in 1701, is located just north of the international border along the Santa 
Cruz River and is no longer used.  The San Agustin Mission, established in 1757, was located 
on the west side of the Santa Cruz River, south of Congress Street in present-day Tucson.  The 
area was destroyed and converted to a landfill in the 1950s (SFC, 1996).  The Tumacacori 
Mission, established in 1691 along the Santa Cruz River in present-day Santa Cruz County, is 
not functional, but is protected as a National Historic Park.  The church from this mission is still 
recognizable.  The San Xavier Mission, established in 1691, is still in use today.  The Mission 
was designated an National Historic Landmark in 1963. 
 
Kino also oversaw the building of Presidios (military forts) at Tubac and Tucson.  Tubac, in 
Santa Cruz County, was established in 1752 to defend the area against raids by Native 
American tribes.  It is from this presidio in 1776 that Juan Bautista de Anza led an overland 
expedition to San Francisco.  By the mid-1800s, Tubac contained 150 to 200 structures, and 
was the largest mining and commercial center in the Arizona Territory (SFC, 1996).  The 
Presidio of San Agustin del Tucson was built between 1776 and 1783, but by the 1850s, it had 
fallen into disrepair.  However, many of the buildings can be seen today along a walking tour in 
the El Presidio Historic District of Tucson. 
 
The American vision of Manifest Destiny included the purchase of 30,000 square miles (77,700 
sq. km) of northwest Mexico after negotiations between Mexican President Antonio López de 
Santa Anna and South Carolina railroad magnate James Gadsden.  The purchase, named the 
Gadsden Purchase of 1854,  included Tucson and parts of New Mexico.  After becoming part of 
the American nation, many residential and commercial areas developed around what is today 
downtown Tucson.  Many of these Historic Districts have been listed by the National Register of 
Historic Places (NR), Arizona State Register of Historic Places (SR), or lie within a Local/City of 
Tucson Historic Preservation Zone (LHPZ; Table 7O).  The Tucson Metropolitan area also 
includes over 30 individually listed properties.  A partial list of historic properties includes the 
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Charles O. Brown House, San Pedro Chapel, Coronado Hotel, Pima County Courthouse, and 
several areas with features such as foundations, well shafts, latrines, and trash piles. 
 

Table 7O – Historic Districts within the Tucson Metropolitan Area, Arizona 

Name  Designation1 

Armory Park LHPZ 1974; NR 1976 

Barrio Historico LHPZ 1975; NR 1978 

Colonia Solana NR 1989 

El Encanto Estates Residential NR 1988 

El Montevideo NR 1994 

El Presidio LHPZ 1975; NR 1976 

Fort Lowell LHPZ 1978; NR 1978 

Menlo Park Survey Area NR 1992 

Sam Hughes Neighborhood NR 1994 

Iron Horse Expansion NR 1986 

John Spring Neighborhood NR 1989 

Speedway-Drachman NR 1989 

University of Arizona Campus  NR 1986 

West University NR 1980; LHPZ 1984 

San Xavier Environs LHPZ 1972 
1 National Register of Historic Places (NR), Arizona State Register of Historic Places (SR), or Local/City of 
Tucson Historic Preservation Zone (LHPZ) and year of designation 
Source: City of Tucson, 1996 

 
The U.S. military began building Fort Lowell along Rillito Creek in Tucson in 1873 to protect 
settlers from Apache raids.  A number of adobe homes were also built along the road to the Fort 
at the same time.  By 1891, the Apache threat subsided and the Fort was deactivated.  The Fort 
and part of Rillito Creek is now preserved as a Multiple Resource Area and the district is listed 
on the National Register of Historic Places. 
 
Another historical site, Picacho Peak, was the location of the largest Civil War battle in Arizona.  
The skirmish between Colonel Hunter, a Confederate, and General James H. Carleton from the 
Union, had little effect on the overall war.  However, Hunter did relinquish Tucson after the 
fighting, and Carleton imprisoned many of Tucson’s Southern sympathizers at Fort Yuma.  The 
area is now protected as Picacho Peak State Park in Pinal County. 
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7.9.4 - Regulatory Setting for Cultural Resources 
 
The Federal government has developed laws and regulations designed to protect cultural 
resources that may be affected by actions undertaken, regulated, or funded by Federal 
agencies.  Most of these are based on the National Environmental Policy Act (NEPA) and 
National Historic Preservation Act (NHPA). 
 
The Proposed Action must comply with NEPA and the NHPA.  The NHPA provides a detailed 
process by which the assessment of impacts on archaeological and historical resources, as 
required by the Act, is implemented.  According to NHPA, three steps are required for 
compliance: 1) identification of significant resources that may be affected by an undertaking; 2) 
assessment of project impacts on those resources; and 3) development and implementation of 
mitigation measures to offset or eliminate adverse impacts.  The National Historic Preservation 
Act is summarized below. 
 
The National Historic Preservation Act of 1966 establishes the National Register of Historic 
Places (or “National Register”) and defines the Section 106 process requiring Federal agencies 
to consider the effects of an action and provide the Advisory Council the opportunity to comment.  
Criteria for determining eligibility of cultural resources for listing in the National Register are provided in 

Code of Federal Regulations 36 CFR Part 60.  The Section 106 review process is administered by 
the Advisory Council on Historic Preservation and is further defined in 36 CFR Part 800. 
 

Definition and Use of Significance Criteria 
 
In accordance with the National Historic Preservation Act of 1966 (recently revised in December 

2000)...Regulations 36 CFR 800.5, criteria of adverse effect, impacts to cultural resources are 
considered significant if one or more of the following conditions would result from 
implementation of the Proposed Action. 
 
(a) An undertaking has an effect on a historic property when the undertaking may alter 
characteristics of the property that may qualify the property for inclusion in the National 
Register.  For the purpose of determining effect, alteration to features of a property’s location, 
setting, or use may be relevant depending on a property’s significant characteristics and should 
be considered. 
 
(b) An undertaking is considered to have an adverse effect when the effect on a historic 
property may diminish the integrity of the property’s location, design, setting, materials, 
workmanship, feeling, or association.  Adverse effects on historic properties include, but are not 
limited to: 
 
 (1) Physical destruction, damage, or alteration of all or part   
 of the property 
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 (2) Isolation of the property from or alteration of the character of the property’s setting 
when that character contributes to the property’s qualification for the National Register 

 
(3) Introduction of visual, audible, or atmospheric elements that are out of character with 

the property or alter its setting 
 

(4) Neglect of a property resulting in its deterioration or destruction 
 

(5) Transfer, lease, or sale of the property. 
 
The “National Register Bulletin, Number 15, How to Apply the National Register Criteria for 
Evaluation” published by the U.S. Department of the Interior, National Park Service, recognizes 
different types of values embodied in districts, sites, buildings, structures, and objects.  These 
values fall into the following categories: 
 

Associative Value (Criteria A and B): Properties significant for their association or linkage 
to events (Criterion A) or persons (Criterion B) important in the past. 

 
Design or Constructive Value (Criterion C): Properties significant as representatives of 
the manmade expression of culture or technology. 

 
Information Value (Criterion D): Properties significant for their ability to yield important 
information about prehistory or history. 
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8. WATER RESOURCES 
 
Section eight provides a summary of findings from the Watershed Study’s investigations of 
water resources in the Santa Cruz River Watershed.  Specific issues addressed include water 
supply, groundwater, wastewater and effluent, Central Arizona Project water, surface water, 
stormwater, and water quality.  
 
8.1- Tucson Active Management Area 
 
Much of the discussion of water resources in Section 8 will describe water resources in the 
Tucson Active Management Area (TAMA).  The TAMA is the organizing unit for management 
and accounting of water resources and is one of five AMAs in the state that were established 
pursuant to the 1980 Groundwater Management Code. It covers 3,866 square miles in 
southeastern Arizona and extends beyond the limits of the study area (Figure 8A). 
 
The Tucson AMA is in the basin and range physiographic province characterized by broad, 
gently sloping alluvial basins separated by north to northwest trending fault block mountains. 
There are two groundwater sub-basins in the TAMA, the Avra Valley Sub-basin and the Upper 
Santa Cruz Sub-basin north of the Pima/Santa Cruz County line. The TAMA includes portions of 
Pima, Pinal and Santa Cruz Counties, and five incorporated cities and towns: Tucson, South 
Tucson, Oro Valley, Marana and Sahuarita. The Pasqua Yaqui tribal lands and part of the 
Schuk Toak District and the entire San Xavier District of the Tohono O'odham Nation are within 
the TAMA boundaries.  
 
TAMA has a statutory goal of achieving safe-yield by 2025. Safe-yield means that the amount of 
groundwater pumped from the aquifer on an average annual basis must not exceed the amount 
that is naturally or artificially recharged. The safe-yield goal is a basin-wide balance. This means 
that water level declines in one portion of the TAMA can be offset by recharging water in 
another part of the TAMA.  
 
8.2 - Water Supply 
 
The water supply for municipal and industrial use throughout the study area comes principally 
from groundwater pumping.  Aside from groundwater, water sources available within the study 
area include reclaimed water (treated effluent) and water from the Central Arizona Project 
(CAP).  
 
In 1881 the privately owned Tucson Water Company began operating and delivering the first 
piped water into town. The water was pumped from a well on the banks of the Santa Cruz River 
and flowed by gravity into the distribution system. In 1900, the City of Tucson purchased the 



Santa Cruz River Watershed Management Study Final Feasibility Report and Appendices  
 

 
8.0 Water Resources 8-2 August 2001 

Tucson Water Company.  In 1998, Tucson Water serves nearly 600,000 customers within a 300 
square mile area, covering most of the study area.  
 
Tucson’s water resources plan identifies four major water resources for study and development 
over a 110-year planning period: water conservation, Central Arizona Project (CAP) water, 
effluent (treated wastewater), and groundwater. In 1992, Tucson Water delivered CAP water to 
some customers that was unacceptable. This problem led Tucson to modify its water resources 
plan to allow more study of the best use of CAP water. Tucson Water is currently making use of 
CAP water by selling it to local farmers, and has developed several recharge projects to 
augment the groundwater supply.  
 
Total water use in the TAMA is currently about 314,000 acre-feet (AF) per year. Groundwater is 
the primary water supply. Effluent is served to some golf courses, parks and schools. Central 
Arizona Project Water (CAP) is used by some farms in-lieu of groundwater pumping and is also 
recharged to the aquifer in spreading basins for recovery in the future. Roughly 50 percent of 
the total water supply is mined groundwater. Municipal use accounts for nearly half of the total 
water use and agricultural use accounts for approximately one-third. The remaining water use 
includes major copper mines and miscellaneous other industrial well owners (20%) and small 
domestic wells (1%).  
 
8.3 - Groundwater 
 
Groundwater conditions vary over time due to the amount of water added to, or taken from, the 
groundwater system.  Because groundwater moves very slowly underground, the effects of both 
pumping and recharge can have long term effects on the shape of the water table.  Pumping 
tends to cause cones of depression in the groundwater table, while recharge tends to create 
mounds.  A discussion of the geological characteristics of the aquifer is provided in Section 9.4 
Groundwater Aquifer. 
 
Groundwater pumping intensified in the 1940’s and 50’s and has continued since that time.  By 
1965, water level contours were deflected by groundwater pumping for municipal use in 
Tucson’s central wellfield.  Groundwater levels in Tucson Water's central wellfield have fallen as 
much as 200 feet since 1940, creating a large cone of depression underlying the city.  Typical 
declines in the central wellfield have been around 3 to 4 feet per year.  By 1982, a cone of 
depression had developed around Green Valley due to increased pumping by local copper 
mines, with isolated declines reported up to 160 feet since 1940.  
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Figure 8A – Tucson Active Management Area Boundaries and Potential Well Yields 
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While in general, groundwater water levels have declined through most of the study area, some 
areas are experiencing water level rises.  Effluent flows in the Santa Cruz River just north of 
Tucson have contributed to rising water table levels in the area.  New recharge projects include 
the Pima Mine Road Recharge Project and the Sahuarita-Green Valley Area Recharge Project 
in the San Xavier District that both recharge CAP water. 
 
Groundwater level drops in Tucson Water's central wellfield have resulted in a large cone of 
depression in the groundwater table underlying the city.  Typical declines in the central wellfield 
have been around 3 to 4 feet per year.  A cone of depression also exists in the Green Valley 
area, with isolated declines reported up to 140 feet since 1940.  Since the early to mid 1980's 
there has been some recovery of the water levels between the southern AMA boundary and 
Green Valley.  Likewise, there has been some recovery of water levels in northern Avra Valley, 
which had historically declined up to 70 feet.  Water levels in the Canada del Oro basin have 
been relatively stable, despite an increase in groundwater pumping in that area.  
 
Future groundwater levels depend on the amount and location of groundwater pumping, CAP 
recharge efforts, direct use of CAP water by agriculture, industry and municipal users, direct use 
and recharge of treated wastewater effluent, and changes in water demand. 
 
 
8.3.1 - Groundwater Budget 
 
The Arizona Department of Water Resources prepared a water budget for the Tucson Active 
Management Area in 1995.  The budget reflects the balance of inflows and outflows from the 
aquifer in the study area. Table 8A presents the 1995 groundwater budget. 
 
 

Table 8A – 1995 Annual Groundwater Budget 
INFLOW 
Natural & Incidental Recharge, groundwater inflow 

+167,000 acre-feet 

OUTFLOW 
Municipal, agricultural & industrial pumpage, 
groundwater outflow 

-  330,000 acre-feet 

BALANCE 
(overdraft) 

-  163,000 acre feet 

Source: Arizona Department of Water Resources 

 
The groundwater budget shows a negative balance or overdraft.  The overdraft is the primary 
cause of groundwater level declines in the study area.  Some overdraft has occurred every year 
since the 1950’s. 
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8.3.2 - Effects of Groundwater Overdrafting 
 
A long-term effect of overdrafting is that water that took thousands of years to accumulate has 
been depleted in a much shorter time frame and is thus no longer available for current and 
future uses.  More immediate effects include loss in well productivity, increased pumping costs, 
change in water quality, and land subsidence. 
 
Loss in Well Productivity:  As water levels decline, well productivity decreases.  At lower depths, 
there is more clay and less space between the grains of the aquifer, making water more difficult 
and costly to extract. 
  
Increased Pumping Costs:  As the water table declines, more power is required to lift the water 
to the land surface, thus increasing the cost of pumping water.  Also, the construction of 
additional wells is required because of the lower productivity of the aquifer.  The new wells and 
higher power costs contribute to increased water rates. 
 
Change in Water Quality:  For the past fifty years, pumping has occurred in those parts of the 
aquifer that are the most productive and have the best water quality.  One indicator of water 
quality is the quantity of dissolved minerals in a sample of water, also known as total dissolved 
solids.  In the future, to avoid drilling new wells in the areas of greatest groundwater decline, 
pumping will have to occur in areas with higher dissolved solids. 
 
Land Subsidence:  Land subsidence is a result of aquifer compaction, which occurs when pore 
spaces close up after groundwater is withdrawn.  The aquifer is most susceptible to compaction 
and subsidence in areas where there is a high percentage of clay.  Sand grains on the other 
hand compact only slightly.  In the Tucson area, the greatest groundwater withdrawals have 
occurred in the sandy parts of the aquifer.  As pumping continues, the areas of the aquifer 
where most of the clay occurs will experience water level declines and compaction. 
 
Depletion of Surface Flows: Historical Records indicate the presence of perennial and 
intermittent surface flows in parts of the Santa Cruz River through Pima County where the 
groundwater table intersected with the channel bed. The existence of surface waters provided 
essential life requisites for vegetation types and supported migrating waterfowl.  Due in part to 
the decline in the groundwater table, surface flows now exist only in response to prolonged 
precipitation.  The decline of surface flows has caused the elimination of cienegas, riparian 
vegetation, the large mesquite bosque at San Xavier, and the associated wildlife associated 
with these habitats.  
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8.3.3 - On-Going Responses to Overdraft 
 
In response to the groundwater overdraft conditions, the Arizona Department of Water 
Resources pursues the following policies established through the 1980 Groundwater 
Management Act:  
 
Safe Yield: The goal of the Groundwater Management Act is to balance groundwater 
withdrawals with natural and artificial recharge by 2025.  This balance is called “safe-yield”. 
 
Conservation: The Act mandates water conservation for agricultural, industrial, and municipal 
water users in pursuit of safe–yield.   
 
Assured Water Supply: Under the Act, new subdivisions must demonstrate a 100-year supply of 
water.  The rules favor renewable water supplies (surface water) - a move towards safe-yield. 
 
Augmentation: The Arizona Department of Water Resources provides financial support for 
recharge, facilitates recharge projects, sponsors water banking to bring in excess CAP water, 
and cooperates with the Groundwater Replenishment District operated by the Central Arizona 
Water Conservation District. 
 
8.4 - Wastewater Effluent and Reclaimed Water 
 
The Arizona Water Quality Control Council has classified the Santa Cruz River as an effluent 
dominated watercourse from the Roger Road Wastewater Treatment Facility in Study Reach 4 
northward through the remainder of the study area and to the Baumgartner Road crossing in 
Pinal County (downstream end of Reach 6).  The “effluent-dominated” classification is for 
surface waters of primarily treated wastewater that flow for at least 75% of a typical year.  
Without the treated effluent flow, the Santa Cruz River channel in this area would have flows 
only in response to precipitation and stormwater runoff.  Figures 8B and 8C show treated 
effluent flows in the Santa Cruz River channel and the resultant riparian vegetation growth.  
Figure 2L (Section 2.0 – Study Area) shows an established effluent low flow channel within the 
larger Santa Cruz main channel near the Pinal County Line. 
 
8.4.1 – Treatment Facilities 
 
The Pima County Wastewater Management Division currently maintains eleven wastewater 
treatment facilities (WWTF), six of which are located along the Santa Cruz River.  
 
The Green Valley WWTF is located in Reach 2 roughly 1.5 miles upstream of the Nogales 
Highway bridge crossing.  The 2.1 MGD facility was constructed in 1981 to serve the 
communities of Green Valley and Santo Thomas.  Effluent is disposed of through percolation 
ponds.  The plant does not discharge to the Santa Cruz River.   A 2.0 MGD Biologic Nutrient  
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Figure 8B - Effluent Discharge from Roger Road WWTF. 
 

 
Figure 8C – Riparian Vegetation Downstream of Sanders Road 
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Removal Oxidation Ditch (BNROD) is currently under construction and will supply reclaimed 
water to the community of Quail Creek.  As currently mapped, the Green Valley WWTF is 
located within the FEMA floodplain and floodway but is protected from inundation and erosion.  
 
The Sahuarita WWTF is located in Reach 2 on the west bank of the Santa Cruz River upstream 
of Pima Mine Road.  It was completed in 2000 and serves town of Sahuarita and the planned 
community of Rancho Sahuarita.  The Initial capacity is 0.3 mgd but expansion up to 3.0 MGD is 
expected to occur somewhere between 2028 and 2056, depending on the rate of growth.  The 
plant is located in the Santa Cruz River 100-year floodplain but is protected by berms that rise to 
above the 100-year flood elevation.  It disposes of a majority of the effluent through infiltration 
and evaporation and does not discharge to the Santa Cruz River. 
  
The Roger Road WWTF is located in Reach 4,just north of Sweetwater Drive.  It was 
constructed in 1952 as a 12 million gallon per day (MGD) treatment facility and serves a large 
portion of the metropolitan Tucson area.  The facility’s capacity was increased to 41 MGD in 
1998.  The activated sludge treatment process produces disinfected/dechlorinated effluent that 
meets secondary standards.  Currently, a portion of the facility’s effluent production is reused for 
golf course irrigation and in the City of Tucson’s Recaliamed Water System (Section 8.4.3).  The 
excess is released into the Santa Cruz River.  The plant is perched on the east bank of the 
Santa Cruz River but is protected by soil cement bank protection.  Portions of the facility are 
within the 500-year floodplain. 
 
The Ina Road Water Pollution Control Facility is located in Reach 5 near Ina Road and 
Interstate 10.  It serves a large portion of metropolitan Tucson and Marana.  The Ina Road 
facility had an initial design capacity of 25 MGD and expansion of the plant is currently 
underway to increase it to 37.5 MGD.   The treatment process is high-purity oxygen activated 
sludge and produces effluent that meets secondary standards and also includes a 
nitrification/denitrification process.   Approximately 19 percent of the effluent is reused for turf or 
agricultural irrigation and the remainder is discharged into the Santa Cruz River channel. 
 
The Rillito Vista WWTF is located Reach 5 just downstream of Avra Valley Road.  The plant 
0.0094 MGD plan consists of two evaporation ponds and does not discharge to the river.  
Construction of the Lower Santa Cruz Levee Project removed this facility from the Santa Cruz 
River 100-year floodplain.  
 
The Marana WWTF is located in Reach 6 approximately 1 mile downstream of Trico-Marana 
Road.  The plant serves portions of Marana and has a current capacity of 0.024 MGD with a 
proposed expansion of up to 3 MGD.  To accommodate expected growth in the Marana area, 
additional WWTFs are proposed in the vicinity of I-10/Tangerine Road (13.2 MGD), and on the 
Santa Cruz River at the Pinal County Line (no capacity given). 
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8.4.2 - Effluent Production, Usage, and Recharge 
 
Projections by Pima County Wastewater indicate increased effluent production from each of the 
aforementioned facilities (Table 8B).  The Roger Road and Ina Road facilities, which discharge 
to the Santa Cruz River, will generate about 79.3 MGD (88,800 acre-feet/year) of effluent by 
2010,and 99 MGD (111,000 acre-feet/year) by 2025.  
 
 

Table 8B – Average Annual Projected Flows (mgd) from Selected WWTFs 

Location 
1996 

(actual) 
2000 2005 2010 2015 2020 2025 

Green Valley WWTF 1.80 1.97 2.18 2.38 2.58 2.78 2.97 

Sahuarita WWTF       0.95 – 1.90  

Roger Road WWTF 34.84 38.12 42.18 46.04 49.95 53.80 57.56 

Ina Road WPCF 25.15 27.52 30.40 33.23 36.06 38.83 41.55 

Rillito Vista WWTF 0.019 0.019 0.019 0.019 0.021 0.023 0.024 

Marana WWTF 0.025 0.028 0.031 0.034 0.037 0.040 0.043 

Source: Pima County Department of Wastewater Management 

 
 
Of the 58.5 MGD (65,500 acre-feet/year) of treated effluent produced at Roger Road and Ina 
Road facilities in 1995, approximately 1.8 MGD (2,000 acre-feet/year) was delivered to the 
Cortaro Marana Irrigation District for agricultural irrigation, 1.2 MGD (1,300 acre-feet/year) was 
delivered for use at Arthur Pack Golf Course and Silverbell Park, and 6.2 MGD (7,000 acre-
feet/year) was diverted to the City of Tucson’s reclaimed treatment plant (see below) for delivery 
to turf facilities throughout the City and County.  The remaining 49.3 MGD (55,200 acre-
feet/year) was released into the Santa Cruz River channel where the majority infiltrated into the 
aquifer as incidental recharge.  
 
In May 1999, the City of Tucson and the Bureau of Reclamation, jointly received an 
underground storage facility permit and the associated water storage permit for a managed 
underground storage facility (USF) in the 5.1  mile reach of the Santa Cruz River between the 
Roger Road WWTF and the Ina Bridge.  The intent is to recharge 10,000 acre-feet/year (8.9 
MGD), thus accruing 5,000 acre-feet/year (4.5 MGD) of credits, of which 2,500 acre-feet (2.2 
MGD) would go to the Secretary and 2,500 acre-feet/year (2.2 MGD) to the City.  The credits 
represent a marketable commodity that can be used to meet the Secretary's obligations under 
SAWRSA.  The City of Tucson and the Bureau of Reclamation have stated that in-channel 
recharge is an interim use for the Secretary’s water and not a long-term project.   
 



Santa Cruz River Watershed Management Study Final Feasibility Report and Appendices  
 

 
8.0 Water Resources 8-10 August 2001 

The actual amount of recharge is computed according to measured stream flow at the USGS 
gage at Cortaro Road and the measured discharges at the two treatment facilities, with losses 
to evapotranspiration.  The formula used is:  
 

Recharge = 73.2%[QRRWTF – (QCortaro – QIWPCF)] – 580 AF 
 
where : 
QCortaro  = measured annual stream flow (AF) at Cortaro Road 
QIWPCF    = measured annual discharge (AF) at Ina Road Water Pollution Control Facility 

QRRWTF  = measured annual discharge (AF) at Roger Road WWTF 
580 AF = estimated evapotranspiration at the managed recharge facility in acre-feet. 
 
Future plans including extending the managed recharge facility an additional 23 miles 
downstream to the Pinal County line. 
 
8.4.3 – Reclaimed Water System 
 
The Tucson Water department began delivery of reclaimed water through its metropolitan 
reclaimed water system in 1984.  The reclaimed system currently uses City-owned pressure 
filtration and chlorination facilities, an underground storage and recovery facility, a wetlands 
treatment system, and a reservoir and pump station located adjacent to Pima County’s Roger 
Road WWTF (study Reach 4).  The City facilities receive secondary effluent from the WWTF 
and treat it to State of Arizona reclaimed water standards for reuse as irrigation water primarily 
for golf courses and parks.  The reclaimed water is delivered to reuse customers via an 
extensive distribution network (Figure 8D). 
 
Demand for reclaimed water is projected to reach 20.5 MGD (23,000 acre-feet/year) by 2025, 
and is generally used for turf irrigation (Table 8C).  Agricultural use is projected to stay constant 
at around 2.7 MGD (3,000 acre-feet/year) unless a regional distribution system is developed to 
deliver to agricultural users.  Industrial use is projected to climb to 2.7 MGD (3,000 acre-
feet/year) by 2025, based on potential use by gravel facilities and cooling towers.  
 

Table 8C – Effluent Production and Reclaimed Water Usage (1990-2025) 
 

Year 
Total Effluent from 

Roger Road and Ina Road Facilities (MGD) 
Reclaimed Usage 

(MGD) 
1990 53.6 3.8 
1995 58.0 5.8 
2000 65.6* 11.4* 
2005 72.6* 13.5* 
2010 79.3* 14.6* 
2025 99.1* 20.5* 

* Projected 
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8.5 - Central Arizona Project (CAP) 

CAP allocations available for importation into the Tucson Active Management Area total 192.2 
MGD (215,333 acre-feet/year).  In 1995, 9.0 MGD (10,100 acre-feet/year) were delivered.  In 
1996 and 1997, CAP delivery totaled 17.5 MGD (19,600 acre-feet/year) and 29.7 MGD (33,300 
acre-feet/year), respectively.  Planned large-scale importation of CAP water was expected to 
reduce the groundwater overdraft but was curtailed due to water quality problems when the 
CAP water was delivered to municipal users.  As a result, groundwater overdraft has continued 
at high levels.  The future level of CAP utilization will depend on the success of recharge 
projects and studies on treatment options for CAP. 

Direct use of CAP water by the municipal sector occurred from 1992 to 1994 in portions of the 
Tucson water service area.  Issues arose over the water’s natural hardness, water quality after 
ozonation and chloramination, and water quality effects on household pipes.  Due to taste, odor, 
and corrosion problems, CAP delivery was halted by 1994.  The Water Consumer Protection 
Act was subsequently passed in 1995, requiring that CAP be used only for sale, exchange or 
recharge, and to replace existing groundwater use by agriculture, mining, industrial use, and turf 
irrigation.  CAP water can be used to augment groundwater by basin or stream bed recharge 
but cannot be used for direct injection unless first treated to Avra Valley groundwater quality 
levels and is free of disinfection byproducts. 
 
Recharge projects currently constitute the main use of CAP water in the study area.  Direct 
recharge allows water to infiltrate into underlying aquifer layers and can occur in basins, 
streambeds, or injection wells.  Indirect recharge, known as “groundwater savings programs” 
allows existing groundwater to remain underground by using CAP water.  
 
The ultimate use of Tucson Water’s CAP allocation will significantly affect the ability to reach 
safe-yield in the Tucson Active Management Area.  This can include direct recharge, indirect 
recharge in cooperation with agriculture and mines, water quality treatment for acceptable 
municipal use, or some combination.  Whether used directly or recharged, utilization of CAP 
water will require treatment to reduce the level of dissolved solids.  Treatment to remove salts 
from CAP water creates a saline wastewater stream creating a disposal problem. 
 
The CAP is the most important renewable water supply in the study area and is critical to 
attainment of the 2025 safe yield goal.  Since it is imported from outside the area, recharge of 
CAP water represents a net yield to the aquifer.  Utilization of CAP water allotted to the area 
should be a component of a watershed management plan.  Figure 1A in Section One shows the 
location of the CAP aqueduct in the study area. 
 
8.6 - Stormwater Runoff 
 
In past years, storm water retention has been studied as a method of increasing recharge from 
rainstorms and mountain runoff.  The City of Tucson and Pima County have previously 
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considered small-scale multiple use projects incorporating storm water recharge.  Development 
of partnerships for pursuing projects focusing primarily on stormwater has been problematic – in 
order to accrue recharge credits from stormwater, storers have to prove the water would 
otherwise have left the Tucson Active Management Area.  This may make other forms of 
recharge projects more desirable for sponsoring agencies. 
 
8.7 - Surface Water 
 
Surface water flows recharge the Tucson Active Management Area aquifer by infiltrating down 
through the river and stream channel sediments into the aquifer. The main surface water 
drainage in the study area is the Santa Cruz River.  The reaches of the river (Study Reaches 
4/5) that flow north of the two regional water treatment plants have perennial flows due to the 
volume of treated effluent discharged into the channel at Roger and Ina roads.  The remainder 
of the Santa Cruz River in the study area is ephemeral and flows only in response to local 
rainfall.  In large precipitation events, the Santa Cruz River channel may carry sufficient surface 
water flows to cross the boundary into adjacent Pinal County to the north. 
 
Major tributaries to the Santa Cruz River include the Canada del Oro, Rillito River, and their 
tributaries.  Tributaries to the Rillito include the Pantano Wash and Tanque Verde Creek, which 
in turn receive flows form Sabino Creek, Rincon Creek, and Cienega Creek.  Cienega Creek, 
Sabino Creek, and the Canada del Oro have small perennial reaches within their lengths. 
 
Historic records indicate the existence of perennial and intermittent surface water flows in 
reaches of the Santa Cruz River in Pima County.  The U.S.G.S. report Channel Change on the 
Santa Cruz River, Pima County, Arizona, 1936-1986 (1993) provides a map identifying 
perennial and intermittent surface water in study reaches 4 and 5 in the late 1800s.  The map 
from that report is included as Figure 8E. 
 
8.8 - Water Quality 
 
Water quality of available water sources is of primary interest to the Watershed Study.  The 
presence of elevated concentrations of inorganic and organic constituents can make water 
unacceptable for potable or recharge use prior to treatment and can also harm fish and wildlife. 
The location of sources of existing and potential contamination will affect the selection of 
recharge sites and the use of treated wastewater for habitat restoration. 
 
The Santa Cruz River upstream of Green Valley and some upper watershed tributaries are 
listed on the 303(d) list of impaired waters.  The upper Santa Cruz River is listed for turbidity 
and cyanide; the Nogales Wash and East Nogales Wash are listed for chlorine, E. coli, fecal 
coliform and turbidity; Sonoita Creek is listed for low dissolved oxygen concentrations; Harshaw 
Wash is listed for copper, pH and zinc; Pena Blanca Lake is listed for mercury; Alum Gulch is 
listed for cadmium, copper, pH and zinc; and Three-R Canyon Creek is listed for beryllium, 
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copper, pH and zinc.  The heavy metal contamination is likely a result of mining activities in the 
upper watershed and background from the soils.  Fecal coliforms and chlorine are likely a result 
of sewage from Mexico and turbidity is caused by a variety of sources including agriculture, 
ranching, mining and construction.  A Total Maximum Daily Loading (TMDL) plan is currently 
being developed for Pena Blanca Lake.  Only the Nogales Wash area is considered a high 
priority for immediate TMDL development.   
 
Monitoring conducted by the Arizona Department of Environmental Quality (ADEQ) and the U.S. 
Geological Survey (USGS) in the 1990s shows that turbidity, copper, and cyanide are present in 
some locations in the study area above state standards.  Dissolved oxygen concentrations are 
also below state standards near Cortaro.  Nitrate concentrations are present in concentrations 
above the state standards in several areas along the Santa Cruz River valley near Green Valley 
and Sahuarita, and both in and downstream of Marana – these local concentrations have not 
yet affected drinking water supplies. 
 
Isolated areas of elevated sulfate concentrations are present west of the Santa Cruz River near 
Green Valley.  Elevated total dissolved solids concentrations have been detected near mining 
and agricultural operations in this area.  Heavy metals including silver, cadmium, chromium, 
lead, arsenic and selenium have been detected in groundwater in isolated areas associated with 
landfills, industrial waste disposal sites, airports and mining.  These hazardous sites are 
discussed in Section 9, Geological Characteristics.  Known groundwater contamination 
problems resulting from organic chemicals have occurred at the Broadway Landfill, Downtown 
Tucson, El Camino Del Cerro Area, and the Raytheon/Tucson International Airport area and are 
also discussed in more detail in Section 9.  
 
The Pima Association of Governments (PAG) is the regional water quality planning agency.  
They have developed a database of all sources of water quality information in the county as well 
as a database for all water quality permits.  The information can accessed at PAG’s website:  
www.pagnet.org/wq. 
 
Arid West Water Quality Research Project: The Pima County Wastewater Management 
Department (PCWWM), in Tucson, Arizona has been funded by the U.S. Environmental 
Protection Agency (EPA) to conduct the Arid West Water Quality Research Project (WQRP). 
The objective of the project is to improve the scientific basis for regulation of water quality, 
protection of species, habitats, and uses of watercourses, and designation of appropriate 
treated wastewater effluent controls in ephemeral and effluent-dependent watercourses of the 
arid and semi-arid western states.  Stream segments that derive essentially all their flow from 
wastewater treatment facilities are termed effluent-dependent and would not exist were it not for 
effluent discharges.   
 
The Arid West Water Quality Research Project was created to address concerns that the water 
quality criteria developed under the Clean Water Act - on which state water quality standards 
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are based - may not be appropriate for arid and semi-arid ecosystems.  The EPA grant provides 
$5,000,000 through 2001 to conduct research to resolve this issue.  A major portion of the 
funding is being used to contract with universities and other research institutions to improve the 
data and knowledge bases for improved regulation. Some projects will be funded to assess the 
scope of the problem, and for transfer of knowledge to practice, i.e., implementation of improved 
regulations based on research results. 
 
The wastewater treatment process employed at the Roger Road and Ina Road Wastewater 
Treatment Facilities results in secondary treatment designed to reduce conventional pollutants 
in effluent including biochemical oxygen demand, suspended solids, fecal coliform, oil, grease, 
and pH.  The Pima County Wastewater Management Division implements an EPA-approved 
pretreatment program for industrial discharges, that limits industrial pollutants, including heavy 
metals to approved standards. 
  
City of Tucson Storm Water:  Stormwater from the City of Tucson is monitored on monthly basis 
following storms. Monitoring data from 1997/98 are shown below in Table 8D (COT, 1998).  
Some parameters have high concentrations, primarily from industrial subbasins.  Biological 
Oxygen Demand (BOD) and Chemical Oxygen Demand (COD) are high which could mean the 
presence of a variety of oils, greases, and other chemicals.  Bacteria were not analyzed, and 
may be present due to animal and pet waste.  The detection limit for oil and grease was too high 
(10 mg/l) to provide meaningful results.  Total dissolved solids (TDS) and total suspended solids 
(TSS) are also high, but this is expected in the desert southwest.  TDS concentrations around 
1000 mg/l could be damaging and/or toxic to plant life. 
 

Table 8D - City of Tucson Stormwater Monitoring Data 1997-1998 
Parameter Max Concentration Detected Min Concentration Detected 

Temperature 29 C 11.1 C 
PH 7.6 5.0* 
As (mg/l) 0.021 <0.005 
Cu (mg/l) 0.18 <0.015 
Pb (mg/l) 0.102 <0.005 
Zn (mg/l 0.93 <0.02 
BOD (mg/l) 134 8 
COD (mg/l) 548 84 
Nitrite (mg/l) <0.1 <0.1 
Nitrate (mg/l) 3.8 0.6 
Total P (mg/l) 1.9 0.24 
TDS (mg/l) 477 74 
TSS (mg/l) 610 27 
TKN (mg/l) 17.1 <0.5 
DDE (µg/l) <0.5 ND 
Oil/grease (mg/l) <10 <10 
Total phenols (µg/l) 7.1 ND 
* Measurement recorded during first flush of stormwater, subsequent measurements ranged from 6.4-6.9. 
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Central Arizona Project (CAP) water is distributed via aqueducts to various locations including 
the City of Tucson.  Currently, much of the water designated for the City of Tucson is available 
for use.  Water quality data from 1999 (CAP, 2000) indicates that it is good water, although 
moderately high in salts.  See Table 8E below for selected parameters (all in mg/l). 
 

Table 8E -  Selected Water Quality Parameters Measured from CAP water 
Parameter Lake Havasu Sample 99th Avenue Sample 

Silica 9.3 8.9 

Sodium  79.6 93.4 
Total Phosphorous  <0.02 <0.02 
Ammonia <0.05 <0.05 

Chromium  0.01 0.01 
Iron <0.05 <0.5 
Nitrate-N <0.2 <0.2 

Nitrate-NO3 <0.88 <0.88 
Orthophosphate 0.14 0.15 
Potassium  3.9 4.9 

Calcium  70.2 69.7 
Chloride 70.1 84 
Specific Conductance 875 1030 

Sulfate 230 251 

 
 
8.9 - Water Use and Water Use Rights 
 
This section provides a general overview of rights to withdraw groundwater, water use sectors 
withdrawing groundwater, constraints on these rights, and the implications of the constraints for 
future withdrawals. Most of the information used in this section was obtained from the Arizona 
Department of Water Resources (ADWR) State of the Active Management Area Report,  their 
web page at www.adwr.state.az.us  or from personal contact.   
 
8.9.1 - Relationship of Groundwater Pumping to the Santa Cruz River 
 
The Santa Cruz River corridor represents one of the most productive groundwater areas in the 
Tucson Active Management Area (TAMA).  In 1995, there were 419 wells capable of producing 
over 100 gallons per minute located within 2 miles of the Santa Cruz River in the TAMA.   Over 
125,000 acre-feet of groundwater (111.6 MGD) were withdrawn from these wells, representing 
over 35% of the groundwater withdrawals in 1995 in the TAMA. Virtually all of the groundwater 
withdrawn in the Southern part of the TAMA comes from wells located well within this 2-mile 
corridor. 
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Figure 8E – Santa Cruz River in 1988, perennial and intermittent reaches in 1890, and 
location of headcuts in relation to marshes in the late 19th century 
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Historic groundwater pumping has lowered the water table, resulting in a diminishment of 
surface flows in the Santa Cruz River and a degradation of riparian habitat.   The continued and 
increasing withdrawals of groundwater, even if replenishment is required, virtually assures the 
water table will never rise sufficiently to support surface flows in the future.  Attempts to mitigate 
the impacts of groundwater withdrawals through recharge projects to artificially restore riparian 
habitat in or adjacent to the Santa Cruz River must recognize the potential impacts on the 
groundwater levels and water quality of those with the right to withdraw groundwater.  

 
8.9.2 - Groundwater Rights Background 
 
The passage of the Groundwater Management Act (GMA) in1980 established and defined a set 
of rights to withdraw groundwater within Active Management Areas: 
 

• Grandfathered Rights 
• Irrigation grandfathered right or IGFR 
• Type 1 Non-irrigation right 
• Type 2 Non-irrigation right 
• Service Area right 
• Special use permits 

 
The Type 1, Type 2 and the Irrigation rights are referred to as grandfathered rights because 
they represent historic groundwater withdrawals from 1975 to 1980 prior to the passage of the 
Groundwater Management Act.  The passage of the GMA and the establishment of the 
grandfathered rights effectively placed a limit on the expansion of the right to mine groundwater 
for non-residential uses - no new Type 1, Type 2 or Irrigation water rights can be created. 

 
A service area right gives water providers, such as towns, irrigation districts and private water 
companies, the ability to withdraw groundwater to serve their customers.  Unlike the 
grandfathered rights, the service area right to withdraw groundwater is not fixed – the volume of 
groundwater that can be withdrawn pursuant to a service area right can grow as the service 
area expands, or in response to meet growing demand. 

 
The special use permits or groundwater withdrawal permits extend a conditional right to 
withdraw groundwater for specific purposes for a set period of time.  They are generally used to 
meet a short-term need and do not constitute a permanent right to withdraw groundwater. 
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8.9.3 - Water Use Sectors 
 
Water use at the TAMA level is reported for the three major water use sectors regulated by 
ADWR: 
 

1. Municipal: Comprised of municipal providers including irrigation districts, cooperatives, 
private water companies, municipally owned utilities and improvement districts serving 
residential and commercial customers. 

2. Agricultural:  Comprised of irrigated agriculture. 
3. Industrial:  Comprised of non-residential users, excluding irrigated agriculture.  The 

industrial sector is comprised of  four subsectors: 
 

• Mining 
• Large Turf - golf courses, parks, schools & cemeteries with >10 acres of turf 
• Sand and Gravel 
• Other 

 
Each sector is closely, though not strictly, associated with the water rights listed above. Most 
providers in the municipal sector, for example, rely exclusively on service area rights to 
withdraw groundwater.  The City of Tucson, however, makes extensive use of Type 1 and Type 
2 rights to withdraw groundwater from outside of its service area.  Not all users in the industrial 
sector have grandfathered water rights.  Some large turf facilities are served by municipal 
providers withdrawing pursuant to a service area right rather than a grandfathered right.  Table 
8F shows groundwater rights and use sectors. 
 

Table 8F – Groundwater Rights and Use Sectors 

Groundwater Right 
Sector 

Service Area IGFR Type 1 Type 2 

Agricultural  X   

Industrial X  X X 

Municipal X  x x 

Upper case X represents primary mechanism for source of groundwater and the lower case x represents 
alternative sources of groundwater available within sector. 

  
Each sector is subject to conservation or efficiency requirements developed by ADWR, which 
are enumerated in the Management Plans.1  In the agricultural sector, for example, the amount 
of water that can be applied per acre will decline as more stringent efficiency standards become 
effective.  

                                                 
1 The Groundwater Management Act requires ADWR to develop five management plans for the conservation requirements of the 
regulated sectors. The Second Management Plan that runs from 1990-2000, is currently in effect. 
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The conservation requirements for the industrial sector do not impact the face value of the 
grandfathered right.  For example, if a large turf facility is unable to fully utilize its grandfathered 
right on the turf facility because of the conservation requirements, the balance of the right may 
be utilized for some other purpose. In other words, the right is not diminished by the 
conservation requirements.  
 
The municipal sector is subject to gallon per capita per day (GPCD) targets set by ADWR. The 
targets are based on what can reasonably be achieved through conservation programs as 
determined by ADWR.  The GPCD targets impact the rate at which a growing service area can 
increase its groundwater withdrawals pursuant to a service area right but still allow total 
withdrawals to increase over time.  (Lowering of the GPCD targets would reduce the volume of 
groundwater that could be withdrawn pursuant to a service area right for a provider serving an 
area that is built out.) 

 
8.9.4 - Assured Water Supply Rules 
 
One the most significant modifications to the Ground Water Management Act was the adoption 
of the Assured Water Supply (AWS) Rules in 1995.  Anyone who offers subdivided or 
unsubdivided land for sale must now demonstrate an AWS to ADWR before the land may be 
marketed in the Active Management Areas.   The rules require all new residential developments 
to be based predominantly on renewable supplies, such as reclaimed effluent and/or CAP 
water. (Very briefly, having an AWS simply means a provider has demonstrated they can supply 
their projected population with water for 100 years.  There are several criteria the provider must 
meet before they can become designated.) 

 
The AWS rules will not necessarily result in a reduction in groundwater withdrawals pursuant to 
service area rights because the AWS rules do not require direct delivery of renewable supplies.  
ADWR recognized many providers can not afford to construct the treatment facilities required 
for direct delivery of CAP.  Or, they may be located far from the CAP canal and can't afford to 
construct the transmission system needed to transport the water to their service area.  The rules 
provide a mechanism that allows providers to continue withdrawing groundwater, if the 
groundwater withdrawn is replenished somewhere in the AMA.  The AWS rules impact service 
area rights to mine groundwater not necessarily the right to withdraw groundwater. 

 
If a provider or a developer seeking an AWS is not basing the application upon direct use of 
renewable supplies, then they must demonstrate to ADWR that they have enough physically 
available groundwater in their service area to meet their projected demand.  If there is 
insufficient groundwater physically available, then the provider or developer must demonstrate 
how they will make up for this short fall.  This can be done through the development of recharge 
and recovery projects or through direct delivery of renewable resources. 
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Existing municipal water providers are not required to obtain an AWS. Those providers who 
remain undesignated can continue to mine groundwater pursuant to their service area right to 
serve their current population in perpetuity.  The volume of mined groundwater used by the 
municipal sector pursuant to service area rights in the AMA will largely be determined by the 
water demands and the number of water providers that obtain designations of AWS - a provider 
can't replenish what it can't withdraw. 

 
Undesignated providers can serve new residential development.  The groundwater served to 
new residential developments by an undesignated provider would, however, be subject to AWS 
requiring replenishment and demonstration of physical availability.  

 
The AWS rules can impact grandfathered rights.  A provider can obtain AWS credits to 
demonstrate an AWS by extinguishing grandfathered rights.  This incentive to extinguish has 
not been used by any of the providers who have obtained AWS designations in the TAMA.  The 
extinguishment credits represent a fixed claim on mined groundwater.  (The credits can be 
recovered pursuant to a service area right if physically available.) 

 
Providers seeking an AWS designation are given an allotment of mined groundwater that can 
be used to demonstrate an AWS.  The City of Tucson was given 1.6 million acre-feet and will 
obtain an additional 2 million acre-feet of mined groundwater from its agricultural retirement 
program in the Avra Valley.   The groundwater allotments allow for the continued use of mined 
groundwater under the AWS supply program.  Once the mined groundwater allotments are used 
up sometime in the future, the providers must rely upon renewable supplies. 

 
8.9.5 - Irrigated Agriculture: Irrigation Grandfather Right (IGFR) 
 
The IGFR’s are used exclusively by the irrigated agricultural sector. The IGFR’s are appurtenant 
to land that was irrigated from 1975 and 1979.  The volume associated with the right is 
determined by the maximum number of acres irrigated in any single year from 1975 to 1979, 
known as the water duty acres, and the amount of water needed for those crops historically 
grown on the farm.  The water can be applied to any of the acres irrigated between 1975 and 
1979. The IGFR cannot be conveyed separately from the land to which it is appurtenant.  The 
number of irrigated acres irrigated with groundwater can not be expanded.  (The Indian nation is 
not subject to this restriction.) The right can be reduced as more stringent efficiency 
requirements are imposed through the management plan process.  

 
As of 1995, there were 427 IGFR’s appurtenant to 39,455 acres of potentially irrigated 
agricultural land.  The total allotment or amount of water that could be withdrawn pursuant to 
IGFR’s in the TAMA is approximately 180,000 acre-feet (160.7 MGD).  Of the 39,455 acres that 
could be irrigated pursuant to an IGFR, 15,000 acres are consistently out of production.   As a 
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result, only 97,000 acre-feet (86.6 MGD) of the 180,000 acre-feet (160.7 MGD) available were 
actually applied in 1995. 2 

 
Three irrigation districts represent the bulk of the groundwater withdrawn pursuant to IGFR’s in 
1995 - 93,423 acre feet (83.4 MGD) of the 97,000 acre feet (86.6 MGD) were withdrawn and 
delivered by these three irrigation districts, (Cortaro-Marana Irrigation District (CMID), Avra 
Valley Irrigation District (AVID) and Farmers Investment Co. (FICO).  The active IGFR’s are 
listed in Table 8G. 
 

Table 8G – Active Irrigation Grandfathered Rights 
Active IGFR’s (>10 Acres) 

 
Number of 

IGFR’s 
Irrigation 

acres 
Annual Allotment 

(acre-feet) 
1995 Use  
(acre-feet) 

1987-1995 Average Use  
(acre-feet/year) 

CMID 71 12,149 53,882 32,944 33,439 

AVID 45 12,272 54,397 27,803 26,240 

FICO 7 5,889 34,685 30,681 28,028 

Total 123 30,310 142,964 93,423 87,699 

Source: ADWR Web Page: www.adwr.state.az.us 

 
FICO’s wells and pecan orchards lie immediately adjacent to the Santa Cruz River in the 
southern portion of the TAMA. The AVID and CMID lands extend beyond the boundaries in the 
northern portion of the study area. (These areas can be seen on the Recharge Site Location 
Map.)  Most of CMID's wells are located within 2 miles of the Santa Cruz River in the northern 
TAMA. 

  
The volume of groundwater that can be pumped pursuant to an IGFR is anticipated to decline 
as agricultural land is developed in the TAMA.  If the agricultural land were developed for 
residential development, the water used would be subject to the AWS rules.  In effect, 
converting the land from irrigated agriculture to residential use would extinguish the IGFR and 
the right to mine groundwater pursuant to the IGFR. 
 
An IGFR can be converted to a Type 1 right.  A Type 1 right can be used for non-residential 
uses such as irrigating a new golf course.  While this has been done, there are a number of 
constraints that will reduce the likelihood of this occurring.3  Once it is converted to a Type 1 
                                                 
2  The 97,000 acre feet represents the total water applied. Approximately 10-12% of this water was either effluent or CAP water delivered as part of a 
groundwater savings project.  
 
3 First, ADWR restricts new golf courses to 90 acres of turf. Second, when an IGFR is converted to a Type 1 right, the owner can apply 3-acre feet per 
acre.   ADWR estimates a new golf course would need 160 acres of Type 1 land to have enough water for an 18-hole golf course.  This leaves a 
considerable amount of land vacant, but if the developer were to sell of f parcels they would not have enough Type 1 right to irrigate their golf course.  
The developer may find it economical to obtain a renewable source of water for the golf course and sell more lots.  
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right, it can not be converted back to an IGFR and the land can no longer be used for irrigated 
agriculture.  
 
8.9.6 - Industrial Water Use:  

Type 1 & Type 2 Non-Irrigation Rights and Groundwater Withdrawal Permits 
 

The non-irrigation rights and groundwater withdrawal permits are generally associated with the 
industrial sector.  The annual allotment associated with industrial water rights was 194,000 acre-
feet in 1995 (173.2 MGD) based upon the face value of the Type 1, Type 2 rights and 
withdrawal permits.  The City of Tucson holds over 52,200 acre-feet (46.6 MGD) of Type 1 and 
Type 2 rights that have been used to meet municipal demand. (These are not available for 
industrial uses and are constrained either by the AWS rules or specific legislation.)  If the City’s 
rights are excluded, there remain about 140,000 acre-feet (125.0 MGD) of groundwater that 
could be mined pursuant to non-irrigation rights or permits for industrial uses.   

 
In 1995, the industrial sector used approximately 72,600 acre-feet (64.8 MGD) of which 62,000 
acre-feet (55.3 MGD) were utilized pursuant to grandfathered water rights. The balance is 
comprised of a mix of reclaimed effluent and groundwater usage delivered under a service area 
right to individual users.  Table 8H summarizes the utilization of industrial water rights. 

 

Table 8H – Utilization of Industrial Water Rights 

Sector 
Allotment 
(acre-feet) 

1995 Use 
(acre-feet) 

% of Allotment Used 
 

Electric Power 10,079 1,609 16% 

Mineral Extraction:    

     Metal Mines 65,682 41,362 63% 

     Sand & Gravel 17,194 5,175 30% 

Turf 11,370 9,551 84% 

City of Tucson >100 AF 52,225 0 0% 

Other Industrial >100 AF 31,763 2,754 9% 

Other Industrial <100 AF 6,199 1,692 27% 

TOTAL 194,512 62,143 32% 

Source: ADWR Web Page: www.adwr.state.az.us 

 
The Type 1 right is appurtenant to retired irrigated farmland.  The water must be withdrawn from 
the land to which it is appurtenant, but can be utilized elsewhere. The right can not be conveyed 
separate from the land to which it is appurtenant. Like an IGFR, if the land to which the Type 1 
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right is appurtenant is used for residential development the right would be diminished and 
potentially extinguished.  

 
The Type 2 right is not appurtenant to a specific piece of land and can be used to pump from 
any area that is hydrologically favorable, including land that is appurtenant to a Type 1 right.  
They can also be leased in whole or in part.  The Type 2, unlike the IGFR and the Type 1 rights, 
are robust in that there is really nothing that can be done to reduce them, except outright 
extinguishment.   Though the Type 2 rights are “portable”, some Type 2 rights are restricted to 
certain uses. For example, a Type 2 right for mineral extraction or electric generation can only 
be used for that purpose.  As such, a Type 2 right used for a mining operation can not be used 
to irrigate a golf course.  
 
8.9.7 - Mining and Large Turf Subsectors 

 
Approximately 85% of the water used in the industrial sector is used either by mines or by large 
turf facilities. In 1995 the mining operations used about 41,000 acre-feet (17.5 MGD) of 
production water, representing nearly 66% of the water withdrawn pursuant to industrial water 
rights. This is well below the mining sector's annual right of 66,000 acre feet (58.9 MGD).  The 
mines do engage in extensive recovery of water used in the milling process, such that 70% - 
80% of the water used by the mines is considered mined groundwater. 4 The continued use of 
grandfathered rights by the mining sector will largely be determined by the price of copper and 
technological changes in mining processes.  ADWR assumes the mines will continue to use 
about 45,000 AF/YR (40 MGD) through 2025. 

 
The large turf sub-sector is comprised of sites that have 10 or more acres of turf such as golf 
courses, parks, schools and cemeteries. There were 71 large turf facilities as of 1995.  Of the 
28,219 acre-feet (25.2 MGD) allotted to this sector, based on efficient irrigation practices, only 
about 18,600 acre-feet (16.6 MGD) were actually applied.  Total groundwater usage associated 
with large turf facilities in 1995 was 12,000 acre-feet (10.7 MGD) with about 7,000 acre feet 
withdrawn pursuant to Type 1 and Type 2 rights.  About 6,500 acre-feet (5.8 MGD) of reclaimed 
effluent was used by large turf facilities in 1995. 
 
Existing large turf facilities can use Type 1 and Type 2 rights to irrigate with mined groundwater 
in perpetuity, as can existing large turf facilities served by undesignated providers which choose 
to continue to mine groundwater.  In unincorporated Pima County, however, new golf courses 
are required to either replenish mined groundwater or utilize renewable resources directly if 
available. The City of Tucson has a similar policy and other political jurisdictions are developing 
                                                 
4  The accounting on the mined groundwater used by the mines is somewhat controversial.  For example, ASARCO is pumping 
groundwater to manage a contaminant plume. Some of this water is recovered tailings water but is officially accounted for as mined 
groundwater by ADWR.  The Cyprus-Sierrita mine does have interceptor wells located at the base of the tailings ponds.  ADWR 
considers 51% of the pumping pursuant to the interceptor wells to be mined groundwater. Any projects located in the Green Valley 
area near the mines must recognize the mining operations management of contaminant plumes.   
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similar policies or ordinances.  As a result, the volume of groundwater used to irrigate large turf 
facilities pursuant to Type 1 and Type 2 rights should not increase substantially over time in the 
TAMA.  

 
8.9.8 - Service Area Rights 
 
The service area right affords a water provider the right to withdraw and serve groundwater to 
its customers.  The primary constraints on the volume associated with the service area right are 
the GPCD targets delineated in the management plans.  A service area right to withdraw 
groundwater can also be constrained if a provider seeking an AWS designation through the 
central Arizona Groundwater Replenishment District (CAGRD) can not demonstrate physical 
availability of groundwater within its service area. The AWS rules require all new residential 
development to utilize renewable supplies. As a result, the right to mine groundwater pursuant 
to a service area right can no longer grow with population.    

 
In 1995, 18 large municipal providers used an estimated 149,383 acre-feet (133.4 MGD) of 
water in 1995. This includes nearly 8,000 acre-feet (7.1 MGD) of reclaimed water use - all of 
which is served by the City of Tucson Water Department. The City of Tucson Water Department 
represents 80% of the large municipal demand. There were 132 additional small providers that 
used 5,807 acre-feet (5.2 MGD) in 1995, all of which was groundwater.   

 
The City of Tucson has obtained an AWS designation, as have the Metropolitan Domestic 
Water Improvement District and the Town of Oro Valley. These three providers represent nearly 
90% of the groundwater withdrawn pursuant to service area rights in the TAMA. 

 
8.9.9 - CAP Allocations 
 
A total of 215,560 acre-feet (192.4 MGD) of CAP water is allocated to entities in the TAMA.  The 
single largest contract is held by the City of Tucson at 148,420 acre-feet (132.5 MGD).  The City 
of Tucson has transferred control of 9,600 acre-feet (8.6 MGD) of this allocation to MDWID.  
Table 8I summarizes CAP allocations in the Tucson Active Management Area. 
 

Table 8I – Existing CAP Contracts in the TAMA 

Allocation Entity 

Measured in acre-feet/year Measured in million gallons/day 
City of Tucson** 138,820 123.9 

Midvale Farms  1,500 1.3 

Oro Valley Water Utility** 1,652 1.5 

Community Water of Green Valley 1,327 1.2 

Del Lago WC** 786 0.7 

Green Valley Water Co 1,900 1.7 

Metropolitan Water Improvement District 
(MDWID) ** 

9,600 8.6 
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Table 8I – Existing CAP Contracts in the TAMA 
(MDWID) ** 

New Pueblo Water Co 237 0.2 

Spanish Trail Water Co 3,037 2.7 

Cortaro Water Users Assoc. 47 0.0 

Flowing Wells Irrigation District 4,354 3.9 

Schuk Toak 10,800 9.6 

San Xavier 27,000 24.1 

Pasqua Yaqui 500 0.4 

State Land Dept 14,000 12.5 

Total 215,560 192.4 

Source: ADWR Web Page: www.adwr.state.az.us 
** Designated as having an AWS. 
 

There is no direct use of CAP occurring in the municipal sector at this time in the TAMA.   About 
19,609 acre-feet (17.5 MGD) of CAP waters were used for various recharge projects in the 
TAMA in 1996.  A number of entities that have CAP allocations have not developed utilization 
plans and some of the municipal providers with allocations have not sought to obtain AWS 
designations.  
 

 
8.9.10 - Surface Water Rights 
 
Surface water rights are not a significant issue along the reach of the Santa Cruz River in the 
TAMA.  This is due largely to the lack of sustained surface flows in the Santa Cruz.  The surface 
right holders who do exist are not diverting water from the surface of the Santa Cruz River.  The 
“diversions” come from subflows that are withdrawn from wells located near the river.  
Determining when hydrologically connected waters separate into surface water and “percolating 
groundwater” is currently the subject of litigation as an issue in the water rights adjudication. 
(ADWR WEB Site.)     

 
Over 100 “statements of claim” have been filed in the TAMA, most of which were filed following 
the passage of the Water Rights Registration Act of 1974 and the final deadline for filing in 
1990.  These claimants still have the responsibility of defending the claim, which include 
submitting an application for a surface water right and demonstration of beneficial use, as well 
as the results of ongoing litigation defining the relationship between surface water and 
groundwater.  
 
Two of the major agricultural interests in the AMA, FICO and CMID, have filed claims for 
withdrawal from existing wells near the Santa Cruz River, which may or may not be surface 
water.  The claim represents a marker, should the productive capacity of the well field diminish 
as a result of other parties withdrawing “surface” water from the Santa Cruz.  There are only 
four registered surface water rights in the TAMA along the Santa Cruz River of which one of 
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them is held by CMID.  It is unclear if any of these rights have been abandoned due to lack of 
beneficial use. 
 
8.9.11 - Effluent 
 
Effluent generated by the Roger Road and Ina Road wastewater treatment facilities is allotted to 
different jurisdictions in the study area.  First, the Southern Arizona Water Rights Settlement Act 
(SAWRSA) made 28,200 acre feet (25.2 MGD) of secondary effluent generated by the Roger 
Road and Ina Road WWTF available to the Secretary of the Interior to assist the Secretary in 
fulfilling its obligation to annually deliver 66,000 acre feet (58.9 MGD) of water suitable for 
irrigation to the Tohono O’odham Nation.  This allotted effluent is not currently being used, but 
may be put to use in the future.  The Bureau of Reclamation is participating with other interested 
parties in a regional effluent planning process that is investigating utilization options for this 
supply.  Second, the City, County and other effluent managers have established a Conservation 
Effluent Pool that sets aside up to 8.9 MGDS (10,000 acre-feet/year) for use on riparian 
projects.  Of the remaining effluent, the City of Tucson controls 90% and Pima County controls 
10% (Table 8J). 
 
Any effluent not delivered for direct use or recharge is discharged into the Santa Cruz River 
channel and acquires the legal character of surface water or groundwater.  The City has 
recently entered into an agreement with the Secretary to develop a managed recharge project in 
the Santa Cruz River using wastewater discharged from the Roger Road Wastewater Treatment 
Plant (Section 8.4.2). 
 
 

Table 8J – Effluent Ownership and Distribution in Pima County 

 1996 2010 (projected)* 2025 (projected)* 

Owner Volume 
AF/YR 

Volume 
MGD 

% of 
Total 

Volume 
AF/YR 

Volume 
MGD 

% of 
Total 

Volume 
AF/YR 

Volume 
MGD 

% of 
Total 

City of Tucson 60,525 54.0 90 54,540 48.7 61 74,547 66.6 67 

Secretary of Interior 
(SAWRSA Effluent) 

-- -- -- 28,200 25.2 32 28,200 25.2 25 

Pima County 6,725 6.0 10 6,060 5.4 7 8,283 7.4 7 

Total 67,250 60 100 88,800 79.3 100 111,030 99.1 100 

* Assumes full use of the SAWRSA allotment of 28,200 AF/YR by the Secretary of the Interior 
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8.9.12 - Demand for Recharge 
 
A number of factors that have developed over the last five to six  years have created substantial 
need for recharge sites in the AMA: 
 

• Completion of the CAP  
• Excess supply/under utilization of CAP 
• Adoption of the AWS rules and the need for groundwater replenishment districts. 
• The City of Tucson's Problems with direct delivery and the subsequent passage of 

"Water Consumer Protection Act" citizens’ initiative a.k.a. Proposition 200 in 1995. 
• Arizona Water Bank 

 
As mentioned above, the AWS rules allow providers to obtain AWS designations without directly 
using CAP.  The City of Tucson actually intended to treat and deliver CAP directly rather than 
withdrawing groundwater and replenishing elsewhere or developing recharge and recovery 
facilities.  The City stopped delivering CAP at the end of 1994 after customers received 
discolored water and the CAP canal was shut down for repairs.  The City's experience with CAP 
lead to the passage of Proposition 200 which does not allow the direct use of CAP until at least 
2002.  To avoid potential problems with uneven land subsidence resulting from years of 
groundwater withdrawals from the City's Central well field, the City needed to develop a new 
source of water.  The City was also unable to demonstrate physical availability for its AWS 
application.  To resolve these problems the City moved to develop a large-scale recharge and 
recovery project using CAP water  on retired agricultural land in the Avra Valley.   
 
Proposition 200 sought to offset groundwater pumping in the City’s central well field by 
recharging CAP water somewhere near the central well field.   The stream channels, including 
the Santa Cruz, are viewed by the proponents of Proposition 200 as potential areas where this 
recharge could occur.   There has been an ongoing debate as to the efficacy of in channel 
recharge, given the number of landfills located in or near the stream channels, the ability of the 
stream channels to effectively recharge the central well field and the cost of getting the CAP to 
the stream channels.   Most of the attention has focused on the Rillito Creek as the “best” 
location to attempt in channel recharge projects, though the Santa Cruz River still is viewed as a 
potential option. 

 
Other providers, fearing a similar experience with direct delivery of CAP sought designations 
based upon membership in the Groundwater Replenishment District (GRD).  The GRD is 
obligated to recharge the "excess groundwater" withdrawn by its members with CAP water 
somewhere in the TAMA. 5  Recognizing the underutilization of CAP and the perceived threat to 
Arizona's share of the Colorado River, the State formed the Arizona Water Bank to help 

                                                 
5 Providers seeking designation through membership in a GRD are required to reduce their groundwater mining in a stepwise 
fashion over a period of years.  As a result, each year their replenishment obligation increases - the replenishment volume is excess 
groundwater. 
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recharge CAP in the TAMA.   A great deal of effort has gone into identifying recharge sites. 
There is a general perception, that there may not be enough recharge sites in this AMA to take 
the 215,000 acre-feet (191.9 MGD) of CAP allocated to this area.  

 
 

8.9.13 - Projected Demand and Water Balance 
 
Projected total demand for water resources is a function of the projected population, market 
forces that impact the mining and agricultural sectors, and the level of conservation achieved.   
Municipal demand is projected to increase significantly in both absolute volume and as a 
percentage of total demand in the TAMA by 2025. Agricultural demand is projected to fall 
significantly, while industrial usage will increase moderately.  

 
The industrial sector is projected to continue using its grandfathered water rights and not use 
any CAP.  The only CAP water use projected for the agricultural sector is expected to come 
from the Indian nations.  As a result, the overdraft situation in 2025 will be addressed primarily 
by increased utilization of CAP water by the municipal sector.   

 
The magnitude of the groundwater overdraft will in large part depend on the per capita use rates 
in the municipal sector, the economic conditions that impact the industrial and agricultural 
sectors and the level of participation in the AWS program among existing providers.  All 
projected increases in municipal sector demand will be subject to the AWS rules, and if currently 
designated providers maintain their designations, then most of the municipal demand will be 
based on renewable supplies and the water balance should be in relatively good shape. The 
water balance for 2025 will depend primarily on how much the designated providers rely on their 
mined groundwater allotment for that year, which is not possible to predict.  Table 8K provides 
demand projections through 2025.  Major water users are listed in Tables 8L-N. 
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Table 8K – Demand by Sector:  1995-2025 
Year  

Sector: 1995 (acre-feet) 2000 (acre-feet) 2025 (acre-feet) 
Municipal 
   W/O Conservation 
   With Conservation 

 
151,500 

- 

 
172,900 
158,000 

 
280,000 
233,000 

Agricultural 94,700 96,900 55,200 
Industrial 67,600 77,100 88,200 
Other 4,000 4,000 4,000 
Total 
    W/O Conservation 
    With Conservation 

 
317,800 

- 

 
350,900 
336,000 

 
427,300 
380,400 

Source:  State of the AMA: Tucson Active Management Area, ADWR 1996. 
 
 

Table 8L – Selected Water Users in the Southern AMA 

Water Users: 

1996 
Groundwater 
Withdrawals  
(acre-feet) 

Original 
CAP 

Allocation 
(acre-feet) 

CAP 
Contract 
Status 

AWS 
Designation 

Status 

Municipal 

Community Water 2,266 1,337 Signed Expired 
Green Valley Water Co. 2,355 1,900 Signed Expired 
   Municipal 922   - 
   Golf 1,433   - 
Farmers 280    
Las Quintas Serenas  0   

Agricultural 

FICO 28,242 12,788 Declined n.a. 
   Sahuarita 20,995 - - - 
   Continental 7,247 - - - 

Mines 

ASARCO 7,702 5,339 Declined n.a. 
CYPRUS 21,167 8,549 Declined n.a. 

Other Industrial 

Golf Courses (4) 2,695 0 - n.a. 
San Xavier Rock   0 - n.a. 
Source: ADWR 
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Table 8M – Selected Water Users in the Central Tucson AMA 

Water Users  
1996 GW 

Withdrawals  
(acre-feet) 

Original 
CAP 

Allocation 
(acre-feet) 

CAP 
Contract 
Status 

AWS 
Designation 

Status 

Municipal 

Tucson Water 114,000 148,420 Signed Applied 
Flowing Wells ID 2,953 4,354 Signed Not Applying 
Davis Monthan 2,024 0 - n.a 

U of A 1,624 0 - n.a 
HUB 1,102 0 - Not Applying 

Forty-Niners 862 0 - Expired 
AZ State Prison 589 0 - n.a. 

Winterhaven 237 0 - Not Applying 
Agriculture 0 0 0 n.a. 

Mines 0 0 0 n.a. 

Other Industrial 

TEP 1,731 0 - n.a. 
Tucson Country Club  483 0 - n.a. 

Rolling Hills Golf Course 331 0 - n.a. 
El Dorado Golf Course 249 0 - n.a. 

Source: ADWR 
 
 

Table 8N – Selected Water Users in the Northwest Tucson AMA 

Water Users: 
1996 GW 

Withdrawals  
(acre-feet) 

Original 
CAP 

Allocation 
(acre-feet) 

CAP 
Contract 
Status 

AWS 
Designation 

Status 

Large Municipal 

MDWID 9,109 0 - Designated 
Oro Valley 6,457 1,652 Signed Designated 

Lago Del Oro 1,557 0 - Designated 
Avra Coop 848 0 - Not Applying 

Marana-Picture Rocks 504 0 - Designated 
Arizona WC 370 0 -  

Cortaro WUA 293 47 Signed Designated 

Agriculture 

AVID 35,901  Declined n.a. 
CMID 47,533 0 - n.a. 

Other Industrial 

Golf Courses (10) 4,804 0 - n.a. 
Other 3,698 0 - n.a. 

Source: ADWR 
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8.9.14 - Water Rights Summary 
 
The grandfathered rights represent a significant claim upon the groundwater resources in the 
TAMA.  Most of these rights, however, are underutilized at this time.  The number of IGFR’s and 
to a lesser extent Type 1 rights, are anticipated to fall as development occurs.  Future utilization 
of Type 1 and Type 2 rights for industrial purposes will largely be determined by economic 
factors that are difficult to predict. 
 
The AWS rules represent a significant change in how the water resources in the TAMA will be 
managed.  The AWS rules will not necessarily result in a reduction in groundwater withdrawals.  
In fact, given the aversion to direct use of CAP, groundwater withdrawals can be expected to 
increase with population.   
 
The AWS rules impact the ability of providers to expand groundwater mining pursuant to a 
service area right.  The AWS rules will also increase the need for recharge facilities in the 
TAMA.  If recharge sites are inadequate to meet the demands of the TAMA, and if physical 
availability becomes more of an issue as changes occur in the regulatory arena, direct delivery 
of CAP water could become a more viable option in the future.  If there is an increase in direct 
delivery of CAP water, then the amount of groundwater withdrawn should fall. 
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9. GEOLOGICAL CHARACTERISTICS 
 
This section provides a summary of findings from the Watershed Study’s investigations of 
geological characteristics of the Santa Cruz River Watershed.  Specific items addressed include 
regional geology, soil characteristics, land subsidence, earth fissures, and 
hazardous/toxic/radioactive waste sites. When applicable, more detailed information is provided 
in Appendix F, Geotechnical Studies.  In such cases, the Appendix is referenced in the 
corresponding sub-sections to follow.   
 
9.1 - Regional Geology 
 
The complex geological history of Arizona has resulted in the formation of three geologic 
physiographical provinces.  The three provinces consist of the Colorado Plateau (in the northern 
area of the state), the Basin and Range Province (encompassing southern and western 
Arizona), and the Central Highlands or Transitional Zone (encompassing the central part of the 
state). The Santa Cruz River Watershed lies within the Sonoran Desert of the Basin and Range 
Physiographical Province.  The North to Northwest trending alluvial basin is characterized by a 
semi-arid to arid broad valley.  Abruptly rising mountain ranges paralleling the basin are 
composed of igneous, metamorphic, and indurated sedimentary rocks of Precambrian to 
Tertiary age (Anderson, 1988). Figure 9A shows the three physiographic provinces. 
 
The Santa Cruz River Basin is paralleled by steep mountain ranges composed of igneous, 
metamorphic, and sedimentary rocks of Precambrian (over 600 million years ago) to Tertiary 
(63 to 2 million years ago) age.  The mountains lie upon an ancient Precambrian igneous and 
metamorphic basement complex that is composed predominantly of igneous granite and diorite, 
metamorphosed schist and gneiss, and volcanics. 
 
The present relief of the Santa Cruz River Basin is a direct result of a period of regional uplifting 
due to block faulting that took place during the late Tertiary (63 to 2 million years ago) or early 
Quaternary (2 million years ago to present).  Concurrent with the uplifting of the regional 
mountains, large amounts of alluvium from the surrounding mountains have been deposited 
within the basin (at the center of the Santa Cruz River basin, bedrock is currently buried by 
more than 11,000 feet of alluvial sediments). 
 
The alluvial sediments deposited within the basin have been divided into four hydrogeologic 
units that are, in descending order of depth: surficial or recent alluvial deposits, the Fort Lowell 
Formation, the Tinaja Beds, and the Pantano Formation (ADWR, 1996).   The extent of these 
layers in the study area is shown in Table 9A. The surficial deposits that are located above the 
water table occupy the streambed channels and are generally less than 100 feet thick.  The 
coarse surficial deposits allow the infiltration of surface water to recharge the underlying units.  
The Fort Lowell Formation underlies the recent alluvial deposits and consists of unconsolidated  
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Figure 9A – Arizona Physiographic Provinces 
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to moderately consolidated sands and silts 300 to 400 feet thick throughout most of the basin 
(AMA, 1998).  The Tinaja Beds lie under the Fort Lowell formation and are composed of 
sandstones and conglomerates with a total thickness of up to 5,000 feet at the center of the 
basin (AMA, 1998).  The Pantano Formation, which underlies the Tinaja Beds, is up to 6,400 
feet thick near Davidson Canyon.  This formation consists of consolidated sandstones, 
conglomerates, and mudstones.  In addition to sediments, as a result of intermittent periods of 
volcanism, there are areas of igneous rocks interbedded with valley alluvium layers.  Below the 
alluvial units and beds of volcanic rock, there is an impermeable basement complex, which 
extends to the surrounding mountainsides. 
 

Table 9A – Well Logs Showing Stratigraphic Sediment Layers* 
At Marana 

Fort Lowell Form ation and Recent Alluvium 73 m-thick (240 ft) layer 

Upper Tinaja Beds  73 m-thick (240 ft) layer 

Volcanic Bedrock Top at –146m (-480 ft) 

Near Grant Road Crossing 

Fort Lowell Formation and Recent Alluvium 24 m-thick (80 ft) layer 

Upper Tinaja Beds  73 m-thick (240 ft) layer 

Middle Tinaja Beds  49 m-thick (160 ft) layer 

Volcanic Bedrock Top at –146 m (-480 ft) 

½ Mile South of I-19/I-10 Interchange  

Fort Lowell Formation and Recent Alluvium 46 m-thick (150 ft) layer 

Upper Tinaja Beds  46 m-thick (150 ft) layer 

Volcanic Bedrock Top at –91 m (-300 ft) 

1.6 Miles South of San Xavier Mission 

Fort Lowell Formation and Recent Alluvium 49 m-thick (160 ft) layer 

Upper Tinaja Beds  37 m-thick (120 ft) layer 

Lower Tinaja Beds  24 m, minimum (80 ft) 

1.5 Miles North of Sahuarita 1-19 Interchange 

Fort Lowell Formation and Recent Alluvium 52 m-thick (170 ft) layer 

Upper Tinaja Beds  43 m-thick (140 ft) layer 

Lower Tinaja Beds  195 m, minimum (640 ft) 

1 Mile North of Green Valley 

Fort Lowell Formation and Recent Alluvium 73 m-thick (240 ft) layer 

Upper Tinaja Beds  37 m-thick (120 ft) layer 

Lower Tinaja Beds  180 m, minimum (600 ft) 

*logs adapted from Anderson, 1988 

 
Poorly developed drainage systems gave rise to numerous pluvial lakes during the middle 
Tertiary, which accounted for rapid sediment filling of the basins.  During the Pleistocene (2 
million to 10,000 years ago), drainage was established westward by the Gila River and its 
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tributaries (including the Santa Cruz River).  During high erosion and deposition periods, the 
Santa Cruz River Basin floor developed numerous bajadas (smooth slopes from the base of the  
mountains to the trough of valley) which extended from the base of the area’s mountains to the 
Santa Cruz River channel.  In more recent geologic time, during the Quaternary Period (present 
to two million years ago), climatic changes and regional uplift accelerated erosion, resulting in 
the upper bajada slopes being deeply dissected by lateral washes, causing development of 
terraces along the Gila River and its tributaries. 
 
The Santa Cruz River Mainstem through Tucson flows on the far west side of the Tucson Basin, 
over the relatively thin, peripheral parts of the trough-filling sediments.  Typical sections, derived 
from well logs, identify specific stratigraphic sediment layers underlying the Santa Cruz River.   
 
9.2 - Soil Characteristics 
 
The diversity of soils within the Santa Cruz River watershed is greatly influenced by 
environmental factors such as climate, vegetation, and lithology.  Often the hilltops are one soil 
type, the hillsides another, and the valley floors another (Troeh, Thompson, 1993). Surficial soils 
along the Santa Cruz Mainstem are predominately silty and clayey sands to gravelly sandy silts, 
on level to gentle slopes, with low to moderate permeabilities (USDA, 1972).  Around the 
extreme edges of the basin, the soil/alluvial cover over the bedrock is relatively thin and 
generally less than 100 feet thick.  At the center of the basin, the bedrock is buried by up to 
11,000 feet of alluvium.   
 
9.2.1 - Alluvium Characteristics 
 
The alluvium can be subdivided into lower and upper units on the basis of hydrogeologic 
characteristics.  The lower alluvium consists of gravel and conglomerate to gypsiferious and 
anhydritic clayey silt and mudstone and is thousands of feet thick.  The upper alluvium consists 
mainly of gravel, sand and clayey silt and ranges from less than 100 to 1000 ft. in thickness.  
Surficial alluvial deposits are in general very loamy.  A loam is a soil composed of a mixture of 
clay, silt, sand, and organic matter.  Surficial soils along the Santa Crux River mainstem are 
predominately silty-clayey loams to gravelly sandy loams, on level to gently sloping soils, which 
have low to moderate permeabilities. 
 
9.2.2 - Soil Mapping Units 
 
Soil mapping units, referred to as soil associations, have been identified within the study area.  
Soil associations are groups of soils that occur in repeating patterns on the landscape.  The soil 
associations within the watershed have been grouped into temperature-precipitation zones.  
The following four temperature-precipitation soil zones have been identified within the Santa 
Cruz River watershed: Hyperthermic Arid Soils, Thermic Semiarid Soils, Mesic Subhumid Soils, 
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and Frigid Subhumid Soils.  A brief description of each temperature-precipitation soil zone and 
its general location within the watershed study area is provided below.  
 
Hyperthermic Arid (HA) Soils: These soils have mean annual temperatures of 720 F or higher, 
with a difference of more than 90 F between mean summer and mean winter temperatures at a 
depth of 20 inches.  HA soils typically receive less than 10 inches of precipitation annually.  
These soils generally exist in the western portion of the study area. 
 
Thermic Semiarid (TS) Soils: These soils have mean annual temperatures of 590 F to 720 F, 
with a difference of more than 90 F between mean summer and mean winter temperatures at a 
depth of 20 inches.  TS soils typically receive between 10 and 16 inches of precipitation 
annually.  These soils generally exist in the eastern portion of the study area. 
 
Mesic Subhumid (MS) Soils: These soils have mean annual temperatures of 470 F to 590 F, with 
a difference of more than 90 F between mean summer and mean winter temperatures.  MS soils 
typically receive between 10 and 16 inches of precipitation annually.  These soils generally exist 
in the eastern portion of the study area encompassed by the TS soils. 
 
Frigid Subhumid (FH) Soils: These soils have mean annual temperatures of lower than 470 F, 
with a difference of more than 90 F between mean summer and mean winter temperatures at a 
depth of 20 inches below ground surface.  FS soils typically receive more than 16 inches of 
precipitation annually.  There is one small area of FS soils within the watershed study area, 
approximately 15 miles northeast of Tucson. 
 
Within the temperature-precipitation soil zones, there are individual soil associations.  Table 9B 
presents the general descriptions and current land uses of the subject soil series that are within 
the watershed study area. 
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Table 9B – Soil Association Descriptions, and Land Uses 

Soil Association Description Land Uses 

Hyperthermic Arid Soils 

Torrifluvents  
Deep, stratified, coarse to fine-textured, nearly level to gently 
sloping s oils on floodplains and lower alluvial fans, well 
drained, with slight erosion hazard. 

Irrigated cropland, rangeland 
and urban area 

Casa Grande-
Mohall-La Palma 

Deep to moderately deep, moderately fine-textured, nearly 
level soils on valley floors, high lime zones in subsoil and high 
salinity. 

Irrigated cropland, desert rangeland, 
wildlife habitat and building sites  

Mohall-Vexont-
Pinamt 

Deep, moderately fine and fine-textured and gravelly, 
moderately fine-textured, nearly level to gently sloping soils on 
valley plains, well drained, and moderate to high shrink-swell 
potential. 

Desert rangeland and wildlife 
habitat; some irrigated cropland and 
home sites  

Gunsight-Rillito-
Pinal 

Deep and shallow, limy, gravelly, medium and moderate 
coarse-texture, nearly level to strongly sloping soils on alluvial 
surfaces and valley plains. 

Mostly desert rangeland and 
wildlife habitat; some home sites  

Laveen-Rillito 
Deep, medium and moderately course-textured, nearly level to 
gently sloping, limy soils on low alluvial surfaces and valley 
plains. 

Irrigated cropland, desert rangeland, 
wildlife habitat and communities 

Lithic 
Camborthids -
Rock Outcrop-
Lithic Haplargids  

Shallow gravelly and cobbly, moderately coarse to moderately 
fine-textured, gently sloping to very steep soils and rock 
outcrop on hills and mountains. 

Desert rangeland, wildlife  
habitat, game refuge,  
military proving grounds  
and bombing range and recreation; 
also heavy equipment  
proving grounds and city  
and county parks 

Tremant-
Coolidge-Mohall 

Deep, moderately coarse and gravelly, moderately fine-
textured, nearly level and gently sloping soils on low fan 
surfaces and valley plains. 

desert rangeland, wildlife habitat, 
irrigated cropland, home sites  
and military reservations  

Thermic Semiarid Soils  

Tucac-Sonoita-
Grabe 

Deep, moderately coarse to fine-textured, nearly level to 
strongly sloping soils of the uplands and drainage ways. 

Rangeland, wildlife habitat, irrigated 
cropland and some urban 

White House-
Bernardino-
Hathaway 

Deep, fine-textured and gravelly, moderately coarse to 
moderately fine-textured, nearly level to moderately steep soils 
on alluvial fan surfaces and steep side slopes  

Rangeland, wildlife habitat, and 
some home sites. 

Caralampi-
Hathaway 

Deep, gravelly, moderately coarse to moderately fine-textured, 
moderately steep to very steep soils on highly dissected old 
fan surfaces. 

Rangeland, wildlife habitat, and 
some home sites near Nogales. 

Lithic 
Torrirthents -Lithic 
Haplustolls -Rock 
Outcrop 

Shallow, cobbly and gravelly, strongly sloping to very steep 
soils and rock outcrops on hills and mountains. 

Wildlife habitat, rangeland, 
recreation and mining of copper, 
lead, zinc, silver, and gold 

Latene-Nickel-
Pinaleno 

Deep, gravelly, limy, moderately coarse to moderately fine 
textured, nearly level to very steep soils on dissected alluvial 
fan surfaces. 

Rangeland and wildlife habitat; 
some building sites on Pinaleno, 
Nickel and Palos Verdes soils near 
Tucson. 
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Table 9B – Soil Association Descriptions, and Land Uses 

Soil Association Description Land Uses 

Anthony-Sonoita 
Deep, moderately coarse-textured, nearly level to gently 
sloping soils on alluvial fans. 

Rangeland, wildlife habitat, 
recreation, and urban areas  

Mesic Subhumid Soils  

Casto-Martinez-
Canelo 

Deep, very fine-textured, and deep, gravelly, moderately fine 
and fine-textured, nearly level to steep soils on dissected fan 
surfaces and valley slopes. 

Rangeland, wildlife habitat, and      
recreation 

Lithic Haplustolls -
Lithic Argiustolls -
Rock Outcrop 

Shallow, gravelly and cobbly, moderately coarse to moderately 
fine-textured, gently sloping to very steep soils and rock 
outcrop on hills and mountains. 

Rangeland, wildlife habitat, water 
supply and recreation 

Frigid Subhumid  Soils  

Mirabal-Baldy-
Rock Outcrop 

Shallow to deep, gravelly and cobbly, moderately coarse 
textured, hilly to very steep mountain soils and rock outcrop. 

Grazable woodland, recreation, 
wildlife habitat and water supply 

Source:  Hendricks, 1985 

 
9.3 - Erosion and Sediment Delivery Characteristics  
 
The impact of rainfall and the subsequent production of eroded materials is the largest deliverer 
of sediment to the basin.  Within the Watershed Study area, erosion ranges from slight to 
severe and is dependent upon rainfall within the region as well as slope, geomorphology, and 
land use. Infrequent, locally intense storms within the area are responsible for the major portion 
of erosion.  Short, intense summer thunderstorms often result in flows, which may locally cause 
erosion in the side washes and on the valley slopes.  High concentrations of suspended and 
bedload sediment normally occur during these intense summer thunderstorms. 
 
The upper reaches of the main stem of the Santa Cruz River are well defined and efficiently 
transport its sediment load.  Downstream the gradient diminishes and the once well-defined 
channel loses its identity.  Flood flows originating in the upper reaches of the river seldom make 
it to its confluence with the Gila River and most of the flood flow is diverted westward and the 
sediments are deposited.  The sediment load that remains is deposited in irrigation and 
roadside ditches, on fields, on large, poorly drained flats, and in the many channel braids. 
 
9.4 - Groundwater Aquifer 
 
This section describes the geologic characteristics of the groundwater aquifer in the study area.  
A detailed discussion of trends related to groundwater quantity, water balance, and effects of 
groundwater overdraft is provided in Section 8, Water Resources. 
 
The aquifer system and groundwater conditions in the Watershed Study area are composed of 
a wide variety of igneous, metamorphic, and sedimentary rocks of Precambrian to Quaternary 
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age.  Rocks of primary interest to this Watershed Study include the permeable sedimentary 
deposits of Tertiary and Quaternary age, referred to as alluvium.  In the center of the basin, 
particularly along the Santa Cruz River, bedrock is buried by more than 9,000 feet of alluvium. 
 
The alluvium consists of several regionally extensive sedimentary units of diverse lithology.  The 
alluvium is subdivided into upper and lower units on the basis of hydrogeologic characteristics.  
These two alluvial strata have been characterized as the upper alluvial unit (UAU) and the lower 
conglomerate unit (LCU), respectively. 
 
The lower and upper alluvium are saturated at depth and form a regional alluvial-aquifer system.  
The aquifer system, which generally is unconfined to depths of 1,000 feet, is underlain and 
bounded on the east and west by low-permeability crystalline rocks.  Groundwater inflow to the 
aquifer system occurs through gaps in the bedrock from Altar Valley and Tucson basin near 
Three Points and Rillito, respectively.  Groundwater outflow from the aquifer system occurs 
south of Picacho Peak.  Previous estimates of groundwater inflow from Altar Valley near Three 
Points range from 6,790 acre-ft/yr to 16,600 acre-ft/yr.  Previous estimates of groundwater 
inflow from Tucson basin near Rillito range from 11,450 acre-ft/yr to 20,100 acre-ft/yr.  Previous 
estimates of groundwater outflow near Picacho Peak range from 18,670 acre-ft/yr to 34,700 
acre-ft/yr.  On the basis of geochemical data, groundwater inflow is the primary source of 
recharge. 
 
Before 1965, areal recharge from combined sources probably was less than 15,000 ac-ft/yr.  
The main sources of recharge since 1965 include return flow of water applied to fields in the 
north half of the valley and infiltration of streamflow and sewage effluent along the channel and 
flood plain of the Santa Cruz River (Anderson, 1983).  Actual changes in recharge through time 
are poorly known.  Irrigation return flow, however, will likely decrease through time because of 
improved methods of irrigation and decreased irrigated acreage.  Recharge along stream 
channels probably was greatest during the water years of 1978, 1979, and 1984 and may 
increase through time from increased discharge and infiltration of sewage effluent.  Discharge of 
sewage effluent into the Santa Cruz River near Tucson began in 1950, averaged 5,600 acre-
ft/yr from 1951 through 1964, and increased to more than 49,000 acre-ft/yr by 1985, based on 
available records.  A map showing the depth to water at existing and proposed recharge sites 
from the1998 Regional Recharge Plan of the Arizona Department of Water Resources Tucson 
Active Management Area is included as Figure 9B. 
 
Direction of groundwater movement generally is northward in the southern part of the valley and 
northwestward in the northern part.  Movement and storage of groundwater is controlled by the 
distribution of hydraulic head and by the transmissive and storage properties of the aquifer. 
Hydraulic properties of the lower and upper alluvium vary considerably from place to place, 
depending on lithologic factors such as sediment grain size, sorting, and cementation.  In 
general, the lower alluvium has lower permeability and lower porosity than the upper alluvium 
but stores a much greater volume of water because of greater thickness. 
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Permeability of the aquifer system is greatest in the upper alluvium along the channel of the 
Santa Cruz River and least in the mudstone of the lower alluvium.  Hydraulic conductivity and 
transmissivity of the aquifer system range from about 2 to 255 ft/d and 1,000 to 50,000 sq.ft/d 
on the basis of aquifer-test data from several sources (Clifton, 1981; unpublished data from the 
files of Tucson Water, City of Tucson).  Hydraulic conductivity ranges from 20 to 50 ft/d in the 
lower alluvium, 30 to 40 ft/d in most of the upper alluvium, and 50 to 100 ft/d in the river gravels 
of the upper alluvium that underlie the channel of the Santa Cruz River.  Transmissivity ranges 
from 1,500 to 40,000 sq.ft/d in the upper alluvium and 1,000 to 50,000 sq.ft/d in the lower 
alluvium.  Estimates of composite transmissivities of the upper and lower alluvium, based on 
calibration of a one-layer electric-analog model of the aquifer system range from 4,000 to 
30,000 sq.ft/d through most of the valley and exceed 40,000 sq.ft/d along the Santa Cruz River 
(Moosburner, 1972).  Storage properties of the aquifer vary considerably and are difficult to 
determine.  Estimates of storage properties generally are average values determined from 
water-budget calculations and model calibration.  Estimates of specific yield in the upper part of 
the aquifer system average about 0.15 (White and others, 1966; Moosburner, 1972; Anderson,  
 
1972; Whallon, 1983; Freethey and others, 1986).  Storage coefficients of the aquifers below 
1,000 feet probably average about 1x10-4, and reflect confined or artesian conditions. 
 
The groundwater flow system throughout the region has changed significantly since the pre-
development era.  Anderson (1968) states that prior to 1923, the hydrologic system in Central 
Arizona was considered to be in equilibrium.  The hydrologic system today is not in equilibrium, 
with outflow exceeding inflow.  This imbalance is the result of groundwater pumping which has 
created a net decrease in the amount of groundwater in storage and significantly changed 
aquifer characteristics. Available records indicate that pumping of groundwater for agriculture, 
public supply, and industry throughout the study areas resulted in widespread water-level 
declines that ranged from 50 to 150 feet from 1940 through 1984.  Declines were accompanied 
by localized compaction of the aquifer, subsidence of the land surface, and formation of earth 
fissures.  Continued withdrawals from the aquifer system may result in additional declines, 
compaction, subsidence, and fissuring. 
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Figure 9B – 1994 Depth to Water Relative to Recharge Sites 
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9.5 – Collapsible Soils, Land Subsidence, Earth Fissures 
 
Geologic and geophysical data indicate that the sediments of the upper alluvium within the 
Santa Cruz River Valley are much more compressible compared with those of the lower 
alluvium and are much more likely to compact and subside from the withdrawal of groundwater.  
Groundwater is currently being pumped from southern Arizona basins at a rate much higher 
than that of normal, natural recharge.  In the Picacho area, rapid increases in groundwater 
pumping over the last 30 years have caused severe depletion of groundwater (Chronic, 1983).  
As a result of groundwater withdrawal and subsequent subsidence in the Santa Cruz Valley 
near the Picacho Mountains, there are many deep irregular cracks referred to as earth fissures.  
 
Potential instability of the ground surface in and near the Santa Cruz River should be examined 
further prior to selecting specific sites for any construction activities. Instability could be initiated, 
individually or collectively, by a number of different soil conditions or natural processes, 
including collapsible soils, earth fissures, and surface subsidence. Land subsidence and earth 
fissures can cause damage to sewer systems, roads, and other infrastructure.  As described in 
the Regional Recharge Committee Technical Report, Tucson Active Management Area, the risk 
of land subsidence and resultant earth fissures increases with continued depletion of 
groundwater from the study area, with a worst case estimate of 12 feet of subsidence by the 
year 2024 (ADWR, 1996). 
 
9.5.1 - Collapsible Soils 
 
Collapsible soils are common in Southwestern desert environments where potential evaporation 
greatly exceeds rainfall.  The geologic term for the process that causes a soil to collapse is 
hydrocompaction (Slaff, 1993).  The process by which certain types of soil become susceptible 
to collapse is as follows.  As the wetted soil begins to dry by evaporation, capillary tension 
causes the remaining water to withdraw into the narrow spaces close to the soil grain interface.  
When the water moves into this space, it brings with it soluble salts, clay colloids, and silt 
particles.  As the soil continues to dry, the salts, clays, and silts, come out of solution and “tack 
weld” the larger soil grains together at their interface.   
 
Once the soil has dried, it possesses considerable strength at low moisture conditions due to 
this tack welding of the larger grains.  Upon subsequent re-inundation, the salt, clay, or silt 
binder will soften, weaken, and/or dissolve to some extent.  Eventually, these bonding materials 
reach a stage where they can no longer resist the existing overburden stress and the soil 
structure collapses (Houston and others, 1988).  Increasing water content under an applied load 
can result in gradual settlement, or a sudden collapse as the soil bonds are weakened (Hunt, 
1986).  The ground surface sinks locally as a result of collapse of subsurface voids.  In a low-
rainfall climate, susceptible soils are loess, valley alluvium, and certain residual soils.  These 
soils are primarily silty sands, sandy silts, and clayey sands of low plasticity.  Although there is 
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documentation of very deep collapsible soil deposits, it is the near-surface soils that most often 
possess the potential for structural damage and economic losses.  In desert regions such as the 
Study Area, there is insufficient water under natural precipitation conditions to percolate deep 
enough to provide the moisture needed to trigger collapse in the underlying deep soils (Houston 
and others, 1988). 
 
Within the Study Area, there have been collapsible soil problems associated with the Central 
Arizona Project (CAP) aqueduct, as well as with soils in Tucson, east of Pantano Wash 
(Carpenter, 1998).  Damage to structures in the Tucson area has been documented by Sultan 
(1969).  In the San Xavier District, collapsible soils may be a contributing mechanism in the 
development of “sinks” and depressions.  Circular- to linear-shaped “sinks” have been identified 
within the floodplain of the Santa Cruz River at San Xavier Mission, in formerly irrigated and 
non-irrigated fields.  These features range from shallow depressions of a few centimeters, to 6 
m (20 feet) deep holes with steep sides.  Over 1700 such holes have been identified within 7.2 
km (4.5 mi) to the south of the Mission, with over 95% of them on the Santa Cruz River west 
side and the remainder on the east side.  Some holes are only about 75 m (250 ft) from the river 
centerline.  Investigators have attributed possible causes of these sinks to either aquifer-system 
compaction or to “erosion of near-surface material” (Hoffmann and others, 1997).  It appears 
likely that piping of soils explains this phenomenon.  
 
9.5.2 - Land Subsidence  
 
Surface subsidence from compaction initiated by groundwater overdraft has taken place in 
Tucson, but no specific problem areas that could affect potential Study Area construction were 
discovered in the literature.  Potential future subsidence is the bigger issue.  A recent U.S. 
Geological Survey assessment of potential surface subsidence in response to overdraft in the 
Tucson area (Tucson Water and others, 1998) indicates that the Santa Cruz Mainstem in the 
Tucson vicinity has potential to subside “less than two feet” (0.6 m) to the north of the Interstate 
19/I-10 interchange (the lowest number assigned in the potential ranking scheme) and no 
potential to subside south of that interchange.   
 
The Mainstem area is at the far western edge of the “Central’ water well field of the Tucson 
groundwater basin, and at that peripheral location, cumulative effects from groundwater 
withdrawal, including soil dewatering and weakening, should be less than at other locations 
more central to the overdraft zone.  Those subsidence potential numbers represent a significant 
decrease in estimated subsidence potential from earlier U.S. Geological Survey work.  The 
decrease is related to local control of groundwater pumping instituted in the interim between the 
two U.S. Geological Survey studies (Anderson, 1988).  Continued dewatering of Tucson 
aquifers in the future to even deeper levels should be expected to increase subsidence rates 
and amounts, because the deeper parts of the aquifer have more compressible components, for 
example clays, which compact more than sands and gravels when dewatered (Tucson Water 
and others, 1998).  A map showing existing and potential recharge sites and the potential for 
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land subsidence in their proximity from the1998 Regional Recharge Plan of the Arizona 
Department of Water Resources Tucson Active Management Area is included as Figure 9C. 
 
9.5.3 - Earth Fissures 
 
Earth fissures, which generally occur on the periphery of subsidence areas, have been mapped 
near seven groundwater areas in southern Arizona where maximum water level declines have 
equaled or exceeded 200 feet.  The greatest concentration of fissures is found in the lower 
Santa Cruz Basin, which has experienced the most severe groundwater depletion. There exists 
some disagreement on the general causes of earth fissures; most widely accepted is that 
dewatering of aquifers (groundwater overdraft) results in compaction that exacerbates earth 
fissures.  Dewatering of aquifers is thought to be an important causative mechanism as this can 
weaken and subsequently cause collapse (subsidence) or erosion of soils (e.g., Corkhill and 
others, 1998; Tucson Water and others, 1998).  Other studies emphasize an importance of 
bedrock irregularities beneath the compacting soils (Pankratz and others, 1978); to this is added 
the caveat that it is important for substantial amounts of fines to be present in the soils overlying 
bedrock irregularities (Elder, 1998).  Re-activation of old, buried faults is another potential 
cause, and it has been reported that earth fissures can occur in Arizona deserts even when 
none of these causative conditions exist (Carpenter, 1998).  Earth fissures can be miles long 
and can have capacities to take in large quantities of sediment and water.  The only erosion 
feature tentatively identified as an earth fissure within the Study Area is in Marana near the high 
school and CAP canal (Carpenter, 1998), which is over a mile north of the Santa Cruz River, but 
this same feature also has been attributed to collapsible soils. 
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Figure 9C – Land Subsidence Potential Relative to Recharge Sites 
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9.6 - Hazardous, Toxic and Radioactive Wastes (HTRW) 
 
As part of the Watershed Study, an assessment of HTRW sources and sites was conducted for 
the study area.  More detailed discussions of Superfund sites and National Priority List (NPL) 
sites are provided in Appendix F. The assessment began with identification of environmental 
agency information sources for obtaining HTRW related data.  More detailed searches were 
then conducted at the data bases listed below to identify known HTRW sites in the study area.  
 
§ EPA’s Comprehensive Environmental Response, Compensation, and Liability Information 

System (CERCLIS) 

§ EPA’s Resource Conservation and Recovery Information System (RCRIS) 

§ EPA’s Toxic Release Inventory (TRI) 

§ EPA’s Permit Compliance System (PCS) 

§ EPA’s Aeromatic Information Retrieval System (AIRS) 

§ ADEQ’s Water Quality Assurance Revolving Fund (WQARF) 

 

The location of the Superfund Sites in the immediate Tucson area are shown in Figure 9D and 
are listed in Table 9C.  Environmentally sensitive areas, including wastewater treatment 
facilities, Superfund Sites, landfills, mines, and illegal wildcat dumps, are shown in relation to 
the Santa Cruz River for each study reach in Figures 9E-J.    
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Table 9C – Tucson Area Superfund Sites 
SITENAME SITENO Notes  

Winters Oil Service 1  
Gilbert Pump 2  
Aero Rental 3  

Valpar Int'l Corp. 4  
Race Car Co. 5  

Larger Company 6  
Pima County WTP 7 Approximate Location 

Coca Cola Bottling Co. 8  
Abrams Airborne Mfg. 9  

Flowing Wells High Sch. 10  
National Metals Co. 11  

General Electric 12  
United Fire Co. 13  

Oliver's Cleaners  14  
Rolling Property 15  

National Mills  16  
Mission Linen 17  

Downtown Auto Ctr. 18  
Marriot Tucson Linen 19  
Pacific Fruit Express 20  

County Collection System  21  
Davis Monthan AFB 22  

Olive Grove Dross Site* 23 Approximate Location 
San Xavier Salvage Yard 24  
Minerec Mining Chemical 25  

Arizona Air Nat'l Guard 26  
Tucson Int'l Airport 27  

Kleindale Industrial Par 28  
Broadway Landfill North 29 Approximate Location 
Broadway Landfill South 30 Approximate Location 

Unlicensed Pharmaceutica 31  
Garigan Property 32  
Talano Property 33  

Sabino Shooting Range 34  
Duval Corp./Esperanza 35 West of Green Valley 

Montana Mine/Ruby Tailing  In Mexico 
Phelps Dodge Corp.  In Ajo 

Choulic Gravel Pit  In Vamori 
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Of particular interest are the numerous closed landfills that dot the river.  Those that may affect 
potential projects are listed in Table 9D below. 
 

Table 9D – Regional Landfills Along the Santa Cruz River 

Reach Owner Site Name Status Area (ac) Dates of Operation 

2 Pima County Sahuarita #1 Closed 8.0 1968-1973 

2 Pima County Sahuarita #1 Closed 5.7 1968-1973 

2 Pima County Sahuarita #2 Open 22.0 1973-Present 

2 Pima County Old Nogales  Closed 6.3 1965-1970 

2 Pima County Old Nogales  Closed 10.5 1965-1970 

4 City of Tucson 29th Street Closed 6.5 1963-1967 

4 City of Tucson Tumamoc Closed 21.0 1962-1966 

4 City of Tucson State Pit Closed 14.6 1968-1970 

4 City of Tucson Cottonwood Closed 10.7 1973-1985 

4 City of Tucson Ryland Closed 29.0 1960-1965 

4 City of Tucson Dragoon Closed 20.0 1964-1966 

4 City of Tucson Silverbell/Jail Annex Closed 49.9 1966-1975 

4 City of Tucson Mission Closed 7.6 1963-1970 

4 City of Tucson A-Mountain Closed 31.4 1953-1962 

4 City of Tucson Rio Nuevo South Closed 18.8 1960-1967 

4 City of Tucson Rio Nuevo South 
(Nearmont) Closed 3.5 1960-1967 

4 City of Tucson Rio Nuevo North Closed 0.4 1960-1971 

4 City of Tucson RIo Nuevo North Closed 7.8 1960-1971 

4 City of Tucson St. Mary's Closed 10.5 1963-1973 

4 City of Tucson Rio Nuevo North Closed 0.9 1960-1971 

4 Pima County Camino del Cerro Closed 16.2 1973-1977 

5 Pima County Ina Road Closed (Open-inert only) 69.6 1971-1984 

5 Pima County Tangerine Open 77.5 1983-Present 

5 Pima County Cortaro Closed 21.7 1965-1967 

5 Pima County Marana #1 Closed 6.6 1969-1971 

5 Pima County Marana #1 Closed 2.0 1969-1971 

5 Pima County Marana #2 Closed 21.6 1972-1983 or 1984 

 
More detailed location maps for City of Tucson are included in Appendix F.  
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9.7 - Tucson’s Brownfields Redevelopment Program 
 
Brownfields are abandoned, idled, or underutilized industrial or commercial facilities where 
expansion or redevelopment is complicated by real or perceived environmental contamination.  
Often, these properties, which were once a source of jobs and economic benefits to the entire 
community, lie abandoned for fear of contamination and the liability that could be associated 
with them.  Instead, brownfield sites are left in urban core areas in favor of “greenfield” sites 
where contamination and liability are not issues.  As the largest population center in the United 
States that is wholly dependent on groundwater as its potable water source, metropolitan 
Tucson is particularly concerned about the potential impact of brownfields on public health.   In 
response, the City has implemented a comprehensive Brownfields redevelopment program to 
restore environmental health and economic vitality to its Downtown. The City’s efforts and 
dedication have been recognized by the U.S. Environmental Protection Agency through a 
Brownfields pilot project grant in 1997 and selection as one of 40 Showcase Community finalists 
in 1998.   
 
Tucson’s Brownfields redevelopment program consists of five designated areas surrounding the 
Central Business District, one of which has been selected for a pilot project: Warehouse 
District/Barraza Aviation Parkway Corridor.  The area suffers from groundwater and soil 
contamination resulting from mills, railroad and other industrial activities.  So far, the pilot project 
has completed a database on property ownership, historic property uses and regulatory 
constraints; initiation of a community outreach program; and conducted Phase I assessments at 
two properties in the area.  Continued activities will include a continuance of the community 
outreach program, redevelopment planning, prioritization of redevelopment sites, conducting 
site assessments, and linking potential jobs with minority residents in the community.  Potential 
projects could include  landscaping with native vegetation, reconstruction of the Mission San 
Augustin Del Tucson Cultural Park and environmental restoration and flood control 
improvements.  By tying Brownfields greening and redevelopment the City of Tucson plans to 
re-establish the vitality of its historic downtown through a holistic approach to Brownfields reuse.  
Figure 9H shows the location of Brownfields areas in downtown Tucson: 
 

§ Site A – Warehouse District/Barraza Aviation Corridor (80 acres) 
§ Site B – Union Pacific Downtown Spur/Pioneer Paint (55 acres) 
§ Site C – Downtown Commerce Park (44 acres) 
§ Site B – Rio Nuevo South Redevelopment/Convento (144 acres) 
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9.8 - Geotechnical Recommendations 
 
Should design (or construction) phase work be recommended for specific sites in the future, the 
Corps of Engineers Geotechnical Branch will recommend investigation of each site’s 
susceptibility to impact from surface instability and HTRW hazards.  The goals of these 
investigations will be to mitigate potential impacts on any flood-control efforts or other proposed 
basin management plans.   
 
Specific types of investigations that may be recommended could include soil borings and 
laboratory analysis of soils characteristics, penetration-rate field tests, and monitoring for 
subsidence.  Existing surveyed elevation stations and inclination-monitoring stations installed by 
other agencies should be utilized to the maximum extent possible but the installation of 
additional monitoring stations may be necessary.  Collected information will allow assessment of 
actual and potential subsidence and potential earth fissure propagation.   
 
If soils are encountered that appear to be susceptible to the instabilities described above, 
experimentation with various stabilization methods will be in order, for example soil grouting, or 
other strengthening additives. Hunt (1986) states that collapsible soils beneath dams and canals 
have been successfully treated by hydrocompaction (compaction by preflooding).  Other ground 
treatment methods for collapsible soils, that have met varying degrees of success, include 
dynamic compaction, lime stabilization, and excavation-compacted backfill procedures. 
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10. WATERSHED PROBLEMS AND OPPORTUNITIES 
 
This section presents a discussion of general watershed level problems and opportunities, 
specific problems and opportunities for each study reach, and a reach-by-reach summary of the 
resource assessments presented in Sections 4-9 of this report. For more detailed information on 
an assessment summary subject, reference the appropriate Section of the report. Preliminary 
watershed solutions are introduced as “Project Concepts” for each reach in Section 11.  
 
10.1 – Watershed Level Problems and Opportunities 
 
General watershed problems and opportunities are discussed in this section.  Problems and 
opportunities are divided into four broad groups: 1) Flood Damage, 2) Environmental 
Resources, 3) Water Supply, and 4) Recreation. 
 
10.1.1 - Flood Damage 
 
Problems: Historically, the Santa Cruz River Watershed has been subject to severe erosion and 
to a lesser extent, inundation damages from devastating floods, such as those occurring in 1983 
and 1993. Flood damage reduction has been the focus of numerous past studies within the 
Santa Cruz River Watershed by Federal, state and local agencies, resulting in bank protection 
projects, levees, detention basins and other features.  Properties along portions of the Santa 
Cruz River floodplain are at risk of flood damages from future storm events.  Growth and 
development needs to be managed to minimize susceptibility to storm damages.  Problems of 
lateral channel migration caused from erosion and sedimentation throughout unprotected 
reaches further threaten properties.  Disagreement continues among the various agencies 
involved in floodplain regulation as to an acceptable flood frequency discharge estimate. 
 
Opportunities: Pima County has initiated the Floodplain Land Acquisition Program to identify at-
risk properties and prioritize them for purchase and conversion to floodplain-compatible uses 
such as open-space and restoration sites for riparian habitat.  Such uses are consistent with 
evolving philosophies of Federal agencies like the Corps of Engineers non structural flood 
control initiatives, or other mission related activities such as flood damage reduction and 
ecosystem restoration. Maintaining the existing connections between the channel and the 
floodplain in reaches of the Upper Santa Cruz River will help prevent future increase in flood 
peaks flows and their resultant flood damages downstream. Several specific opportunities for 
flood damage reduction with the potential for Corps involvement are discussed in more detail in 
Section 10.2, Reach Summaries with Problems and Opportunities.  
 
10.1.2 - Environmental Resources 
 
Problems: Historically, riparian vegetation was abundant along the channel of the Santa Cruz 
River and its tributaries.  In several areas around springs and high groundwater tables, marshy 
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areas called cienegas and sections of the Santa Cruz River with perennial flows provided 
valuable wildlife habitat in an otherwise arid environment. The Santa Cruz River’s riparian 
vegetation was dominated by cottonwood, willow and mesquite trees.  The surface water 
provided important scarce resting spots for waterfowl passing through the region. 
 
Groundwater pumping since the 1940s has lowered the groundwater table in the study area to 
the extent that no surface flows exist except after large precipitation events.  Groundwater 
declines in excess of 100 feet in many areas and the resultant elimination of surface flows has 
had severe environmental impacts.  As the water-driven Cienega and riparian habitats were 
eliminated, so were the abundant wildlife communities that depended on them for survival. 
Because of the scarcity of surface water in the watershed, several areas have become attractive 
to wildlife simply because of the presence of water including: Avra Valley Water Treatment 
Facility ponds, Green Valley Water Treatment facility ponds, Christopher Columbus Park, Kino 
Springs, and Monkey Springs.  The few remaining riparian areas with mesquite and 
cottonwoods in the study area still support many migrating warblers, cuckoos, and a variety of 
sparrows.  The Buenos Aires Wildlife Refuge, in the southwest corner of the watershed, is the 
only remaining habitat for the Federally-endangered Masked Bobwhite in the United States.   
 
Significance of Southwest Riparian Habitats: It has been documented that riparian habitats are 
especially significant in the arid southwest, functioning as wildlife corridors and oases with 
respect to the surrounding desert environment (Warner and Hendrix, 1985).  Southwestern 
riparian habitats are valued for the high densities and diversities of wildlife they support 
(Carothers and Mills).  Breeding bird densities in these habitats are among the highest in the 
United States (Carothers and Mills).  A number of rare or endangered southwest species such 
as Bald Eagle, Black Hawk, Gray Hawk, and Mesquite Mouse are functionally dependent on 
riparian habitats (Carothers and Mills).   
 
Southwest riparian habitats provide a range of consumptive and non-consumptive recreational 
activities.  Studies by Sublette and Martin (1975) in the Salt-Verde Basin of Central Arizona 
placed a 1972 consumer surplus value of approximately $50 to $60 million on recreation.  While 
the large value was in part due to the proximity to the metropolitan Phoenix area (with a 
significantly larger population than the metropolitan Tucson area), it indicates  the high value 
placed on recreation in the southwest.  Residents within the Watershed Study area have 
indicated a high demand for river-related recreation activities as is evidenced by funding and 
development of completed phases of the regional Pima County River Parks system. 
 
Riparian habitats play a major role in the hydrologic relations of the watershed (Mitsc et al. 
1977).  Odum believes that the greatest contribution of riparian habitats is a result of their 
function as a buffer and filter system between man’s urban and agricultural developments and 
the aquatic environment.  Riparian habitats provide services of flood and erosion control in 
addition to the habitat benefits.  In healthy riparian habitats, water is stored throughout the 
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floodplain during high flows and released slowly during low flow periods, recharging 
groundwater supplies and providing longer-term surface flow down the river. 
 
Opportunities:  Many opportunities exist within the study area for environmental restoration of 
the southwest riparian ecosystem.  While it may be unrealistic to set goals of restoring 
groundwater levels to historic levels and reestablishing historic groundwater-dependent riparian 
communities, it is possible to make significant strides in the direction of ecosystem restoration.  
Riparian communities that will survive with surface water flows can be restored throughout the 
watershed with the creative use of treated wastewater effluent and Central Arizona Project 
water sources.  Several specific opportunities for wetlands and riparian restoration are 
discussed in more detail in Section 10.2, Reach Summaries with Problems and Opportunities.  
 
10.1.3 - Water Supply 
 
Problems: One of the most significant challenges facing Pima County and the Tucson 
Metropolitan Area is the development of a sustainable water supply for the future.  
Consequences of the study area’s dependence on groundwater withdrawal for meeting water 
demands are well documented.  The area’s years of groundwater overdraft have resulted in 
problems with land subsidence and the resulting damage to infrastructure, losses in well 
productivity, increased pumping costs, declines in water quality, and the depletion of surface 
flows that have had devastating effects on wetland and riparian communities.   
 
Opportunities: The Safe Yield Policy of the Groundwater Management Act legislatively requires 
the balance of ground water inflows and outtakes by the year 2025 in response to the growing 
declines in the study area’s water table.  The goals of the Act can be addressed by two courses 
of action, augmenting supply and decreasing demand. Opportunities exist throughout the 
watershed for both.  
 
Supply augmentation opportunities include recharging the area’s depleted groundwater table 
and increasing use of alternative sources such as treated effluent and Central Arizona Project 
Water. Opportunities exist for the development of multipurpose groundwater 
recharge/environmental restoration projects throughout the study area. Several specific 
opportunities for projects with groundwater recharge components are discussed in more detail 
in Section 10.2, Reach Summaries with Problems and Opportunities.  
 
Demand management opportunities include development of expanded water conservation 
programs and development of educational materials and incentives to help shift groundwater 
use to effluent and CAP water use where appropriate.  
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10.1.4 - Recreation 
 
Problems: There is a high demand for recreation opportunities throughout the Santa Cruz River 
Watershed.  While a master plan exists for a regional Pima County River Parks System, the 
completed portions form a discontinuous network of trails, bike paths, and historical and 
interpretive exhibits.   The recreation assessment (Section 4.3) identified a regional demand for 
parks and multi-purpose trails with estimated benefits of approximately $10 million. 
 
Opportunities:  Opportunities abound in the Watershed for providing new recreational 
components in conjunction with the potential flood damage reduction, environmental restoration, 
and water supply augmentation opportunities described in the above paragraphs. Opportunities 
should be explored that connect previously completed components of the regional River Park 
System.  Opportunities exist for the development of passive recreation activities such as trail 
systems through or adjacent to environmental restoration areas.  Several specific opportunities 
for the development of recreation components are discussed in more detail in Section 10.2, 
Reach Summaries with Problems and Opportunities.  
 
 
10.2 - Reach Summaries with Problems and Opportunities  
 
The following sections summarize resource assessments detailed in the previous sections of 
this report (Sections 4-9).  Included in each reach summary is a description of the problems and 
opportunities specific to that study reach. 
 
 
10.2.1 - Reach 1 Resources Summary 
 

Table 10A - Reach 1 - Upper Santa Cruz Reach 
Santa Cruz County Line to Continental Road bridge.  Approximately 10 miles. 

Floodplain/Hydraulic 
Characteristics  

Overbank widths vary from 1,000 to 2,000 feet.  With the exception of pecan farming, 
little floodplain development exists. 

Sediment/ 
Geomorphology 

Meander migration occurs through this reach, especially during high flow events.   The 
channel has been artificially reworked by man for agricultural, erosion-control, or flood-
control purposes.  

100-Year  
Flood Damages  

Total (all Agricultural) -  $741,000 

Capital Improvement 
Projects  

Elephant Head Road Bridge = $171K  (1996) 
Continental Road Bridge = $4.7 million  (1986) 
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Table 10A - Reach 1 - Upper Santa Cruz Reach 
Santa Cruz County Line to Continental Road bridge.  Approximately 10 miles. 

Scour Susceptible 
Bridges  

Continental Road bridge and Elephant Head Road bridge are both considered to be 
“scour stable”.  

Floodprone Land 
Acquisition 

No properties in this reach have been identified for through the FLAP.   The Sonoran 
Desert Conservation Plan identifies Canoa Ranch and Amado Ranch as potential 
acquistion for open space and cultural preservation. 

Recreation 

There are no public parks or golf courses in the vicinity of the Santa Cruz River 
floodplain.   
The County’s River Park Master Plan is proposing to add 10 miles of river trail to the 
west bank.   
The river trail will link up with 6 trails that are part of the Eastern Pima County Trail 
System Master Plan. (EPCTSMP).  These include: #8-Santa Cruz River, #83-
Continental Road, #80-Madera Canyon Wash,  #78-Esperanza Wash, #281-Arroyo 
17, and #289 -Power Line Loop Trail. 

River Management 
 

In-channel river maintenance is generally conducted by the Farmers Investment 
Company, with land and active farming operations in the area.  Aggradation in the 
mainstem and tributaries has been reported as a maintenance problem.   

Regulatory Issues  
Agricultural interests have applied for a Corps 404 permit for bank stabilization and 
maintenance along portions of the reach. 

Groundwater Recharge 
CAP/Effluent Availability 

There are no existing groundwater recharge projects in Study Reach 1.  Neither CAP 
nor effluent is currently available in this area. 

Environmentally 
Sensitive Areas 

No known landfills, mines, Superfund sites, or illegal wildcat dumps were identified 
along the Santa Cruz River in Study Reach 1 in this preliminary assessment.  Includes 
undisturbed reaches that provide vegetation and wildlife habitat. 

Archeological Sites  
§ Juan Bautista de Anza National Historic Trail, and Canoa Campsite.  
§ Canoa Ranch both to the west of the channel in the central portion of the Reach. 

 

 
Problems in Reach 1 include potential agricultural flood damages totaling $741,000 in a 100-
year event.  Lateral instability of the reach has led agricultural interests in the area to apply for 
regulatory 404 permits for bank stabilization and maintenance. 
 
Opportunities within Reach 1 include the implementation of solutions to address flooding 
damages, reestablish connections between the channel and the floodplain, restore riparian 
habitat, provide recreation and cultural awareness features, and plan ahead for future 
groundwater recharge sites for use if/when proposed CAP conveyance to Reach 1 is 
completed. 
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10.2.2 - Reach 2 Resources Summary 
 

Table 10B - Reach 2 – Green Valley/Sahuarita Reach 
Continental Road Bridge to Pima Mine Road Bridge.  Approximately 13.5 miles. 

Floodplain/Hydraulic 
Characteristics  

The east overbank widths vary from 3,000 to 8,000 feet and are generally occupied by 
pecan farming. The west overbank widths vary from 100 to 2,000 feet and include 
developed areas of Green Valley and Sahuarita. 

Sediment/ 
Geomorphology 

The most significant channel changes have been associated with vertical stability.  The 
channel has been in a continuous state of degradation for many years. Comparison of 
historic aerial photography of the channel through this reach shows that little lateral shift 
of the channel has occurred over the past five decades.  

100-Year  
Flood Damages  

Agricultural                    $4,713,000   Public infrastructure      $5,050,000 
Railroad Damages        $3,540,000   Total Damages              $13,303,050                      

Capital Improvement 
Projects  

Flood control capital improvements include bank protection near Green Valley.  Green 
Valley and Sahuarita WWTF’s are located in the 100-year floodplain, but are protected. 

Scour Susceptible 
Bridges  

The two Southern Pacific Railroad bridges were not evaluated. 
Sahuarita/Helmet Peak Road bridge is “scour critical”. 
Nogales Highway - ADOT Bridge #405 has been retrofitted and is “not scour 
vulnerable” 
Pima Mine Road Bridge is “scour critical”. 

Floodprone Land 
Acquisition 

Pima County has purchased 6 acres of floodprone land along tributaries located in 
Green Valley, west of Interstate 19. 

Recreation 
The Haven Golf Course lies close to the west overbank of Reach 2 towards the north 
end of the community of Green Valley. 

River Management 
 

In-channel river maintenance is generally conducted by the Farmers Investment 
Company, with land and active farming operations in the area. Channel degradation at 
the Pima Mine Road Bridge has exposed underground utilities.  A railroad bridge near 
Sahuarita Road has become skewed resulting in a maintenance problem for the 
railroad.  

Regulatory Issues  
Agricultural interests have applied for Corps 404 permits for bank stabilization and 
maintenance along portions of the reach. 

Groundwater Recharge 
CAP/Effluent Availability 

There are no existing groundwater recharge projects in Study Reach 2.  Effluent and/or 
reclaimed water is available at the Green Valley and Sahuarita WWTF’s but is not 
currently discharged to the river.  The southernmost CAP terminus is located at Pima 
Mine Road. 
 
The Farmers Investment Company (FICO) has established a Groundwater Savings 
Facility (GSF) in which the use CAP water in lieu of groundwater for irrigation. 

Environmentally 
Sensitive Areas 

No known landfills, mines, Superfund sites, or illegal wildcat dumps were identified 
along the Santa Cruz River in Study Reach 2 in this preliminary assessment. A mining 
operation exists to the west of the Santa Cruz River channel in the central portion of the 
Reach.  Another mining operation occupies the floodplain and channel of the Santa 
Cruz River immediately to the south of Pima Mine Road. Includes undisturbed reaches 
that provide vegetataion and wildlife habitat. 
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Table 10B - Reach 2 – Green Valley/Sahuarita Reach 
Continental Road Bridge to Pima Mine Road Bridge.  Approximately 13.5 miles. 

Archeological Sites  Llano Grande Campsite of the Juan Bautista de Anza National Historic trail.  

 
Problems in Reach 2 include potential flood damages totaling $13 million in a 100-year event. 
Geomorphological problems include channel degradation (with deep incisement at the 
downstream end of the reach) and channel widening at the upstream end.  Channel degradation 
at Pima Mine Road bridge has exposed underground utilities.  Bridge scour evaluations 
determined the Sahuarita/Helmet Peak Road bridge to be at risk of failure due to scour.  Other 
maintenance problems include aggradation in the tributaries.  Area agricultural interests have 
applied for Corps of Engineers 404 regulatory permits for bank stabilization and maintenance. 
 
Opportunities within Reach 2 include the implementation of solutions to address flooding 
damages, restore riparian habitat, provide groundwater recharge through basins and indirect in-
channel effluent discharges, and provide recreation and cultural awareness features.  
 
10.2.3 - Reach 3 Resources Summary 
 

Table 10C - Reach 3 – San Xavier District Reach 
Pima Mine Road Bridge to Los Reales Road.  Approximately 9 miles. 

Floodplain/Hydraulic 
Characteristics  

The 100-year floodplain follows the mainstem Santa Cruz River channel and Lee 
Moore Wash, a tributary that joins in this reach.  Overbank flow widths are generally 
less than 1,000 feet.  The 500-year overflows encompass both watercourses and are 
5,000 to 6,000 feet wide.   

Sediment/ 
Geomorphology 

The channel is deeply incised north of Pima Mine Road.  The Bureau of Reclamation 
(1996) characterized erosion within this reach as being "severe" with a total loss of 
about 50 acres of farmland along the banks of the river within the last 15-20 years.   
Previous studies have predicted a meander belt width of 1400 feet. 

100-Year  
Flood Damages  

 
Largely undeveloped.  No damages computed. 
 

Capital Improvement 
Projects  

San Xavier District/BOR have constructed bank protection on the west bank just north 
of I-19. 

Scour Susceptible 
Bridges  

I-19 and San Xavier Loop Road  (ADOT Bridges #1243 and 1244) are “not scour 
vulnerable” 

Floodprone Land 
Acquisition 

None have been acquired. 
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Table 10C - Reach 3 – San Xavier District Reach 
Pima Mine Road Bridge to Los Reales Road.  Approximately 9 miles. 

Recreation None Identified 

River Management 
 

It is documented that this river reach is degraded with steep erosion-prone banks in 
many areas.  Previous studies in the area document the potential for severe lateral 
channel migration within this Reach. In preliminary studies on the potential for 
groundwater recharge, the San Xavier District has cited the need to stabilize the 
steep, erosion prone banks if recharge projects are constructed within or alongside the 
river.  

Regulatory Issues  
The reach is located in the Tohono O’odham Indian Nation, San Xavier District.  No 
regulatory issues have been identified by local agencies. 

Groundwater Recharge 
 
CAP/Effluent Availability 

Pima Mine Road Pilot Recharge Project, located just north of Pima Mine Road, 
recharges CAP water through eight 1¾-acre recharge basins.  A pilot project , with an 
allocation of up to 10,000 acre-feet of CAP water to be recharged over the two-year 
period is complete. The southernmost CAP terminus is located at Pima Mine Road. 
 
Preliminary technical studies are underway by the San Xavier District to examine the 
potential for groundwater recharge and riparian habitat enhancement along the Santa 
Cruz River in the San Xavier District using CAP water. CAP water would be supplied 
by means of the District’s proposed CAP Link Pipeline north of Pima Mine Road.  
Effluent is not available in this reach. 

Environmentally 
Sensitive Areas 

No landfills, mines, or Superfund sites were identified in Study Reach 3 in this 
preliminary assessment.  An illegal wildcat dump was identified to the east of the Lee 
Moore Wash channel in the south central Reach 3. Includes undisturbed reaches that 
provide vegetation and wildlife habitat. 

Archeological Sites  San Xavier Mission to the west of the channel at the northern end of the reach. 

 
 

Problems of the most interest in Reach 3 involve environmental degradation, channel 
incisement in the lower reach, and erosion.  Historically, perennial surface water flowed in the 
Santa Cruz River channel in lower Reach 3.  Two springs in the area were the source of 
additional surface water.  The surface and groundwater flows in this area once supported a rich 
riparian area, including a 3,200 acre mesquite bosque, cottonwood-willow groves, and other 
riparian vegetation.  The riparian areas provided habitat for a variety of wildlife, including 
pronghorn antelope, deer, and aquatic life including many species of native fish. Surface water 
now flows only in response to large precipitation events.  Erosion through the reach resulted in 
the loss of 150 to 250 feet of embankment in the 1993 flood.  At the upper end of the reach, the 
Pima Mine Road Bridge has been determined to be at risk of failure from scour. 
 



Santa Cruz River Watershed Management Study Final Feasibility Report and Appendices  
 

 
10.0 Watershed Problems and Opportunities 10-9 August 2001 

Opportunities include the implementation of solutions for environmental restoration, flood 
damage reduction, groundwater recharge, and the provision of recreation and cultural 
awareness features.   
 
10.2.4 - Reach 4 Resources Summary 
 

Table 10D - Reach 4 – Tucson Urban Reach 
Los Reales Road to Sunset Road.  Approximately 15 miles. 

Floodplain/Hydraulic 
Characteristics  

The southern portion of the reach (Ajo Way to Silverlake) is intermittently bank 
protected with a narrow 100-year floodplain.  The central reach (Silverlake to El 
Camino del Cerro) is generally protected with the exception of the Grant Road to Fort 
Lowell Road reach. The reach generally contains 100-year flood events within the 
riverbanks and bridge crossings. The northern reach (El Camino del Cerro to Sunset 
Road) is unprotected with undeveloped overbank areas.  Floodplain widths are 
generally  less than 1,000 feet.  The Roger Road WWTF discharges 38 mgd (59 cfs) 
of treated effluent to the main channel. 

Sediment/ 
Geomorphology 

The overall profile of the streambed has still degraded by one to four feet through the 
Tucson Urban Reach since 1947.  Historic lateral changes are not easily identified 
through this reach of the river due to extensive fill and channelization. Unprotected 
banks have experienced significant erosion/lateral migration of up to 500 feet.  

100-Year  
Flood Damages  

 
Physical Property   $  3,310,128 
Land                           $       75,908 
Research                    $13,871,460 
Total                           $17,257,496 

Capital Improvement 
Projects  

Bank Protection: 
Santa Cruz River - Kostka Ave. $1.0 Million (1984)  
Santa Cruz River - 29th St. to Mission Lane $3.8 million (1988) 
Santa Cruz River - Irvington Rd. to Ajo Way  $3.3 million (1988) 
Santa Cruz River - St. Mary's Rd. to Speedway Blvd. $1.6 million (1989)  
Santa Cruz River - Speedway to Grant  $8.2 million (1991 ) 
Canada del Oro - Carmack Wash to SPRR  $1.11 million (1992)  
Santa Cruz River - Silverbell Park at $1.7 million (1992)  

Santa Cruz River Parks: 
St. Mary's to Speedway $0.89 million (1992) 
Ajo to Irvington $2.0 million (1992)  
Speedway to Grant $1.5 million (1993)  
Mission Ln. to 29th St. $1.6 million (1993) 

Santa Cruz West Branch Dissipater $0.64 million (1991)  
Valencia Rd. Bridge $3.3 million (1989) 
Bridge Repair/Bank protection – El Camino del Cerro $1.2 million (1985) 
Bridge Repair/Bank protection – 22nd Street $67K (1985) 
 
Rillito River - Pegler Wash Soccer Field $122K (1990) 
 

Scour Susceptible 
Bridges  

Valencia Road eastbound and westbound bridges are “calculated scour stable”. 
Irvington Road Bridge is “calculated scour stable”. 
Ajo Way (SR-86) Bridge has been retrofitted and is “not scour vulnerable”. 
22nd Street Bridge is “calculated scour critical”. 
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Table 10D - Reach 4 – Tucson Urban Reach 
Los Reales Road to Sunset Road.  Approximately 15 miles. 

Congress Street Bridge is “calculated scour critical”. 
St. Mary’s Road Bridge is “calculated scour stable”. 
Speedway Blvd. Bridge is “calculated scour critical”. 
Grant Road Bridge is “calculated scour stable”. 
El Camino del Cerro is “calculated scour critical”. 

Floodprone Land 
Acquisition 

Pima County has purchased approximately 102 acres of discontinuous land along the 
mainstem Santa Cruz under the FLAP program.  Additional parcels between 29th 
Street and Ajo Way have been identified. 

Recreation 

Sections of the Pima County River Parks system along the Santa Cruz River are 
completed from Irvington Road to Ajo Way and from Silverlake Road to Grant Road.  
River park bike trails link to regional bike path system.  Municipal parks and golf 
courses. 

River Management 
 

Extensive channelization with lateral shifting has been controlled by fill and intermittent 
bank protection.  Little maintenance is currently conducted through Reach 4. 
Continuous piping and rilling problems occur on the wash near Irvington Road, 
upstream of the outlet structure to the Santa Cruz River.   

Regulatory Issues  Difficulty in securing permits for maintenance and flood clean-up. 

Groundwater Recharge 
 
CAP/Effluent Availability 

The Santa Cruz River Managed Effluent Underground Storage Facility, which extends 
from Roger Road WWTF to Ina Road,  begins in the northern portion of Reach 4. 
 
The piping and pumping stations are in place to resume delivery of CAP water to 
urban Tucson.  The Roger Road Wastewater Treatment Plant (north of Roger Road 
on northeast river bank).  The facility discharges approximately 38 mgd (59 cfs) of 
treated effluent into the Santa Cruz River Channel, creating a perennial flow lined with 
riparian vegetation and incidental recharge. 

Environmentally 
Sensitive Areas 

Throughout Study Reach 4, landfills exist along the Santa Cruz River channel.  
Several Superfund sites exist in the vicinity of the Santa Cruz River through the 
northern portion of the Reach.  No mines or illegal wildcat dumps were identified in the 
vicinity of the river channel through this preliminary assessment. 

Archeological Sites  

 
A number of archaeological sites have been identified in Study Reach 4.   Findings 
include rock walls, stone enclosures, house types, storage pits, ball courts, ceramics, 
tools, petroglyphs, and cremation sites. 
 

 
 
Problems in Reach 4 include environmental degradation and flooding in unprotected areas.  
Erosion damages to the University of Arizona’s WCAC have a net present value of more than 
$17 million. The southern part of the reach once witnessed perennial surface flows and was 
surrounded by riparian vegetation.  Surface flows now exist only in response to large 
precipitation events.  A series of recreation areas and trails exist in the area but are not 
connected. 
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Opportunities include the implementation of projects to restore wetlands/cienegas, restore 
riparian vegetation, reduce flood damages, reestablish connections between the channel and 
the floodplain, recharge groundwater tables, and provide recreational and cultural awareness 
features.  Recreation features could focus on tying together discontinuous recreation trails in the 
area. 
 
10.2.5 - Reach 5 Resources Summary 
 

Table 10 E - Reach 5 – Marana Reach 
Sunset Road to Sanders Road.  Approximately 15 miles. 

Floodplain/Hydraulic 
Characteristics  

Reach 5 includes the confluences of the Rillito River and Canada Del Oro Wash.  The 
southern portion of the reach includes the Ina Road Water Pollution Control Facility, 
which discharges  27.5 mgd (43 cfs) of treated effluent in to the main channel. 
Combined flows from the Roger Road and Ina Road Treatment plants continue north 
resulting in a vegetated low flow channel to the Pinal County Line.  Bank protection is 
intermittent between Suns et Road and Avra Valley Road.  Between Avra Valley and 
Sanders Roads, the river has a meandering channel with overbank widths of 2,000 to 
10, 000 feet.  The CAP canal crosses the Santa Cruz River in Reach 5 via a siphon 
located 3 miles downstream of Avra Valley Road bridge. The PCDOT&FCD recently 
constructed the Lower Santa Cruz Levee project,  which includes  a 7.5 mile soil 
cement levee extending from just upstream of Avra Valley Road.  It generally follows 
the northeast bank of the main channel but is offset by as much as 1000 feet.  

Sediment/ 
Geomorphology 

Due to an abundant sediment supply from the Rillito and Cañada del Oro Wash, the 
Santa Cruz River changes from an incised channel configuration to a more shallow, 
narrower cross-sectional area. The reach has shifted laterally up to 2,400 feet, in part 
due to sand and gravel excavations that have collapsed or diverted flow during flood 
events.  The general channel instability, however, is historic.  While the reach is 
primarily depositional, the present channel low flow has incised approximately 6 feet 
into the historic channel and has exposed the toedown of the soil cement bank 
protection. 

100-Year  
Flood Damages  

 
Lower Santa Cruz Levee Completed Summer 2000 
No Significant Floodplain Damages  
 

Capital Improvement 
Projects  

Santa Cruz River Bank protection – Tangerine Road Landfill  $530K  (1983) 
Santa Cruz River Bank protection – Continental Ranch  $283K  (1983) 
Lower Santa Cruz Levee Project (2000) 

Scour Susceptible 
Bridges  

The Ina Road Bridge is invert protected. 
Cortaro Road Bridge is “calculated scour critical”. 

Floodprone Land 
Acquisition 

Pima County has purchased approximately 250 acres on the mainstem Santa Cruz, 
approximately 250 acres on the Rillito downstream of LA Cholla, and 50 acres on the 
CDO downstream of Magee Road. 

Recreation 
The confluence with Canada del Oro Wash and Rillito River link the Santa Cruz River 
to the north Tucson area.  All three watercourses include foot trails, equestrian trails, 
and intermittent bike paths.   
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Table 10 E - Reach 5 – Marana Reach 
Sunset Road to Sanders Road.  Approximately 15 miles. 

River Management 
 

Sediment removal has been cited as a recurring maintenance requirement at Reach 5. 
Vegetation growing in the channel downstream of effluent discharge sites is a 
maintenance  
 
Continuous effluent flows from the Roger Road and Ina Road wastewater treatment 
facilities have incised a six-foot low flow channel that exposes the toedown of the soil 
cement bank protection.  Continuous clear water low flows in other reaches may give 
similar results. 
 
The riparian vegetation that results from the effluent flows and proposed restoration 
projects may increase the 100-year water surface elevations in the existing channel..  

Regulatory Issues  Difficulty in securing permits for maintenance and flood clean-up. 

Groundwater Recharge 
 
CAP/Effluent Availability 

Reach 5 includes a number of recharge facilities: 
Santa Cruz River Managed Effluent Underground Storage Facility –  

Roger Road WWTF to Ina Road 
BKW Groundwater Savings Facility 
Cortaro-Marana Irrigation District Groundwater Savings Facility 
Northwest Groundwater Replenishment Project –  

Lower Santa Cruz River CAP water recharge 
Marana High Plains Effluent recharge 

Avra Valley Recharge Project (AVRP) 
 
CAP water is readily available in Reach 5. The CAP canal crosses the Santa Cruz 
River in Reach 5 via a siphon located 3 miles downstream of Avra Valley Road bridge. 
 
Treated effluent is available from the combine flows (65.6 mgd or 102 cfs) of Roger 
Road and Ina Road wastewater facilities.  

Environmentally 
Sensitive Areas 

The reach includes five landfills, at least one wildcat dump, and a mining operation. 
Effluent discharges have induced riparian vegetative and wildlife habitat along the 
lowflow channel. 

Archeological Sites  
A number of archaeological sites have been identified in Study Reach 5.   Findings 
include rock walls, stone enclosures, house types, storage pits, ball courts, ceramics, 
and canals. 

 
Problems in Reach 5 include environmental degradation, lateral channel instability, and channel 
incisement.   The Cortaro Road bridge has been determined to be at risk of failure from scour.  
High sediment loads from the Rillito and Canada del Oro tributaries contribute to lateral 
migration and avulsion of the Santa Cruz River channel in this reach.  Sediment removal is a 
recurring problem at Reach 5 bridge crossings.  The effect of vegetated channels resulting from 
effluent discharge is undetermined but under question. 
 
Opportunities in Reach 5 include the implementation of solutions to address environmental 
restoration, groundwater recharge, recreation, and cultural resources.  Opportunities should be 
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explored that connect discontinuous sections of the Pima County River Parks System in this 
area. 
 
10.2.6 - Reach 6 Resources Summary 
 

Table 10 F - Reach 6 – Lower Santa Cruz Reach 
Sanders Road Bridge to the Pinal County Line.  Approximately 9.5 miles. 

Floodplain/Hydraulic 
Characteristics  

This reach is characterized by a meandering main channel that includes the vegetated low flow 
channel caused by the effluent.  The southwest overbank is confined within the geologic 
floodplain and has a width of 3,000 to 6,000 feet. It is largely undeveloped but includes some 
agriculture.  The northeast overbank has a width of 8,000 to 14,000 feet and is largely 
agriculturalized.  

Sediment/ 
Geomorphology 

The Lower Santa Cruz Reach has  a history of channel change during low to moderate flow 
events, as well as major flood events.  Avulsion during low to moderate events is linked with the 
high sediment accumulation from upstream and increased vegetative growth from effluent 
discharge. Lateral shifts of up to 2,000 feet occurred during the 1983 flood..  

100-Year  
Flood Damages  

Agricultural                       $4,825,400 
Public Infrastructure         $4,840,000 
Inundation                        $2,124,700 
Clean-up Costs                $1,099,500 
Emergency Costs             $1,503,000 
Total Cost                        $14,392,600 

Capital Improvement 
Projects  

Berry Acres Bank Protection $550K (1994) 
Sanders Road Bridge repair Bank Protection $629K (1985) 

Scour Susceptible 
Bridges  

Sanders Road bridge is “Scour Critical” 
Trico-Marana Road Bridge is “Calculated Scour Critical” 
Trico Road Bridge is “Calculated Scour Critical” 

Floodprone Land 
Acquisition 

Pima County has purchased approximately 93 acres of discontinuous land along the mainstem 
Santa Cruz under the FLAP program.   

Recreation There are no public parks or golf courses in the vicinity of the Santa Cruz River floodplain.   

River Management 
 

The major concern on Reach 6 is sediment accumulation in many areas along the Lower Santa 
Cruz River – especially after large flow events.  Lateral migration and channel avulsions through 
the Reach are attributable to the high sediment load it carries.  After large flow events sediment 
removal is a recurring maintenance need at Reach 6 bridges. 

Regulatory Issues  Difficulty in securing permits for maintenance and flood clean-up. 

Groundwater Recharge 
CAP/Effluent Availability 

Reach 6 includes a number of recharge facilities: 
BKW Groundwater Savings Facility 
Cortaro-Marana Irrigation District Groundwater Savings Facility 

 
CAP water is not readily available in Reach 6 
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Table 10 F - Reach 6 – Lower Santa Cruz Reach 
Sanders Road Bridge to the Pinal County Line.  Approximately 9.5 miles. 

Treated effluent is available in stream from the combine flows of Roger Road and Ina Road 
wastewater facilities.  

Environmentally 
Sensitive Areas 

No landfills, mines, Superfund Sites, or illegal wildcat dumps were identified in the immediate 
vicinity of the Santa Cruz River channel in Study Reach 6 through this preliminary assessment.  
A mining operation does exist to the south of the channel in the southern portion of the Reach. 
Effluent discharges have induced riparian vegetative and wildlife habitat along the lowflow 
channel.  There are stretches of relatively undiisturbed riverbank and floodplain. 

Archeological Sites  Olipar Campsite of the Juan Bautista de Anza National Historic Trail. 

 
 
Problems within Reach 6 include extreme tendencies of the channel for lateral migration and 
avulsion in this area known as the Santa Cruz Flats.  There is a potential for $14.4 million in 
total damages in the 100-year event.  The three bridge crossings in Reach 6 (Trico Road, Trico-
Marana Road, and Sanders Road) are all determined to be at risk of failure from scour.  
Sediment removal at these bridges is a recurring maintenance problem after large flow events. 
 
Opportunities within Reach 6 are generally more limited than opportunities within other reaches.  
There is less potential for storm damages in the reach because there is less development than 
in other reaches.  The main opportunity in the area is to address recurring maintenance issues 
related to sedimentation.  Exploration of opportunities within the reach should focus on 
addressing sediment accumulation within the reach and facilitation of recurring maintenance 
activities.  Opportunities could be examined for providing recreational activities within the reach. 



 
11.1 – Component Inventory 
 
This section begins with a comprehensive inventory of proposed projects and programs within 
the Santa Cruz Watershed.  Each individual project or program is considered a “component” of 
the watershed management plan.  A component inventory is given on a reach-by-reach basis in 
Tables 11A – 11G. The tables include component descriptions, lead agencies, locations, project 
goals and objectives. The goals and objectives are related to the strategies identified in the 
overall Watershed Planning Goals and Objectives outlined in Section 1.6.  An overview of the 
study reaches is given in Figure 11A and locations of the components are shown on Figures 
11B – 11G (at the end of this section).  Some of the proposed components, such as the City of 
Tucson River Park Extension in Reach 4 are well advanced and are scheduled for 
implementation in the near future.  Others, such as the Town of Sahuarita bank protection in 
Reach 2, have only been mentioned as potential needs in the region.  The inventory also 
includes existing features, such as the Santa Cruz River Management Effluent Recharge 
Facility, that are integral to some of the proposed components and to the overall watershed 
plan.  
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Table 11A - Watershed Management Plan Component Inventory – Reach 1 

Component/Description Agencies  Location Goals/Objectives 

Canoa Ranch Preservation 
The Sonoran Desert Conservation Plan identifies the Canoa Ranch 
as an operating western ranch that should be preserved should the 
current development efforts fail.  

Pima County Canoa Ranch - within 
Canoa Land Grant 

Non Structural Flood 
Control 
(Open Space/Ranch 
Preservation) 

Amado Ranch Preservation 
Sonoran Desert Conservation Plan identifies the Amado Ranch as an 
operating western ranch that should be considered as a future 
conservation project.  

Pima County Amado Ranch - South 
of Canoa Land Grant 

Non Structural Flood 
Control 
(Open Space/Ranch 
Preservation) 

FICO Groundwater Savings Facility 
Use of Central Arizona Project water in lieu of groundwater for 
irrigation of pecan orchards. 

FICO 
ADWR 

FICO lands throughout 
Reach 1 

Groundwater Recharge 
(Reduced Groundwater 
Pumping) 

Recreation 
Complete Pima County River Trail System 
Restore De Anza Trail and Identify Historic Campsites  

Pima County FCD Overall Reach Recreation  
(Cultural Preservation) 

Floodprone and Floodplain Land Acquisition 
Preserving the existing floodplain to prevent increase in downstream 
peak discharges that result from a loss in overbank storage. 

Pima County FCD Overall Reach 

Non Structural Flood 
Control 
(Open Space/Ranch 
Preservation) 

Additional proposed measures that would be compatible: 
- Riparian and upland habitat restoration 
- In channel or overbank groundwater recharge 

Pima County 
ADWR 
BOR 

Overall Reach Ecosystem Restoration 
Groundwater Recharge 

 
 
 
 
 
 
 
 
 
 



Santa Cruz River Watershed Management Study Final Feasibility Report and Appendices  
 
 

 
11.0  Watershed Management Plan Components 11-3 August 2001 
 

Table 11B - Watershed Management Plan Component Inventory – Reach 2 

Component/Description Agencies  Location Objective 

FICO – Groundwater Savings Facility 
Use of Central Arizona Project water in lieu of groundwater for 
irrigation of pecan orchards. 

Farmers Investment Co. 
ADWR 

FICO lands throughout 
Reach 2 

Groundwater Recharge 
(Reduced Groundwater 
Pumping) 

ASARCO Mission Mine  – Groundwater Savings Facility 
Use of Central Arizona Project water in lieu of groundwater for copper 
mining. 

ASARCO 
ADWR 

5 Miles west of river at 
Sahuarita Road 

Groundwater Recharge 
(Reduced Groundwater 
Pumping) 

Town of Sahuarita Flood/Erosion Control 
Future development plans for the portion of the river that runs through 
the Town’s expanded boundary will likely require bank protection for 
flood and erosion control. 

Town of Sahuarita Town of Sahuarita River Stability 
Flood/Erosion Control 

Bureau of Reclamation Non-native Fish Barrier 
Prevent non-native fish in CAP water from colonizing upper Santa 
Cruz River 

Bureau of Reclamation South of Pima Mine 
Road 

Protective Native Fish 
(ESA) 

Recreation 
Complete Pima County River Trail System 
Restore De Anza Trail and Identify Historic Campsites  

Pima County Overall Reach Recreation and Cultural 
Preservation 

Floodprone and Floodplain Land Acquisition 
Preserving the existing floodplain to prevent increase in downstream 
peak discharges that result from a loss in overbank storage. 

Pima County FCD Overall Reach 

Non Structural Flood 
Control 
(Open Space/Ranch 
Preservation) 

Additional proposed measures that would be compatible: 
- Riparian and upland habitat restoration 
- In channel or overbank groundwater recharge 

Pima County 
ADWR 
Bureau of Reclamation 

Overall Reach Ecosystem Restoration 
Groundwater Recharge 
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Table 11C - Watershed Management Plan Component Inventory – Reach 3 
(San Xavier District) 

Component/Description Agencies  Location Objective 

Existing Pima Mine Road Recharge Facility 
The facility completed a two year pilot study in 2000.  Application for 
permanent status is under review by ADWR. 

City of Tucson 
Central Arizona Water 
Conservation District 
ADWR 

East bank of Santa 
Cruz, north of Pima 
Mine Road 

Groundwater Recharge 

San Xavier District (SXD) Recharge Facilities.  
The SXD is considering recharge facilities for CAP water in the Santa 
Cruz River main channel and overbank.  A draft report is in progress.  

 

San Xavier District 

Santa Cruz main 
channel from Pima Mine 
Road to Los Reales 
Road 

Groundwater Recharge 

San Xavier Arroyos Project  
The SXD completed a successful pilot project for evaluating in channel 
recharge through arroyos on the District’s land.  Further research is 
recommended before committing to a long term project of this type.  

San Xavier District 
San Xavier District – 3 
miles west of Santa 
Cruz main channel 

Groundwater Recharge 
Ecosystem Restoration 

San Xavier District Riparian Restoration 
The SXD has grant from the Arizona Water Protection fund to restore 
and enhance riparian areas.  A 12.5 acre site on the east bank just 
south of Martinez Hill is under consideration. 

San Xavier District 
East bank of Santa 
Cruz, south of Martinez 
Hill 

Ecosystem Restoration 

San Xavier District Bank Protection/Wetland/Farm Rehabilitation (Existing) 
The Bureau of Reclamation has recently constructed bank protection 
on the west bank of the Santa Cruz north of Interstate-19. The San 
Xavier District has proposed wetlands creation in the cut-off bend 
immediately behind the revetment and farm rehabilitation on the 
overbank. 

San Xavier District 
BOR 

West bank of Santa 
Cruz River, North of I-
19 

River Stability 
Flood/Erosion Control 
Ecosystem Restoration 
(Farm Rehabilitation) 

San Xavier District cooperation with Paseo de las Iglesias  
San Xavier Mission would be the southern most of the “Walk of the 
Churches” (Paseo de las Iglesias).  Potential to combine San Xavier 
District in channel recharge projects with water supply needs for 
Paseo de las Iglesias and City of Tucson water projects in Reach 4. 

San Xavier District 
Pima County FCD 
City of Tucson 

Martinez Hill and San 
Xavier Mission vicinity 

Ecosystem restoration 
(Cultural Restoration) 

 
 



Santa Cruz River Watershed Management Study Final Feasibility Report and Appendices  
 
 

 
11.0  Watershed Management Plan Components 11-5 August 2001 
 

 

Table 11D – Watershed Management Plan Component Inventory – Reach 4 
(Tucson Urban Reach) 

Component/Description Owner/Agencies  Location Objective 

Paseo de las Iglesias Environmental and Cultural Restoration: 
§ Bank protection and river park facilities from Valencia Road to Irvington 

Road, and Ajo Way to Silverlake 
§ Riparian habitat restoration in main channel and terraces  
§ Demonstration of floodwater farming techniques on overbank areas  
§ Stormwater harvesting in tributaries  
§ Seasonal-continuous Flow 

COE has completed 905b reconnaissance study PSP, FCSA in development 
for feasibility.  Project is also a component of Pima County’s Sonoran Desert 
Conservation Plan. 

Pima County FCD 
USACE 

San Xavier Mission 
(Reach 3) through 
Congress Street. 

Ecosystem Restoration 
(Cultural Restoration) 
Stormwater Management 
River Stability  
Flood/Erosion Control 
Recreation 

Seasonal/Continuous Flows  
City of Tucson Multiple Benefit Water Use Project that will release 
CAP water from various outfall locations to support habitat and visually 
enhance the Santa Cruz River main channel.  

City of Tucson 

Santa Cruz main 
channel from Valencia 
Road to Speedway 
Blvd. 

Ecosystem  Restoration 
Recreation 

Santa Cruz River Park Extension 
City of Tucson Multiple Benefit Water Use Project that will enhance 
riparian habitat along Irvington Wash and recreate upland habitat with 
an interpretive trail system through the remainder of the 50 acre 
project site.  Funding from the Arizona Department of Water 
Resources under the Water Protection Fund. 

City of Tucson 
ADWR 

Santa Cruz East bank 
near Interstate 19 

Ecosystem Restoration 
Recreation 

Downtown Gateway Water Feature   
City of Tucson Multiple Benefit Water Use Project that will include 
native plant revegetation, irrigation, a waterline for the fountain, links to 
the existing trail system, and native plantings illustrating permaculture 
techniques.   Funding from the Arizona Department of Transportation 
under the Intermodal Surface Transportation Efficiency Act. 

City of Tucson 
ADOT 

Santa Cruz east bank 
north of Congress 
Street 

Recreation 
Education 
 

Rio Nuevo  
City of Tucson redevelopment project that extends along a 1.5 mile 
reach in the vicinity of downtown Tucson.  Master planning process is 
currently underway and will involve multi-disciplinary studies of 
environmental constraints (including landfills) and opportunities, 
intermodal transportation linkages with downtown Tucson, flood 
control aspects of the Rio Nuevo site, stormwater runoff issues, 
archeological investigations, historical interpretation, habitat 
restoration and geotechnical studies.   

City of Tucson 

Santa Cruz River from 
N. of Congress Street to 
22nd Street  
 
Overlaps with Paseo de 
las Iglesias and the 
Multiple Benefit Water 
Use Projects  

Ecosystem Restoration 
(Cultural Restoration) 
Stormwater Management 
River Stability  
Flood/Erosion Control 
Recreation 
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Table 11D – Watershed Management Plan Component Inventory – Reach 4 Continued 

(Tucson Urban Reach) 

Description Owner/Agency Location Objective 

Ryland Landfill.   
City of Tucson is designing bank protection to prevent erosion into an 
abandoned landfill.  Construction expected in early 2001. 

City of Tucson – Solid 
Waste Division 

Santa Cruz River east 
bank north of Ajo Way. 

River Stability 
Flood/Erosion Control 
(Environmental 
Protection) 

“A” Mountain Landfill 
City of Tucson Solid Waste has developed concept design for capping 
this closed landfill with 4’ – 6’ of material, providing open space on top. 

Rio Nuevo Landfill  
City of Tucson is developing plan to degrade waste in <5years to 
provide limited development on top. 

City of Tucson – Solid 
Waste Division 

Santa Cruz west bank 
near Congress Street. 

Development/Open 
Space 
(Landfil l Management) 

Grant to Fort Lowell Bank Protection 
Pima County has developed concept design plans for soil cement 
bank protection and river park development on both banks of the 
Santa Cruz River from Grant Road to the Fort Lowell Road alignment.  
The reach is currently part of a USACE “Special Study” that will 
determine the erosion hazard and expected damages. 

Pima County FCD 
USACE 

Santa Cruz main 
channel from Grant 
Road to Fort Lowell 
Road 

River Stability 
Flood/Erosion Control 
Recreation 

Santa Cruz Managed Effluent Facility (Existing) 
The City of Tucson has developed an Underground Storage Facility for 
recharge of effluent from the Roger Road wastewater facility.  ADWR 
has permitted this facility since 1999.   

Pima County WWM 
City of Tucson Water 
Department 
ADWR 

Roger Road WWFP 
outfall to Ina Road. 
 
Overlaps with Tres Rios 
del Norte 

Groundwater Recharge 
Effluent Management 

Tres Rios del Norte 
Proposed multi-agency project that includes environmental restoration, 
groundwater recharge, and recreation 

Pima County FCD 
Pima County WWM 

Roger Road WWTF to 
Sanders Road. 

Ecosystem Restoration 
River Stability 
Flood/Erosion Control 
Groundwater Recharge 
Effluent Management 
Recreation 

Sweetwater Recharge Facility (Existing) 
Groundwater recharge and reclaimed water production. 

Pima County WWM 
City of Tucson Water 
Department 

West bank across from 
Roger Road WWTP 

Groundwater Recharge 
Effluent Management 

Roger Road Wastewater Treatment Facility Effluent Storage Ponds  
Pima County Wastewater has suggested constructing effluent overflow 
storage ponds with wetland/riparian restoration.  Proposed volume is 
900 acre-feet and would store seven days of flow at 41 mgd. 

Pima County WWM Roger Rd. WWTF Effluent Management 
Ecosystem Restoration 
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Table 11E – Watershed Management Plan Component Inventory – Reach 5 
(Marana Reach) 

Component/Description Owner/Agencies  Location Objective 

Tres Rios del Norte 
Proposed multi-agency project that includes environmental restoration, 
groundwater recharge, and recreation 

Pima County FCD 
Pima County WWM 

Roger Road WWTF to 
Sanders Road  

Ecosystem Restoration 
River Stability 
Flood/Erosion Control 
Groundwater Recharge 
Effluent Management 
Recreation 

Santa Cruz River Recent Bed Changes  
Significant bed degradation, resulting from continuous clear water 
effluent flow, has exposed the toe of soil cement bank protection. 

Pima County FCD 
Pima Country WWM 

Ina Road to Lambert 
Lane alignment 

River Stability 
Flood/Erosion Control 
Effluent Management 

Santa Cruz River Recent Bed Changes  
Significant local scour downstream of a grade control structure at Ina 
Road Bridge 

Pima County FCD 
Pima Country WWM Ina Road Bridge 

River Stability 
Flood/Erosion Control 
Effluent Management 

Lower Santa Cruz Levee Phase I (Existing) and Future River Path 
Soil cement flood control levee – completed 2000. 

Pima County FCD 
Town of Marana 

Continental Ranch to 
Sanders Road 

River Stability 
Flood/Erosion Control 
Recreation 

Lower Santa Cruz Replenishment Project  (Existing) 
Off-channel groundwater recharge basins using Central Arizona 
Project water.  Part of the Northwest Replenishment Program. 

Pima County FCD 
CAWCD 
Town of Marana 

Located on south bank 
1.5 mile upstream of 
Sanders Road 

Groundwater Recharge 

Marana High Plains Effluent Recharge Project (Existing) 
Off-channel groundwater recharge basins.  Two year pilot project to 
evaluate rate of recharge, groundwater quality effects, habitat 
enhancement and vector control concerns when using treated effluent.  
Part if the Northwest Replenishment Program. 

Pima County FCD 
Arizona Water 
Protection Fund 
Bureau of Reclamation 
Town of Marana 

Located on south bank; 
immediately upstream 
of Sanders Road 

Groundwater Recharge  

Central Arizona Project Canal and Siphon  
Underground siphon for CAP canal crosses Santa Cruz River.  
Potential water source for restoration and recharge projects. 

Central Arizona Water 
Conservation District 

1.5 miles downstream 
from Avra Valley Road 

Ecosystem Restoration 
Groundwater Recharge 

Avra Valley Pilot Recharge Project (Existing) 
Off-channel groundwater recharge basins using Central Arizona 
Project water.  Northwest Replenishment Program. 

Central Arizona Water 
Conservation District 

Located on south bank 
1.5 mile upstream of 
Sanders Road 

Groundwater Recharge 

BKW Farms  – Groundwater Savings Facility 
Use of Central Arizona Project water in lieu of groundwater for 
agriculture. 

BKW Farms 
ADWR 

~19 square miles south 
of Santa Cruz River 
between Avra Valley 
Rd. and Luckette Rd. 

Groundwater Recharge 
(Reduced Groundwater 
Pumping) 

Recreation 
Complete Pima County River Path/Trail System 
Restore De Anza Trail and Identify Historic Campsites  

Pima County FCD Overall Reach Recreation  
(Cultural Preservation) 
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Table 11E – Watershed Management Plan Component Inventory – Reach 5 
(Marana Reach) 

Component/Description Owner/Agencies  Location Objective 

Additional Projects on Tributaries – Lower Rillito River 
Potential for environmental restoration on the lower Rillito near its 
confluence with the Santa Cruz.  

Pima County FCD 
Pima County WWM 
Town of Marana 
USACE 

Santa Cruz confluence 
to La Cholla Blvd. 

Ecosystem Restoration 
 

Additional Projects on Tributaries  
Rillito River Bridges  

Pima County DOT & 
FCD 

Rillito River at Alvernon 
Road.  Finger Rock 
Wash at River Road 

New bridge over Rillito 
River,  River Road 
drainage improvements 
at Finger Rock Wash 

Additional Projects on Tributaries  
Rillito River Environmental Restoration 
Swan Road Wetlands  

Pima County FCD 
USACE 

Country Club Blvd. to 
Swan Road, 5-7 miles 
east of Santa Cruz/ 
Rillito Confluence 

Ecosystem Restoration 
Recreation 

Additional Projects on Tributaries  
Tanque Verde Creek Bank Protection and Environmental Restoration 

Pima County FCD 
USACE 

Craycroft Road to 
Sabino Canyon Road, 
8-10 miles east of Santa 
Cruz/ Rillito Confluence 

Ecosystem Restoration 
River Stability 
Flood/Erosion Control 

Additional Projects on Tributaries  
Agua Caliente Environmental Restoration, 12 miles east 

Pima County FCD 
USACE 

Agua Caliente 
12 miles east of Santa 
Cruz/ Rillito Confluence 

Ecosystem Restoration 

Additional Projects on Tributaries – Canada del Oro 
Potential for environmental restoration, recreation, stormwater 
harvesting, and groundwater recharge on the lower CDO near the 
confluence with the Santa Cruz.  Would tie in with Tres Rios del Norte. 

Pima County FCD 
Pima County WWM 
Bureau of Reclamation 
Town of Marana 

Near Overton Road 
~4 miles upstream of 
Santa Cruz Confluence 

Ecosystem Restoration 
Groundwater Recharge 
Stormwater 
Management 
Recreation 
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Table 11F – Watershed Management Plan Component Inventory – Reach 6 
(Lower Santa Cruz Reach) 

Component/Description Owner/Agencies  Location Objective 

Lower Santa Cruz Levee Phases II and III 
Soil cement flood control levee. Pima County FCD Sanders Road to Pinal 

County Line 
River Stability 
Flood/Erosion Control 

Trico Marana Road/Berry Acres 
Soil Cement bank protection for the Berry Acres subdivision.  Trico 
Marana Bridge over main channel has low conveyance. 

Pima County FCD North bank upstream of 
Trico Marana Road 

River Stability 
Flood/Erosion Control 

BKW Farms  – Groundwater Savings Facility 
Use of Central Arizona Project water in lieu of groundwater for 
agriculture. 

BKW Farms 
ADWR 

~19 square mile area 
south of Santa Cruz 
River between Avra 
Valley Road and 
Luckette Road 

Groundwater recharge 
(Reduced Groundwater 
Pumping) 

Avra Valley Irrigation District  – Groundwater Savings Facility 
Use of Central Arizona Project water in lieu of groundwater for 
agriculture. 

Avra Valley Irrigation 
District 
ADWR 

~ 1.5 square mile area 
that lies on south bank 
between Luckette Road 
and Trico Road. 

Groundwater recharge 
(Reduced Groundwater 
Pumping) 

Cortaro Marana Irrigation District  – Groundwater Savings Facility 
Use of Central Arizona Project water in lieu of groundwater for 
agriculture. 

Cortaro-Marana 
Irrigation District 
ADWR 

~ 20 square mile area 
that lies on north bank 
between Sandario Road 
and Trico Road. 

Groundwater recharge 
(Reduced Groundwater 
Pumping) 

Additional Projects on Tributaries – Brawley/Blanco Washes  
Current problems include flooding, erosion, wildcat subdivisions, and 
public access during storm events.  Revise outdated USGS flood 
study.  Monitor changes in watercourse morphology with detailed 
topographic mapping. 

Pima County FCD 
Near Overton Road 
~4 miles upstream of 
Santa Cruz Confluence 

River Stability 
Non Structural Flood 
Control (Development) 
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Table 11G – Watershed Management Plan Component Inventory – Regional Features 

Component/Description Owner/Agencies  Location Objective 

Effluent Re-use Study 
The Bureau of Reclamation is coordinating a Title 16 Wastewater 
Reuse Study with local agencies.  The study will investigate 
recharging, reclaiming, and delivering wastewater effluent.   

Bureau of Reclamation 
Pima County 
City of Tucson 
Tucson Water 
Town of Marana 
Town of Sahuarita 
MDWD 

Focus on the effluent 
dominated reach 
(Marana), East Tucson 
Valley, and South 
Green Valley areas. 

Groundwater Recharge 
Effluent Management 

CAP Water Delivery Study 
The Bureau of Reclamation is currently preparing a CAP delivery study 
that looks at four alternatives for Tucson area long-term water supply:  
1) CAP water with conventional treatment; 2) CAP with recharge into 
Canada del Oro reclaiming at some point downstream; 3) continued 
pumping of groundwater; or 4) buying water elsewhere. 

Bureau of Reclamation Regional Groundwater Recharge 
(Water Supply) 

Tucson Aqueduct System Reliability Investigation (TASRI) 
The Bureau of Reclamation is currently preparing a TASRI to evaluate 
methods to increase reliability of CAP delivery.  Alternatives include 
surface storage, recharge recovery, redundant delivery features, no 
action. 

Bureau of Reclamation Regional 

Water Supply 
(Affects Restoration 
Projects using CAP 
Water) 

BOR Salinity Study and Central Arizona Salinity interceptor 
The Bureau of Reclamation is making an initial appraisal of the 
feasibility to desalinate CAP water by reverse osmosis.  Resulting 
brine would be transported to Yuma or Puerto Penasco, Mexico.  
Potential to combine with similar facilities in the City of Phoenix for a 
“Central Arizona Salinity Interceptor” (CASI).  The brine has TDS of 
4500 ppm., roughly 10 times less than ocean, and may be useful for a 
brackish water marsh like that at Cienega Santa Clara at Colorado 
River delta or the Salton Sea.  Project is likely to be 10-20 years out.   

Bureau of Reclamation 
Town of Oro Valley 
City of Phoenix 
City of Tucson (possibly 
in future) 

Regional 
Indirect effects on 
Groundwater Recharge 
(Water Supply) 
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11.2 - Conceptual Development of Selected Components 
 
The inventory described in Tables 11A – 11G identifies more than 50 individual components 
within the overall watershed management plan.  Of these 50 elements, there are a selected few 
that provide obvious economic, environmental, and recreational benefits in the form of 
flood/erosion control, restoration of riparian habitat, groundwater recharge, land acquisition to 
reduce future impacts, and linkage of existing recreational features on the mainstem Santa 
Cruz.  Based on the apparent benefits, as well as input from past public meetings, and 
discussions with the local sponsors, six concepts were selected for additional analysis: 
 

1)  Floodprone Land Acquisition (Reaches 1 and 2) 
2)  Paseo de Las Iglesias (Reach 4) 
3)  COT Multiple Benefit Projects/Rio Nuevo (Reach 4) 
4)  Santa Cruz River Bank Protection Grant to Fort Lowell (Reach 4) 
5)  Tres Rio del Norte (Reaches 4 and 5) 
6)  Upland Recreation (All reaches) 

 
The locations of the concepts are shown in Figure 11A.  Each concept includes a number of the 
components listed in Tables 11A-11G and the following sections give more detailed descriptions 
and provide conceptual designs and costs.  Color plates for Figures 11H – 11T are included at 
the end of the section. 
 
11.2.1 – Floodprone Land Acquisition 
 
Existing and Future Without Project Conditions 
 
With the exception of the Green Valley and Sahuarita areas, Reaches 1 and 2 are largely 
undeveloped (Figures 11B and 11C).  The Santa Cruz River has limited bank protection at the 
Elephant Head Road and Continental Road bridges, and in the vicinity of Green Valley - 
including the wastewater treatment plant.  The remainder of the river is unarmored and free to 
migrate.  Although the 1993 flood caused lateral migration that threatened the Elephant Head 
Road bridge, the historical profile and cross section analyses in Section 5 (Hydrology/ 
Hydraulics) show that the current channel is fairly stable through both reaches.  The Town of 
Sahuarita (Reach 2) has proposed annexing approximately 14 square miles of land on both 
sides of the river between Pima Mine Road and Continental Road (Figure 11C).  Proposed land 
uses include park, industrial, commercial, residential, and resource conservation.  Bank 
protection will likely be required for at least a portion of the river within the annexed area unless 
development is setback for some distance from the River. 
 
Future development within the regulatory floodplain is already subject to restrictions in the 1999 
Pima County Floodplain and Erosion Hazard Management Ordinance. There is no development 
allowed in the floodway, and development within the floodway fringe is subject to a number of 
restrictions (see Section 6.2).  In addition, there is an erosion hazard setback that prevents 
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structures from being placed within 500 feet of the river bank on either side, unless approved 
structural bank protection is provided.  In the future without-project condition, population growth 
in Tucson, Green Valley, and Sahuarita will likely lead to development within the floodplain 
fringe within Reaches 1 and 2. 
   
Proposed Concept 
 
Limiting future development within the floodplain in Reaches 1 and 2 would have a number of 
benefits including: 

 
§ Preserving floodplain storage, which is necessary to mitigate increases in peak 

discharge through the Tucson Metropolitan Area. 
§ Preventing the need for bank protection to protect developed areas on the river bank. 
§ Provide a base for additional recreation, ecosystem restoration, and groundwater 

recharge projects. 
§ Provide incidental benefits such as open space for passive recreation and wildlife. 

 
While development is regulated by Pima County’s Floodplain Ordinance, acquisition of the 
floodprone land would provide a more permanent solution. The Pima County Flood Control 
District’s Floodprone Land Acquistion Program (FLAP) has not designated any parcels along 
the Santa Cruz River within Reaches 1 or 2.  However, the Sonoran Desert Conservation Plan 
has identified two areas of ranchland for potential land acquisition.  
 

Canoa Ranch comprises a significant historic site in Pima County.  Because of the 
availability of permanent spring water, Canoa was always a focal location in the middle 
Santa Cruz Valley.  Ownership of approximately 6400 acres is currently in the hands of 
Fairfield Homes.  If development plans fail, Pima County recommends taking action to 
preserve all or part of the ranch (Pima County, 1998). Current development plans are for 
approximately 2,200 homes, 150 acres of commercial development, an 18 hole golf course 
and 4,800 acres of open space (HCN, 2001). 
 
Amado Ranch – Amado Ranch is not immediately threatened by development, but 
encroaching urbanization from Green Valley to the north may affect its viability in the future.  
It is listed as a future project in the SDCP (Pima County, 1998). 

 
The current floodway and floodway fringe areas in Reaches 1 and 2, and more specifically, in 
the Canoa Ranch area are listed in Table 11H and are shown in Figure 11H. 
 
Since development is already prohibited within the floodway itself, floodprone land acquisition 
could be limited to the floodway fringe.  However given that parcels are generally contiguous 
across the entire floodplain, it is likely that the entire floodplain area would be acquired.  The 
cost for land acquisition is not quantified at this time.  While the “Full Cash Value” for both land 
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and improvements is provided in Pima County’s PCLIS v11.0, the actual land valuations in the 
Canoa Ranch area, or other areas with Reaches 1 & 2, may differ due to changes in the market 
and unidentified improvements. 
 

Table 11H – Reach 1 and 2 Floodplain Areas 

 Floodway 
(acres) 

Floodway Fringe 
(acres) 

Total Floodplain 
(acres) 

Reach 1 Within Canoa Ranch 1060 380 1440 

Reach 1 Outside of Canoa Ranch 950 530 1480 

Total Reach 1 2010 910 2920 

Reach 2 2630 4320 6950 

 
 
Lands acquired to reduce floodplain development can serve as a base for future restoration or 
groundwater recharge projects.  The open space would also be an amenity to the 20 miles of  
“river trails” proposed for the west bank of Reaches 1 & 2. 
 
11.2.2 -  Paseo de las Iglesias 
 
Existing and Future Without Project Conditions 
 
The reach of the river between San Xavier Mission (Reach 3) and downtown Tucson (Reach 4) 
is characterized as an arroyo with most high flows entirely contained within the main channel.  
Soil cement bank protection is discontinuous and is located on both banks at the Valencia Road 
bridge; on both banks from Ajo Way to Irvington Road; and from Silverlake Road to Grant Road.  
The corresponding unprotected areas include the reach between San Xavier Mission and 
Valencia Road; the reach north of Valencia Road to Irvington Road; and the reach from Ajo Way 
to Silverlake Road.  
 
The river banks also include a number of closed landfills owned by the City of Tucson (see 
Section 9.6).  Most significant are:  
 
§ Ryland Landfill on the east bank between 36th and 44th streets  (Figure 11E, No. 27) 
§ 29th Street Landfill between on the west bank north of Silverlake Road  (Figure 11E, No. 

23)  
§ Mission Landfill on the west bank near 22nd Street/Starr Pass Blvd. 
§ “A” Mountain Landfill on the west bank near 22nd street  (Figure 11E, No. 20) 
§ Nearmont and Rio Nuevo South Landfills on the west bank south of Congress Street 

(Figure 11E, No. 14) 
§ Rio Nuevo North Landfill on the west bank between Congress street and St. Mary’s 

Road  (Figure 11E, No. 14) 
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The City of Tucson is currently developing plans to place low flow bank protection on the east 
bank at Ryland Landfill to prevent solid waste from being eroded into the river channel (Figure 
11E, No. 28). 
 
The Santa Cruz River historically had perennial flow in many places along Reaches 3 and 4, 
supporting a diversity of riparian, wetland and mesic vegetation and also providing habitat for 
numerous species of fish and wildlife.  Groundwater discharge was the primary source of 
surface water flow in many parts of the basin, except during storms.  Groundwater pumping for 
agricultural, industrial and municipal uses has lowered the groundwater table by up to 200 feet 
in some areas near Tucson.  The state of Arizona and many local jurisdictions have undertaken 
groundwater recharge programs and other policies to halt and reverse the decline of the 
groundwater table.  However, the Santa Cruz River no longer has perennial stream flow in most 
reaches.  Currently, the only reaches with perennial flow are downstream of wastewater effluent 
discharges in Nogales and Tucson.   
 
Native plant species typically found in Sonoran Desert riparian areas include cottonwood 
(Populus fremontii), willows (Salix sp.), mesquite (Prosopis sp.), acacia (Acacia sp.), desert 
willow (Chilopsis linearis), and numerous other shrubs and herbs.  An introduced riparian plant, 
tamarisk or salt cedar (Tamarix sp.) has invaded many water courses throughout the desert 
southwest, appearing to thrive on the modified hydrologic regimes following construction of 
dams and water withdrawals.  Tamarisk appears to thrive in open disturbed water courses 
where native vegetation does not shade it out.  Tamarisk also requires significant quantities of 
water and may locally draw down the surface or groundwater table.   
 
In areas where there is no longer perennial flow and the groundwater table is many tens of feet 
below the surface, there is essentially no riparian zone.  Some desert species, primarily 
annuals, grow along the dry wash and natural banks.  Downstream of the effluent discharges, 
there is extensive growth of cottonwood, willows, mesquite, acacia, tamarisk and other shrubs 
and herbs.  Riparian habitats have been significantly reduced in acreage from the historical 
condition.  Many of Arizona’s wildlife species depend on riparian areas, including numerous 
species that have been listed as threatened or endangered under the Endangered Species Act.  
For example, cactus ferruginous pygmy owls primarily nest in cavities in medium to large trees.  
Formerly, their primary nesting habitat was in cottonwood, willow, mesquite and ironwood trees; 
in and adjacent to riparian areas.  Restoration of riparian habitats could help recover some of 
these endangered species. 
 
In terms of cultural features, the reach includes many historically and archaeologically 
significant features including San Agustin Mission, Convento, Mission Gardens near downtown 
Tucson and a Hohokam site near Valencia Road. Existing linear river parks coincide with bank 
protection and are disconnected where bank protection is not continuous. 
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The future without project condition includes continued bank erosion in unprotected reaches 
with degradation to the existing closed landfills.  Habitat degradation will continue and the 
biological connectivity of the river corridor will further decline.  Remaining cultural features are 
threatened and the increasing need for recreation will lead to uncontrolled use of the river 
corridor.  
 
Proposed Concept 
 
Paseo de las Iglesias (“Walk of the Churches”) is a proposed project that combines ecosystem 
restoration with preservation of cultural resources along the Santa Cruz River between San 
Xavier Mission and Congress Street in downtown Tucson (Figure 11E).  The project is currently 
under consideration by the USACE- Los Angeles District, which completed a section 905b 
Reconnaissance Study in July 1999.  It is also a component in Pima County’s Sonoran Desert 
Conservation Plan. 
 
Restoration components include establishment of wetland areas and periodic releases of low 
flows to promote cottonwood and willow growth in the main channel.  The seasonal/continuous 
water project is a City of Tucson Project and is further described in Section 11.1.C  Cultural 
components include establishment and interpretation of the San Juan Bautista de Anza National 
Historic Trail, re-establishment of traditional farming areas, linkages to and interpretation at 
existing archeological sites, and completion of riverpark facilities.  San Xavier Mission is the 
southernmost destination in the “Walk of the Churches”.  Flood and erosion control elements 
are also needed in connection with restoration and cultural elements.  Individual project 
elements are described from south to north (upstream to downstream) in the sections below. 

Wetlands at Valencia 

The southern-most portion of this reach extends into the San Xavier Reservation and includes 
an existing gravel operation owned by San Xavier Rock and Materials.  The gravel operation 
currently stores up to 910 acre feet of water for use in gravel washing in an open pond around 
which wetland and riparian habitat has developed.  Depth to groundwater is approximately 120 
feet.  The operation has an expected life of 5 years after which, the land could be rehabilitated 
to provide an expanded area of habitat, with storage and recharge of Central Arizona Project 
(CAP) water.  The “Wetlands at Valencia“ restoration project (Figure 11E, No. 37 and Figure 
11I) would compliment ongoing environmental restoration and farm rehabilitation projects 
currently under development at The San Xavier District in Reach 3 (Table 11C, Figure 11D).  
The Pima County River Parks Masterplan calls for one mile of “river trail” on the west bank.  

Valencia Road  to Irvington Road 

The project proposes structural bank protection to prevent continued flooding and erosion, and 
to prevent headcutting in tributaries.  The existing channel/floodplain width and sinuosity will be 
maintained and alternatives to the proven soil cement will be considered.  The Pima County 
River Parks Masterplan calls for “river path” on both banks of this one mile reach once it is 
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protected.  A proposed Hohokam archaeological interpretive site (Figure 11E, No. 35) that 
demonstrates floodwater farming techniques has been proposed for a terrace adjacent to the 
existing archaeological site near Valencia Road.  The existing El Vado Wash has significant 
wildlife habitat and will be left undisturbed. 

Irvington Road to Ajo Way 

The existing river park in this reach is known as Paseo de los Arboles (“Walk of the Trees”) and 
includes six different groves of native trees.  The Tucson Airport Remediation Project located 
midway in the reach (Figure 11E,  No. 32) is producing remediated groundwater that could be a 
source for irrigation.  The reach will also feature a 50-acre river park extension under design by 
the City of Tucson (Section 11.1.C) 

Ajo Way to Silverlake Road 

The project proposes structural bank protection to prevent continued flooding and erosion, and 
to prevent headcutting in tributaries.  Low flow bank protection is under design for the east bank 
at the Ryland Landfill (Figure 11E, Nos. 27 and 28).  Across the river, the Cottonwood Landfill 
(Figure 11E, No. 26) may also require special protection. The Pima County River Parks 
Masterplan calls for “river park” on both banks of this 1.5-mile reach once it is protected.  The 
Julian Wash connects to this reach and there is a potential to link the Santa Cruz River Park 
with the recently constructed Tucson Diversion bike path that extends east to a USACE section 
1135 wetlands project at the Ajo Detention Basin.  Cultural restoration sites include the 
Silverlake Historic Resort, Santa Cruz Irrigation District, and  Cottonwood Path (Figure 11E, No. 
25). 

Silverlake Road to Congress Street 

The reach is fully bank protected and the river park is fully developed.  Existing cultural features 
include the Garden of Gethsemane and the sites for the former Mission San Agustin, Convento, 
Mission Gardens, Warner’s Mill  (Figure 11E,  Nos. 13, 17, and 18).  Proposed project features 
include irrigated riparian restoration at Mission Gardens, possibly in connection with the 
seasonal/continuous water release point near Warner’s Mill, and interpretation at the historic 
and archaeological sites (Figure 11J). 

Stormwater Harvesting 

Stormwater harvesting is cited as a potential water source for the restoration areas and the 
small-scale tributary washes entering the Paseo de las Iglesias reach are listed in Table 11I. 
Since most of these washes are fairly urbanized, they have a high runoff potential.  In a typical 
2-year 1-hour event, with precipitation of 1.25 inches, they can yield in excess of 30 acre-feet of 
runoff per square mile. 



Santa Cruz River Watershed Management Study Final Feasibility Report and Appendices  
 

 
11.0 Watershed Management Plan Components 11-17 August 2001 

 

Table 11I – Stormwater Drainage Areas 
Wash Drainage Area (sq. mile) 

Hughes Wash 8.3 

El Vado Wash 2.3 

Santa Clara Wash 0.4 

Valencia Wash 1.6 

Wyoming Wash 0.7 

Irvington Wash 0.3 

Rodeo Wash 9.3 

Mission View Wash 1.6 

18th St. Wash 3.7 

Cushing St. Wash 0.5 

Downtown Wash 0.3 

 
 
Tucson stormwater contains pollutants such as suspended solids, oils and grease, metals, 
chemical oxygen demand (COD), and nutrients (see Table 11J).  Partial treatment of the water 
can be accomplished by a 72-hour holding time in a constructed cattail wetland detention basin.  
Such a wetland can store 2-3 feet of water at one sitting, thus a 10-acre wetland can treat 20-30 
acre-feet of runoff.  The main factor reducing pollutants is the bacterial surface layer growing on 
the cattail roots and ground surface.  Absorption of pollutants will occur during summer and, to a 
lesser extent, in the winter.  The potential reduction of pollutants in a 72-hour holding time is 
listed below. 
     

Table 11J – Tucson Stormwater Pollutant Makeup 
Pollutant Potential Reduction* 

Total Suspended Solids (TSS) up to 65% 

Phosphorous  25-50% 

Nitrogen 20-30% 

Chemical Oxygen demand (COD) 50% 

Petroleum hydrocarbons  80-90% 

Metals 30-60% 

Bacteria 70% 

*EPA. 1993. Guidance Specifications for Management Measures for Non-Point Pollution in Coastal Waters.  
*EPA. 1999.  Stormwater Wetlands.  EPA Document #:  832-F-99-025. 

 
Establishment of a cattail wetland requires saturated soil, but once a height of 12", is achieved 
irrigation can be reduced to about once per week (twice a week in dry summer season).  
Irrigation should fully saturate the soil and with up to one inch of standing water immediately 
after watering.  Total water irrigation requirements would be on the order of 8 acre-
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feet/acre/year.  Adaptive management will likely be necessary to ensure good growth and 
survival – especially during the summer dry season and to remove noxious weeds.   
 
In the fall, cattails are mowed to a height of 18" and the materials are disposed of in an 
appropriate manner as the plants can take up significant concentrations of metals.  The 18" 
stubble can be left to absorb pollutants during winter storms.  The cattails will start growing 
again in early spring (February-to-March).  In addition to watering and mowing, maintenance 
would include removal of tamarisk and other deleterious exotics, but most other wetland plants 
would be allowable.  Stormwater wetlands typically cost $50,000/acre with $5000/acre/yr for 
maintenance, not including water.  If stormwater harvesting is adopted, constructed wetlands 
can provide treatment for non-point source pollutants and provide riparian benefits as well. 
 
Conceptual Level Cost Estimates 
 
Paseo de las Iglesias is currently at the planning level and cost information is incomplete.  
However, preliminary lump sum cost estimates for bank protection and river parks are provided 
in Table 11K. 
  

Table 11K – Conceptual Cost Estimate for Selected Elements in Paseo de las Iglesias 
Item Unit Quantity Unit Cost Cost 

Bank Protection 

Bank Protection Construction Cost Mile 6.8 $2,200,000 $14,960,000 

Construction Management Services (20%) 20%   $2,992,000 

Contingency (25%) 25%   $3,740,000 

Total Bank Protection    $21,692,000 

Recreation 

River Park - Ajo Way to Silver Lake, 1.5 miles on both banks  Mile 3 $2,420,000 $7,260,000 

River Path – Valencia to Irvington, 2 mile on both banks  Mile 4 $1,980,000 $7,920,000 

River Trail - Los Reales to Valencia, 1 mile on west bank Mile 1 $337,700 $337,700 

Total Recreation Construction    $15,517,700 

Real Estate (20-foot park right-of-way) acre 20   

 
The estimates for bank protection were made on the basis similar projects. Costs for soil 
cement bank protection assumed a 20 foot bank height and 10-foot toedown.  Major cost 
elements include earthwork, borrow material, manufacturing of soil cement, cement materials, 
handrails, and utility relocations.  Lesser items include traffic control, removal of obstructions, 
clearing/grubbing, and offsite drainage facilities.  Typical unit costs for earthwork, manufacturing 
of soil cement, and cement materials were provided by the Pima County DOT&FCD. 
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Costs per mile for river park, river path, and river trail were taken from the 1996 Pima County 
River Parks Master Plan.  These are rolled costs and include 10% for design, and 18% for 
construction administration and were increased 10% to account for cost increases since 1996.  
 
11.2.3 - Multiple Benefit Water Projects, Environmental Restoration in Reach 4 
 
Existing and Future Without Project Conditions 
 
The City of Tucson has developed a number of riparian and cultural restoration proposals that 
extend from Valencia Road to Congress Street and thus overlap with Paseo de las Igelsias in 
Reach 4.  The existing and future without project conditions are as described in Section 11.1.B. 
 
Proposed Concepts 
 
The City of Tucson has established a Multiple Benefit Water Projects to “…enhance the livability 
of the community in Tucson through the judicious use of limited water resources in a variety of 
water related projects” (COT, 1999).  Projects under this program that are currently in 
development include (1) the introduction of seasonal or continuous flows into the Santa Cruz 
River from Valencia Road to Congress Street, (2) expansion of a 50-acre park adjacent to the 
existing river park near Irvington Road, and (3) establishment of a “Downtown Gateway Water 
Feature” that includes park facilities, open water areas, and community planting areas.   
 
 “Rio Nuevo” is a City of Tucson proposal that combines ecosystem restoration, preservation of 
cultural resources, and redevelopment along the Santa Cruz River near downtown Tucson.  
Restoration components include establishment of the Mission Gardens while cultural features 
include restoration of the historical sites known as Warner’s Mill and Convento. 
 
The combination of the Multiple Benefit Water projects, Rio Nuevo, and Paseo de las Iglesias 
will provide an integrated restoration plan that addresses flood control, recreation, 
environmental restoration, and cultural restoration throughout a 7.5 mile reach in downtown 
Tucson.   The City’s projects are further described below. 

Seasonal / Continuous Flow 

The City of Tucson has proposed introducing seasonal/continuous flows into the Santa Cruz 
River between Valencia Road.  Seasonal releases would occur for five to seven consecutive 
days, timed to coincide with water related events in the surrounding neighborhoods and cultural 
centers.  Continuous flow would create a slender, shallow meandering stream within the 
mainstem.  The City has not a determined a discharge for either seasonal or continuous flows, 
but potential release points have been identified  (see point Nos. on Figure 11E): 
  



Santa Cruz River Watershed Management Study Final Feasibility Report and Appendices  
 

 
11.0 Watershed Management Plan Components 11-20 August 2001 

 
§ Warners Mill (No. 19) 
§ East Bank at Starr Pass Blvd. (No. 21) 
§ Existing Pipe on East Bank near  26th Street (No. 22) 
§ Santa Cruz West Branch (No. 24) 
§ East Bank near Wetlands  at the River Park Extension (No. 30) 
§ East Bank Santa Cruz River at Irvington Road (No. 33)  
§ East Bank at Valencia Road (“San Xavier Release Point, No. 36)  

 
The discharge of additional water into the Santa Cruz River will provide an opportunity to restore 
additional riparian and wetland habitat that formerly existed along the River.  Potential 
opportunities include:  
 
§ restoration of cottonwood-willow gallery forest along perennially saturated reaches 
§ restoration of mesquite bosques along intermittent reaches and in floodplain areas 
§ restoration of sycamore-ash dominated forest adjacent (upland) to the cottonwood-

willow galleries  
§ creation of wetlands in floodplain areas 
§ extending the distance of perennial stream flow to allow connections to other perennial 

reaches for migration of wildlife and possibly fish 
 
If a 50-foot wide band of permanent vegetation were established along the low channel for the 
7.5 mile reach, it would provide 45 acres of riparian habitat. The seasonal/continuous flows 
extend throughout the reach and would thus unify other proposed project features including the 
Wetlands at Valencia (Figure 11I), Rio Nuevo (Figure 11J), Santa Cruz River Park Extension 
(Figure 11K), and the Downtown Gateway Park (Figure 11L). 
 
Cottonwood-willow forests thrive in areas where the groundwater table is less than 5 feet below 
the surface for at least a significant portion of the year (Lines, 1999).  They do not require 
flowing water, but would need significant groundwater recharge to bring the groundwater table 
to within 5 feet of the surface or frequent discharges to provide saturated soils.  It will be 
important to either provide continued maintenance to prevent non-native species (such as 
Tamarix) from invading the riparian zone, or manipulate the water table to reduce seedling 
survival.  Tamarix seedlings appear to require saturated soils for up to four weeks after 
establishment (typically in May and June) (Turner, et al, 1995).  Native vegetation would be 
more adapted to the snowmelt and summer monsoon water frequency.   
 
Mesquite bosques could be restored in areas with less frequent water availability.  Mesquite 
plants establish and grow most quickly during the summer monsoon season and could tolerate 
an intermittent water supply; primarily supplied during the summer months (Turner, et al, 1995).  
Sycamore-ash forest is of moderate tolerance between wet and dry environments.  This type of 
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plant community could also be established with intermittent water flows, or in areas slightly 
upland from the cottonwood-willow zone.   
 
Wetlands have already been established by effluent discharge in non-riverine locations.  Such 
wetland habitats would improve water quality prior to infiltration into the ground and also provide 
habitat for waterfowl and other wildlife.  In the Santa Cruz River, wetlands could be created in 
an off-channel area that then connects to the River to provide water quality improvements prior 
to discharge into the River (particularly for stormwater).  Additionally, wetlands will likely 
establish adjacent to the low flow channel where scour from high flows may preclude woody 
vegetation establishment.   
 
Currently, there is not likely any use of the effluent dominated riparian zones by native fish or 
amphibians (Pima County, 2000).  With the addition of more water, there may be a possibility to 
reconnect the Tucson reach of the River to downstream perennial reaches or the Gila River 
seasonally.  With a seasonal or perennial connection, there could be migration of fish or 
amphibians into the Tucson reach.  Aquatic habitat in the effluent dominated reaches 
downstream of Tucson could be enhanced by the addition of cleaner water (dilution of effluent 
flow).  And there may be more opportunities for amphibian recolonization and utilization with the 
creation of a longer reach with perennial or seasonal flow.  Native amphibians would require low 
velocity standing water to lay their eggs and at least six months of standing water to provide 
habitat for tadpoles and adult foraging.  However, seasonal water habitat is preferable to year-
round water because it reduces the likelihood of bullfrog establishment. 
 
Constraints on restoring riparian or wetland habitat include the spread of non-native noxious 
species and the potential buildup of salts and subsequent adverse effects on plants.  Without a 
good revegetation program and continued maintenance to remove non-native species, the 
presence of water could contribute to the spread of noxious weeds such as Tamarix, and wildlife 
species such as bullfrogs.  Planning and design of discharge areas will need to consider 
methods to reduce non-native species.   The high salt content of the CAP water could cause the 
accumulation of salts which could eventually cause harm to riparian and wetland plants.  It is not 
known how long such an accumulation of salts would take.  Additionally, many of the natural 
sources of water in the desert southwest have high concentrations of dissolved solids.  A 
monitoring program should be established if CAP water is used to determine if salt accumulation 
is occurring and if it is likely to become detrimental to the riparian zone.   
 
Hydraulic constraints include the effect an established a riparian corridor would have on the 
water surface elevations for large floods and the incision of a low flow channel.  Preliminary 
calculations  (Section 5.4.2), in which the effect of a 50-foot riparian corridor was accounted for 
in the 100-year water surface profile show that flood depths increase by 1 to 3 feet.  In cases 
where bridge conveyance is limited the increased water surface may impinge on the low chord 
of the bridge, and may lead to over topping and further damage.  Conversely, the continuous 
sediment free flow may incise a narrow but deep channel that threatens the foundation of bank 
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protection much like what is occurring due to the effluent flows downstream of Cortaro Road 
(see Section 11.1.E) 
 

River Park Extension 

The City of Tucson is currently in the process of designing a 50-acre extension to the existing 
river park on the east bank near Irvington Road (Figure 11E, No. 31, and Figure 11K).  The City 
considered four concepts that included different combinations of enhanced native vegetation, 
small wetlands, large wetlands, trails, and athletic fields.  The preferred concept features 
enhanced desert vegetation, a mesquite bosque and loop trails for wildlife viewing and passive 
recreation.  The southern end of the trail connects with the existing Santa Cruz River Park at an 
existing exercise node near Irvington Road and to trails extending to the east edge of the of the 
site have views of the Tucson Mountains.  A vegetative buffer will provide visual screening from 
Interstate 19 and new vegetation along the trails will provide shade and cover (COT, 1999) 
 
The area will be regraded to provide for water harvesting but the landscaping will also be 
irrigated.  The most obvious water source is the Tucson Airport Remediation Project  (TARP) 
Plant located on the west side of the proposed park.  Another potential source could be 
reclaimed water.  The Tucson Water Reclaimed Water System Master Plan shows a proposed 
pipeline that follows the Santa Cruz River between Ajo Way and Irvington Road as part of the 
10-year program (Tucson Water, 1999). 
 

Downtown Gateway Water Feature 

The Multiple Benefit Water projects include a “Downtown Gateway Park” on the east bank near 
Congress Street (Figure 11E, No. 16, and Figure 11L).  The City considered three concepts that 
included different combinations of demonstration gardens and water based public art.  The 
preferred alternative includes an informal botanical garden and walking paths to demonstration 
gardens, combined with art features such as dry fountain/spirit line, plaza space, and monolithic 
sculptures with berms and seating.  The proposed gateway park would link with the existing 
Santa Cruz Park and would provide an educational and recreational node (COT, 1999) 
 
Potable water is required for the water features but irrigation of turf and native vegetation would 
be done with reclaimed.  The Tucson Water Reclaimed Water System Master Plan shows an 
existing reclaimed line in place at Congress Street (Tucson Water, 1999). 
 

Rio Nuevo 

The City of Tucson’s “Rio Nuevo” is a redevelopment project that includes historical, 
environmental, cultural, residential, and retail features.  It will preserve and restore historic 
structures, create interpretive exhibits, re-create historic buildings, aid in construction of new 
museums, and stimulate new private investment in the form of hotels, homes, and businesses, 
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all with close attention to the natural environment.  Components relevant to this study include 
cultural and environmental restoration components.    
 
The cultural restoration components are the Mission San Agustín Cultural Park & Settlement 
Area, which includes prehistoric pithouses that are some of Tucson's oldest structures.  Nearby 
will be the Spanish-era mission, with its two-story administrative building, the Convento, along 
with the mission chapel and granary.  The environmental components include restoration of 
Mission Gardens where fruit trees and crops were raised and establishment of a 
seasonal/continuous low flow channel from Warner’s Mill outfall (See the Seasonal/Continuous 
Flow Concept) to the Santa Cruz River (Figure 11E, Nos. 15, 17, and 18, and Figure 11J). 
 
Conceptual Level Cost Estimates  
 
Preliminary lump sum cost estimates for the Multiple Benefit Water projects and selected 
components from the Rio Nuevo project are listed in Table 11L below. The Multiple Benefit 
Water Project costs include15% for architecture and engineering, 20% for construction 
management, and 25% for contingencies.  The costs for Rio Nuevo are from the City’s Master 
Planning level and do not include detailed breakouts or percentages. 
 

Table 11L – Locally Estimated Costs for Multiple Benefit Water Projects and Rio Nuevo 
Item Unit Quantity Cost 

Multiple Benefit Water Projects (1) 

Santa Cruz Seasonal/Continuous Flow,  
Includes all 5 outlets and CAP as the water source LS 1 $5,887,000 

Santa Cruz River Park Extension LS 1 $568,000 

Downtown Gateway Water Feature LS 1 $1,340,000 

Rio Nuevo (2) 

Development of San Agustin Cultural Center    

Convento Settlement Area and Carrillo House LS 1 $4,000,000 

Granary, Mission Gardens, Warners Mill, Acequia LS 1 $5,500,000 

Floodplain Mitigation LS 1 $2,000,000 

Completion of Santa Cruz River Restoration with Pima County  LS 1 $3,000,000 

(1) COT, 1999 
(2) www.ci.tucson.az.us/rionuevo/rio-6.html 
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11.2.4 – Bank Protection Grant Road to Fort Lowell Road 
 
Existing and Future Without Project Conditions 
 
Like the majority of Reach 4, the Santa Cruz River between Grant Road and Fort Lowell Road is 
also characterized as an arroyo with most large flows entirely contained within the main 
channel.  It is currently unprotected and the outsides of the two major bends have shown 
significant bank retreat over the last 20-30 years.  On the west bank, continued erosion will 
threaten the University of Arizona’s West Campus Agricultural Center (Figure 11E, No. 
11)(WCAC).  On the east bank, it will threaten existing radio towers, subdivisions (Figure 11E, 
Nos. 7 and 8) and utility lines (see Section 4.2.4) 
 
 
Proposed Concept 
 
Pima County has developed conceptual designs for bank protection on both banks of the Santa 
Cruz River in the 1.5 mile long section of Reach 4 from Grant Rd. to Fort Lowell Road (Figure 
11E, No. 10, and 11M).  At the upstream end, it would tie into existing upstream bank protection 
near the Grant Road bridge.  At the downstream end, it would tie into existing bank protection 
near the confluence of Silvercroft Wash (west bank) and near the Fort Lowell Road Alignment 
(east bank).  The bottom width of the river between the protected banks would vary from 200 
feet to 240 feet. The horizontal alignment will be set to match the basic plan form of the river, 
and will be further adjusted to accommodate existing infrastructure and to balance the cut/fill 
earthwork as much as possible.  The bank protection would consist of soil cement manufactured 
onsite using native sands and gravels from the river.  It is constructed by laying down 
successive lifts that are 8 feet wide and 6” – 12”  thick.  Each lift is offset so that the final bank is 
at a 1:1 angle.  The top of the soil cement typically will extend to the top of bank or to the 100-
year water surface elevation with freeboard.  Because of the sharp bends, the toedown will 
extend 8 to 14 feet below the finished invert. 
 
Conceptual Level Cost Estimate  
 
A conceptual cost estimate for the Grant-Fort Lowell Bank Protection is provided in Table 11M.   
Major cost elements include earthwork, borrow material, manufacturing of soil cement, cement 
materials, handrails, and utility relocations. Lesser items include traffic control, removal of 
obstructions, clearing/grubbing, and offsite drainage facilities. Current unit costs for these items 
were provided by the Pima County DOT&FCD. The estimates also include a 15% contingency 
and 20% for preconstruction engineering, design, and field inspection. The bank protection cost 
for a 240-foot bottom width channel (with less borrow) is approximately $8.5 million. 
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Table 11M – Conceptual Cost Estimate for Grant to Fort Lowell 
Item Unit Quantity Unit Cost Cost 

Bank Protection Construction Cost (200-foot width channel) Mile 2.5 $2,200,000 $5,500,000 

Preconstruction Engineering, Design, Field Inspection  20%   $1,100,000 

Contingency 15%   $825,000 

Total Bank Protection    $7,425,000 

Total River Park - Grant to Fort Lowell 1.75 miles on both banks mile 3.4 $2,420,000 $8,228,000 

Real Estate (20-foot park right-of-way) acre 8.2 Not Available 

 
 
11.2.5 – Tres Rios del Norte 
 
Existing Conditions 
 
The Santa Cruz River between Prince Road (Reach 4) and Avra Valley Road (Reach 5) is 
characterized as an arroyo in the southern end nearest the treatment plant, but gradually opens 
up to a shallower, narrower cross-sectional area.  Soil cement bank protection is discontinuous 
and is located on (1) the northeast bank between Sweetwater Drive and El Camino Del Cerro,  
(2) the northeast bank from Canada del Oro Wash to the Ina Road Water Pollution Control 
Facility, (3) at the Ina Road bridge, and (4) on both banks at Continental Ranch between the 
Cortaro Road bridge and the Lambert Lane alignment just south of Avra Valley Road.  
 
The reach includes the Roger Road Wastewater Treatment Facility (Figure 11E, No. 3) and the 
Ina Road WPCF (Figure 11F, No. 9), which are the two largest wastewater treatment facilities in 
the Tucson metropolitan area.  Effluent discharge from the Roger Road WWTF and the Ina 
Road WPCF are generally enriched with plant nutrients (nitrogen and phosphorus) that 
contribute to a lush growth of plant species such as cottonwood (Populus fremontii), willows 
(Salix sp.), mesquite (Prosopis sp.), acacia (Acacia sp.), desert willow (Chilopsis linearis), 
tamarisk or salt cedar (Tamarix sp.), numerous other shrubs and herbs, and aquatic algae.  
Plant growth, in some situations, reduces the nutrient levels in the discharged water, thereby 
“polishing” the treated effluent and improving water quality downstream.  
 
Downstream of effluent discharges, aquatic invertebrates have colonized the river bed.  
However, the high nutrient content and other pollutants present in wastewater effluent reduce 
the diversity of species in these areas.  Gebler (1998) found significantly reduced diversity of 
invertebrates in effluent dominated reaches versus the reference sites.  Additionally, the high 
nutrient concentrations also cause growth of aquatic algae, which can be viewed as nuisance 
species.  Gebler (1998) found that near Tubac (~24 km downstream of the effluent discharge) 
that the invertebrate species diversity was higher, possibly as a result of improved water quality 
over the distance, or the input of groundwater flow in the area.   
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The existing recreational features in this reach include Christopher Columbus Park located on 
the southwest bank across the river from the Roger Road Wastewater Treatment plant, 
Silverbell Municipal Golf Course to the south of the park, and the Sweetwater Wetlands Park 
south of the treatment plant itself. 
 
Future Without Project Conditions 
 
The unprotected reaches are subject to continued erosion and lateral migration.  Of particular 
concern are the existing and abandoned gravel pits near the confluences of the Rillito River and 
Canada del Oro Wash.  There is the potential for the very deep pits to capture the river during a 
large event and initiate massive head cutting.  Other concerns near the confluences are 
tributary flows that impinge on the opposite (west) bank where the river is within a few hundred 
feet of Silverbell Road.  Future flows will continue to erode the bank and may eventually 
damage the road.   
 
The reach includes the Ina Road landfill (Figure 11F, No. 8), which is currently operating but 
only accepts inert waste, and the Cortaro landfill (Figure 11F, No. 7), which is currently closed.  
The Ina Road Landfill is located on the east bank near the WPCF and is protected by soil 
cement bank protection.  The Cortaro Landfill now sits as an island between an abandoned low 
flow channel and the current low flow channel in the Santa Cruz River and is in need of erosion 
protection (Town of Marana, 2000).  
 
The continuous effluent discharges have resulted in an incised low flow channel that is 5 to 7 
feet deep and 15 to 30 feet wide.  The channel has established itself against the existing soil 
cement bank protection for a distance of 9900 feet along the west bank of the river near 
Continental Ranch.  The invert of the low flow channel is at or below the toe of the existing soil 
cement.  Continued sediment free effluent flows will continue to exacerbate the problem and 
could make the bank protection susceptible to failures during large flood flows (PCFCD, 1999). 
 
The Ina Road bridge has a grade control structure that was constructed in 1995 to prevent 
degradation at the invert.  The flow event of September 3, 1996 (Peak Discharge = 16,400 cfs) 
resulted in a scour hole that ranges from 7 feet to 10 feet deep, and 25 feet to 50 feet wide 
downstream of the structure.  The estimated scour depth for a 100-year event is 13.5 feet while 
the depth of the grade control structure below the existing hole is 14 feet.  The stability of the 
structure under the design flow event is near the threshold of the margin of safety (PCFCD, 
1999). 
 
By the year 2025, reclaimed water usage is expected to increase to 20.5 MGD.  Uses by 
agriculture and industry are expected to be 2.7 MGD for each.  If the Secretary of the Interior 
makes full use of the SAWRSA allotment (25.2 MGD) the total demand for effluent could be 
increase could be as much as 51.1 MGD.  
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Production of secondary effluent at the Roger Road and Ina Road wastewater facilities is 
expected to increase, but as more of the secondary effluent is converted to reclaimed water or 
is converted to alternate uses by other owners (e.g., industrial users, agricultural users, or the 
Secretary of the Interior) the continuous stream flow in the Santa Cruz River could be reduced.  
If so, the amount of water recharged into the aquifer and the amount available for the existing 
vegetation would also be reduced.  As a result, future potential groundwater recharge credits 
may not be realized and the riparian habitat may degrade from its current condition. 
  
Much like the Paseo de las Iglesias reach, the increasing need for recreation will lead to 
uncontrolled use of the river corridor.  This section is especially critical since it can link the river 
based recreational facilities on the Santa Cruz, Rillito and Canada del Oro.  
 
Proposed Concepts 
 
“Tres Rios Del Norte” is a locally developed concept involving structural and non-structural 
flood/erosion control, groundwater recharge, effluent management, ecosystem restoration, and 
parks/trails development.  It initially extended from Sunset Road to Cortaro Road, but has been 
extended upstream to Prince Road (to include the Roger Road WWTF) and downstream to Avra 
Valley Road (Figure 11E, No. 2, Figure 11F, and Figure 11N). 
 
Structural flood/erosion control components will include the necessary repairs to existing bank 
protection at Continental Ranch and the grade control structure at Ina Road, and new bank 
protection at potentially susceptible banks and at the existing landfills and gravel pits.  The Pima 
County Flood Control District proposed four alternatives for repairs to the soil cement to at 
Continental Ranch.  They include dumped riprap in the existing effluent channel ($4.43 million), 
gabion mattresses in the effluent channel ($4.47 million), extending the bank protection toedown 
on both sides of the river with a vertical concrete cutoff wall ($6.83 million), and extending the 
bank protection toedown on both sides of the river with soil cement ($4.07 million).  The 
preferred alternative is the latter, which provides a permanent solution  and is not affected by 
changes in the path of the effluent channel.  Disadvantages include the need to clear out the 
existing riparian vegetation and the requirement of a Section 404 permit.  At the Ina Road bridge 
grade control structure, the Flood Control District estimated a cost of $276,000 to refill the scour 
hole, compact, and armor with rock riprap (PCFCD, 1999) 
 
Bank revetment for the unprotected banks and at existing landfills could consist of the traditional 
soil cement, which is proven to be effective but is aesthetically and environmentally undesirable.  
Alternatives could include articulated concrete revetment, erosion control mats, irrigated 
vegetation, or combinations of revetment and vegetation.  The locally developed plan calls out 
approximately one mile of new bank protection to provided by private interests on the east bank 
between Ina Road and Cortaro Road.  For purposes of plan formulation, bank protection is also 
considered at the following locations: 
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§ A total of 2.0 miles along the west bank between Sunset Road and Ina Road 
§ 1 mile along the east bank from the Rillito River to Canada del Oro Wash 
 

Nonstructural flood control measures include land acquistion at key locations to prevent further 
development that would require still more flood or erosion protection.  Currently vacant areas of 
potential acquisition exist along the west bank from El Camino del Cerro to Cortaro Road. 
 
Groundwater recharge and effluent management is already being addressed by the Santa Cruz 
River Managed Underground Storage Facility (Figure 11E, No. 1, Figure 11F).  The Santa Cruz 
River has been recharging secondary effluent since the early 1950’s.  The Managed Recharge 
Facility is a project in which discharges, water levels, and streamflows are monitored to estimate 
the amount of recharge into the 5.1 mile channel between the Roger Road WWTF and the Ina 
Road bridge.  The facility is expected to recharge 10,000 acre-feet/year of which 5000 acre-
feet/year can be recovered with the credits split between Tucson Water and the Secretary of the 
Interior.  The proposed duration of the Permit is 20 years but the duration for recharge is 
expected to be indefinite (Tucson Water, 1994 & 1998).  There is a potential to realize additional 
recharge credits by extending the facility from Ina Road to the Pinal County line.  Costs would 
include additional gaging to measure stream flow at the downstream end. Constructed recharge 
basins allow for 95% recovery of the recharged water and are proposed for the overbanks 
throughout the Tres Rios reach.  Other constructed recharge measures include regrading the 
river bottom and installation of rubber dams to further spread the effluent flows over the river 
bottom.   
 
The primary goal of the multi-purpose Tres Rios del Norte project is enhancement of the Santa 
Cruz River and tributaries to support wildlife.  The effluent flows already support a diverse 
riparian component, but the value can be further enhanced by protecting key tracts of land, 
maintaining flows, and directing effluent flows to certain in-channel and off-channel locations.  
The combination of managed and constructed recharge facilities and ecosystem restoration 
areas is shown in Table 11N and a concept rendering of one potential restoration area is shown 
in Figure 11N. 
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Table 11N – Proposed Recharge, Restoration and Park Elements in Tres Rios del Norte  

West Bank Main Channel East Bank 

Prince Road to Orange Grove Road 

Recharge Basins Upstream and 
downs tream of El Camino del Cerro 

 
 

Recharge in Santa Cruz River 
between Rillito confluence and 

Orange Grove Road, and in Rillito 
River between the confluence and 

Interstate 10 
 

Mesquite bosque that straddles the 
main channel and both overbanks and 
extends roughly upstream of the Rillito 

River Confluence. 
 

Recharge basin between the 
Roger Road WWTP and I-10 

 
Potential wetlands habitat 

upstream of El Camino del Cerro 

Orange Grove Road to Cortaro Road 

Recharge between Santa Cruz River 
and Silverbell Road – across from 
Canada del Oro confluence, and 

downstream of Ina Road. 
 

Regional park just upstream of 
Cortaro Road. 

 
Recharge in Canada del Oro Wash  
between the Santa Cruz Confluence 

and I-10. 
 

Recharge in the Santa Cruz River just 
downstream of Canada del Oro Wash 

confluence, and between Ina Road 
and Cortaro Road 

Recharge between the WPCF 
and Ina Road 

Cortaro Road to Avra Valley Road 

Recharge and 404 Mitigation in the 
overbank terrace at Continental 

Ranch, with a mesquite bosque at 
the far north end. 

Santa Cruz River between rubber dam 
at Pima Farms Road alignment and 

Cortaro Road. 

Recharge and 404 Mitigation in 
the overbank terrace at 

Continental Ranch 

 
In addition to the regional park called out in Table 11L, the proposed recreation components 
include completion of the 6 miles of river paths and 11.25 miles of river trails (see Section 
4.3.7.1) as described in the Pima County River Parks Master Plan (PCDOT&FCD, 1996).  This 
reach is especially important since it links the respective trail systems for the Santa Cruz River, 
Rillito River, and Canada del Oro Wash.  Individual components are listed below. 
 

• 1.25 miles of river trail on the west bank from Sweetwater Drive to El Camino del Cerro.  
• 1.75 miles of river path on the east bank and 1.5 miles of river trail on the west bank 

from El Camino del Cerro to Rillito River Confluence.  The east bank river path would 
connect with the proposed Rillito River path. 

• 1 mile of river trail on the west bank at Rillito River and Canada del Oro confluence.  
• 2.75 miles of river trail on both banks between the Canada del Oro confluence and 

Cortaro Road. 
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• 3.75 miles of river path on both banks from Cortaro Road to Lambert Lane alignment.  
• 1 mile of river trail on both banks from the Lambert Lane alignment to Avra Valley Road 

(and beyond). 
 
Conceptual Level Cost Estimate  
 
Conceptual level cost estimates for selected bank protection and river park components in Tres 
Rios del Norte are provided in Table 11O.  Since the project is still in the early planning stages, 
the extent and intensity of ecosystem restoration has not been determined and costs are not yet 
available.   Based on the costs shown in Table 11O, bank protection (including preconstruction 
engineering, design, field inspection, and contingency) is assumed to cost $3.2 million/mile. 
 

Table 11O – Conceptual Cost Estimate for Tres Rios Components 
Item Unit Quantity Unit Cost Cost 

Bank Protection 

Repairs to Existing Bank Protection at Continental Ranch LS   $4,070,000 

Repairs to Grade Control Structure at Ina Road LS   $276,000 

West Bank Sunset Road to Ina Road mile 2.0 $3,200,000 $6,400,000 

East Bank Rillito River to Canada del Oro Wash mile 1.0 $3,200,000 $3,200,000 

Recreation 

River Path mile 6 $1,980,000 $10,890,000 

River Trail mile 11.25 $337,700 $3,799,125 

Total Recreation    $14,689,125 

Real Estate (20-foot right-of-way for river parks) acre 41   

 
 
11.2.6 – Uplands Recreation Concept 
 
The “Uplands Recreation” concept applies to all six reaches and is a proposal to further develop 
connections between the Santa Cruz River and existing areas of dedicated open space such as 
the Santa Rita Experimental Range, Tucson Mountain Regional Park, Saguaro National Park, 
the Ironwood Forest National Monument, Tortolita Mountain Park, Catalina State Park, and 
Coronado National Forest.  The connections would be provided by existing river 
parks/paths/trails, proposed river parks/paths/trails, existing trails and washes, and dedicated 
bike paths.  The concept is shown in Figures 11O through 11T, which display the above 
mentioned parks, major roads, and trails along with the existing and proposed river park 
components, and the proposed concepts highlighted in this report.  The main connections and 
some key links that are necessary are described on a reach-by-reach basis in the following 
paragraphs.  Numbers in parentheses refer to the Eastern Pima County Trail System Master 
Plan (EPCTSMP). 
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Reach 1 
 
The Pima County River Parks Master Plan calls for 10 miles of river trail along the west bank 
between the Santa Cruz County Line and Continental Road Bridge (Figure 11O).  The river trail 
would link directly with the Elephant Head Road (#85) and Esperanza Wash (#78), which in turn 
links to the Demetrie Wash and the Green Valley-Powerline Trail; Continental Road (# 83), and 
Arroyo #17 (#281).  Elephant Head Road, Continental Road, and the river itself (# 8) provide 
linkage to east bank, which in turn connects to Madera/Whitehouse Canyon Road (#86), 
Madera Canyon Wash (#80), and the Power Line Loop (#289). 
 
The linkages provide bicycle, pedestrian, and equestrian access between the Green Valley 
area, the Santa Cruz River, and the Santa Rita Experimental Range.  The latter, which is 
accessed by Madera Wash and Madera/Whitehouse Canyon Road offers numerous trails 
useable by hikers, equestrians, and mountain bikes. 
 
Reach 2 
 
The River Parks Master Plan calls for 10 miles of river trail to the west bank between 
Continental Road Bridge and Pima Mine Road Bridge (Figure 11P).  The river trail would link 
directly with Continental Road (#83), Powerline West Loop (#292), and the Helmet Peak Loops 
via Sahuarita Road and the West Toro Trail (#294).  Continental Road, Sahuarita Road, and the 
river itself (# 8) provide linkage to the east bank, which in turn connects to Madera/Whitehouse 
Canyon Road (#86) and Dawson Road/ Helvetia Wash/Jane’s Wash Loop (#76).  The linkages 
provide bicycle, pedestrian, and equestrian access between the Green Valley and Sahuarita 
areas, the Santa Cruz River, and the Santa Rita Experimental Range.   
 
Reach 3 
 
The River Parks Master Plan does not address Reach 3 since it is on the San Xavier District of 
the Tohono O’odham Reservation (Figure 11Q).  However, the Santa Cruz River itself provides 
linkage between Reaches 2 and 4, and connects to upland areas on the east bank via Lee 
Moore Wash and Flato Wash. 
 
Reach 4 ( Paseo de las Igelsias/COT Multiple Benefit Water Use Projects/Rio Nuevo) 
 
In Reach 4 (Figure 11R), between Los Reales Road and Congress Street, the River Parks 
Master Plan calls for: 
 
§ 1 mile of river trail on the west bank from Los Reales Road to Valencia Road. 
§ 2 miles of river path on both banks from Valencia Road to Irvington Road. 
§ 1.5 miles of river park on both sides between Ajo Way and Silverlake Blvd. 
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Once in place, these components will completely link both sides of the Santa Cruz River from 
Valencia Road to Congress Street, and will provide a link from Valencia Road to the San Xavier 
District (and San Xavier Mission) along the west bank.  On the west side of this reach, bicyclists 
can already connect to Sentinel Peak Park via residential streets and with Tucson Mountain 
Park (with numerous mountain biking trails) via Starr Pass Boulevard.  Bike routes along 
Congress Street lead to Silverbell Road and the Greasewood Loop/Gas Pipeline Trail. 
 
On the east side, there is a potential to link to the Tucson urban bike trail system (which are 
primarily residential/arterial streets signed as bike paths) via the Tucson Diversion Channel, 
which enters the Santa Cruz River between Ajo Way and Silver Lake Road.  The Tucson 
Diversion Channel bike trail, which extends east to the Ajo Detention Basin, currently terminates 
at Interstate 19.  Connection to the proposed Santa Cruz River Park would require a ½ mile 
extension of the bike trail with a crossing at the interstate highway. 
 
Reach 4 (Congress Street to Grant Road) 
 
In Reach 4 (Figure 11R), between Congress Street and Grant Road the river park system is 
complete.  On the west bank, Anklam Wash provides trail access to Tucson Mountain Park.  On 
the East bank, existing arterial roadways (Congress Street, St. Mary’s Road, Speedway Blvd., 
and Grant Road) include signed bike routes that link to the Tucson urban area. 
  
Reach 4 (Grant to Fort Lowell Bank Protection and Tres Rios Del Norte) 
 
In Reach 4 (Figure 11R), between Grant Road and Sunset Road, the River Parks Master Plan 
calls for: 
§ 3.2 miles of river park on both banks between Grant Road and Sweetwater Drive 
§ 1.25 miles of river park on the east bank and river path on the west bank between 

Sweetwater Drive to El Camino del Cerro 
§ 1.35 miles of river path on the east bank and river trail on the west bank between El Camino 

del Cerro and Sunset Road. 
 
Once in place, these components will completely link both sides of the Santa Cruz River from 
Grant Road to Sunset Road.  The east and west banks will be connected by existing arterial 
bridges at Grant Road and El Camino del Cerro.  On the west bank, the river park will connect 
with Trails End Wash, Roger Wash (#26), and Sweetwater Wash (#27), which provide trail 
access to Tucson Mountain Park and Saguaro National Park 
 
Reach 5 (Tres Rios del Norte) 
 
In Reach 5 (Figure 11S), between Sunset Road and the Cortaro Road, the River Park Master 
Plan calls for: 
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§ 1/2 mile of river path on the east bank river trail on the west bank from Sunset Road to the 
Rillito River confluence.  

§ 1 mile of river trail on the west bank between the Rillito River and Canada del Oro 
confluences.  On the east bank, the two water courses link via the Interstate 10 frontage 
Road. 

§ 2.75 miles of river path/trail on the east bank and river trail on west bank between Canada 
del Oro confluence and Cortaro Road. 

 
Once in place, these components will completely link the west side of the Santa Cruz River from 
Sunset Road to Cortaro Road and will provide an east side connection to the Rillito River and 
Canada del Oro Wash.  These in turn connect with northwest Tucson, Catalina State Park, and 
the Coronado National Forest.  
 
On the west bank, the river trail connects with Silverbell Road, West Idle Hour Wash (#137), 
Belmont Road (#146), Yuma Mine Trail (#145), and Wild Horse Wash, which in turn eventually 
connect to Saguaro National Park. In addition to being hiking corridors, the washes are also 
important wildlife corridors between the river and the National Park.  The east bank path/trail 
would connect to the Joplin Lane/Cortaro/Cortaro Farms Road trail, with connections across the 
river can be made at the Cortaro Road bridge.  
 
Reach 5 (Beyond Cortaro Road) 
 
In Reach 5 (Figure 11S), between Cortaro Road and Sanders Road, the River Park Master Plan 
calls for: 
 
§ 3.75 miles of river path on both banks from Cortaro Road to Lambert Lane alignment 
§ 7 miles of river trail on both banks from the Lambert Lane alignment to Sanders Road.  
 
With these components in place, both sides of the river would be linked from Sanders Road to 
the Canada del Oro Confluence.  On the west side, the river path will connect with Picture 
Rocks Wash (#25), which ultimately connects to Saguaro National Park.  Both sides connect 
with Avra Valley Road (#16) and Central Arizona Project Canal (#3).  The latter provides 
connections to Tortolita Mountain Park via Wild Burro Wash, the Power Trail (mountain bike 
accessible), and Cottonwood Wash.  With the construction of the proposed Twin Peaks Road 
bridge, both sides would also be able to access Camino de Manana Road and trail for another 
link to the Tortolita Mountain Park.  
 
Reach 6 
 
In Reach 6 (Figure 11T), between Sanders Road, and the Pinal County Line, the River Park 
Master Plan calls for: 
§ 3 miles of river trail on the northeast bank from Sanders Road to Trico Marana Road. 
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§ 8.5 miles of river trail on the southwest bank from Sanders Road to Pinal County line. 
 
Once completed, the west side of the Santa Cruz will be linked throughout the entire reach.  
There are no direct trail connections in Reach 6 but the west bank of the Santa Cruz River can 
connect to Brawley Wash and Ironwood Forest National Monument via Trico Marana Road. 
 
Reaches 1 through 6 Overall 
 
Once all of the proposed connections are in place, the west bank of the Santa Cruz River will be 
completely linked from the Santa Cruz County line to the Pinal County line, with the exception of 
the San Xavier District.  The west bank river park/path/trail system provides a mix of pedestrian, 
equestrian, and bicycle trail connections to large areas of dedicated open space including 
Tucson Mountain Park, Saguaro National Park, and the Ironwood Forest National Monument.  
 
On the east bank, the ultimate connection will extend from the Santa Cruz County line through 
Trico Marana Road, with breaks at the San Xavier District and the Rillito/Canada del Oro 
Confluences.  The east side river park/pat/trail system  connects with large areas of open space 
in Reaches 1 & 2 (Santa Rita Experimental Range) and in Reaches 5 &6 (Tortolita Mountain 
Park).  In Reach 4 the east side connects with the Tucson urban area bike trail system.  The 
east side system also links up with the Rillito River and Canada del Oro Wash.  The Rillito 
River, and its two main tributaries – Tanque Verde Creek and Pantano Wash - will ultimately 
provide continuous river park and river path facilities that extend to the far east side of Tucson.  
Canada del Oro leads to the northwest side of the city and ultimately connects with Catalina 
State Park and the Coronado National Forest. 
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12. WATERSHED MANAGEMENT PLAN AND EFFECTS 
 
This section summarizes the effects of the watershed management plan in a matrix format. 
Tables 12A through 12G list each of the components and briefly describes the expected 
benefits and identifies some of the potential adverse impacts.  Table 12H is a summary matrix 
that displays each component in the watershed plan in terms of its effect the planning objectives 
identified for the study. 
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Table 12A - Watershed Management Plan and Effects – Reach 1 

Component/Description Benefits  Potential Adverse Affects 

Canoa Ranch Preservation 
The Sonoran Desert Conservation Plan identifies the Canoa Ranch 
as an operating western ranch that should be preserved should the 
current development efforts fail.  

Amado Ranch Preservation 
Sonoran Desert Conservation Plan identifies the Amado Ranch as an 
operating western ranch that should be considered as a future 
conservation project.  

Preserves open space. Prevents 
need for flood/erosion control 
infrastructure. Prevents increases in 
downstream flood peaks due to lost 
overbank storage. Potential area for 
recharge, restoration, or recreation 
components. 

Reduces land available for future 
development; may contribute to 
increased cost of housing. 

FICO Groundwater Savings Facility 
Use of Central Arizona Project  water in lieu of groundwater for 
irrigation of pecan orchards. 

Reduces use of groundwater for 
agriculture. Potential salt build up in soils. 

Recreation 
Complete Pima County River Trail System 
Restore De Anza Trail and Identify Historic Campsites  

Increase recreational and educational 
opportunities.  Link with uplands 
areas. 

Introduces people into generally 
unpopulated areas along the river, 
vandalism at cultural sites. 

Floodprone and Floodplain Land Acquisition 
Preserve the existing floodplain to prevent increase in downstream 
peak discharges that result from a loss in overbank storage. 

Preserves open space. Prevents 
need for flood/erosion control 
infrastructure. Prevents increases in 
downstream flood peaks due to lost 
overbank storage. Potential area for 
recharge, restoration, or recreation 
components. 

Reduces land available for future 
development; may contribute to 
increased cost of housing. 

Additional proposed measures that would be compatible: 
- Riparian and upland habitat restoration 
- In channel or overbank groundwater recharge 

Increased habitat. 
Increased water supply.  
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Table 12B - Watershed Management Plan and Effects – Reach 2 

Component/Description Benefits  Potential Adverse Affects 

FICO – Groundwater Savings Facility 
Use of Central Arizona Project water in lieu of groundwater for 
irrigation of pecan orchards. 

Reduces use of groundwater for 
agriculture. Potential salt build up in soils. 

ASARCO Mission Mine  – Groundwater Savings Facility 
Use of Central Arizona Project  water in lieu of groundwater for copper 
mining. 

Reduces use of groundwater for 
copper mining. Increased cost for mining. 

Town of Sahuarita Flood/Erosion Control 
Future development plans for the portion of the river that runs through 
the Town’s expanded boundary will likely require bank protection for 
flood and erosion control. 

Increases developable land, raises 
tax base for Town of Sahuarita. 

Requires costly flood/erosion control. 
Loss of overbank storage may 
increase downstream flood peaks. 
Reduces potential for riparian 
revegetation, habitat restoration. 

Bureau of Reclamation Non-native Fish Barrier 
Prevent non-native fish in CAP water from colonizing upper Santa 
Cruz River 

Preserves native fish populations  Inhibits migration of native fish and 
amphibians. 

Recreation 
Complete Pima County River Trail System 
Restore De Anza Trail and Identify Historic Campsites  

Increases recreational and 
educational opportunities.  Link with 
uplands areas. 

Introduces people into generally 
unpopulated areas along the river, 
vandalism. 

Floodprone and Floodplain Land Acquisition 
Preserve the existing floodplain to prevent increase in downstream 
peak discharges that result from a loss in overbank storage. 

Preserves open space. prevents 
need for flood/erosion control 
infrastructure. Prevents increases in 
downstream flood peaks due to lost 
overbank storage. Potential area for 
recharge, restoration, or recreation 
components. 

Reduces land available for future 
development; may contribute to 
increased cost of housing. 

Additional proposed measures that would be compatible: 
- Riparian and upland habitat restoration 
- In channel or overbank groundwater recharge 

Increased habitat. 
Increased water supply.  
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Table 12C - Watershed Management Plan and Effects – Reach 3 
(San Xavier District) 

Component/Description Benefits  Potential Adverse Affects 

Existing Pima Mine Road Recharge Facility 
The facility completed two year pilot study in 2000.  Application for 
permanent status is under review by ADWR. 

Increases groundwater supply. 
Potential need for vector control.  
May conflict with in-channel recharge 
projects. 

 
San Xavier District (SXD) Recharge Facilities.  

The SXD is considering recharge facilities for CAP water in the Santa 
Cruz River main channel and overbank.  A draft report is in progress.  

 

Increases groundwater supply. 

Potential need for vector control.  
May conflict with Pima Mine Road 
recharge project. 
May introduce non-native fish. 

San Xavier Arroyos Project  
The SXD completed a successful pilot project for evaluating in channel 
recharge through arroyos on the District’s land.  Further research is 
recommended before committing to a long term project of this type.  

Increases groundwater supply and 
riparian habitat. Potential need for vector control. 

San Xavier District Riparian Restoration 
The SXD has grant from the Arizona Water Protection fund to restore 
and enhance riparian areas.  A 12.5 acre site on the east bank just 
south of Martinez Hill is under consideration. 

Increases riparian habitat. Potential need for vector control. 

San Xavier District Bank Protection/Wetland/Farm Rehabilitation (Existing) 
The Bureau of Reclamation has recently constructed bank protection 
on the west bank of the Santa Cruz north of Interstate-19. The San 
Xavier District has proposed wetlands development in the cut-off bend 
immediately behind the revetment and farm rehabilitation on the 
overbank. 

Increases in wetlands.  Restores 
traditional agricultural practices. Potential need for vector control. 

San Xavier District cooperation with Paseo de las Iglesias  
San Xavier Mission would be the southern most of the “Walk of the 
Churches” (Paseo de las Iglesias).  Potential to combine San Xavier 
District in channel recharge projects with water supply needs for 
Paseo de las Iglesias and City of Tucson water projects in Reach 4. 

Increases in wetlands and riparian 
habitat.  Restores and links culturally 
significant places. 

Potential need for vector control in 
wetlands. Potential increase in 
vandalism at cultural sites.  
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Table 12D – Watershed Management Plan and Effects – Reach 4 
(Tucson Urban Reach) 

Component/Description Benefits  Potential Adverse Affects 

Paseo de las Iglesias Environmental and Cultural Restoration: 
§ Bank protection and river park facilities from Valencia Road to Irvington 

Road, and Ajo Way to Silverlake 
§ Riparian habitat restoration in main channel and terraces  
§ Demonstration of floodwater farming techniques on overbank areas  
§ Stormwater harvesting in tributaries  
§ Seasonal-continuous flow 

 

§ Completes flood/erosion control 
in developed areas.   

§ Links discontinuous sections of 
the existing river park system. 

§ Allows for linkage and 
interpretation of culturally 
significant areas. 

§ Increases riparian habitat in 
channel and on overbanks. 

§ Stormwater harvesting reduces 
irrigation requirements. 

 

In channel habitat may increase flood 
depths. 
Standing water in restoration or 
stormwater harvesting may require 
vector control. 
Stormwater harvesting may 
concentrate non-point source 
pollutants  
Structural bank protection reduces 
potential for riparian revegetation and 
habitat restoration. 

Seasonal/Continuous Flows  
City of Tucson Multiple Benefit Water Project will release CAP water 
from various outfall locations to support habitat and visually enhance 
the Santa Cruz River main channel.  

Re-establish low flow channel and 
riparian habitat in Santa Cruz River 
through Downtown Tucson. 

A significant stand of riparian 
vegetation may increase 100-year 
water surface elevation by 1 to 3 feet. 
Clear water flow may incise a low 
flow channel that undermines bank 
protection. 
May introduce non-native fish. 

Santa Cruz River Park Extension 
City of Tucson Multiple Benefit Water Project that will enhance riparian 
habitat along Irvington Wash and recreate upland habitat with an 
interpretive trail system through the remainder of the 50 acre project 
site.   

Additional recreational space and 
upland wildlife habitat.  Irrigation 
requirements are reduced by water 
harvesting features. 

Potential need for vector control in if 
standing water persists.  Potential for 
vandalism at cultural sites. 

Downtown Gateway Water Feature   
City of Tucson Multiple Benefit Water Use Project that will include 
native plant revegetation, irrigation, a waterline for the fountain, links to 
the existing trail system, and native plantings illus trating permaculture 
techniques  

Additional recreational space and 
interpretation of water use and 
alternative agricultural techniques.  
Linked with other cultural features 
along the Santa Cruz River. 

Potential need for vector control if 
standing water persists.  Potential for 
vandalism at cultural sites. 

Rio Nuevo  
City of Tucson redevelopment project that extends along a 1.5 mile 
reach in the vicinity of downtown Tucson.  Master planning process is 
currently underway and will involve multi-disciplinary studies of 
environmental constraints (including landfills), and opportunities, 
intermodal transportation linkages with downtown Tucson, flood 
control aspects of the Rio Nuevo site, stormwater runoff issues, 
archeological investigations, historical interpretation, habitat 
restoration and geotechnical studies.   

Cleanup and protection of existing 
landfills.  Additional recreational/open  
space and cultural interpretation.  
Linkage of downtown redevelopment 
with ecosystem restoration. 

Potential need for vector control in if 
standing water persists.  Potential for 
vandalism at facilities. 
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Table 12D – Watershed Management Plan and Effects – Reach 4 
(Tucson Urban Reach) 

Component/Description Benefits  Potential Adverse Affects 

Ryland Landfill 
City of Tucson is designing bank protection to prevent erosion into an 
abandoned landfill.  Construction expected in early 2001. 

“A” Mountain Landfill 
City of Tucson Solid Waste has developed concept design for capping 
this closed landfill with 4’ – 6’ of material, providing open space on top. 

Rio Nuevo Landfill  
City of Tucson is developing plan to degrade waste in <5years to 
provide limited development on top. 

Clean-up and protection of existing 
landfills. 

Exposure of solid waste during 
construction. 

Grant to Fort Lowell Bank Protection 
Pima County has developed concept design plans for soil cement 
bank protection and river park development on both banks of the 
Santa Cruz River from Grant Road to the Fort Lowell Road alignment.   

Stabilizes a rapidly eroding section of 
the river and protects high-valued 
research facilities, and vulnerable 
utilities.  Provides a base for 
construction of river park. 

Soil cement has low aesthetic and 
environmental values.  High quantity 
of borrow is required. 
Structural bank protection reduces 
potential for riparian revegetation and 
habitat restoration. 

Santa Cruz Managed Effluent Facility (Existing) 
The City of Tucson has developed an Underground Storage Facility for 
recharge of effluent from the Roger Road wastewater facility.  ADWR 
has permitted since 1999.  

Provides credit for in-channel effluent 
recharge that was already taking 
place.  Makes use of a highly 
renewable resource. 

Toxic pollutants in effluent may be 
concentrated in plants and 
sediments.  Potential for 
concentration in food chain is 
unknown. 

Tres Rios del Norte 
Proposed multi-agency project that includes structural and non-
structural flood protection, environmental restoration, groundwater 
recharge, and recreation.   

§ Reduces flood damages,  
§ Increase wildlife habitat,  
§ Increases water supply through 

recharge,  
§ Increases recreational 

opportunities and provides 
linkage to other sections of the 
river parks. 

§ Toxic pollutants in effluent may 
be concentrated in plants and 
sediments.  

§ Increases in vegetation may 
reduce flood carrying capacity of 
the channel. 

§ Potential need for vector control 
in areas where standing water 
persists.   

§ Potential for vandalism at 
facilities  

Roger Road Wastewater Treatment Facility Effluent Storage Ponds  
Pima County Wastewater has suggested constructing effluent overflow 
storage ponds with wetland/riparian restoration.   

Potential to reduce operational 
WWTP costs during large flood 
events. Ecosystem  restoration. 
May be combined with proposed Tres 
Rios del Norte concepts. 

Flood capacity would be seldom 
used.  May conflict with proposed 
Tres Rios del Norte recharge 
concepts. 
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Table 12E – Watershed Management Plan and Effects  – Reach 5 
(Marana Reach) 

Component/Description Benefits Potential Adverse Affects 

Tres Rios del Norte 
Proposed multi-agency project that includes structural and non-
structural flood protection, environmental restoration, groundwater 
recharge, and recreation. 

§ Reduces flood damages,  
§ Increases wildlife habitat,  
§ Increases water supply through 

recharge,  
§ Increases recreational 

opportunities and provides 
linkage to other sections of the 
river parks. 

§ Toxic pollutants in effluent may 
be concentrated in plants and 
sediments.  

§ Increases  in vegetation may 
reduce flood carrying capacity of 
the channel. 

§ Potential need for vector control 
in areas where standing water 
persists.   

§ Potential for vandalism at 
facilities  

Santa Cruz River Recent Bed Changes  
Significant bed degradation, resulting from continuous clear water 
effluent flow, has exposed the toe of soil cement bank protection.  
Local scour has occurred downstream of grade control structure at 
Ina Road. 

Proposed repairs would provide 
stability to existing bank protection 
and grade control features. 

Construction may impact existing 
vegetation and would require a 404 
permit. 

Lower Santa Cruz Levee Phase I (Existing) and Future River Path 
Soil cement flood control levee – completed 2000. 

Provides flood protection to large 
overbank areas. 

May induce higher valued 
development in areas protected. 
Reduces potential for riparian 
revegetation and habitat restoration. 

Lower Santa Cruz Replenishment Project  (Existing) 
Off-channel groundwater recharge basins using Central Arizona 
Project water.   Part of the Northwest Replenishment Program. 

Increases ground water supply using 
CAP water. 

May concentrate salts in the  
immediate soil area.  Potential need 
for vector control. 

Marana High Plains Effluent Recharge Project (Existing) 
Off-channel groundwater recharge basins.  Two year pilot project to 
evaluate rate of recharge, groundwater quality  effects, habitat 
enhancement and vector control concerns when using treated effluent.  
Part of the Northwest Replenishment Program. 

Increases ground water supply using 
effluent. 

May concentrate effluent pollutants 
salts in the  immediate soil area. 
Potential need for vector control.   

Avra Valley Pilot Recharge Project (Existing) 
Off-channel groundwater recharge basins using Central Arizona 
Project water.  Northwest Replenishment Program. 

Increases ground water supply using 
CAP water. 

May concentrate salts in the  
immediate soil area.  Potential need 
for vector control. 

BKW Farms  – Groundwater Savings Facility 
Use of Central Arizona Project water in lieu of groundwater for 
agriculture. 

Reduces use of groundwater for 
agriculture Potential salt build up in soils  

Recreation 
Complete Pima County River Path/Trail System 
Restore De Anza Trail and Identify Historic Campsites  

Increase recreational and educational 
opportunities.  Link with uplands 
areas. 

Introduces people into generally 
unpopulated areas along the river, 
vandalism at cultural sites. 
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Table 12E – Watershed Management Plan and Effects  – Reach 5 
(Marana Reach) 

Component/Description Benefits Potential Adverse Affects 

Additional Projects on Tributaries – Lower Rillito River 
Potential for environmental restoration, recreation, stormwater  
harvesting, and groundwater recharge on the lower Rillito near its 
confluence with the Santa Cruz.  Would tie in with Tres Rios del Norte. 

Additional Projects on Tributaries – Canada del Oro 
Potential for environmental restoration, recreation, stormwater  
harvesting, and groundwater recharge on the lower CDO near the 
confluence with the Santa Cruz.  Would tie in with Tres Rios del Norte. 

§ Increase wildlife habitat,  
§ Increases water supply through 

recharge and stormwater 
management. 

§ Increases recreational 
opportunities and provides 
linkage to other sections of the 
river parks. 

 
§ Increases in vegetation may 

reduce flood carrying capacity of 
the channel. 

§ Potential need for vector control 
in areas where standing water 
persists.   

§ Potential for vandalism at 
facilities  
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Table 12F – Watershed Management Plan and Effects – Reach 6 
(Lower Santa Cruz Reach) 

Component/Description Benefits Potential Adverse Affects 

Lower Santa Cruz Levee Phases II and III 
Soil cement flood control levee. 

Would provide flood protection to 
large overbank areas northeast of the 
river. 

May induce higher valued 
development that may be damaged if 
the levee is overtopped. 
Reduces potential for riparian 
revegetation and habitat restoration. 

Trico Marana Road/Berry Acres 
Soil Cement bank protection for the Berry Acres subdivision.  Trico 
Marana Bridge over main channel has low conveyance. 

Would protect existing subdivision 
from flood/erosion damages. 

Reduces potential for riparian 
revegetation and habitat restoration. 

BKW Farms  – Groundwater Savings Facility 
Use of Central Arizona Project  water in lieu of groundwater for 
agriculture. 

Avra Valley Irrigation District  – Groundwater Savings Facility 
Use of Central Arizona Project  water in lieu of groundwater for 
agriculture. 

Cortaro Marana Irrigation District  – Groundwater Savings Facility 
Use of Central Arizona Project  water in lieu of groundwater for 
agriculture. 

Reduces use of groundwater for 
agriculture Potential salt build up in soils  

Additional Projects on Tributaries – Brawley/Blanco Washes  
Current problems include flooding, erosion, wildcat subdivisions, and 
public access during storm events.  Revise outdated USGS flood 
study.  Monitor changes in watercourse morphology with detailed 
topographic mapping. 

Monitor channel change and improve 
floodplain delineation with new 
mapping. Better planning would 
reduce wildcat development and 
improve public/emergency access 
during storm events. 
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Table 12G – Watershed Management Plan and Effects – Regional Features 

Component/Description Benefits Potential Adverse Affects 

Effluent Re-use Study 
The Bureau of Reclamation is coordinating a Title 16 Wastewater 
Reuse Study with local agencies.  The study will investigate 
recharging, reclaiming, and delivering wastewater effluent.   

CAP Water Delivery Study 
The Bureau of Reclamation is currently preparing a CAP delivery study 
that looks at four alternatives for Tucson area long term water supply:  
1) CAP water with conventional treatment,  2) CAP with recharge into 
Canada del Oro reclaiming at some point downstream , 3) continued 
pumping of groundwater, or 4) buying water elsewhere. 

Long term water supply planning in 
the Tucson metropolitan area with 
potential for better use of 
effluent/CAP water among the 
various owners and users. 

Potential adverse environmental 
impacts with construction of 
infrastructure. 

Tucson Aqueduct System Reliability Investigation (TASRI) 
The Bureau of Reclamation is currently preparing a TASRI to evaluate 
methods to increase reliability of CAP delivery. 

Increased reliability for CAP water 
deliveries to the Tucson area. Habitat loss for constructed features  

BOR Salinity Study and Central Arizona Salinity interceptor 
The Bureau of Reclamation is making an initial appraisal of the 
feasibility to desalinate CAP water by reverse osmosis.  Resulting 
brine would be transported to Yuma or Puerto Penasco, Mexico.  
Potential to combine with similar facilities in the City of Phoenix for a 
“Central Arizona Salinity Interceptor” (CASI) .   The brine has TDS of 
4500 ppm., roughly 10 times less than ocean, and may be useful for a 
brackish water marsh like that at Cienega Santa Clara at Colorado 
River delta or the Salton Sea.  Project is likely to be 10-20 years out.   

Long term water supply planning in 
the Tucson metropolitan area (and 
possibly southern Arizona) with 
attention to the effect of the CAP 
water on the regional salt balance.  

Potential adverse environmental 
impacts with construction of 
infrastructure. 
 
Potential impact of brine spills in 
transit. 
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Table 12H - Comparison of Watershed Plan Components and Planning Objectives 
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Reach 1 (lDirectly affected   m Indirectly affected) 

Canoa and Amado Ranch Preservation m     m l m 

FICO Groundwater Saving Facility  l   l  m  

De Anza Trail and Santa Cruz River Trails       m l 

Floodprone Land Acquistion m m m   m l m 

Riparian and Upland habitat restoration l      m m 

In-Channel/Overbank Groundwater Recharge m l     m  

Reach 2  

FICO Groundwater Saving Facility  l   l  m  

ASARCO Groundwater Saving Facility  l   l    

Town of Sahuarita Flood/Erosion Control      l  m 

De Anza Trail and Santa Cruz River Trails       m l 

Floodprone Land Acquistion m m m   m l m 

Riparian and Upland habitat restoration l      m m 

In-Channel/Overbank Groundwater Recharge m l     m  

Reach 3  

Pima Mine Road Recharge Facility (Existing) m l   l  m  

San Xavier District Recharge Facilities  m l   l  m  

San Xavier Arroyos Project l l   l  m  

San Xavier District Riparian Restoration l    l  m m 

San Xavier District Bank Protection/Wetland/Farm Rehabilitation l    l l m  

San Xavier District Cooperation with Paseo de las Iglesias  l    l   m 

Reach 4 (lDirectly affected   m Indirectly affected) 

Paseo de las Igelsias          

Bank Protection/River Park      l  l 

Riparian Habitat Restoration l  m  m  m m 

Seasonal/Continuous Flow in Channel l l   m m m m 

Demonstration Floodwater Farming     l  m  
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Table 12H - Comparison of Watershed Plan Components and Planning Objectives 
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Stormwater Harvesting m m l   m m m 

City of Tucson Multiple Benefit Water Use Projects          

Seasonal Continuous Flow l l   l m m l 

River Park Extension l    l  m l 

Downtown Gateway Water feature l      m l 

Rio Nuevo l  l  l  m l 

Ryland Landfill Bank Protection   m   l   

A Mountain and Rio Nuevo Landfills – Capping/Management   m    l  

Grant –Fort Lowell Bank Protection      l m l 

Santa Cruz Managed Effluent Recharge Facility (Existing) m l  l    m 

“Tres Rios del Norte” l l  l  l m l 

Sweetwater Recharge Facility (Existing) m l  l   m m 

Roger Road Wastewater Treatment Facility Effluent Storage Ponds  l   l  l m  

Reach 5 (lDirectly affected   m Indirectly affected) 

“Tres Rios del Norte” l l  l  l m l 

Santa Cruz River Recent Bed Changes/Local Scour    l  l   

Lower Santa Cruz Levee (Existing)      l  l 

Lower Santa Cruz Replenishment Project (Existing) m l   l    

Marana High Plains Effluent Recharge Project (Existing) m l  l     

Central Arizona Project Canal (Existing) l l   l    

Avra Valley Pilot Recharge Project (Existing) m l   l    

BKW Farms – Ground Water Saving’s Facility  l   l  m  

Santa Cruz River Path/Trail       m l 

Projects on Tributaries:         

Rillito River at La Cholla l l l   l  l 

Rillito River Bank Protection/River Park      l m l 

Rillito River Environmental Restoration/Swan Wetlands  l      m m 

Tanque Verde Creek Bank Protection    l  l   

Tanque Verde Creek Environmental Restoration l      m m 
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Table 12H - Comparison of Watershed Plan Components and Planning Objectives 

Component 
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Agua Caliente Wash Environmental Restoration l      l m 

Canada del Oro Wash – CAP Groundwater Recharge l l l  l   l 

Reach 6  

Lower Santa Cruz Levee Phases II and III      l  m 

Trico Marana Road/Berry Acres Bank protection      l   

BKW Farms Groundwater Saving Facility  l   l  m  

Avra Valley irrigation District Groundwater Savings Facility  l   l  m  

Cortaro Marana Irrigation District Groundwater Savings Facility  l   l  m  

Tributaries Brawley/Blanco wash      l l  

Regional Components  

Effluent Reuse Study  l  l     

CAP Water delivery Study  l   l    

Salinity Study and Central Arizona Salinity Interceptor  m   l    
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13. WATERSHED MANAGEMENT PLAN IMPLEMENTATION 
 
13.1 – Implementation by Reach 
 
This section summarizes watershed management plan implementation conclusions on a reach-
by-reach basis in Tables 13A through 13G.  The conclusions detail the possibilities that could be 
pursued by others in the future. For each proposed component, the tables list the lead agencies, 
potential cooperating agencies, institutional authorities and funding sources, cost sharing 
requirements for the Corps of Engineers and other participating agencies, expected phasing 
requirements, and environmental and regulatory requirements.  Additional information on 
Federal authorities is listed in Table 13H.  
 
At the time of this report (August/September 2001) some of the identified opportunities have 
been pursued by local interests and cooperative efforts are currently underway.  The specific 
studies which have been initiated to examine the opportunities in more detail are: 
 
 Grant to Fort Lowell Reconnaissance Study  
 Paseo de las Iglesias Feasibility Study 
 Tres Rios del Norte Feasibility Study 
  
The studies are evaluating the flood control, ecosystem restoration, and recreation opportunities 
within the associated study areas, an including components of Rio Nuevo, San Xavier, and the 
De Anza Historic Trail. 
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Table 13A - Watershed Management Plan Implementation – Reach 1 

Component(s) Cooperating Agencies  Potential Authorities,  Funding Sources, and Cost 
Sharing Requirements. Phasing Environmental & 

Regulatory Compliance 

Canoa Ranch and 
Amado Ranch 
Preservation 
Floodprone Land 
Acquisition 

Pima County would be 
lead agency with 
potential cooperation 
from the Nature 
Conservancy, Bureau of 
Land Management, and 
Arizona State Land 
Department. 
 
US Army Corp of 
Engineers  

Pima County – 1997 General Obligation Bonds in 
the amount of  $2 million for Canoa Ranch.  
 
USACE – Section 212 of the Water Resources 
Development Act (WRDA) 1999 authorizes non-
structural approaches for preventing and reducing 
flood damages.   Federal local share is 50/50  for 
studies and 65/35 for implementation.  

Independent of other 
components  

National Environmental 
Protection Act (NEPA) 
Documentation required 
for federal land 
acquisition. 

Farmers Investment 
Company (FICO) 
Groundwater Savings 
Facility 

Private Interests 
 
Arizona Department of 
Water Resources 
(ADWR) 

 Independent of other 
components  

ADWR – Underground 
Storage Facility Permit 

Recreation – Complete 
Pima County River Trail 
System 
 
Restore De Anza Trail 
and Identify Historic 
Campsites  

Pima County 

Pima County Secondary property Tax or General 
Obligation Bonds. 
 
Potential for River Parks District 

River trails do not 
require bank 
improvements and can 
generally  be developed 
independently of other 
projects.   

Arizona State Historic 
Preservation Office 
(SHPO) Requirements  
Local development 
permits. 
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Table 13B - Watershed Management Plan Implementation – Reach 2 

Component(s) Cooperating Agencies  Potential Authorities,  Funding Sources, and Cost 
Sharing Requirements. Phasing Environmental & 

Regulatory Compliance 

Farmers Investment 
Company (FICO) 
Groundwater Savings 
Facility 

Private Interests 
 
Arizona Department of 
Water Resources 
(ADWR) 

 Independent of other 
components  

ADWR - Underground 
Storage Facility Permit 

ASARCO Mission Mine  
– Groundwater Savings 
Facility 

Private Interests 
 
ADWR 

 Independent of other 
components  

ADWR - Underground 
Storage Facility Permit 

Town of Sahuarita 
Flood/Erosion Control 

Town of Sahuarita 
Pima County 

USACE Continuing Authorities Program, Section 
205. Flood Damage Reduction .  First $100K is 
federal study cost.  Federal/local cost share is 
50/50 for studies, 65/35 for construction.  Non-
Federal entities pay 100% of operations, 
maintenance, rehabilitation, repair, and 
replacement (OMRR&R) cost. $7 million limit on 
federal participation. 

 

Section 404 analysis 
(permit req’d for 
subsequent 
maintenance); ESA 
consultation; NEPA;  
State and local permits  

Flood Prone Land 
Acquisition 

Pima County would be 
lead agency  with 
potential cooperation 
from the Nature 
Conservancy, Bureau of 
Land Management, and 
Arizona State Land 
Department. 
 
 
US Army Corps of 
Engineers  

USACE – Section 212 of the Water Resources 
Development Act (WRDA) 1999 authorizes non-
structural approaches for preventing and reducing 
flood damages.   Federal local share is 50/50  for 
studies and 65/35 for implementation. 

Independent of other 
components  

National Environmental 
Protection Act (NEPA) 
Documentation required 
for federal land 
acquisition. 

Recreation – Complete 
Pima County River Trail 
System 
 
Restore De Anza Trail 
and Identify Historic 
Campsites  

Pima County 

Pima County Secondary property Tax or General 
Obligation Bonds. 
 
Potential for River Parks District 

River trails do not 
require bank 
improvements and can 
generally  be developed 
independently of other 
projects.   

Arizona State Historic 
Preservation Office 
(SHPO) Requirements 
Local development 
permits. 
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Table 13C - Watershed Management Plan Implementation – Reach 3 
(San Xavier District) 

Component(s) Cooperating Agencies  Potential Authorities,  Funding Sources, and Cost 
Sharing Requirements. Phasing Environmental & 

Regulatory Compliance 

Existing Pima Mine 
Road Recharge 
Facility 

Central Arizona Project 
 
Central Arizona Water 
Conservation District 
(CAWCD). 
 
City of Tucson (COT) 

CAWCD -  designed, built, and operates project. 
 
COT provided 50% of Construction Cost 

The facility completed 
two year pilot study in 
2000.   Application for 
permanent status is 
under review by ADWR. 

Pima County Floodplain 
Use Permit 
 
ADWR: 
Aquifer Protection 
Permit (APP) 
Underground Storage 
Facility (USF) Permit 
Water Storage Permit 

San Xavier District 
(SXD) Recharge 
Facilities. 

San Xavier District San Xavier District  

USFWS consultation 
may be necessary for 
Endangered Species 
Act (ESA). 
 
USACE Section 404 
and  AZ Dept. of 
Environmental Quality 
Section 401Permits. 

Existing San Xavier 
Arroyos Project  

San Xavier District 
 
US Bureau of 
Reclamation 

San Xavier District Initial pilot stage is 
complete.    

San Xavier District 
Riparian Restoration San Xavier District 

Arizona Water Protection Fund Cost sharing is not 
required but priority is given to projects with 
matching funds. 

Feasibility Phase 
Complete. 
 
Implementation Phase 
is forthcoming. 

USACE Section 404 
and  AZ Dept. of 
Environmental Quality 
Section 401Permits.  
ESA Consultation. 

San Xavier District 
cooperation with 
Paseo de las Iglesias  

San Xavier District See Paseo de las Iglesias - Reach 4 
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Table 13D – Watershed Management Plan Implementation – Reach 4 
(Tucson Urban Reach) 

Component(s) Cooperating Agencies  Potential Authorities,  Funding Sources, and Cost 
Sharing Requirements. Phasing Environmental & 

Regulatory Compliance 

 
Paseo de las Iglesias  

Pima Co. DOT&FCD 
 
US Army Corps of 
Engineers  
 
City of Tucson 
 
US Bureau of 
Reclamation (to 
potentially supply CAP 
water) 

Pima County – 1997 General Obligation Bonds in 
the amount of  $4.2 million for Santa Cruz Flood 
Control and River Park from Irvington to Valencia, 
and $850K for Santa Cruz River Community Park. 
 
Pima County Secondary Flood Control Tax Levy 
 
COT has budgeted $3M from Rio Nuevo for 
completion of restoration project with Pima County. 
 
USACE - General Investigations Studies.  
Federal/local cost share is 50/50 for studies, 65/35 
for construction. Non-Federal entities pay 100% of 
operations, maintenance, rehabilitation, repair, and 
replacement (OMRR&R) cost. 
 
Paseo de las Iglesias is identified as a priority area 
for the Flood Mitigation and Riverine Restoration 
program under Section 212, WRDA ’99. 
 

 
 
1) Bank protection, river 
parks, and land 
acquistion. 
 
2) Habitat and instream 
flow features. 
 
3) Storm- water 
harvesting and 
demonstration farming 
facilities. 
 
Coordinate with City of 
Tucson Multiple Benefit 
Water Use Projects and 
Rio Nuevo. 
 
 

National Environmental 
Protection Act (NEPA) 
Documentation.  
Environmental Impact 
Statement (EIS) or 
Environmental 
Assessment (EA) 
 
USACE Section 404 
and  AZ Dept. of 
Environmental Quality 
Section 401Permits. 
 
Endangered Species 
Act (ESA) 
State and local permits  
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Table 13D – Watershed Management Plan Implementation – Reach 4 
(Tucson Urban Reach) 

Component(s) Cooperating Agencies  Potential Authorities,  Funding Sources, and Cost 
Sharing Requirements. Phasing Environmental & 

Regulatory Compliance 

Seasonal/Continuous 
Flows  
 
Santa Cruz River 
Park Extension 
 
Downtown Gateway 
Water Feature   

City of Tucson 
 
Pima County and 
USACE (overlap with 
Paseo de las Iglesias) 

COT Programs: MBWP Program, Waste Mgmt .,  
Parks and Recreation, Transportation 
 
Pima County Programs: Environmental Quality,  
Parks and Recreation, Transportation and FCD 
 
State of Arizona:  Arizona Heritage Fund Program  
Arizona Water Protection Fund 
Arizona Department of Transportation under the 
Intermodal Surface Transportation Efficiency 
 
Federal Programs: 
 
USACE - Section 206 (WRDA) Environmental 
Restoration.  Federal/local cost share is 50/50 for 
studies, 65/35 for construction.  $5 million limit on 
federal participation.  Non-Federal entities pay 
100% of operations, maintenance, rehabilitation, 
repair, and replacement (OMRR&R) cost. 
 
US EPA State -Tribal Local Wetlands Protection 
Grant 104(b)(3).  25% local cost share. 
 
US EPA Sustainable Development Challenge 
Grants Program.  20% local cost share. 
 
US EPA Brownfields Assessment Demonstration 
Pilots.  Grants up to $200K. 
 
US Department of Interior, Land and Water 
Conservation Fund. 
 

Santa Cruz River Park 
Extension and 
Downtown Gateway 
Water Feature can be 
constructed 
independent of other 
projects. 
 
Seasonal/Continuous 
flow project needs to 
coordinate with bank 
protection features in 
Paseo de las Iglesias  

National Environmental 
Protection Act (NEPA) 
Documentation.  
Environmental Impact 
Statement (EIS) or 
Environmental 
Assessment (EA) 
 
National Pollution 
Discharge Elimination 
System (NPDES) 
 
USACE Section 404 
and  AZ Dept. of 
Environmental Quality 
Section 401Permits. 
 
Endangered Species 
Act (ESA) 
 
Arizona Department of 
Environmental Quality 
Reuse Permit 
 
Pima County or City of 
Tucson Floodplain Use 
Permit. 
 
COT Native Plant 
Protection Ordinance 
(NPPO). 
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Table 13D – Watershed Management Plan Implementation – Reach 4 
(Tucson Urban Reach) 

Component(s) Cooperating Agencies  Potential Authorities,  Funding Sources, and Cost 
Sharing Requirements. Phasing Environmental & 

Regulatory Compliance 

Rio Nuevo   City of Tucson 
Río Nuevo Multipurpose Facilities District (District) 
tax increment financing (TIF). Arizona State 
Legislature and City of Tucson 

Can be developed 
Independently of other 
Reach 4 projects. 

USACE Section 404 
and  AZ Dept. of 
Environmental Quality 
Section 401Permits. 
 
Endangered Species 
Act (ESA) 

Ryland Landfill. 
“A” Mountain Landfill 
Rio Nuevo Landfill  

City of Tucson US EPA Brownfields Assessment Demonstration 
Pilots.  Grants up to $200K. 

Coordinate cleanup with 
Paseo de las Iglesias, 
COT Multiple Benefit 
Water Projects, and Rio 
Nuevo. 

ADEQ 
Water Quality 
Assurance Revolving 
Fund (WQARF) 
ADWR – APP, GWPP 

Grant to Fort Lowell 
Bank Protection and 
River Park 

Pima County 
DOT&FCD 
 
US Army Corps of 
Engineers (USACE) 

Pima County Secondary Flood Control Tax Levy 
 
USACE Continuing Authorities Program, Section 
205. Flood Damage Reduction.  First $100K is 
federal study cost.  Federal/local cost share is 
50/50 for studies, 65/35 for construction.  $7 million 
limit on federal participation. 
 
USACE General Investigations Studies.  First 
$100K is federal study cost.  Federal/local cost 
share is 50/50 for studies, 65/35 for cons truction.  
 
USACE - Non-Federal entities pay 100% of 
operations, maintenance, rehabilitation, repair, and 
replacement (OMRR&R) cost. 
 
The reach is currently part of a USACE “Special 
Study” that will determine the erosion hazard and 
expected damages. 

Construct bank 
protection followed by 
river park facilities.  Can 
be pursued 
independently of other 
reach 4 projects. 

National Environmental 
Protection Act (NEPA) 
Documentation.  
Environmental Impact 
Statement (EIS) or 
Environmental 
Assessment (EA) 
 
USACE Section 404 
and  AZ Dept. of 
Environmental Quality 
Section 401Permits. 
 
Endangered Species 
Act (ESA) 
 

Santa Cruz Managed 
Effluent Facility 
(Existing) 

See Reach 5, Table 13E 

Tres Rios del Norte  See Reach 5, Table 13E 
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Table 13E – Watershed Management Plan Implementation – Reach 5 
(Marana Reach) 

Component(s) Cooperating Agencies  Potential Authorities,  Funding Sources, and Cost 
Sharing Requirements. Phasing Environmental & 

Regulatory Compliance 

Santa Cruz Managed 
Effluent Facility 
(Existing) 

 

City of Tucson Water 
Department 
 
Pima County 
Wastewater Department 

Application fee and technical studies costs 
provided by City of Tucson Water department. 

Coordinate continued 
operation with Tres Rios 
del Norte. 

ADWR Permitted since 
1999.  Underground 
Storage Permit # 71-
545 944.0001.  Water 
Storage Permit #73-545 
943.0100. 

Tres Rios del Norte  

Pima County 
DOT&FCD 
 
USACE 

Pima County Secondary Flood Control Tax Levy 
 
USACE - General Investigations Studies. 
Federal/local cost share is 50/50 for studies, 65/35 
for construction. 
 
USACE - Section 206 (WRDA) Environmental 
Restoration.  Federal/local cost share is 50/50 for 
studies, 65/35 for construction.  $5 million limit on 
federal participation.  
 
USACE - Non-Federal entities pay 100% of 
operations, maintenance, rehabilitation, repair, and 
replacement (OMRR&R) cost. 

Construct bank 
protection followed by 
river park facilities.  Can 
be pursued 
independently of other 
reach 4 projects. 

National Environmental 
Protection Act (NEPA) 
Documentation.  
Environmental Impact 
Statement (EIS) or 
Environmental 
Assessment (EA) 
 
USACE Section 404 
and  AZ Dept. of 
Environmental Quality 
Section 401Permits. 
 
Endangered Species 
Act (ESA) 
 
ADWR: 
Aquifer Protection 
Permit (APP) 
Underground Storage 
Facility (USF) Permit 
Water Storage Permit 

Santa Cruz River 
Recent Bed Changes  

 

Pima County 
DOT&FCD 
 
USACE 

Pima County Secondary Flood Control Tax Levy 
 
USACE – Section 14 Emergency Streambank 
Protection.  $1.0 million cap.  Federal/local cost 
share is 65/35. 

Coordinate with Tres 
Rios del Norte.  Bank 
protection toe repairs 
should be complete 
before additional 
instream vegetation is 
developed. 

USACE Section 404 
and  AZ Dept. of 
Environmental Quality 
Section 401Permits. 
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Table 13E – Watershed Management Plan Implementation – Reach 5 
(Marana Reach) 

Component(s) Cooperating Agencies  Potential Authorities,  Funding Sources, and Cost 
Sharing Requirements. Phasing Environmental & 

Regulatory Compliance 

BKW Farms  – 
Groundwater Savings 
Facility 

 

Private Interests 
 
Arizona Department of 
Water resources 
(ADWR) 

 Independent of other 
components  

ADWR - Underground 
Storage Facility Permit 

Recreation - 
Complete Pima 
County River 
Path/Trail System 
Restore De Anza 
Trail and Identify 
Historic Campsites  

Pima County 

Pima County Secondary property Tax or General 
Obligation Bonds. 
 
Potential for River Parks District 

River trails do not 
require bank 
improvements and can 
generally  be developed 
independently of other 
projects.   River paths 
may require  prior 
construction of bank 
protection. 

Arizona State Historic 
Preservation Office 
(SHPO) Requirements  
Local development 
permits. 

 
 
 

Table 13F – Watershed Management Plan Implementation – Reach 6 
(Lower Santa Cruz Reach) 

Component(s) Cooperating Agencies  Potential Authorities,  Funding Sources, and Cost 
Sharing Requirements. Phasing Environmental & 

Regulatory Compliance 

Lower Santa Cruz 
Levee Phases II and III, 
Trico Marana Road/ & 
Berry Acres Bank 
Protection 
 

Pima County 
DOT&FCD 
 
Town of Marana 

Pima County Secondary Flood Control Tax Levy 
 
Town of Marana 
 
USACE - Section 205. Flood Damage Reduction .  
First $100K is federal study cost.  Federal/local 
cost share is 50/50 for studies, 65/35 for 
construction.  $7 million limit on federal 
participation. 
 
USACE - Non-Federal entities pay 100% of 
operations, maintenance, rehabilitation, repair, and 
replacement (OMRR&R) cost. 

Trico Marana Road and 
Berry Acres bank 
protection can be 
constructed now with 
levee to follow at some 
future date.   East bank 
recreation (river path) 
would likely follow levee 
construction. 

National Environmental 
Protection Act (NEPA) 
Documentation.  
Environmental Impact 
Statement (EIS) or 
Environmental 
Assessment (EA) 
 
USACE Section 404 
and  AZ Dept. of 
Environmental Quality 
Section 401Permits. 
 
Endangered Species 
Act (ESA) 
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Table 13F – Watershed Management Plan Implementation – Reach 6 
(Lower Santa Cruz Reach) 

Component(s) Cooperating Agencies Potential Authorities,  Funding Sources, and Cost 
Sharing Requirements. Phasing Environmental & 

Regulatory Compliance 

BKW Farms  – 
Groundwater Savings 
Facility 

Private Interests 
Arizona Department of 
Water Resources 
(ADWR) 

 Independent of other 
components 

ADWR – Underground 
Storage Facility Permit 

Avra Valley Irrigation 
District  – Groundwater 
Savings Facility 

Private Interests 
 
ADWR 

 Independent of other 
components 

ADWR – Underground 
Storage Facility Permit 

Cortaro Marana 
Irrigation District  – 
Groundwater Savings 
Facility 

Private Interests 
 
ADWR 

 Independent of other 
components 

ADWR – Underground 
Storage Facility Permit 

Additional Projects on 
Tributaries – 
Brawley/Blanco Washes 

Pima County 
DOT&FCD 

Pima County Secondary Flood Control Tax Levy 
 
USACE-  Section 22 - Planning Assistance to 
States.  50/50 cost share with a $500K federal limit 
per state per year. 
  
USACE – Section 206 (1960 Flood Control Act 
(PL86-645) as amended floodplain information and 
planning assistance to state, county and city 
governments.  100% federal cost share with local 
involvement. 
 

Independent of other 
components  
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Table 13G – Watershed Management Plan Implementation – Regional Features 

Component(s) Cooperating Agencies Potential Authorities,  Funding Sources, and Cost 
Sharing Requirements. Phasing Environmental & 

Regulatory Compliance 

Effluent Re-use Study 
  

US Bureau of 
Reclamation, Pima 
County Wastewater, 
Town of Marana, Town 
of Oro Valley 
Regional Effluent 
Planning Partnership 
(REPP) 

Title 16 Wastewater Reuse Study 
 

Independent of 
Watershed Study 

Southern Arizona Water 
Rights Settlement Act 
(SAWRSA) 
 
National Environmental 
Protection Act (NEPA) 
Documentation. 

CAP Water Delivery 
Study 

 

US Bureau of 
Reclamation, City of 
Tucson, Town of 
Marana, Town of Oro 
Valley 

 Independent of 
Watershed Study 

National Environmental 
Protection Act (NEPA) 
Documentation for  
constructed components 

BOR Salinity Study and 
Central Arizona Salinity 
interceptor 

 

US Bureau of 
Reclamation, City of 
Tucson, Town of 
Marana, Town of Oro 
Valley 

 

Preliminary Study 
Phase. 
 
Independent of 
Watershed Study 
 
10-20 year out. 

National Environmental 
Protection Act (NEPA) 
Documentation. 
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Table 13H - USACE Authorities For Flood Control and Restoration Projects (1) 

Category Authority 
(All are “as amended”) Provisions Cost Share 

Structural Flood Control 

Sections 1 and 3, 1936 FCA (P.L. 74-738)  
Section 2, 1941 FCA (P.L. 77-228)  
Section 103, WRDA ‘86 (P.L. 99-662)  
Section 202(a), WRDA ‘96 (P.L. 104-303) 

Federal Government should participate in 
improvement(s) for flood control purposes  if 
the  benefits to whomsoever they may accrue 
are in excess of the  estimated 
Costs (Section 1, 1936 FCA). 

Non -Structural Flood 
Control 

Section 73, WRDA ’74 (P.L. 93-251)  
Section 103(b), WRDA ‘86 (P.L. 99-662)  
Section 308, WRDA ‘90 (P.L. 101-640)  
Section 202(a) WRDA ‘96 (P.L. 104-303) 

In Corps project planning, consideration will 
be given to nonstructural alternatives to 
prevent or reduce flood damages. 

Flood Control Section 
205 Continuing 
Authorities 

Section 205, 1948 FCA (P.L. 80-858), 
amended. This is a continuing authority.  
Section 202, WRDA ‘96 (P.L. 104-303) 

Without specific authorization, the Corps may 
study, adopt, and construct small flood 
control projects. 

Non-Federal Interest provide 
Lands Easements Right-of-
Way, Relocations, and 
Disposals (LERRD), and a 
minimum cash contribution of 
5%. 
 
Non-Federal project cost share 
Project Cost share is 35%.   
 
Non-Federal entities pay 100% 
of Operations, Maintenance, 
Rehabilitation, Repair, and 
Replacement (OMRR&R) cost. 

Emergency Streambank 
and Shore Protection, 
Section 14 Authority 

Section 14, 1946 FCA (P.L. 79-526), as 
amended 
Section 27, WRDA ‘74 (P.L. 93-251) 
Section 915(c), WRDA ‘86 (P.L. 99-662) 
Section 219, WRDA ‘96 (P.L. 104-303). 
This is a continuing authority 

Authorizes the Corps to study, adopt and 
construct emergency streambank and 
shoreline protection works to protect 
highways, bridges, and other public works, 
and nonprofit public services such as 
churches, hospitals, and schools. 
 
The annual program limit for Federal 
expenditures is $15,000,000, with not more 
than $1,000,000 in Federal expenditures at 
any one site. 

Locals provide needed LERRD 
and cash, as required, so the 
non-Federal share of total 
project costs is at least 25%.  
When the Federal share of 
costs would otherwise exceed 
the project limit ($500,000), 
locals must provide the excess. 
Locals must pay OMRRR on 
the completed project 
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Table 13H - USACE Authorities For Flood Control and Restoration Projects (1) 

Category Authority 
(All are “as amended”) Provisions Cost Share 

Ecosystem Restoration 
and  Protection, 
General Authority 
 

F&WL Coordination Act of 1958  
Federal Water Project Recreation Act of 
1965  
NEPA (1969) 
Coastal Zone Management Act of 1972  
Clean Water Act of 1972 
Marine Protection, Research, and 
Sanctuaries Act of 1972  
Endangered Species Act of 1973  
WRDA’s ‘86, ‘90, ‘92, and ‘96  
Coastal Wetlands Planning, Protection and 
Restoration Act of 1990  
Executive Order 11990, “The Protection of 
Wetlands” 
Executive Order 11991, “Relating to 
Protection and Enhancement of 
Environmental Quality”  

Environmental protection, navigation and 
flood control are the primary Civil Works 
missions of the Corps. 
 
Restoration efforts focus on restoring an 
already degraded ecological condition to 
produce environmental benefits. 
 
Focus is on the restoration of ecosystem 
functions, not single species habitat or 
improvements that are primarily of economic 
or commercial importance.  
 
Acquisition of lands should be kept to a 
minimum. Design standards should reflect 
project specific risks; for example, a levee 
creating a wetland need not be built to flood 
control standards. 
 
The Corps focuses on engineering solutions 
to ecosystem problems directly associated 
with the hydrologic regime. 
 
Proposed projects must be justified on 
the basis of monetary and non-monetary 
benefits, but a traditional benefit-cost ratio 
need not be developed since the primary 
benefit (improved ecosystem functions) is 
usually not measurable in dollars. 

On specific Authorized projects, 
the non-Federal sponsor pays:  
 
35% of total project first cost 
100% of the cost of OMRR&R 
and provides all LERRD 
required. 
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Table 13H - USACE Authorities For Flood Control and Restoration Projects (1) 

Category Authority 
(All are “as amended”) Provisions Cost Share 

Ecosystem Restoration 
and Protection, 
Consideration of Project 
Modifications for 
Improvement of the 
Environment within the 
Civil Works Program 
 

Section 1135 of WRDA ‘86 as amended. 

A continuing authority to modify the structures 
and operations of Corps projects to improve 
the quality of the environment and restore 
ecosystem functions impaired by projects 
built by the Corps and other Federal 
agencies.  Section 1135 projects can be 
located with mitigation improvements but 
cannot be used to fulfill mitigation 
requirements.   Federal share limit is $5 
million. 

Feasibility study costs are 
initially completely funded by 
the government.  However, if 
the proposal is approved for 
implementation, the cost of the 
feasibility study and plans and 
specifications must be included 
as part of the total project. 
 
The non-Federal sponsor is 
responsible for 25% of total 
project modifications costs and 
must provide all LERRD, and 
provide 100% of OMRR&R. 

Ecosystem Restoration 
and Protection, Aquatic 
Ecosystem Restoration 

Section 206 WRDA ‘96 (P.L. 104-303) as 
amended. 

The Corps may carry out aquatic ecosystem 
restoration and protection projects if the 
project will improve environmental quality, is 
in the public interest, and is cost effective. 

Section 206 projects require 
35% funding buy non-Federal 
sponsors.  Federal costs are 
limited to $5 million per projects 
and $25 million for the national 
program per year.  OMRR&R 
and LERRD are 100% non-
Federal. 

Planning Assistance to 
the States (Section 22) 

Section 22, WRDA ‘74 (P.L. 93-251), as 
amended 
Section 605, P.L. 96-597 
Section 221, WRDA ’96 (P.L. 104-303) 

General authority for Corps to cooperate with 
states and to provide technical assistance to 
support state preparation of comprehensive 
water and related land resources 
development plans, including watershed and 
ecosystem planning.  Assistance is given on 
the basis of state requests and availability of 
Corps expertise rather than through 
Congressional study authorization 
procedures. 

Federal assistance is in the 
form of an effort or service 
sharing basis rather than an 
outright grant.  Non-Federal 
sponsor contributes 50% of the 
costs.  Nationwide funds may 
not exceed $10 million with not 
more than $500 thousand per 
year per state. 

Floodplain Management 
Services Program 

Section 206, 1960 FCA (P.L. 86-645), as 
amended. 

General authority to provide flood plain 
information and planning assistance to state, 
county, and city governments, as well as to 
other Federal agencies. 
 

Non-Federal public entities may 
not pay the Corps for these 
services; private citizens and 
other Federal agencies may.  
Involvement of requesters is 
strongly encouraged. 
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Table 13H - USACE Authorities For Flood Control and Restoration Projects (1) 

Category Authority 
(All are “as amended”) Provisions Cost Share 

Flood Hazard Mitigation 
and Riverine Ecosystem 
Restoration Program (2) 

Section 212, WRDA ’99 (P.L. 106-53) 

Informally known as Challenge 21, this 
watershed-based program focuses on 
identifying sustainable solutions to flooding 
problems by examining nonstructural 
solutions in flood-prone areas, while retaining 
traditional measures where appropriate. The 
program will create a framework for more 
effective federal coordination of flood 
programs and will create partnerships with 
communities to develop solutions to flooding 
problems. Eligible projects will meet the dual 
purpose of flood hazard mitigation and 
riverine ecosystem restoration. Projects might 
include the relocation of threatened 
structures, conservation or restoration of 
wetlands and natural floodwater storage 
areas and planning for responses to potential 
future floods.  

The non-Federal sponsor pays 
50% for studies and 35% for 
project implementation up to a 
maximum federal allocation of 
$30 million. 
 
Cost-share funds will not be 
available through this program 
until FY01 (starting October 
2000)  
 

(1) Institute for Water Resources. September 1999.  Civil Works Pocket Reference.  (Does not include WRDA 1999) 
(2) http://www.epa.gov/owow/watershed/wacademy/fund/challenge21.html 
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13.2 – Federal Requirements for Recreation Elements 
 
This section summarizes the federal requirements for recreation elements.  Section 4 of the 
Flood Control Act of 1944, as amended, authorizes the Chief of Engineers to construct, operate, 
and maintain recreation facilities at water resources projects under the control of the 
Department of the Army (16 U.S.C. 460d).  Long established policy precludes cost sharing 
development of new recreation facilities at completed projects.  Current Federal budget 
constraints and the intense competition for Federal funds dictate austerity in the planning and 
design of recreation facilities at proposed Civil Works projects.  However, recreation 
development at Civil Works projects provides opportunities that significantly benefit communities 
throughout the nation.  The social, cultural, scientific, and educational values of these recreation 
opportunities should be considered.  Despite austere budgets and policy requirements, 
recreational development can contribute to community health and well being. 
 
Since recreation may be perceived to complement land and water resources, it is appropriate 
that public use be accommodated at Corps projects.  Potential recreation development at Civil 
Works projects depends on the type of project, the location, and demographic characteristics of 
the surrounding area. 
 
13.2.1 – Recreation at Flood Control Projects 
 
Flood control projects without a permanent pool do not provide the potential for water based 
activities associated with a lake, therefore, the recreation potential of the project is generally 
associated with land-based activities. Under the policy contained in ER 1165-2-400, Recreation 
Planning, Development, and Management Policies, development of recreation facilities for non-
reservoir projects must be on the land required for the basic project with the exception that 
additional recreation land may be acquired if needed for access, parking, potable water, 
sanitation and related development for health, safety, and public access.  No credit for 
recreation cost sharing is granted for any costs of lands within the project boundary acquired for 
the basic project.  Therefore, if only permanent easements are approved for acquisition for a 
local flood protection project, the local sponsor cannot receive recreation cost sharing credit for 
the increment of cost for increasing the interest in the project land from easement to fee and 
recreation development of the project is not eligible for Federal participation since fee title is 
required for recreation.  Current Federal policy on real estate acquisition for flood control, as 
contained in Memorandum to Major Subordinate Commands and District Commands, CERE-
AP, 31 May 1991, subject: ER 405-1-12, Real Estate Handbook, Draft Chapter 12, Local 
Cooperation, indicates that the minimum interest that the local sponsor must acquire is 
permanent easements for levees, floodwalls, other permanent structures, flowage areas, 
ponding areas for dry dams, channel rectification works, and disposal and borrow areas.  Fee 
acquisition is required for recreation.  While Federal policy does provide that greater estates 
may be approved by the District Chief of Real Estate under certain conditions, the implication of 
the real estate policy on recreation is that, in general, the minimum real estate interest required 
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for a local flood protection project is not sufficient to allow for Federal participation in the 
recreation development of the project (USACE, 1992 & 1999).  
 
13.2.2 – Recreation at Ecosystem Restoration Projects 
 
Recreation at ecosystem restoration projects should not only be compatible, but also enhance 
the visitation experience by taking advantage of the natural values.  The social, cultural, 
scientific, and educational values should be considered within the framework of the ecosystem 
restoration project purpose.  For example, while educational values, through such things as 
nature study and interpretive signs, can be an integral part of ecosystem restoration projects, 
this does not mean it is appropriate to build recreation/visitor facilities that overwhelm the 
natural values.  The recreational experience should build upon the ecosystem restoration 
objective and take advantage of the restored resources rather than distract from them.  
Ecosystem restoration projects should be formulated to address significant resources and must 
be justified through a determination that the combined monetary and non-monetary value of the 
last increment of benefits or losses prevented or replaced exceeds the combined monetary and 
non-monetary cost of the last added increment of the ecosystem restoration measure.  
Recreation development will not influence that formulation (USACE, 1998 & 1999). 
 
Recreation development at an ecosystem restoration project should be totally ancillary.  
Recreation facilities may be added to take advantage of the education and recreation potential 
of the ecosystem project, but the project cannot be specifically formulated for a recreation 
purpose.  The recreation potential may be satisfied only to the extent that recreation does not 
diminish the ecosystem restoration purpose.  Where an ecosystem restoration project provides 
critical habitat for a Federally listed threatened or endangered species, recreation facilities at 
that project should be precluded in the critical habitat and limited to only those facilities needed 
for minimum health and safety and/or natural resources interpretation.  Where appropriate, 
recreation at ecosystem restoration projects should be designed for day use only, precluding the 
need of extensive night lighting.  Whenever conflicts occur between the ecosystem restoration 
purpose and recreation, ecosystem restoration shall have priority.  Plans should seek to 
optimize public use in harmony with the objectives of the restoration project over the period of 
analysis.  Without a non-Federal sponsor to cost share recreation, ecosystem restoration 
projects should not encourage public use (ER 1165-2-400, Recreation Planning, Development, 
and Management Policies, Appendix C). 
 
13.2.3 – Planning for Recreation Facilities 
 
Planning of recreation facilities to be cost shared at new ecosystem restoration projects or at 
(non-lake) structural flood control projects must comply with three major criteria: (A) philosophy 
and inclusion on the checklist, (B) economic justification; and, (C) the ten percent limit rule 
(USACE, 1998 & 1999). 
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A. Philosophy and Checklist.  
 

(1) Philosophy. The understanding of Federal budgetary interest lies within the context of 
the benefits from a facility or activity. 

 
(a) Formulation.  Non-lake structural flood control projects are to be formulated to 
provide the National Economic Development (NED) flood control project.  Recreation 
development will not influence that formulation.  Ecosystem restoration projects should 
be formulated to address significant resources and must be justified through a 
determination that the combined monetary and non-monetary value of the last increment 
of benefits or losses prevented or replaced exceeds the combined monetary and non-
monetary cost of the last added increment of the ecosystem. 
 
(b) Vendibility.  If benefits are vendible (type usually provided by private enterprise), then 
others should provide the facility.  

 
(c) Stand-alone Principle.  Simply stated, if a recreation feature could be built at the 
same location without the water resources project and not lose any of its utility or value, 
it stands alone.  When facilities stand alone, the Corps should not participate in their 
development.  
 
(d) Access, health and safety.  While most facilities at non-lake projects would “stand-

alone” the Corps will participate in facility development to provide access to and along the 
project features.  The development of these facilities should not involve extensive structural 
modification of the terrain and may include rest areas and picnic facilities.  Ideally these facilities 
would be a part of a larger non-Corps recreation plan such as a regional trail system or provide 
access to other non-Federal recreation facilities or areas.  

 
(2) Check List of Recreation Facilities.  Corps regulations include a checklist of facilities 

that may be provided in recreation developments at all types of Corps water resource 
projects. Exceptions to the approved recreation facilities must be fully justified and 
approved by CECW-P.  Facilities to be cost shared are limited to standard designs 
consistent with the natural environment of the surrounding area but should not 
include embellishments such as decorative stone work planters, elaborate designs or 
be ostentatious.  

 
B. Economic Justification.  Reports recommending recreational development will clearly 
present the formulation and justification of the recreation plan to be recommended for Federal 
implementation.  Incremental justification of recreation features will be demonstrated in the 
report.  The addition of recreation to the plan will not influence formulation of the basic flood 
damage reduction project, which must produce net NED benefits without recreation.  The report 
will include a brief description of the competing recreation facilities and their existing and 
expected future use with and without the project.  Recreation benefits, costs and cost sharing 
must be shown separately  
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C. The Ten Percent Limit Rule.  The level of financial participation in recreation development 
by the Corps at an otherwise justifiable project may not increase the Federal cost of the 
structural NED flood control project by more than ten percent without prior approval of the 
Assistant Secretary of the Army (Civil Works).  (EP 1165-2-1, Digest of Water Resources 
Policies and Authorities, Paragraph 17-3a(3) and ER 1105-2-100, 28 December 1990, 
Paragraph 4-25b).  The policy to limit the Federal share in recreation development was first 
established in a 2 June 1996 memorandum from the Assistant Secretary of the Army (Civil 
Works).  The purpose of the policy is to allow concentration of scarce Civil Works funds on flood 
damage reduction features rather than recreation development.  The ten percent criteria should 
be viewed as an upper limit on Federal cost sharing and not as a goal to be achieved.  It would 
normally be assumed that the cost of recreation facilities to be cost shared would be well under 
the ten- percent limit. 
 
The cost of recreation facility development is shared 50/50 percent between the Government 
and non-Federal sponsors.  Separable lands required for public access, health, and safety, are 
the responsibility of non-Federal sponsors, with crediting toward the sponsor's 50 percent share 
of development costs.  Any cost in excess of 50 percent will be the responsibility of the non-
Federal sponsor and will not be cost shared.  The cost of lands provided by non-Federal 
sponsors for the basic project is not included for recreation cost sharing purposes.  Established 
Federal policy permits credit towards recreation cost sharing for incremental costs of increasing 
the real estate interests in land within the boundary acquired for the basic ecosystem restoration 
project.  Additional guidance is provided in ER 1105-2-100.  Operation, maintenance, 
replacement, repair and rehabilitation costs are the responsibility of the local sponsor (ER 1165-
2-400, Paragraph 7; EP 1165-2-1, Paragraph 17-3a, and ER 1105-2-100, 28 December 1990, 
Paragraph 4-26b). 
 
13.2.4 – Checklist of Recreation Facilities that Can be Cost Shared  
 
The following is a checklist of facilities which may be cost shared in recreation developments at 
new corps non-lake structural local flood control and/or ecosystem restoration projects (USACE, 
1998). 
 
I. Access and Circulation:  Roads, Turnarounds, Trails (multiple-use), Parking, Bridges and 
Culverts, Walks, Steps/ramps, Footbridges. 
 
II. Structures:   Sanitation, Vault Toilets, Comfort Stations, Shelters, Picnic, Trail, Camping 
(Flood Control Only),  Camping Pads (Flood Control Only), Outdoor Cooking (Flood Control 
Only). 
 
III. Utilities: 
 Water Supply - Municipal System, Wells, Drinking Fountains and Faucets.  
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 Sewage and Waste Water Disposal - Municipal System , Septic Tanks and Tile Fields Storm 
Drainage. 

 Public Telephone  
 
IV. Site Preparation/Restoration: Clearing and Grubbing, Grading and Land Form, Vegetative 
restoration - includes native trees,  shrubs and turf establishment. 
 
V. Park Furniture: Picnic Tables, Grills and Fireplaces (Flood Control Only), Trash 

Receptacles/Holders, Benches.  
 
VI. Play Activities: Play Area (open space) (grading only), Play Equipment (standard) (basic 

climbing, swinging and sliding apparatus). 
 
VII. Signs: Entrance-Directional-Marker, Traffic Control (Vehicular and Pedestrian), Instructional 

(Includes Fire Danger Notices).  
 
VIII. Interpretive Guidance and Media: Display Boards, Interpretive Markers (Natural, Historical, 

Archeological, etc.), Bulletin Board. 
  
IX. Protection, Control, Health and Safety: Protection and Control,  Gates and Barricades, Cattle 

Guards, Walls and Fencing, Guardrails, Entrance Stations, Health and Safety, Lighting, 
 Handrails  
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14. RECOMMENDATIONS 
 
In accordance with the findings and conclusions of the Gila River, Santa Cruz Watershed, Pima 
County, Arizona Feasibility Study, I recommend that the information contained herein be made 
available to interested parties for their consideration and use in future planning and decision 
making within the watershed. 
 

/S/ 
Richard G. Thompson  
Colonel, 
Corps of Engineers District Engineer   
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