
: !: 
--..--. .---- 

, .. 

WITTMANN AREA DRAINAGE 
MASTER STUDY UPDATE I 

ALTERNATIVE CONTRACT FCD 2002C029 INTERIM RULES OF 

IDENTIFICATION REPORT DEVELOPMENT REPORT 

PART U PART m 

VOLUME A1 i VOLUME RD 



W I T T M A N N  AREA DRAINAGE M A S T E R  S T U D Y  U P D A T E  

CONTRACT 2002C029 

VOLUME NAME VOLUME ID 

............................................ EXISTING CONDITIONS ANALYSIS (PART I) EC 

ADMSU HYDROLOGY ...................................................................................... HY 

GEOMORPHOLOGY REPORT ........................................................................ GR 

SUBSIDENCE REPORT ..................................................................................... SU 

........................................... ALTERNATIVES IDENTIFICATION (PART 11) A1 

RULES OF  DEVELOPMENT (PART 111) ........................................................ RD 

........................................... ALTERNATIVE ANALYSIS MCMICKEN DAM MA 

................................................................... MCMICKEN DAM HYDROLOGY MD 

MCMICKEN DAM FINAL LANDSCAPE CHARACTER 
COMPATABILITY ANALYSIS REPORT ....................................................... LA 

FLOODPLAIN DELINEATION ........................................................................ HD 

REPORT OF SURVEY ........................................................................................ SR 

SUN VALLEY PARKWAY CULVERT EVALUATION ................................ SV 

........................................................................... ADMINISTRATIVE REPORT AR 

0 Note: Volume ID wlll be used for Sectlon, Plate, F~gure, and Table Identtjiers. 



WITTMANN AREA DRAINAGE 
MASTER STUDY UPDATE 

ALTERNATIVE IDENTIFICATION 
REPORT 

VOLUME A1 

PART I1 

Contract FCD 2002C029 

July 2005 

Prepared by: 

Intel11'gent Engineering 

Environmental S01urjon.n.~ 

2255 N. 44" Street 
Suite 125 

Phoenix, AZ 85008 
Phone (602) 244 2566 
Fax (6021 244 8947 . . 

Web: www.entellus.com 

In sssoci~t~on with. 

E n g i n e e r i n g ,  I n c .  



Wittmann Area Drainage Master Study Update 
FCD 2002C029 

TABLE OF CONTENTS 

ALTERNATIVES IDENTIFICATION REPORT PART I1 (VOLUME AI) 

SECTION AI-1: EXECUTIVE SUMMARY ................................................................................... 1-1 

. . 
1.1 Report Object~ves ................................................................................................................... 1-1 

1.2 Alternative Recommendations ................................................................................................. 1-1 

SECTION AI-2: EXISTING CONDITIONS OVERVIEW ........................................................... 2-1 

2.1 Hydrology ................................................................................................................................ 2-4 

....................................................................................................................... 2.2 Geomorphology 2-5 

2.3 Land Subsidence and Earth Fissure Potential .......................................................................... 2-5 

................................................................................................. 2.4 Environmental Characteristics 2-5 

........................................................................................................ 2.5 Sociological Environment 2-6 

.............................................................................................................. 2.5.1 Planning Context 2-6 

....................................................................................................... 2.5.2 Land Use and Zoning 2-7 

.................................................................................................................. 2.5.3 Demographics 2-7 

2.6 Regulatory Overview ............................................................................................................... 2-8 

2.7 Safety ....................................................................................................................................... 2-9 
. . 

2.7.1 Integrity of Exlstlng Structures ........................................................................................ 2-9 

2.7.2 Maintenance of Existing Structures ............................................................................... 2-10 

2.7.3 Access and Egress .......................................................................................................... 2-10 

.......................................................................................... 2.7.4 Future Infrastructure Design 2-10 
. . 

2.7.5 Multi-Use Design Cr~ter~a .............................................................................................. 2-10 

2.8 Public Interaction ................................................................................................................... 2-11 

2.9 Drainage ProblemsIComplaints ............................................................................................. 2-12 

SECTION AI-3: POTENTIAL ALTERNATIVE IDENTIFICATION BRAINSTORMING .... 3-1 

3.1 Objectives ................................................................................................................................ 3-2 

3.2 Participants ............................................................................................................................... 3-2 

.......................................................................................................... 3.3 Presentation of Findings 3-2 



3.4 Existing problems (Hazard Identification) ........................................................................... 3-2 

................................................................................................................................ • 3.5 Seed Ideas 3-3 

3.5.1 Transportation Network ................................................................................................... 3-3 

3.5.2 On-Lot Retention ............................................................................................................. 3-4 

3.5.3 Regulation 50 and 200 cfs or larger Watercourses .......................................................... 3-4 

3.5.4 Regulate 50- and 200-cfs Watercourse Offset Widths ................................................. 3-9 

3.5.5 Floodplains/Floodways ................................................................................................ 3-10 

3.5.6 RetentionIDetention Upstream of CAP ......................................................................... 3-10 

3.5.7 Channelization/Preservation of Drainage Corridors ...................................................... 3-10 

3.6 Individual Ideas Formulation ................................................................................................. 3-12 

3.7 Grouping of Ideas .................................................................................................................. 3-15 

3.8 Discussion of Alternatives ..................................................................................................... 3-16 
... 

3.9 Potential Alternatives Identit~ed ............................................................................................ 3-16 

SECTION AI-4: POTENTIAL ALTERNATIVE DESCRIPTION ............................................... 4-1 

4.1 No Further Action .................................................................................................................... 4-1 

a ...................................................................................................................... 4.2 Public Education 4-1 

4.3 Flood Warning System ............................................................................................................ 4-2 

4.4 Floodplain Delineation and Erosion Hazard Zones ................................................................. 4-2 

4.5 Drainage Feature Information .................................................................................................. 4-3 

4.6 Transportation Corridors .......................................................................................................... 4-4 

4.7 Remediation of Roadway Drainage Impacts ......................................................................... 4-5 

4.8 Culvert Sizing Guidelines ........................................................................................................ 4-6 

4.9 Major Drainage Corridors Preservation ................................................................................... 4-7 

............................................................. 4.10 RetentionIDetention at Upstream Side of CAP Canal 4-8 

4.1 1 Regional RetentionIDetention .................................................................................................. 4-9 

4.12 Additional Regulations/Tools ................................................................................................ 4-10 

SECTION AI-5: POTENTIAL ALTERNATIVE ANALYSIS ...................................................... 5-1 

5.1 Level of Analysis ..................................................................................................................... 5-1 

5.2 Evaluation Criteria ................................................................................................................... 5-1 

........................................................................................... a 5.3 Analysis of Potential Alternatives 5-2 



No Further Action ............................................................................................................ 5-3 

.............................................................................................................. Public Education 5-5 

.................................................................................................... Flood Warning System 5-7 

......................................................... Floodplain Delineation and Erosion Hazard Zones 5-9 

........................................................................................ Drainage Feature Information 5-11 

................................................................................................ Transportation Corridors 5-13 

................................................................. Remediation of Roadway Drainage Impacts 5-15 
. . .............................................................................................. Culvert Slzlng Guidelines 5-17 

......................................................................... Major Drainage Corridors Preservation 5-19 

............................................................. RetentionIDetention at Upstream Side of CAP 5-23 

........................................................................................ Regional RetentionIDetention 5-24 

........................................................................................ Additional Regulations~Tools 5-26 

............................................................................................................ SECTION AI-6: SUMMARY 6-1 

APPENDIX A . BRAINSTORMING MATERIALS 

.......................................................................... A.1. Brainstorming Meeting Documentation A-1 

.................................................................................................................. A.I.1. Agenda A-2 

A.1.2. Photos ................................................................................................................... A-3 

. . 
A.2. Partlclpant Surveys .......................................................................................................... A-5 

A.2.1. Problern/Root Cause Evaluation ........................................................................... A-6 

A.2.2 Project Partner Evaluation ..................................................................................... A-7 

A.2.3.Evaluation of the 7 Territories of Trilby ............................................................... A-8 

APPENDIX B . BRAINSTORMING RESULTS TABLE 

B.1. Table of Results ............................................................................................................... B-1 

APPENDIX C POTENTIAL ALTERNATIVE EVALUATION 

. . 
C . 1 . Evaluation Cnter~a .......................................................................................................... C- 1 

C.2. Alternative Evaluation Worksheets ................................................................................. C-2 

C.3. Alternative Evaluation Matrix ......................................................................................... C-3 



C.4. Relative Cost Evaluations .............................................................................................. C-4 

LIST OF TABLES 

Table AI- 1.1 Alternative Recommendation Summary ....................................... Section 1 

............................................................ Table AI.6.1 Comparison of Alternatives S t  6 

LIST OF FIGURES 

Figure AI-2.1 

Figure AI-2.2 

Figure AI-3.1 

Figure AI-3.2 

Figure AI-3.3 

e Figure AI-3.4 

Figure AI-3.5 

Figure AI-3.6 

Figure AI-3.7 

Figure AI-3.8 

........................................................................................ Area Map Section 2 

Potential Drainage Problem Areas .................................................. Section 2.9 

Potential Transportation Network ................................................... Section 3.5.1 

On-Lot Retention ............................................................................ Section 3.5.2 

50 cfs and 200 cfs Washes ............................................................. Section 3.5.3 

50 cfs and 200 cfs Offsets ............................................................... Section 3.5.4 

........... Potential Additional Floodplain Mapping Near Iona Wash Section 3.5.5 

....................... Seven Territories of Trilby : ...................................... Section 3.6 

.............................................................. Project Partner Evaluation Section 3.6 

....... Seven Territories of Trilby Drainage Problems and Priorities Section 3.6 
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CONTRACT FCD 2002C029 

ALTERNATIVE IDENTIFICATION REPORT 
PART I1 

(VOLUME AI) 

SECTION AI-1: EXECUTIVE SUMMARY 

1.1 Report Objectives 

The purpose of the Alternative Identification Report, Part 11, is to identify potential 

alternatives that can be taken forward and further analyzed during the future Wittmann 

Area Drainage Master Plan phase, which will follow this study. This was 

accomplished through a brainstorming session where the Entellus team met with major 

stakeholders and discussed existing conditions analysis results and brainstormed for 

potential solutions or actions. Through the brainstorming session and preliminary 

evaluation, several concepts were identified. To make the evaluation manageable, the 

concepts were combined and reduced to 12 potential alternatives. In order to analyze 

these further, each potential alternative was described and evaluated in a Potential 

Alternatives Evaluation Worksheet (see Appendix C). 

1.2 Alternative Recommendations 

Upon the analysis of all 12 potential alternatives, a conclusion to either highly 

recommend, recommend, or low priority for consideration in the ADMP was suggested. 

Shown in Table AI-1.1 are the 12 alternatives and priority classification: 



1. No Further Action ...................................................... Low Priority 

2. Public Education ........................................................ Low Priority 

3. Flood Warning System .............................................. Recommended 

4. Floodplain Delineation and 

Erosion Hazard Zones ............................................... Highly Recommended 

5. Drainage Feature Information ................................... Highly Recommended 

6. Transportation Corridor ............................................ H i g h  Recommended 

7. Remediation of Roadway 

Drainage Impacts ....................................................... Recommended 

......................................... 8. Culvert Sizing Guidelines H i g h  Recommended 

9. Major Drainage Corridor 

Preservation ................................................................ Recommended 

10. RetentiodDetention at 

Upstream Side of CAP .............................................. Recommended 

1 1. Regional RetentionlDetention .................................. Highly Recommended 

................................... 12. Additional Regulations/Tools Highly Recommended 

Table AI-1.1: Alternative Recommendation Summary 



SECTION A1-2: EXISTING CONDITIONS OVERVIEW 

This report presents a summary of the process and analysis used to identify potential 

alternatives for the Wittmann Area Drainage Master Study Update (ADMSU). This 

information is a part of the scope of work performed by Entellus, Inc. for the Flood 

Control District of Maricopa County (District) as part of the Wittmann ADMSU under 

Contract FCD No. 2002C029. 

The Wittmann ADMSU study area is located in north-central Maricopa County and 

covers approximately 308 square miles. It is bounded on the north and northeast by the 

Hieroglyphic Mountains, on the south by the White Tank Mountains and McMicken 

Dam, on the east by the Agua Fria River, and on the west by the Hassayampa River 

basin (see Figure AI-2.1). The study area includes mainly unincorporated areas of 

Maricopa County, including the communities of Wittmann and Circle City, and the 

City of Surprise. It also includes small portions of the Town of Buckeye and the City 

of Peoria. 

There are two jurisdictional dams within the study area, McMicken Dam and Lake 

Bonita Dam. McMicken Dam is located at the downstream end of the ADMSU study 

area and is by far the most significant hydraulic structure within the study area. Several 

problems have been identified with this structure that affect its safety and performance. 

These problems include earth fissures found at the south end of the dam, inadequate 

freeboard, and other structural deficiencies. As part of the Wittmann ADMSU, a 

separate analysis was performed for this dam and is documented under Volume MD 

(McMicken Dam Hydrology Report) and Volume MA (Alternative Analysis McMicken 

Dam). 

Lake Bonita Dam was a privately-constructed, privately-owned dam that has been 

identified by the Arizona Department of Water Resources (ADWR) as an unsafe dam. 

ADWR evaluated conditions at the dam and determined that it should be permanently 

breached. 



Other prominent features in the Wittmann ADMSU study area include the Central 

Arizona Project (CAP) Canal, the Beardsley Canal, Bunker Peak, the Hieroglyphic 

Mountains, two Luke Air Force Base Auxiliary Fields, the Sun Valley Parkway, US 

Highway 60 (US 60), State Route 74 (SR 74), and the Chrysler Proving Grounds. 
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Before potential alternatives could be developed, pertinent data was collected and 

analyzed in order to determine existing problems, root causes of these problems, and 

predict future potential problems. This was accomplished by reviewing documentation 

from previous studies, and analyzing physical watershed characteristics such as 

subsidence potential and geomorphology. Additionally, questionnaires were mailed to 

residents, and public meetings were held to obtain input from residents about drainage 

issues. Existing conditions in the Wittmann ADMSU study area were documented in 

Part I - Existing Conditions Report - Volume EC. This section presents a brief 

summary of the existing conditions findings. For more detailed information, please 

refer to Volume EC. 

2.1 Hydrology 

A new hydrology model was developed for the area utilizing current District 

methodologies and available information. At the beginning of the study, the 

Arizona Department of Transportation (ADOT) completed the widening of US 

60 through the Wittmann ADMSU study area, and the new hydrology 

incorporated any relevant changes created by the construction of this ADOT 

project. 

The Lake Bonita Dam was modeled as though it had been breached. At the 

time of the hydrology study, ADWR had not completed its evaluation of the 

dam. However, as a result of its analysis, Lake Bonita Dam was subsequently 

breached by ADWR in early 2005 before the completion of this report. 

The hydrologic analysis is documented in Technical Data Notebook - 

Hydrology - Volume HY. The flows obtained from the new model were 

compared with gage and other statistical data, and appear to be reasonable. 

However, the flows in general increased significantly compared to those 

estimated during the original ADMS. This increase was expected considering 

that the original ADMS used different methodology. 



2.2 Geomorphology 

A geomorphologic survey was performed for the Wittmann ADMSU study area 

to identify landforms that may affect the drainage system within the watershed. 

This analysis identified few active alluvial fans, and several areas of other 

unstable land forms. The results of the geomorphologic analysis and various 

landform exhibits are documented in the Geomorphologic and Sedimentation 

Analysis Report - Volume GR. 

Additionally, as part of this study, erosion hazard zones were identified along 

the main wash corridors. This analysis provides a regulatory tool to guide 

development along the main washes and protect residents from erosion damage 

associated with these washes. The erosion hazard zones are documented in the 

Geomorphologic and Sedimentation Analysis Report - Volume GR. 

2.3 Land Subsidence and Earth Fissure Potential 

Geologic and hydrologic conditions likely to cause subsidence and earth 

fissures are present throughout the study area. Some subsidence has been 

documented along the south end of the project near Sun City. The south end of 

McMicken Dam is located in an area where earth fissures are or may be 

forming. If groundwater withdrawal continues or increases, the likelihood of 

subsidence and fissures would increase, and may affect natural or manmade 

drainage systems. The results of the subsidence analysis are documented in the 

Land Subsidence and Earth Fissure Investigation Report - Volume SU. 

2.4 Environmental Characteristics 

Environmental issues are included in the Existing Conditions Report - Volume 

EC. Highlights are summarized below. 

The Wittmann ADMSU study area is relatively undisturbed. It is located within 

the Arizona upland vegetation community of the Sonoran Desertscrub biome. 

Many ephemeral washes are located throughout the study area that provide 

quality wildlife habitat. 



At this time, no detailed Environmental surveys have been performed in the 

area. However, based on field observations and records review, it appears that 

the cactus ferruginous pygmy owl is the only threatened and endangered species 

that has suitable habitat in the study area. The pygmy owl habitat includes 

riparian woodlands, mesquite bosques, palo verde, and mixed cacti desertscrub 

areas. 

It is expected that most structural alternatives developed as part of the Wittmann 

ADMSU will require a more detailed survey to determine environmental 

impacts. For alternatives that impact waters of the US., a vegetation and 

habitat evaluation study must be conducted and a mitigation plan developed for 

impact to the waters of the U.S. in order to obtain a Section 404 permit. 

A Phase I Environmental Site Assessment and a Cultural Resources Inventory 

must be conducted for any land disturbed by the alternatives. 

Environmental compliance and environmental mitigation measures can be 

costly. Special consideration should be given to alternatives that avoid or 

reduce the impacts to the environment, especially along the ephemeral washes, 

and other significantly vegetated areas. 

2.5 Sociological Environment 

Specific sociological analyses were not conducted as a part of this study. 

However, the results of recent studies and projections from different agencies 

were reviewed. Details of the data collected as part of this effort are included in 

the Existing Conditions Report - Volume EC. 

2.5.1 Planning Context 

The Wittmann ADMSU study area is located in the northwestern corner 

of Maricopa County, and includes a small portion of Yavapai County. It 

also includes the Cities of Surprise and Peoria and the Town of Buckeye. 



2.5.2 Land Use and Zoning 

All of these municipalities are experiencing rapid urbanization, as are 

portions of unincorporated Maricopa County in this general vicinity. 

Improved ability to offer municipal services combined with the natural 

desert and rugged terrain of this area make it very desirable for new 

residential development. 

A large percentage of the study area is either State Trust land (30%) or is 

owned by the Bureau of Land Management (ELM) (1 1%). Other federal 

agencies, state agencies, and the County own an additional 19%. The 

remaining 40% of the Wittmann ADMSU study area is privately owned. 

Of the private land, approximately 12% includes existing, or future 

(planned) master planned commnnities. 

These master planned commnnities usually include various densities of 

residential, retail, and business uses. The communities are planned 

comprehensively with buffers and appropriate transitions among 

different uses incorporated into the overall plan. They also incorporate 

many amenities, such as trails, parks, golf courses, and recreation 

facilities as well as retentiontdetention basins and other drainage 

infrastructure. Examples of such master planned communities are Sun 

City Grand in Surprise, Verrado in Buckeye, and Vistancia in Peoria. 

2.5.3 Demographics 

The Northwest Area Transportation Study (NWATS) prepared for the 

Maricopa Association of Governments (MAG) includes the Wittmann 

ADMSU study area, and was reviewed and used as the basis for the 

demographics for this study. The Wittmann ADMSU study area is 

situated within the north-central portion of the NWATS area. 

The NWATS included a detailed analysis of population characteristics 

and employment for a base year of 2000, as well as projections for the 

years 2020 and 2030. At the Loop 101, the base year population density 



is roughly 2,500 people per square mile. The density gradually 

decreases towards the Loop 303, beyond which there is a significant drop 

to approximately 100 people per square mile. According to the NWATS, 

the population in the City of Surprise planning area will increase by over 

400% by the year 2020, and over 800% by the year 2030. 

The northern portion of the NWATS study shows that there is a 

significant percentage of the population over age 60 and/or disabled. 

However, this includes the populations of the retirement communities of 

Sun City and Sun City Grande, which are outside of the Wittmann 

ADMSU study area, and may not be representative of the this area. 

In terms of employment, for the base year of 2000, the majority of the 

Wittmann ADMSU study area had 0 to10 employees per square mile. 

Within the Surprise planning area, the NWATS reported a potential 

increase of over 500% by 2020 and over 1200% by 2030. 

2.6 Regulatory Overview 

Most of the Wittmann ADMSU study area is within unincorporated Maricopa 

County, and development is governed by County regulations. The City of 

Peoria and the City of Surprise have comparable drainage regulations. 

One of the most relevant issues in the Wittmann ADMSU study area is the 

development pressure currently experienced by the watershed. Currently, the 

area is lightly developed, but it is experiencing significant interest from the 

development community. Several new developments are currently at various 

stages of planning, from conceptual plans to actual site grading. 

The natural watershed drainage system through most of the study area consists 

of poorly defined washes and sheet flow areas on highly erodible soils. This 

type of system is very sensitive to human activity, and even minor disturbances 

may have significant effect on the watershed. These conditions are unique to 

this watershed and may need to be addressed outside of current County drainage 

regulations. Part 111- Interim Rules of Development - Volume RD summarizes 



additional guidelines that would help regulate development in the Wittmann 

ADMSU watershed. 

2.7 Safety 

Several public safety considerations were addressed during the brainstorming 

meeting, including: 

Integrity of existing structures 

Maintenance of existing structures 

Access and egress 

Multi-use design criteria 

Future infrastructure design 

2.7.1 Integrity of Existing Structures 

There are three major flood retarding structures within the project study 

area: McMicken Dam, Lake Bonita Dam, and the CAP dikes. Public 

safety issues regarding McMicken Dam were evaluated as a separate task 

and are discussed in the report titled McMicken Dam Alternatives 

Analysis Report - Volume MA. Lake Bonita Dam is a private dam, and it 

was breached by ADWR during this study; therefore, it was excluded 

from all the evaluations. 

The CAP Canal bisects the study area, and dikes adjacent to its upstream 

(north) side intercept runoff from the northern portion of the study area. 

The dike system retains significant runoff volume, and releases it 

through a series of drainage crossings. It is important that the dikes be 

maintained to protect downstream areas from breakouts due to a dike 

failure. 



2.7.2 Maintenance of Existing Structures 

There are many at-grade road crossings in the study area that are subject 

to flooding and subsequent damage during storms. In addition, there are 

a number of culverts that become clogged frequently by silt and debris. 

Finally, the capacity of existing natural washes may be reduced by heavy 

vegetation growth. 

2.7.3 Access and Egress 

There are few roads throughout much of the study area, and they are 

frequently impassable during storms due to the at-grade road crossings 

and reduced capacity of poorly-maintained culverts. The roadways 

impede drainage and change the fluvial characteristics of flow, and the 

drainage impedes roadway travel and clogs the infrastructure. 

The drainage and roadway interactions cause public safety problems for 

two reasons. First, emergency response is hampered for residents in the 

remote areas due to flooded and/or damaged roadways. Second, egress 

for residents is similarly hampered. This can cause problems if medical 

supplies, water, or food are needed. In addition, residents crossing 

flooded roadways can easily become stuck and stranded. 

2.7.4 Future Infrastructure Design 

The design of future drainage and transportation infrastructures should 

be closely coordinated so that one does not negatively impact the other 

and exacerbate access and egress problems for the area. Emergency 

response access should be considered, as well as maintenance needs for 

both drainage structures and roadways. 

2.7.5 Multi-Use Design Criteria 

There is interest in integrating multi-use concepts with drainage 

solutions in order to maximize the public benefits from tax dollars spent. 



Recreation is the most common element of multi-use plans, and there are 

existing recreational facilities and plans in the area that would support 

this concept. Integrating public safety into the design of recreational 

amenities could include: 

Avoid co-location of active recreation and active flood 

conveyances where possible 

Keep structures/trails above the flood hazard where possible 

Avoid steep slopes on trails and other recreational facilities 

Provide for emergency vehicle access 

Provide public education of flood hazards, including interpretive 

stations and flood hazard signage 

2.8 Public Interaction 

Significant effort was undertaken to inform the area residents of the study goals 

and processes. Another reason for public interaction was to obtain information 

about existing drainage problems and the type of solutions that are more 

desirable by the area residents. 

Public interaction was accomplished by newspaper advertisements, 

questionnaires, mailers, project brochures, a website, and public meetings. 

Public response and participation was above average with over 300 filled 

questionnaires returned, and almost 400 people attending the public meetings. 

Additionally, the project team has been in contact with several residents that 

have drainage problems in their neighborhoods or properties. 

Most of the feedback from the public was related to access. Roadway flooding 

is a common occurrence in the area, and entire neighborhoods can be isolated 

during even moderate intensity storms. Also, several residents stated that they 

have sheet flow problems, and periodically their properties or surroundings are 

inundated and sometimes this is caused by downstream blockages of the 

washes. Detailed information about the public information program and the 



feedback obtained from the residents are included in the Existing Conditions 

Report - Volume EC. 

2.9 Drainage ProblemsIComplaints 

The District's database of drainage problems and complaints were reviewed. 

The study team also contacted officials from the Cities of Surprise and Peoria to 

obtain any additional information. However, the majority of the drainage issues 

were identified by the area residents. The overwhelming majority of the 

residents' complaints were related to roadway flooding and lack of access to 

their property during rainfall events. Drainage problems/complaints are 

documented in the Part I - Existing Conditions Report - Volume EC and shown 

on Plate EC-3 of the report. Figure AI-2.2 is a half-size reproduction of Plate 

EC-3 and summarizes the main locations of the drainage problems identified 

during the data collection effort. 
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* SECTION AI-3: POTENTIAL ALTERNATIVE IDENTIFICATION 

BRAINSTORMING 

The Wittmann study team met with the major stakeholders to present the results of the 

existing conditions analysis and to brainstorm the potential solutions or actions needed 

to meet the project goals, in essence; to protect existing and future development from 

the hardships of stormwater runoff or flooding. This meeting was used as the basis to 

identify potential alternatives to be taken forward to the Area Drainage Master Plan. 

Appendix A.l includes the meeting agenda and the sign up sheet for the brainstorming 

meeting. The first step in this meeting was to present the results of the studies 

conducted by the team. A summary of the material presented during this part of the 

meeting is described in Section AI-2. 

After the presentation of the results the Entellus team introduced several seed ideas 

intended to facilitate solicitation of ideas from the team and foster discussions on some 

of the merits and drawbacks of these ideas. The next steps were to obtain ideas from all 

participants and then organize, categorize, and discuss these ideas. Details of the 

procedures, discussions, and conclusions that transpired during the Potential 

Alternatives Identification meeting are covered later on in this section. 

One of the main drainage features within the watershed is McMicken Dam. Most of 

the Wittmann watershed drains either into McMicken Dam or is intercepted by the 

McMicken Dam Outlet Channel. However, the alternatives identification presented 

here does not include issues of safety related to the dam or its outlet channel. These 

issues were analyzed separately and are presented in Volume MA - McMicken Dam 

Alternative Analysis. 

The other significant hydraulic structure that was not considered here is Lake Bonita 

Dam. This structure was analyzed by ADWR with the assistance of the District. The 

structure has been classified as unsafe and was breached prior to the completion of this 

study. For the purpose of this study, it was assumed that Lake Bonita Dam was 

breached and that hydrologic, hydraulic and safety issues would have been resolved as 

part of the ADWR project. 



3.1 Objectives 

The main objective of this study is to determine existing or potential future 

drainage-related hazards and to identify potential alternatives to mitigate or 

prevent problems. Also, an objective is to perform a preliminary analysis of the 

potential alternatives and recommend the alternatives to be taken forward to the 

next Area Drainage Master Plan phase, which will follow this study. Another 

objective was to develop preliminary criteria to prioritize the potential 

alternatives and to make a first assessment of feasibility and cost. 

3.2 Participants 

In order to include local input, the main stakeholders were invited to participate 

in the identification of alternatives. The participants included several members 

from the consultant team, several District representatives, and representatives 

from the City of Peoria, the City of Surprise, MCDOT, CAP Canal, and 

Maricopa Water Conservation District. The complete list of participants is 

included in Appendix A.1. 

3.3 Presentation of Findings 

The Entellus team presented the results of the existing conditions evaluation. 

This included several presentations on the main tasks developed as part of the 

project. Section 2 summarizes the data presented by the study team during the 

presentation of findings. This included the results of the hydrologic, 

geomorphologic, and subsidence analyses. Also included are the summary of 

drainage complaints, the response to the public surveys, and other physical and 

environmental issues. 

3.4 Existing problems (Hazard Identification) 

Drainage problems in the area were identified based on the results of the data 

collection and, in particular, from input from the area residents. Once the 

problems were identified, the team used the existing conditions information 



collected as part of this study to assess the problems and get a better 

understanding of the root causes. A matrix of the problems and root causes was 

developed and is included in Appendix A.2. 

The drainage problems in the Wittmann ADMSU study area are clustered 

around concentrations of existing developments and along constructed drainage 

barriers such as roadways and the CAP Canal. The watershed, in its natural 

condition, has a tremendous ability to store surface water before runoff occurs. 

Even when runoff occurs, it usually is in the form of slow-moving sheet flow 

over wide areas. The soils in most of the study area are sandy and highly 

erodible. Washes tend to move significant amounts of sediment, which 

contributes to the tendency of the washes to migrate laterally as sediments are 

deposited. 

Development significantly reduces the surface storage capabilities of the soils 

because of grading and compaction. Also, roadways and other structures 

disturb the sheet flow patterns and tend to concentrate the flows quicker than 

under natural conditions. Both of these typical consequences of development 

tend to increase runoff and create additional hazards such as higher, deeper, 

flow conditions; increased erosion; potential for lateral migration of washes; 

and increases in the sediment and debris carrying capacity of washes. 

3.5 Seed Ideas 

To facilitate the generation of ideas, Entellus presented several conceptual seed 

ideas which are discussed in the following sections. 

3.5.1 Transportation Network 

One of the main drainage problems identified in this watershed is the 

lack of access during and even after minor storm events. Roadways are 

often overtopped by stormwater at multiple locations, obstructing access 

to significant portions of the watershed. Emergency access can be 

significantly hindered in times when it is most needed. 



A potential solution would be to develop an "all weather" transportation 

network. That is a network that would provide reliable access during a 

100-year storm. The seed idea included a review of some of MCDOT's 

transportation planning documents and the current and planned rights-of- 

way in the study area. From this, a conceptual roadway network was 

developed to provide "all weather" access to within a mile of any 

developable area in the watershed. Roadways in this network would be 

designed to consider hydraulic performance and potential erosion and 

sedimentation as well as be conscious of flow patterns and minimize 

conflict with washes. The potential transportation network presented to 

the group is included in Figure AI-3.1. The future network may not 

necessarily be a typical north-southleast-west grid due to drainage issues 

in the area. The existing grid causes numerous drainage issues and is in 

conflict with the natural drainage flow. 

3.5.2 On-Lot Retention 

A good portion of the watershed may be developed as a single-home 

residential area. Under current regulations, this type of development 

does not have to provide retention. If significant concentration of this 

type of development occurs, it is likely that the combined effect would 

have a considerable impact downstream. 

A potential solution is to require on-lot retention or detention for single- 

lot residential development. To increase the reliability of the storage, it 

could be required to he provided on the front of the lot and in a drainage 

easement. Additionally, as shown in Figure AI-3.2, the driveways can 

be configured so that if the storage area is full, the storm water would 

pond in the driveway. 

3.5.3 Regulation 50 and 200 cfs or larger Watercourses 

Most of the developable area within the Wittmann ADMSU watershed is 

characterized by very mild slopes and poorly-defined watercourses. This 



type of drainage system is difficult to regulate because the water courses 

are difficult to identify. 

To help regulate and preserve the drainage system, Entellus identified 

the washes that carry 200 cfs or more, and also the water courses 

conveying 50 cfs or more during a 100-year storm event. These washes 

were identified based on an average contributing area required for a 50 

cfs and 200 cfs washes. Details regarding the development of the 50 cfs 

and 200 cfs washes are contained in Wittmann ADMSU: Existing 

Conditions Analysis Report - Part I, Appendix F.1. These washes can be 

used as a tool to help regulate development, as well as for implementing 

new drainage policies. Figure AI-3.3 shows the 50 and 200 cfs or more 

washes for a small portion of the watershed. 
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3.5.4 Regulate 50- and 200-cfs Watercourse Offset Widths 

Another use of the 50- and 200-cfs watercourse information could be to 

develop potential flooding areas based on offsets. These offsets could be 

determined based on a standard offset such as 50 or 100 ft from the 

centerline, or it could be based on some function of the 100-year flow 

rate. Figure AI-3.4 shows how some of these offsets may look near 

Circle Citv. 

Fieure AI-3.4: Exam~le of 50 cfs and 200 cfs wash offset 



Delineation of floodplains and floodways is one of the most reliable 

ways to regulate drainage ways. Typically, FEMA floodplains are easier 

to regulate and provide additional incentives for people to practice good 

floodplain management. Ideally, all washes with a 100-year capacity of 

50 cfs or more would be delineated. However, in the Wittmann ADMSU 

study area, there are over 3,300 linear miles of washes meeting this 

criterion. 

Delineation of additional miles would help determine flood hazards to 

existing and, more importantly, future development. The current 

mapped FEMA flood hazard zones are helpful, but there are significant 

gaps, and a large portion of the potential flooding hazards are not yet 

mapped. Figure AI-3.5 shows an area near Iona Wash where additional 

floodplain mapping would be beneficial. 

3.5.6 RetentiodDetention Upstream of CAP 

The CAP Canal bisects the entire watershed and has a cross drainage 

system that includes a high embankment along the north bank of the 

canal. This structure intersects flow from the entire north portion of the 

watershed, approximately midway through the watershed. The location 

of the structure is ideal for flood control since it has a good balance 

between protected areas (downstream) and intercepted areas (upstream) 

that provide considerable benefits to downstream areas. 

With some modifications, the CAP Canal runoff protection and cross 

drainage structures can be configured to further control drainage across 

the canal and the amount of storage available upstream. 

3.5.7 ChannelizatiodPreservation of Drainage Corridors 

This alternative focuses on maintaining or providing conveyance through 

the watershed. As the area develops, runoff will continue to move 



downstream through the watershed. Development could try to alter 

nature and try to stop or reroute the runoff or allow it to move in a 

natural fashion. This alternative focuses on preserving some of the 

natural corridors or augmenting them with natural- looking constructed 

channels. 

Figure AI-3.5: Aerial photograph of existing floodplains in the study area 



3.6 Individual Ideas Formulation 

Prior to the brainstorming meeting, Entellus distributed the following three 

survey forms for all participants to fill out: 

Problems/root cause evaluation 

Project partners evaluation 

Seven territories of Trilby 

Some of the problems identified and potential solutions apply to specific areas 

and not to others. The Wittmann ADMSU covers a large area with different 

types of terrains and issues. In order to get a better handle on the spatial 

variability of issues within the study, it was broken into seven territories of 

similar topography and hydrologic conditions. Figure AI-3.6 shows the 

location of these seven territories. 

The objective of the survey forms was to encourage participants to think 

individually about the types of problems, problem causes, problem solutions, 

and potential partners for the solutions. The data from these forms was shared 

with the entire group, and the entries were tabulated and summarized. Copies 

of the completed forms and summary tables are included in Appendix A. The 

individual entries from all the participants were shared with the entire group 

during the brainstorming meeting, and a consensus was reached about the 

problems, potential partners, and severity of drainage issues. 

Several potential project partners were identified during the brainstorming, and 

the potential for pasticipation and cost-sharing for each partner was estimated. 

Figure AI-3.7 shows the summary of the results of the project partner survey. 





Figure A-3.7 Project partner evaluation 

Figures AI-3.8 summarizes the entries for all the participants to the severity 
and priority of drainage issues for the Seven Temtories of Trilby. From this 
figure, it appears that the Circle City territory has most severe and urgent 
drainage problems, followed closely by the Sun Valley temtory. 

Figure AI-3.8 Seven Territories of Trilby drainage problems and priorities 

. 
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After the results of the surveys were presented and discussed by the entire 

group, participants were encouraged to individually write down their ideas for 

solving or preventing drainage-related issues. This was intended to foster 

individual development of ideas that could then be used later during group 

discussions. 

I their ideas, the ideas were 

I 
placed on the wall (see 

photo). Over 60 

individual ideas were 

generated by the 

brainstorming team. For 

better management and 

discussion of these ideas it 

was necessary to group 
iucas at brainstorming meeting them based on similarities, 

types of solutions, or areas 

of applicability. Each team member placed their ideas on the wall and grouped 

them as they deemed appropriate. Group discussion resulted in rearranging 

some of the issueslideas. Appendix A includes close-up photos of all the ideas 

that were placed on the wall, and Appendix B contains a Table of Results of the 

brainstorming ideas. 

3.7 Grouping of Ideas 

The project scope of work called for a listing of potential solutions that could be 

rolled into the next phase of the project. Once the potential alternatives were 

posted, it was apparent that there were several duplicates, or very similar ideas 

which were easily combined. However, some of the alternatives fit into more 

than one category, or did not easily fit into any category. Based on group 

discussion, the alternatives were divided into broad categories with several 

subsets for each. 



The individual ideas and their groupings are shown in the Table of Results, 

included in Appendix B. The following are the main groupings agreed upon by 

the team: 

I. Public educationlflood warning 

2. Regulatory 

Use of existing regulations 
Site specific rules of development 

3. Structural 

Roadways and culverts 

Preservelprovide conveyance 

RetentionIDetention CAP and elsewhere 

4. Others (political, CIP, improvement districts, and others) 

After the brainstorming meeting, Entellus further evaluated the ideas and used 

the groupings from the brainstorming meeting to develop twelve potential 

alternatives which are described in detail in Section 4. 

3.8 Discussion of Alternatives 

During the brainstorming meeting and after the ideas were categorized, 

participants separated into groups to discuss the newly formed potential 

alternatives. Several worksheets were filled out by the various groups, and the 

other alternatives were finalized by Entellus at a later time and presented to the 

entire group in a follow-up meeting. Copies of the completed worksheets are 

included in Appendix C.2. 

3.9 Potential Alternatives Identified 

Based on the alternatives identification and follow up analysis, twelve potential 

alternative groupings were identified that could be taken to the next level of 

analysis in the Area Drainage Master Plan. Section 4 provides a detailed 

description of these potential alternatives. Section 5 discusses strengths, 

weaknesses, opportunities, constraints, and priority of each alternative. 



SECTION AI-4: POTENTIAL ALTERNATIVE DESCRIPTION 

The participants in the brainstorming meeting generated over 60 ideas, many of which 

were similar or could be grouped into broader alternatives. The 60 alternatives, or 

solutions identified during the brainstorming meeting, were compiled in a spreadsheet. 

A preliminary analysis was performed to identify groups of similar ideas and to pre-sort 

the ideas into regional or sub-regional solutions. The twelve alternatives identified in 

this report were developed from the spreadsheet table shown in Appendix B.1. 

The twelve mitigation concepts identified encompass a relatively wide range of 

solutions, from structural to non-structural (regulatory in nature), from local to regional, 

and from small individual residential developments to master planned communities. 

Because of the large size of the study area, diversity of terrain, levels of development, 

and types of development, a single approach to mitigation could not be applicable or 

effective everywhere in the watershed. Some areas will require special attention and 

specific solutions to deal with unique problems. These constraints were considered in 

identifying and evaluating potential alternatives and the applicability to each territory 

was noted in the evaluation presented in Section 5. Included below are descriptions of 

each of the twelve alternative groups developed for consideration as a potential solution 

in this study area. 

4.1 No Further Action 

This alternative requires no additional action. The current regulations would be 

enforced as they are today. 

4.2 Public Education 

This is a nonstructural alternative which involves educating the public about 

drainage regulations and hazards of flooding. Focus might be given to the new 

entities developing the area. This education can be provided at two levels. The 

first is in the form of the District's website and the distribution of pamphlets to 



existing residents and the general population to warn them of the dangers of 

traveling through the watershed during storms. The second level is the 

distribution of material to those who are planning construction in the watershed 

and may not be familiar with its drainage conditions. This can be applied to any 

part of the watershed. This regionally-applied alternative could potentially 

include the District, FEMA, the Town of Buckeye, and the Cities of Surprise 

and Peoria as project partners. 

4.3 Flood Warning System 

A flood warning system is a quasi-structural alternative that would inform 

residents and those in the area that flooding is imminent or occurring. The 

system could involve website enhancement, mass telephone notification, and 

implementing warning signs at key wash crossings throughout the area that 

would tell residents when flooding is probable. This alternative could be 

implemented in any part of the watershed at specific locations if needed. Some 

of the potential project partners include the District, ADOT, MCDOT, 

homeowners associations, the Town of Buckeye, and the Cities of Surprise and 

Peoria. 

4.4 Floodplain Delineation and Erosion Hazard Zones 

Possibly the most effective way to keep people out of floodplains and flood 

hazard zones is to not allow them to build there in the first place. By 

delineating floodplains and erosion hazard zones, the areas in which developers 

and residents are allowed to build can be properly managed, thus reducing the 

chance of flooded structures. 



However, this is a long and expensive process to undertake for all washes in the 

watershed. It can be applied to any territory, but is most effectively applied to 

areas where large portions of the land are, or will be, developed. Additionally, 

the District has a voluntary buyout program that could be utilized to buy 

existing homes that were built in the floodplain or floodway. Delineation of the 

main washes will help identify the some of the areas that are at the greatest 

flooding risk. In particular, this is true for the Wittmann, Circle City, Sun 

Valley and Bonita Dam territories. Potential project partners include the 

District, FEMA and the Cities of Peoria and Surprise. 

I Aerial photograph of study area with FEMA zones I 
4.5 Drainage Feature Information 

This is a simplified and relatively inexpensive interim tool that can be used 

while waiting for floodplain delineations to be completed. Based on 

contributing area, 50- and 200-cfs wash flow paths were determined throughout 

the entire watershed. This would be made available to all and does not 



necessarily require any immediate action by the developer or resident. It simply 

informs them where potential flooding hazards exist and that these potential 

flooding areas should be evaluated in greater detail. This is not a substitute for 

delineation, but a place holder for either future floodplain delineations or for 

agencies to require developers to address flooding and conveyance issues. 

This can be applied to the entire watershed, but is of particular use to areas of 

existing and impending future development such as the Wittmann, Circle City, 

Sun Valley and Bonita Dam territories. The District departments including 

Planning and Project Management (P.P.M.), Regulatory, and 

EngineeringMydrology, as well municipalities, other county agencies, and 

developers, are the key potential project partner for this alternative. 

50 and 200 cfs washes in Wittmann ADMSU area 

Red = Flow greater than 200 cfs 

Blue = Flow greater than 50 cfs 

4.6 rransportation Corridors 

This alternative includes the development of a transportation network to provide 

access for emergency vehicles and residents even under severe weather 



conditions. The transportation corridors would include a system of major 

arterial roads throughout the entire watershed. This would require coordination 

between MCDOT, ADOT and the District. 

Hooded wash crossing in the Wittmann ADMSU study area 

4.7 Remediation of Roadway Drainage Impacts 

This structural alternative would address the flooding problems caused by 

roadways in the watershed. This alternative is  a remedial solution that does not 

address any potential future problems, just existing roadway flooding issues. 

Improvements would be performed on a case by case basis addressing roadway 

flooding in a single area or along an individual road. This alternative would 

remediate flooding issues in areas with existing development such as the 

Wittmann, Circle City, Sun Valley, and Bonita Dam territories. Potential 

project partners include MCDOT, ADOT, the District, the Town of Buckeye, 

and the Cities of Surprise and Peoria. 



I Roadway damage on Center St. in Wittmann caused by storm I 

4.8 Culvert Sizing Guidelines 

'This alternative would standardize roadway culvert crossings for the watershed. 

This standard could incorporate sediment transport design and sizing for various 

design frequency flows, depending on roadway type. This alternative would 

require the collaboration of MCDOT, ADOT, the District, the Town of 

Buckeye, and the Cities of Surprise and Peoria. 



Culvert and roadway damage along Center St. in Wittmann caused by storm 

4.9 Major Drainage Corridors Preservation 

This alternative entails preservation and or restoration of the major drainage 

corridors throughout the entire watershed. These include Iona Wash, Trilby 

Wash, Wittmann Wash, Picacho Wash, and Padelford Wash at a minimum. No 

development would be allowed within the specified vicinity of the major 

washes and existing development may need to be considered for relocation. 

This alternative would require the cooperation of the District, developers, and 

any property owner within the specified vicinity of one of the major washes. 

A more aggressive approach within this alternative could include drainageways 

larger than 200 cfs described previously in Section 4.5 in addition to the 

preservation of the 5 major drainage corridors. To evaluate this alternative, 



existing or new floodplain delineations can be utilized to determine the limits of 

the areas to be preserved. In addition, the sustainability of these natural 

comdors needs to be evaluated to ensure that they enhance the environment and 

the quality of life and provide multi-use functions in the area. 

I Major drainage corridor in Wittmann ADMSU study area I 
4.10 Retention/Detention at Upstream Side of CAP Canal 

The CAP Canal currently has a certain amount of detention on the upstream 

side. This detention attenuates the peak flows coming through the CAP 

structures. This alternative suggests increasing the amount of detention that 

currently exists. This increase in detention would further attenuate the peak 

flows and be beneficial to the territories downstream of the CAP, mainly Sun 

Valley, Bonita Dam and McMicken. This would require the cooperation of the 

CAP and the District. 



I CAP overchute in the Wittmam ADMSU study area I 

4.11 Regional Retentionmetention 

This alternative would allow for retentionldetention along the major water 

courses in the watershed, mainly Iona Wash, Trilby Wash, Wittmann Wash, 

Picacho Wash and Padelford Wash. In addition, other major retentionldetention 

areas could be established throughout the watershed along washes of significant 

flow. This alternative would retain the inflow, and thus decrease the volume of 

water downstream, as well as decrease the peak flow. The aerial photograph 

below shows a landscaped retention basin in Chandler, Arizona. This would 

require the cooperation of the District, FEMA, Arizona State Land Department 

(ASLD), and existing and future developers in the area. 



Regional retention basin in Chandler Arizona 
~~~~~. . -~ ~~ ~ . . . ~ .  

4.12 Additional Regulations/Tools 

There are several possible regulatory tools that could be implemented to 

alleviate potential flooding prohlenls throughout thc watershed. One tool is on- 

lot retention, and in particular front on-lot retention. Requiring that retention be 

in the front of the house makes it easier to regulatc and ensure that the 

requirements are being fulfilled by all residents. The sccond is to increase the 



finished floor elevation requirement by one foot. This would mitigate flooding 

of future developments in the area. 

A tool that helps to understand drainage conditions in the area is a gaging 

station network. Such a network could indirectly help develop the required 

infrastructure to protect development by providing accurate information about 

magnitude and frequency of flooding events. This network could potentially be 

a part of a flood warning system. 

Potential project partners for this alternative include the District, the Town of 

Buckeye, and the Cities of Surprise and Peoria. This alternative would be most 

effective in territories of new development such as Wittmann, Circle City, Sun 

Valley and Bonita Dam. 
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SECTION AI-5: POTENTIAL ALTERNATIVE ANALYSIS 

The 12 potential alternatives identified in this report were developed from the 

spreadsheet table shown in Appendix B. In order to analyze these further, each 

potential alternative was described and evaluated in a Potential ALternatives 

Evaluation Worksheet. Several worksheets were filled out by the team at the 

brainstorming meeting. However, not all of the 12 final potential alternatives 

were completed at that time. Entellus later completed the evaluation worksheet 

for each of the 12 potential alternatives. These are included in Appendix C. 

The preliminary potential alternatives identified during the brainstorming 

meeting were compiled, evaluated against criteria identified by the team, and 

broken down utilizing an evaluation worksheet. Additionally, an individual 

budgetary cost estimate was prepared for each potential alternative, and a 

general discussion of the feasibility and potential fatal flaws was completed. 

The culmination of this analysis is included in this section of the report, 

including a recommendation of potential alternatives to be studied further in the 

future ADMP. 

5.1 Level of Analysis 

The level of analysis included in this project was intended to identify the 

feasibility of the potential alternatives. The focus of this feasibility level of 

evaluation is to determine if suitable project alternatives exist. To that end, this 

report includes a general feasibility evaluation of alternatives and a preliminary 

estimate of construction costs. More detailed analyses would be performed in 

the subsequent ADMP phase, including preparation of pre-design plans and 

more refined cost estimates. 

5.2 Evaluation Criteria 

The evaluation criteria used for the alternatives was developed by Entellus and 

augmented and revised by the entire project team during the brainstorming 



session. The evaluation criteria included subjective categories such as 

strengths, weaknesses, opportunities, and constraints. It also included more 

objective criteria such as the relative costfbenefit of each potential alternative 

evaluated during the brainstorming session. 

The evaluation criteria set by the group at the brainstorming meeting is included 

in the alternative evaluation matrix shown in Appendix C.1. This evaluation 

matrix identifies the relative weight and importance of each of the strengths, 

weaknesses, opportunities, and constraints as discussed and negotiated by all 

attendees at the brainstorming session. Additional evaluation criteria were 

included in the alternative evaluation worksheets, which considered which 

territories could benefit from the alternative, and to which territories the 

alternative was best suited. Other subjective considerations included potential 

project partners that were available for each alternative and the other actions 

needed for the alternative to be effective 

5.3 Analysis of Potential Alternatives 

In this section, the following information is presented: 

A summary of the analysis performed for each of the 12 potential 

alternatives 

A brief description and a discussion of the strengths, weaknesses, 

opportunities, and constraints for each potential alternative 

Identification of the territories where the alternative can be applied and 

would receive the most benefit 

Identification of other actions needed and the potential project partners 

A budgetary cost for implementation of each alternative over its life 

cycle 



A conclusion to either highly recommend, recommend, or suggest the 

alternative be put on a low priority for consideration in the ADMP. 

5.3.1 No Further Action 

This potential alternative would be to for the District and 

stakeholders involved in the study area to continue 

enforcement of current regulations, practices, and policies 

through continued plan reviews, administration of 

floodplains, and inspections. However, the District would 

not direct additional resources into the study area for activities such as 

new floodplain delineations or the construction of structural flood 

control facilities. This alternative does not take advantage of cooperative 

efforts to mitigate flooding with other public or private projects, nor does 

it consider multi-use or environmental enhancement opportunities. 

Although at first it would appear this alternative would be the lowest 

cost, it does not address the special needs of watershed management 

identified in the study area or the hidden costs of rescue operations and 

higher insurance rates. In reality, the long term cost of this alternative 

could be one of the most expensive to all entities that have an investment 

in this watershed, especially considering the rapid pace of development 

in the study area. 

The potential alternative of taking no further action could be applied to 

all territories in the watershed. The two territories best suited for this 

alternative would be the White Tanks and the northern end of the 

Hieroglyphics Territories where development is not anticipated. By 

definition, this alternative would not be implemented in conjunction 

withany other alternative. 

The Cities of Surprise and Peoria and the Town of Buckeye all have a 

vested interest in evaluating the effectiveness of taking a no further 

action approach to this project. If no further action is taken for the study 

area, the relative cost for this alternative due to loss or damage to 



RECOMMENDATION FOR NO FURTHER ACTION: LOW 

PRIORITY. The effectiveness in preventing loss of life and property 

due to flooding and the high potential liability created from 

implementing this alternative makes it a low priority as an alternative for 

this watershed. 

property could be in the range of $4 billion over the next 100 years. 

Although this does not reflect any initial cost investment, what it does 

reflect is the potential loss and subsequent liability for all stakeholders in 

the project area. As shown in Appendix C, this cost was taken from a 

previous study prepared by Entellus for the District of an evaluation of 

the potential property damage in a watershed with significant 

development. 

Sheet flow in August 2003 Storm 
Pl~oru~rupl~y counesy of KPHO, Channel 5 News 



5.3.2 Public Education 

This potential alternative would consist of an enhancement of 

the District's existing public education program to notify the 

public of potential hazards or dangerous conditions that could 

occur when it rains in the watershed. The enhanced program 

would be tailored to the Wittmann ADMSU study area and 

would inform the public about what to do, who to contact, and how to 

avoid conditions where they may put themselves or their property in 

danger due to flooding. This alternative could consist of developing an 

e-mail list and contacting process, continuing to hold public meetings, 

and sending fliers, brochures, andlor other communications through the 

regular mail. 

One of the opportunities this alternative has is that the District currently 

has an existing public education program and a website. There are also 

many projects going on in the area for which the District and other 

stakeholders conduct public information meetings. The District would 

have the opportunity to piggy-back the public education program with 

other public agencies. There is a tremendous opportunity for 

partnerships with MCDOT and the City of Surprise for this alternative 

and to establish a unified County message regarding drainage and 

transportation in the area. 

A constraint of this potential alternative is that it requires a lot of time 

and effort to disseminate this information to the public. The program 

must be continuous, yet must not become so repetitive that the warning 

does not appear to be genuine. One of the potential pitfalls with any 

public contact is that there can be an unnecessary amount of concern or 

alarm on the public's side due to misunderstanding the information 

presented. Also, there are limitations on its effectiveness since it may 

not reach some of the affected individuals. The absent land owners who 

do not live in the watershed will be more difficult to engage in a public 

information program, and may not necessarily be as concerned since 

they have no actual developed property in the area. 
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This potential alternative can be applied to all seven territories within the 

watershed; however, it will be most effective to those areas that contain 

existing and imminent development. All territories would benefit from 

this potential alternative; however, the White Tanks and Hieroglyphics 

areas will benefit less as there is very little planned development in those 

areas. 

In order for this alternative to be effective, it would need to be combined 

with Alternative 4 (Floodplain Delineation and Erosion Hazard Zones), 

5 (Drainage Feature Information), 12 (Additional Regulations/Tools), 

and possibly Alternative 6 (Transportation Corridors). 

The City of Surprise, ADOT, and MCDOT will be continually working 

in the project area. They also will be maintaining and managing their 

existing improvements and represent additional strong potential project 

partners. The cost for this alternative is approximately $700,000 based 

on updating the public information program every five years and taking 

the steps to implement enhancements to the current program. 



RECOMMENDATION FOR PUBLIC EDUCATION: LOW 

PRIORITY. The feasibility of this enhanced public education program 

is very high. However, the effectiveness of this program is considered 

low because little will have been done to resolve drainage problems and 

it cannot reach all the individuals affected. Although the relative cost for 

this alternative is fairly low compared to others, it is recommended that 

this alternative be kept as a low priority or implemented in conjunction 

with others. However, the District's current public education program is 

an important component of carrying out its mission and its continuance 

is strongly encouraged. 

5.3.3 Flood Warning System 

In general, flood warning programs are not 1% 
meant to replace responsible floodplain 

management or viable solutions to 

alleviate flooding. However, flood .# 
warning can be a valuable complement to 

other drainage solutions and is particularly useful in the arid southwest 

where flash floods allow minimal reaction time. 

The District currently operates an extensive network of nearly 300 real- 

time automated rain gages, stage gages, weather stations, and repeaters. 

Monitoring of the system is continuous (2417) with threshold alarm 

features available onsite or by remote notification and access. The 

program includes an in-house meteorologist to monitor satellite and 

radar data and develop zone-specific forecasts for the County. The 

forecasts are made available to local jurisdictions if requested. The 

forecasts are used as an early "heads up" for flood threat within the 

County. 

The District is currently conducting a pilot study near Tonopah to 

evaluate the effectiveness of automated flashing signs at roadway 

crossings. The signs can be activated at the site or remotely. 



Finally, Maricopa County implemented a mass telephone notification 

system, the Community Emergency Notification System (CENS), in 

November 2003. The system has been activated successfully a number 

of times over the past year, primarily for hazardous materials 

emergencies, and has been adapted for flood warning purposes as well. 

The District has applied its flood detection program to creating area- 

specific flood response plans in cooperation with local agencies. For 

unincorporated areas of the County, coordination is done directly with 

affected homeowners. Typical applications include: 

8 Active recreation areas that have been constructed within a flood 

hazard area 

Areas where existing development has created flood hazards that 

cannot be mitigated by structural means 

Within the Wittmann ADMSU, there are several areas where existing 

development has caused chronic flooding problems, and affected 

residents could benefit from advanced notification of flood threat. The 

following components could be used to develop specialized warnings: 

Additional precipitation and stage gages upstream of the areas of 

concern 

Development of site-specific flood response plans 

Adaptation of the CENS network 

8 Installation of automated roadway flood warning signs 

This potential alternative is best-suited for areas with existing 

developments that have experienced chronic flooding problems, 

including inundated roadways at wash crossings. This would include the 

Circle City and Wittmann Territories. It is presumed that future 

development would he less likely to require specialized warning because 



flooding would diminish as drainage is properly addressed during design. 

Strengths of this potential alternative include relatively low cost and 

improved public safety. An additional long-term benefit is improved 

hydrologic science through additional precipitation and stage gages. A 

significant weakness is that, although flood warning reduces injuries and 

loss of life, it does not prevent flooding and associated property damage. 

In addition, it is only applicable to specific areas and must be used in 

conjunction with other solutions. Assuming that two areas would benefit 

from a flood warning plan, the relative cost of this alternative is 

approximately $200,000. 

RECOMMENDATION FOR FLOOD WARNING SYSTEM: 

RECOMMENDED. The feasibility of specialized flood warning is very 

high. However, the effectiveness of this program is considered low 

because it does not alleviate existing drainage problems and only 

benefits specific areas. 

5.3.4 Floodplain Delineation and Erosion Hazard Zones 

This potential alternative is a 

continuation of a program that can be 

considered standard operating 

procedure. The delineation of 

floodplains (via the entitlement granted 

through the Arizona Revised Statutes) is the national standard method of 

identifying flood hazards in a watershed, and has been thoroughly 

embraced by the District. Erosion Hazard Zones are also a standard 

method of identifying additional flood related hazards and their 

delineation is part of the Arizona Department of Water Resources State 

Standards for Floodplain Management Appendix 5-96 (SSA 5-96). 

The goal of this alternative would be to identify the floodplains and 

erosion hazard zones for all significant watercourses in the study area. 



This alternative takes advantage of the program already in place at the 

District for mapping floodplains. In addition, developers in the area 

realize that floodplains must be dealt with and that improper 

development within these areas has financial repercussions that could 

lower the property value. The District has significant expertise in 

developing and administering floodplains and can assist the 

municipalities and developers in implementing this potential alternative. 

One of the constraints to this alternative and perhaps the most obvious is 

the cost. There are approximately 3,300 miles of washes (with 50 cfs or 

more flow during a 100-year storm) that could potentially be mapped as 

floodplains in the watershed. Further, it requires time to get these 

watersheds delineated, and development is outpacing the mapping of 

floodplains. 

The greatest strength of this alternative is that it takes a pro-active 

approach to identifying floodplains in the watershed and notifying the 

property owners. Although there are many advantages to this alternative, 

one of the weaknesses is that it will not solve a problem where 

development has already occurred within floodplains. This alternative 

would need to be implemented in conjunction with other alternatives to 

alleviate existing problems, in particular Alternatives 6 (Traizsportation 

Corridors), 10 (RetentioniDetention at Upstream Side oftke CAP), 1 1 

(Regional RetentionfDetentionj, 12 (Additional Regulations/Toolsj, and 

the District's current Floodprone Properties Acquisition Program. 

All territories could benefit from this alternative except White Tanks. 

The territories best suited and that would benefit most from this 

alternative are the Sun Valley and Bonita Dam areas, where a significant 

number of major washes exist adjacent to existing development or where 

development is imminent. Potential project partners for this alternative 

include FEMA, the City of Surprise, and all the developers in the area. 

The relative cost for this alternative is a function of how many miles 

would be delineated. There are a total of 3,300 miles of washes with 



potential for delineation in the watershed. At the time of the completion 

of this study, approximately 300 miles of those 3,300 miles will be 

delineated, leaving approximately 3,000 miles that could be delineated. 

This alternative cost ranges between $1 million and $14 million. The 

low end assumes 200 miles of approximate delineation, 100 miles of 

detailed delineation, and 50 miles of erosion hazard zones. The high end 

assumes all the washes with a flow of 200 cfs or greater will be given a 

detailed delineation and the balance with an approximate Zone A. 

RECOMMENDATION FOR FLOODPLAIN DELINEATION AND 

EROSION HAZARD ZONES: HIGHLY RECOMMENDED. This 

alternative is highly feasible, highly effective, and has a program that is 

utilized both by the District and the developers. It also can take 

advantage of the National Flood Insurance Program administered by 

FEMA. 

5.3.5 Drainage Feature Information 

This potential alternative consists of further 

developing and refining the network indicating 

washes that have a 100-year flow of 200 cfs or 

more and 50 cfs or more and then to develop 

guidelines on how to use and regulate them. 

The original network was automatically 

developed during this study using the available project mapping and line 

work, and it would need be to be refined in order to obtain a more 

accurate location of flow paths. Additionally, this alternative would 

require the periodic updating of the network and the dissemination of the 

information to the public. 

This alternative would be simple and inexpensive, yet is a powerful tool 

for regulatory agencies and developers to identify watercourses that need 

to be addressed. However, the weakness of this alternative is that it does 

not quantify the flooding extent or severity. A separate analysis is 



required in order to obtain peak flows and inundation data. It is not a 

substitute for a more detailed analysis such as floodplain delineation. 

This potential alternative is well- suited for the steeper terrain such as the 

White Tanks Territory and the north portion of the Hieroglyphics where 

the washes are well defined. However, this alternative is most useful in 

the flat areas where the watercourses are poorly defined and difficult to 

identify. This alternative is extremely useful for the Circle City and 

Wittmann territories. 

This alternative by itself simply identifies potential hazards. In order to 

be effective, it needs to be backed up by regulatory tools that will direct 

agencies and developers to an appropriate course of action whenever a 

watercourse is identified within the area of interest. It can also serve as a 

place holder for future floodplain delineations. Alternatives 4 

(Floodplain Delineation and Erosion Hazards Zones), 6 (Transportation 

Corridors), 8 (Culvert Sizing Guidelines), and 12 (Additional 

Regulations/Tools) are closely related to this alternative. 

The Cities of Surprise and Peoria and the Town of Buckeye are the most 

obvious partners. They can use this alternative to help regulate 

development and to determine drainage needs within their jurisdictions. 

Also, ADOT and MCDOT can utilize this information during the 

planning and design of the roadway system through this area. 

This is one of the least expensive alternatives with an estimated cost of 

$180,000, including refinement of the network, distribution of the 

information, periodic updates, and one major update. 

RECOMMENDATION FOR DRAINAGE FEATURE 

INFORMATION: HIGHLY RECOMMENDED. This alternative is 

highly feasible, highly effective when implemented in combination with 

appropriate regulations, and is inexpensive. Therefore, it is highly 

recommend taking it forward to the ADMP. 



5.3.6 Transportation Corridors 

This alternative consists of 

developing a transportation 

network that would provide 

reliable access to residents during severe storm events. This network 

would consist of roadways designed to provide access to within one mile 

of all development in the area (see Figure AI-3.1). In order to 

accomplish this, the alternative includes the upgrading of approximately 

220 miles of roadways within the network to accommodate a higher 

frequency storm event. It is likely that the roads would be elevated to 

prevent roadway inundation and a drainage system would be constructed 

to allow cross drainage to pass while maintaining traffic flow. 

One of the main drainage issues identified during this study is the 

inadequacy of the existing roadway system during even minor runoff 

events. This alternative would greatly improve access, not just for 

residents in their daily activities, but to emergency vehicles and 

maintenance crews. Providing a more flood-resistant roadway system 

would significantly reduce the cost associated with repairs and 

maintenance required, as well as reducing the cost to rescue residents 

who become stuck while attempting to cross a flooded roadway. Also, 

this alternative provides an opportunity to build a transportation network 

that accommodates the unique drainage requirements of the area. Most 

of the required roads in the area are either not yet built or in need of 

improvement. This offers an opportunity to provide a more effective 

roadway system instead of having to retrofit a piece-meal system. 

The main constraint of this alternative is that it would require significant 

cooperation and coordination between several stakeholders with different 

philosophies and goals. In order for this alternative to be applied 

successfully, the District, ADOT, MCDOT, the City of Surprise, and the 

development community would need to work together to plan and 

construct the network. Additionally, coordination with other 

municipalities outside of the study area would be required to provide 

connectivity. A potential weakness of this alternative is the relatively 



high cost associated with the upgrades and the requirement of new 

standards for roadway design and construction. 

This alternative is intended to combine drainage and transportation needs 

and provide a synergistic solution to meet both needs. However, a 

transportation system improperly designed can have disastrous 

consequences on the drainage system. For example, if flows are 

collected along the upstream side of the road and directed to main 

crossings in order to minimize the number of culverts, this would 

significantly change the drainage system and increase flows at locations 

that most likely would not have adequate capacity. Also, ponding 

upstream of the roadway would be more likely to occur, especially away 

from the cross drainage structure. 

This alternative would benefit all the territories with the exception of the 

White Tanks territory and the mountainous areas of the Hieroglyphics 

and Wittmann territories. However, this alternative by itself does not 

solve the drainage issues, and needs to be implemented in conjunction 

with Alternatives 4 (Floodplain Delineation and Erosion Hazard Zones), 

5 (Drainage Feature Information), 8 (Culvert Sizing Guidelines), 11 

(Regional RetentionfDetention) and 12 (Additional Regulations/Tools). 

The potential project partners for this alternative include ADOT, 

MCDOT, the City of Surprise, and the development community. 

MCDOT should be the primary agency charged with developing the 

transportation system within the Wittmann ADMSU study area and 

would be the primary partner for this alternative. 

The cost for this alternative is based on an incremental increase to the 

normal cost and is between $100 and $200 million ($160 million) to 

upgrade an assumed 220 miles of arterial roads. 

RECOMMENDATION FOR TRANSPORTATION CORRIDORS: 

HIGHLY RECOMMENDED. This alternative is essential to solving 

and preventing negative effects of drainage on the transportation system 

and negative effects of a transportation system on the area's drainage 



system. Even though the cost for this alternative is considerable, it is 

also very effective in solving the access issues during storm events. 

Therefore, this alternative is highly recommended for further analysis. 

5.3.7 Remediation of Roadway Drainage Impacts 

This potential alternative consists of a 
A 

program to provide local drainage 

improvements to mitigate roadway 

drainage issues. For the purpose of this 

analysis, it was assumed that three local drainage issues would be 

resolved per year. The goal of this alternative is to include construction 

or modification of culverts across existing roadways. 

This alternative is easy to implement, does not require a large capital 

investment, and would alleviate highly visible existing drainage 

problems. Because of the low capital cost, this alternative could be 

implemented immediately and provide the residents with timely, tangible 

improvements. 

A weakness of this alternative is that the improvements performed would 

be localized and the benefit would be limited to the immediate vicinity. 

Additionally, some of these improvements may be interim solutions that 

may not be needed once other regional alternatives are implemented. 

Under current conditions, there are many locations within the study area 

that could benefit from small local mitigation projects. As an example, a 

small project was initiated during the course of this study to construct a 

culvert on one of the main entrances to the community of Circle City. 

The main constraint for this alternative would probably be budgetary 

because funding sources are limited. This alternative is not a regional 

solution; the benefit would be local and may not contribute to the overall 

performance of the drainage system. For this alternative, individual 

smaller projects would need to be grouped into one package for 



budgetary submittal to maximize the benefit and prevent conflicts with 

other alternatives. Also beneficial would be the implementation of a 

small projects program in the District's CIP. 

Vehicle stuck at 211" Ave. and Cloud Rd. 

This alternative can be implemented in all of the territories. However, 

most of the identified local drainage issues are located in the Circle City, 

Wittmann, and Sun Valley temtories. 

Because this alternative only solves local problems, one or more of the 

other potential alternatives would need to be implemented to address 

regional issues. This alternative is closely related to Alternative 8 

(Culvert Sizing Guidelines). 

Likely partners are the local jurisdictions as well as developers and 

residents. Additionally, MCDOT is potential partner since it maintains a 

significant portion of the roadway system where local problems have 

been identified. 



As previously stated, it was assumed that three local projects would be 

undertaken each year. For a 20-year project life, the cost of this program 

would be approximately $6.5 million. 

RECOMMENDATION FOR REMEDIATION OF ROADWAY 

DRAINAGE IMPACTS: RECOMMENDED. This alternative is highly 

feasible because of the low capital investment requirement and the 

resolution to chronic flooding problems in the study area. This 

alternative is considered reasonable, and it is recommended to advance it 

to the next level in the ADMP. 

5.3.8 Culvert Sizing Guidelines 

This alternative consists of developing 

a set of standards for construction of 

culverts within the Wittmann ADMSU 

study area. These standards would 

include design frequencies based on 

roadway classification, sediment transport capability, culvert spacing, 

and culvert minimum sizes. 

This alternative would consist of standards that consider the unique 

hydrologic and sediment transport characteristics of the area and 

guidelines to construct structures that are both friendly to the drainage 

system and protect the roadway infrastructure. 

The main strength of this alternative is that it would provide a tool for 

developers to design and construct structures that do not negatively 

affect the drainage conditions, and would possibly reduce the level of 

analysis for developers. This will help to provide the area with 

consistent and adequate roadway crossings. Since a significant portion 

of the drainage problems in the area are related to roadways, this would 

be a very effective way to resolve some of these issues. 



One of the weaknesses of this alternative is that it is difficult to develop a 

standard that would fit every situation or location and, if not applied in a 

uniform and consistent manner, there are potential serious consequences. 

This area is currently lightly developed and most of the infrastructure is 

not yet in place. This offers the opportunity of following the standards 

as the roadway system is constructed instead of having to retrofit 

existing structures. However, the area is developing rapidly and a major 

constraint is timing. To be able to take full advantage of this alternative, 

the standards must be developed as soon as possible so they are available 

before additional infrastructure is built. 

This alternative benefits all of the territories within the study area. 

However, it is the most beneficial in the mildly sloping territories with 

erosive soils. 

This alternative is only as good as the ability to implement it and will 

require the cooperation of ADOT, MCDOT, the Cities of Surprise and 

Peoria, and the development community. In order to implement this 

alternative successfully, the agencies would need to adopt and 

incorporate the standards into their regulations. Additionally, this 

alternative only addresses problems related to roadway crossings. Other 

alternatives are required to address other issues. In particular, the 

conveyance system moving flows to and away from the crossings. 

Alternatives such as 5 (Drainage Feature Infarmation), 9 (Major 

Drainage Corridors Preservation), 10 (RetentiodDetention at Upstream 

Side of CAP Canal), and 1 1 (Regional RetenbiodDetention) need to be 

considered in conjunction with these culvert standards. 

It is difficult to determine the cost of this alternative. It is likely that 

development of the standards would increase the cost of construction 

compared to the current practice. However, this additional cost is most 

likely going to be offset by reduced maintenance and increased 

reliability. For the purpose of this analysis, cost estimates were based on 

the cost of developing the standards and the cost of training plan 



reviewers and infrastructure engineers on the use and application of the 

standards. This cost was estimated at approximately $750,000. 

RECOMMENDATION FOR CULVERT SIZING GUIDELINES: 

HIGHLY RECOMMENDED. This alternative is highly feasible and can 

be implemented as the area is developed. However, its effectiveness is 

limited to drainage issues related to the interception of roadway and 

drainage features. Because of the significant impact of roadway on 

drainage in the area, this alternative is highly recommended as a means 

to alleviate drainage issues in the area. 

5.3.9 Major Drainage Corridors Preservation 

This alternative consists of identifying and 

preserving the main watercourses in the area in 

their natural state. For the purpose of this 

analysis, the five main drainage corridors 

were selected as the potential preservation corridors. The proposed 

preservation would include the following washes: 

Trilby Wash 

Iona Wash 

Wittmann Wash 

Picacho Wash 

Padelford Wash 

In addition, a second analysis was performed to include all washes with a 

100-year peak flow of 200 cfs or more. The feasibility of preserving all 

200 cfs or greater washes is low due to the area required, but it is 

included here as the upper limit for evaluation purposes. 

Preserving these washes will provide the study area with the drainage 

backbone and main conveyance corridors. This alternative has a number 

of strengths, including recreational and multi-use opportunities, 

environmental and habitat preservation, and aesthetical enhancement. It 



will also enhance runoff quality and preserve the more pristine portions 

of the desert environment. 

Unfortunately, to preserve these corridors, a significant portion of the 

watershed would need to remain mostly undisturbed by development. 

One way to accomplish this would be to purchase and dedicate the 

necessary area as drainage corridors or easements. With the current land 

cost and the development pressure in the area, this could be a major 
investment. Currently the area is not heavily developed, and only a 

limited amount of development has occurred within these drainage 

corridors. This provides an opportunity to guide future development in 

these areas, thus minimizing the need to purchase higher-cost improved 

parcels. As time goes on, more of these areas are being developed. If not 

implemented promptly, the cost would increase and the feasibility for 

this alternative will decrease significantly. 

This alternative provides the main conveyance features of the drainage 

system, but needs to be complemented by a system that would convey 

flows to these corridors and a means to maintain the peak flows within 

the conveyance capacity of these corridors. This alternative needs to be 

complemented with Alternative 5 (Drainage Feature Information), and 

I 1 (Regional RetentiodDetention). 

The territories that benefit the most from this alternative are Circle City, 

Wittmann, Sun Valley, and Bonita Dam all of which would have two or 

more of these major drainage corridors. This alternative will also 

provide non-drainage benefits to the White Tanks and Hieroglyphics 

territories by providing wildlife connectivity between these areas. The 

McMicken Territory would also benefit by improved runoff quality and 

connectivity with the other territories. 

Potential project partners include other county agencies such as 

Maricopa County Parks, the municipalities, Arizona Game & Fish 

Department, the Arizona Department of Environmental Quality (ADEQ), 



the US Army Corps of Engineers (COE), ADWR, and the development 

community. 

For the purpose of this study, the cost of this alternative was based on the 

acquisition cost of the minimum area required to preserve the corridors. 

Two scenarios were evaluated: the first considered only the main five 

washes; the second considered preserving all washes with a 100-year 

peak flow of 200 cfs or more. For both cases, an estimate of the total 

required area was based on average wash widths, and the cost was 

estimated based on current developed and undeveloped areas. This 

alternative would require approximately 7,600 to 47,000 acres of land 

with approximately 5% of the land already being developed. The cost of 

this alternative was estimated to be approximately $400 million to $10 

billion. 

RECOMMENDATION FOR MAJOR DRAINAGE CORRIDORS 

PRESERVATION: RECOMMENDED. This alternative is feasible 

because of the low development currently in the drainage corridors. Cost 

and political issues may limit full implementation or feasibility. 

However, the benefits associated with the implementation of this 

alternative may outweigh the difficulties of implementation. Based on 

this preliminary analysis, it is highly recommended that this alternative 

receive further consideration. 



Five main drainage corridors in the Wittmann ADMSU 



5.3.10 RetentionIDetention at Upstream Side of CAP 

This alternative would take advantage a v  - 
of an existing major drainage feature 

in the study area. The CAP Canal 

cross drainage infrastructure provides 

incidental storage and limited 

downstream protection, and has considerable right of way dedicated for 

ponding upstream of the canal. The purpose of this alternative is to 

modify and enhance this feature and provide additional protection to the 

downstream area. Additionally, improving the structure may increase 

the level of protection provided to the CAP canal. 

This alternative can potentially reduce the need for infrastructure 

downstream, including possibly reducing the effort to bring McMicken 

Dam into compliance with dam safety standards. 

A potential weakness is that this alternative does not benefit the area 

upstream, and modifications would need to be carefully designed to 

avoid detrimental impacts on the sediment transport characteristics of the 

watershed. Also this alternative would require the cooperation of the 

CAP. 

This structure bisects the midpoint of the watershed, which is an ideal 

location for significant flow reduction. There is a significant area 

downstream that would benefit by the reduced flows. As there is already 

a structure in place some of the environmental and political issues 

associated with constructing this type of structure would be less of an 

issue. 

The territories that would benefit from this alternative include the 

downstream territories of Bonita Dam, Sun Valley, and McMicken Dam. 

This alternative is very effective in reducing the downstream flows, but it 

needs to be complemented with other alternatives that protect the upper 

portion of the watershed and other alternatives that take care of the local 



issues downstream of the CAP. The alternative needs to be 

complemented by alternatives such as 5 (Drainage Feature Information), 

8 (Culvert Sizing Guidelines), and 1 I (Regional RetentiodDetention). 

The potential project partner for this alternative would be the CAP, the 

Cities of Surprise and Peoria, and potentially the COE. 

For the purpose of this study, the cost of this alternative was based on 

excavation cost in the ponding area, biological remediation, 

maintenance, and land cost. The preliminary cost of this alternative is 

approximately between $100 million to provide storage at major washes 

to $350 million dollars to provide storage along the entire length of the 

canal. 

RECOMMENDATION FOR DETENTION UPSTREAM SIDE OF 

CAP: RECOMMENDED. This alternative is highly effective in 

reducing drainage issues downstream. However, it was the consensus of 

the team that significant political and regulatory issues would have to be 

overcome for this alternative to be feasible. 

5.3.1 1 Regional RetentiontDetention 

This alternative would consist of constructing regional 

reteutionldetention basins at strategic locations to 

maximize flow reduction and provide benefits to large 

areas. This type of flood protection has been proven 

effective in Arizona and, if properly designed and 

constructed, can provide significant flood protection to 
- 

the watershed. 

One of the main weaknesses of this alternative is maintenance. 

Typically detention basins in sparsely-developed areas tend to 

accumulate large quantities of sediment that, if not adequately 

maintained, can eventually render the basin ineffective. This type of 

structure typically requires large areas that could become nuisances if not 



properly maintained. However, basins offer opportunities for multi-use 

and open space that could enhance the aesthetics and quality of life in the 

area and would then be regularly maintained. 

This alternative would potentially benefit all of the territories. In 

particular, the territories with mild slopes and large corridors to convey 

the runoff such as Circle City, Wittmann, Bonita Dam, and McMicken 

would benefit the most. If this alternative is implemented in conjunction 

with detention at the CAP Canal, it would need to be implemented 

primarily upstream of the CAP since the CAP Retentionmetention 

would provide protection for the downstream area. 

This alternative also may have some benefit to McMicken Dam by 

potentially changing the timing of the runoff reaching the dam and 

allowing more time for the dam outlet to discharge flows. This 

alternative does not fully address issues associated with roadway 

crossings or conveyance to and from the basins and would require 

additional measurements to function adequately. Alternatives 8 (Culvert 

Sizing Guidelines), 5 (Drainage Feature Information), and 12 

(Additional Regulationsh"oo1s) will provide most of the complementary 

features to successfully implement this alternative. 

The potential project partners for this alternative include the 

municipalities, parks and recreation departments from the County, and 

the development community. 

For the purpose of this study, this alternative was assumed to be 

implemented only in the area between the CAP Canal and SR 74. For 

this area, a 60 acre-ft basin was assumed to protect a 10 square mile area; 

thus, approximately 15 basins were assumed. Based on these 

assumptions, the cost of this alternative was estimated at approximately 

$21 million. 

RECOMMENDATION FOR REGIONAL RETENTIONIDETENTION: 

HIGHLY RECOMMENDED. This alternative is highly effective and 

well-proven in Arizona. However, the feasibility of constructing 15 



large basins in this area is not great. However, this alternative has 

enough potential and rated high enough to be highly recommended for 

further evaluation. 

5.3.12 Additional Regulations/Tools 

This alternative consists of developing area-specific 

regulations to address drainage issues that were encountered 

in the watershed. These drainage problems are unique to the 

watershed or watershed territory, and should be addressed in 

area-specific Rules of Development. Issues that are more B I , I 
general and are found in other study areas should be 

forwarded to the Regulatory Branch to be added to the 

existing drainage regulations. Additionally, this alternative would look 

into additional tools not previously available such as stream gage 

network and provide the means to use those tools to guide development. 

The main strength of this alternative is that there is a procedure already 

in place to administer and enforce these regulations and tools. 

Therefore, this alternative can be easily implemented. However, 

additional regulations could be perceived as unnecessary burdens to the 

property owners and developers, and could increase the cost compared to 

areas with less regulated development. Regulations are administered by 

the County and municipalities, and in order for these regulations to be 

uniformly applied throughout the watershed, they would have to be 

adopted and enforced as needed by four different entities including 

Maricopa County, the Cities of Peoria and Surprise, and the Town of 

Buckeye. 

Additional regulations can go a long way in preventing future problems 

from developing, but it usually cannot fix existing problems. For this 

alternative to be fully effective, some of the remediation alternatives 

need to be implemented concurrently. Some of the remediation 

alternatives might include the alternative 7 (Remediation of Roadway 

Drainage Impacts), and (Regional Retention/Detention). 



This alternative can be applied to all the territories except for the White 

Tanks Territory because it is a County park and no development is 

anticipated. 

The project partners for this alternative include the municipalities and the 

development community. It is difficult to develop a meaningful cost 

estimate for this type of alternative since there are many costs related to 

the issue, such as: the increased infrastructure, maintenance issues, and 

reduction in flood damage. For the purpose of this analysis, the only 

cost estimated was that of developing and administering these additional 

regulations. Based on this, the cost of this alternative is approximately 

$200,000. 

RECOMMENDATION FOR ADDITIONAL REGULATIONSITOOLS: 

HIGHLY RECOMMENDED. This alternative is highly feasible since 

the mechanism for implementation is already in place. However, 

regulations are typically ineffective at solving existing problems, and 

their effectiveness may vary depending on the ability of the regulatory 

agency to enforce the regulations. Regardless of potential shortfalls, this 

alternative can provide large savings in future drainage improvements 

and it is highly recommended that it be advanced to the next level. 



SECTION AI-6: S-Y 

Based on the information developed during the existing conditions analysis, the results from the 

brainstorming meeting and the subsequent analysis Table AI-6.1 summarizes the potential 

alternatives, their feasibility, effectiveness, relative cost, and recommendation. This information 

will be moved forward to the Wittmann ADMP to be further refined. 

Table AI-6.1 Comparison of Alternatives Summary 
Alt 
No. Description Feasibiitv Effectiveness Cost Recommendation 

1 No Futther Action $4,013,707,219 
2 Public Education $728,000 

Flood Warning 
System $205,400 
Floodplain 
Delineation and 
Erosion Hazard 51,040,000 to $13,809,900 

Zones 
Drainage Feature 
Information 

Roadway Drainage 
I I Impacts 

1 1 Culvert Sizing 
Guidelines 

Medium 

Medium 

Major Drainage 
Medium 

Preservation 
Detention at 

Medium 
CAP 

11 Regional Retention Medlum 

Standard AU-Weather 

$362,878.524 $528,041,808 
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0 A. 1. I .  Agenda 



BRAINSTROMING MEETING AGENDA 
Wittmann Area Drainage Master Study Update, Contract No. FCD 2002C029 

Entellus Project No. 310.032 
Tuesday June 15,2004 8:00 a.m. to 4:45 p.m. 

8:OO-8: 30 OPENING 

Introductions 1 Roles I Ground rules ( KAs ) 

8: 30- 9:45 PROJECT UPDATES 

Developments in Area 
Drainage Problems 
Hydrology I Floodplain 
Erosion I Geomorphology 
Subsidence 
Character Assessment 
Planning Overview 
Safety 

(MJB - 10 min. ) 
(KAS - 10 min.) 
(HAA - 20 min. ) 
(Gary - 10 min. ) 
(HAA - 10 min.) 
(Galen - 5 min. ) 
(Carol - 5 min.) 
(Laurie - 5 min.) 

a 9:45- 
BREAK 

1O:OO- 10:30 SOLUTION FORMUTION 
(Review of Team Input on Questionnaires) 

Past ADMP solutions 
Solution Categories 
Potential Project Partners 
CIP 
Developments in the area 

10:30 - 11:OO SEED IDEAS 

Non-Structural 
Structural 

o Regional 
o Local Typical 

(HAA - 10 min) 

(MJB - 10 min) 
(HAA - 10 min) 

11:OO - 12:OO BRAINSTORMING (MJB moderator) 

a 
12:OO - 1:00 LUNCH 
1:00 - 2:00 (or as needed) CONTINUE BRAINSTORMING 



P BRAINSTROMING MEETING AGENDA 
Wittmann Area Drainage Master Study Update, Contract No. FCD 2002C029 

Entellus Project No. 310.032 
Tuesday June 15,2004 8:00 a.m. to 4:45 p.m. 

2:OO - 2:30 ALTERNATIVE SCREENING CRITERIA 

Group Identification of criteria 
Selection of most relevant criteria 

2:30-2:45 BREAK 

2:45 - 3:45 SCREENING OF ALTERNATIVES 

Group selection of most desirable solutions 
o Non-Structural 
o Structural 

3:45-4:30 EVALUATION OF ALTERNATIVES (IF TIME ALLOWS) 

Utilize Value rating system 

4:30-4:45 NEXT STEPS 



A. 1.2. Photos 
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0 A.2. Participant Surveys 



A.2.1. Problem/Root Cause Evaluation 



Wittmann Area Drainage Master Study Update (ADMSU) 
FCD 2002C029 

Entellus Project No. 3 10.032 

PROBLEMJROOT CAUSE EVALUATION 
What problems do you see in the watershed? What are their root causes? What is the solution to the root cause? 

P:UWUlOU10032 (Winmnn A D h 5 U ) D e i i v ~ m b l a V m  2 - Allernarlve ldiAppendica\Appendix AADMSU ProblemRoof Cause Eualuation doc 

Problem No. 
1 

2 

3 

4 

5 
6 

7 

8 

9 

10 

Problem 
LifeMomeslProp. 
Flooded-Damaged 
Washes migrate 

Culverts plug-up 

Flows are increasing 

Braided washes 
Homes put in 
"floodplains" 
Not enough floodplains 
mapped 
Existing Improved 
Property in Floodplains 

Lack of access to 
Properly 
Redirected/Concentrated 
flows 

Root Cause 
Too close to washes 

Soils are alluvial (sandy) 
upstream improvements 
shift flows 
Soils are alluvial (sandy) 
Not designed right. 
Concentration of flows 
by improvements. 
Soils are alluvial 
No maps to regulate to 
or unclear to reviewers 
Lack of Funds 

Uninformed or ignored 
information at time of 
development. 
Flooded crossings at low 
frequency storm events 
Man-Made development 

Potential Solution 
Keep homeslproperty out of washes. 

Plan for movement of washes. Provide duplicity. 

Oversize Culverts, provide Duplicity. 

Don't allow concentration of flows without re-delineating 
downstream. 
Replace with natural 
More maps 

Map more floodplains 

Remediate based on priority. 

Develop Roadway Grid System that passes flows less than 50 
year (or 25 year). 
Split flows back to original course 



P UOOU10U10032 (Wmmam ADUFU) IDE I IVP~~~Z~~W~ 2 - Altemalve ~d!Append#cerL&ppend~x A W M S U  Problem-Root Caufe E\illuanon doc 

Problem No. 
11 

12 

Problem 
Washes Change Shape 

Many existing local or 
personal drainage 
problems that citizens 
expect to have fixed 
Culvert clog 

Too much sediment 

Root Cause 
SoilsIUpstream 
Diversion 

Past decisions by 
property owners or 
Government Agencies 
allowed development 
Debris1 trees 

Alluvial Soils 

Potential Solution 
Create a buffer for improvements 
Reclaim conveyance capacity through development of 
"Natural channelization". 
Set an existing conditions status. Only fix old problems and 
don't put money into any local problems created after 1/1/05. 
Set-up an "Old Problems C.I.P." and a new "Regional 
Solution" C.I.P. 
Put Grates on upstream sides of culverts to allow sediment to 
pass through but keep vegetation from clogging. 
Harvest and sell or re-use sediment for roadway material 
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Wittmann Area Drainage Master Study Update (ADMSU) 
a 

FCD 2002C029 
Entellus Project No. 3 10.032 

PROBLEMIROOT CAUSE EVALUATION 
What problems do you see in the watershed? What are their root causes? What is the solution to the root cause? 

Problem No. 
1 

2 

Problem 

&@6 

Root Cause 
L2raxLwfiw A W e  

Potential Solution 



a 
Wittmann Area Drainage Master Study Update (ADMSU) 

FCD 2002C029 
Entellus Project No. 310.032 

PROBLEM/ROOT CAUSE EVALUATION 
What problems do you see in the watershed? What are their root causes? What is the solution to the root cause? 

crossings with lack of culvertshridges. 

>> MIKE DUNCAN, FCD 
ProblemNo. I Problem Root Cause Potential Solution 

moderate-to-large 

storm flows; 

I ingresslegress I 1 

1 

/ blocked for many I I 

Unimproved roads andlor Roadway dip 

hours after storms. 1 

Grading, drainage, and paving projects. 

gravel) blocking I 
I I I 

Grading, drainage, and paving projects. 

Debris basins upstream of road crossings. Lack of culvertshridges. 2 

3 

Sediment (sand and 

roads after storms. 

Some homes 

experiencing a 

history of flooding. 

Poor horizontal andlor 

vertical placements of the 

homes. 

Relocate the homes with flooding history. 

Make sure the homeowners have flood insurance. 



Neighborhoods of Individual-lot- rovement districts for culverts, channels, roadways, etc. 

homes-on-lot-splits homeowners lack the 

lack adequate necessary finances and 

drainage cooperation 

ini5astructure. 



a a 
Wittmann Area Drainage Master Study Update (ADMSU) 

FCD 2002C029 
Entellus Project No. 3 10.032 

PROBLEMIROOT CAUSE EVALUATION 
What problems do you see in the watershed? What are their root causes? What is the solution to the root cause? 



Project Partner Evaluat~on 



Wittmann Area Drainage Master Study Update (ADMSU) 
FCD 2002C029 

Entellus Project No. 3 10.032 

PROJECT PARTNER EVALUATION 
NOTE: Please complete this prior to our meeting on June 15,2004. Be prepared to share your 
reasoning. - 

Potential 
Partner 

FEMA 

CAP 

ADOT 

AZ State Land 

MCDOT 

M.C. Parks & 
Recreation 

M.C. Planning 
and Zoning 

Surprise 

Cooperation 
0-10 

0 

2 

2 

3 

6 

5 

7 

6 

Ability to Cost Share 
0-10 

0 

2 

1 

0 

7 

3 

0 

5 

>> MIKE DUNCAN, FCD 
How Can They Partner 

Roadway construction projects that include drainage structures and 

improvements. 



a @ 
Wittmann Area Drainage Master Study Update (ADMSU) 

FCD 2002C029 
Entellus Project No. 3 10.032 

PROJECT PARTNER EVALUATION 
NOTE: Please complete this prior to our meeting on June 15,2004. Be prepared to share your 
reasoning. 

Potential 
Partner 

ADOT 

! MCDOT 

Cooperation 
0-10 

AZ State Land 

M.C. Parks & 
Recreation 

M.C. Planning 
and Zoning 

'5 

Ability to Cost Share 
0-10 

3 

27' 

How Can They Partner 

4 



* 
Peoria 

e- 
8 7 

Buckeye 

El Mirage 

Maintenance e r a t i o m  1 F 

Developers 

COE' 

WJP 

FCDMC 

P.P.M./C.I.P. 

Regulatory / 

2 

Flood Plain / 't I 9 I I 

6 
8 

/ O  

I 

P 
/8 

1 0  

- - 



Wittmann Area Drainage Master Study Update (ADMSU) 
FCD 2002C029 

Entellus Project No. 310.032 

PROJECT PARTNER EVALUATION 
NOTE: Please complete this prior to our meeting on June 15,2004. Be prepared to share your 
reasoning. 

Potential 
Partner 

FEMA 

CAP 

ADOT 

AZ State Land 

MCDOT 

M.C. Parks & 
Recreation 

M.C. Planning 
and Zoning 

Surprise 

Cooperation Ability to Cost Share How Can They Partner 
0-10 0-10 



Peoria 

Buckeye 

El Mirage 

FCDMC 
I I I 

Developers 

237 

9 
7 

d 

Operations & 
Maintenance 

3 

1 3  

9 

Regulatory 1 
Flood Plain 

Engineering I 
Hydrology 

L 

P.uOoulOulOO3z pV3atmann ADMSU)\T~b\Bmbtomio~ natai&VU)MSU RablanRqia  P-Edmation doc 

7 

5"‘ 
- 

4 2  



Wittmann Area Drainage Master Study Update (ADMSU) 
FCD 2002C029 

Entellus Project No. 3 10.032 

PROJECT PARTNER EVALUATION 
NOTE: Please complete this prior to our meeting on June 15,2004. Be prepared to share your 
reasoning. 

Potential 
Partner 

Cooperation 
0-10 

CAP 

ADOT 

5 7 

AZ State Land 

MCDOT 

M.C. Parks & 
Recreation 

M.C. Planning 
and Zoning 

Surprise 

- - 

Ability to Cost Share 
0-10 

L J  

I 

-12- I 

How Can They Partner I 

6 

P UWUIOUIW32 ( W ~ A D M N ) \ T n i i r ~ r u m m m n g  natmalsMDMSU Roblcm-Fmcb P- Eualuauon da 

B 
7 

--iL 
7- 

9 
0 
0 
6 
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0 

10 
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Wittmann Area Drainage Master Study Update (ADMSU) 
FCD 2002C029 

Entellus Project No. 3 10.032 

PROJECT PARTNER EVALUATION 
NOTE: Please complete this prior to our meeting on June 15,2004. Be prepared to share your 
reasoning. 

Potential 
Partner 

FEMA 

CAP 

ADOT 

AZ State Land 

MCDOT 

M.C. Parks & 
Recreation 

M.C. Planning 
and zoning 

Surprise 

Cooperation 
0-10 

8 

S 
6 
4 
9 

9 
/ U  

Ability to Cost Share 
0-10 

3 

/ 
3 

I 

5 

I 

( 

$5 6 

How Can They Partner 

-- 
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Peoria 

Buckeye 

El Mirage 

Developers 

u 
0 ~ 5  fitp-, 

FCDMC 

P.P.M.lC.1.P. 

Regulatory / 
Flood Plain 

Engineering / 
Hydrology 

Operations & 
Maintenance 

L 

3 

S 
I 

/O 

d 
k 

4- 
Z 

3 

2- 

L 

lD 
- 

a 
1 
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Wittmann Area Drainage Master Study Update (ADMSU) 

FCD 2002C029 
Entellus Project No. 3 10.032 

PROJECT PARTNER EVALUATION 
NOTE: Please complete this prior to our meeting on June 15,2004. Be prepared to share your 
reasoning. 

1 Potential 1 Cooperation / Ability to Cost Share 1 How Can They Partner 

w-d r " : i- 
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8 a 
Wittmann Area Drainage Master Study Update (ADMSU) 

FCD 2002C029 
Entellus Project No. 310.032 

PROJECT PARTNER EVALUATION 
NOTE: Please complete this prior to our meeting on June 15,2004. Be prepared to share your 
reasoning. 

Potential 
Partner 

CAP 

Cooperation 
0-10 

ADOT 

-JS ~ c j # P . i i L f c  1 
i 0 

AZ State Land 

MCDOT 

M.C. Parks & 
Recreation 

Ability to Cost Share 
0-10 

f 

L 

M.C. Planning 
and zoning 

- 

How Can They Partner 

%-Xh iqf C ~ . + , J ~ . +  d 
/ 
5 

7 
10 

Surprise 

! 1 3 

0 

(C 

P 

\ 

13: <"f- fr ,? FcJ 

~ [ o i i p j + ,  r i l S  

- - 

C O ~ ~ O !  d o  n f i / ~ , e . ~ ~ , ~ . ~  -1 



Peoria 

a, 

3 - 

- 
Buckeye 

El Mirage 2-. p il.,Llr"f? 

Developers 

'ib l o  

1 



Wittmann Area Drainage Master Study Update (ADMSU) 
FCD 2002C029 

Entellus Project No. 3 10.032 

PROJECT PARTNER EVALUATION 
NOTE: Please complete this prior to our meeting on June 15,2004. Be prepared to share your 
reasoning. 

Potential I Cooperation I Abiiitv to Cost Share I How Can They Partner 1 
Partner 

FEMA 

AZ State Land 

CAP 

- 
0-10 

(? 

MCDOT 

0-10 

6' 
rvloh k < k  G\ s\\ po-i,& Fd .c  LVI? 
.< & u c L t b  0,;- ~ . J J  r e d  

I 

W 
M.C. Parks & 

Recreation 

- 

1 *. QCo-r, &- gr-4 5 Cd d&.ru"k>M, 

5 

8 
M.C. Planning 

and Zoning 

2 

r( 
d 

Surprise 3 



Buckeye 

El Mrage 

Developers 

COG, 

B 

5- 

5- 

s- 

B 
EL Z) 

0 

0 

c3 

'7 

FCDMC 

P.P.M./C l.P 

Regulatory / 
Flood Plan 

Engneenng / 
Hydrology 

Operahons & 
Maintenance 
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10 
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5 
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Wittmann Area Drainage Master Study Update (ADMSU) 
FCD 2002C029 

Entellus Project No. 3 10.032 

PROJECT PARTNER EVALUATION 
NOTE: Please complete this prior to our meeting on June 15,2004. Be prepared to share your 
reasoning. 

Potential 
Partner . 
FEMA 

CAP 

ADOT 

AZ State Land 

MCDOT 

M.C. Parks & 
Recreation 

M.C. Planning 
and Zoning 

Surprise 

Cooperation 
0-10 

T v 

6 

8 

/@ 

5- 

/o 

Ability to Cost Share 
0-1 0 

1 

~@ 

D/ 

I G' 

How Can They Partner 
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A.2.3. Evaluat~on of 7 Territories of Trilby 





Wittmann Area Drainage Master Study Update (ADMSU) 
FCD 2002C029 

Entellus Project No. 3 10.032 

THE 7 TERRITORIES OF TRILBY 
Please see the attached map showing the 7 territories of the Wittmann (Trilby Tributary) watershed. The area has been 
preliminarily divided into 7 geographic territories by natural or man-made hydrologic and hydraulic barriers. 

Rank The Areas 
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Wittmann Area Drainage Master Study Update (ADMSU) 
FCD 2002C029 

Entellus Project No. 310.032 

THE 7 TERRITORIES OF TRILBY 
Please see the attached map showing the 7 territories of the Wittmann (Trilby Tributary) watershed. The area has been 
preliminarily divided into 7 geographic tenitories by natural or man-made hydrologic and hydraulic barriers. 

Hieroglyphics 

Wittmann 

Circle City 

Bonita Dam 

McMicken 

Sun Valley 

White Tanks 

P U O O U ~ ~ U ~ W ~ ~ ( W ~ A O M S U ) ~ T ~ ~ B - ~ ~ C ~ ~ W M S U R ~ ~ L C ~ P ~ ~ T ~ ~ ~ M ~ ~ T ~ W ~  

Rank The Areas 
According to 

Severity of Drainage 
Problems 1-7 
(1 is Worst) 

7 
ii 
3 

I 
5 

d 
6 

Priority for 
Action 

1-7 
(1 Highest Priority) 

7 
7 
3 

i 
5 

2, 

1 

What are Problems/Action Needed 

- 



Wittmann Area Drainage Master Study Update (ADMSU) 
FCD 2002C029 

Entellus Project No. 3 10.032 

THE 7 TERRITORIES OF TRILBY 
Please see the attached map showing the 7 territories of the Wittrnann (Trilby Tributary) watershed. The area has been 
preliminarily divided into 7 geographic territories by natural or man-made hydrologic and hydraulic barriers. 

Rank The Areas 
According to 

Severity of Drainage 
Problems 1-7 
(1 is Worst) 

Priority for 
Action 

1-7 
(1 Highest Priority) . - -. 

Wittmann 

Circle City 

What are Problems/Action Needed 
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Wittmann Area Drainage Master Study Update (ADMSU) 
FCD 2002C029 

Entellus Project No. 310.032 

THE 7 TERRITORIES OF TRILBY 
Please see the attached map showing the 7 territories of the Wittmann (Trilby Tributary) watershed. The area has been 
preliminarily divided into 7 geographic tenitories by natural or man-made hydrologic and hydraulic barriers. 

Hieroglyphics 

Wittmann 

Circle City 

Bonita Dam 

McMicken 

Sun Valley 

White Tanks 

Rank The Areas 
According to 

Severity of Drainage 
Problems 1-7 
(1 is Worst) 

Priority for 
Action 

1-7 
(1 Highest Priority) 

What are ProblemsIAction Needed 



Wittmann Area Drainage Master Study Update (ADMSU) 
FCD 2002C029 

Entellus Project No. 3 10.032 

THE 7 TERRITORIES OF TRILBY 
Please see the attached map showing the 7 territories of the Wittmann (Trilby Tributary) watershed. The area has been 
preliminarily divided into 7 geographic territories by natural or man-made hydrologic and hydraulic barriers. 

Hieroglyphics k-- 
Wittmann r-- 
Circle City k-- 

Rank The Areas 
According to 

Severity of Drainage 
Problems 1-7 
(1 is Worst) 

Priority for 
Action 

1-7 
(1 Highest Priority) 

What are Problems/Action Needed 



Wittmann Area Drainage Master Study Update (ADMSU) 
FCD 2002C029 

Entellus Project No. 3 10.032 

TBE 7 TERRITORIES OF TRILBY 
Please see the attached map showing the 7 territories of the Wi#nann (Trilby Tributary) watershed. The area has been 
preliminarily divided into 7 geographic territories by natural or man-made hydrologic and hydraulic barriers. 
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Wittmann Area Drainage Master Study update (ADMSU) 
FCD 2002C029 

Entellus Project No. 3 10.032 

THE 7 TERRITORIES OF TRILBY 
Please see the attached map showing the 7 territories of the Wittmann (Trilby Tributary) watershed. The area has been 
preliminarily divided into 7 geographic territories by natural or man-made hydrologic and hydraulic barriers. 
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Wittmann Area Drainage Master Study Update (ADMSU) 
FCD 2002C029 

Entellus Project No. 310.032 

THE 7 TERRITORTES OF TRILBY 
Please see the attached map showing the 7 territories of the Wittmann (Trilby Tributary) watershed. The area bas been 
preliminarily divided into 7 geographic territories by natural or man-made hydrologic and hydraulic barriers. 

Hieroglyphics 

Wittmann 

Circle City 

Bonita Dam 

McMicken 

Sun Valley 

White Tanks 

Rank The Areas 
According to 

Severity of Drainage 
Problems 1-7 
(1 is Worst) 

3 

- A~~t'etAkiw a4 s 4 p 0 k  Intcrw F2 mIUDMSU Roblcnrrnc 7 TTn8mmtis ~ f T t i ~ a y . d ~  

I 

-z 

3 y  

fo 

3 

Priority for 
Action 

1-7 
(1 Highest Priority) 

-7 

What are Problems/Action Needed 

~ a v ~ k  d tx*i, 50-w 4 ~ 4  C"t 6 . i ~ .  k\+,;,* WC\\*CSJ,~ 1 J 

I 

Z 

s, 

t 

3 

I 

'ak"-\\w &%y\wijS &,&clod s v Y \ 5 k x b ~  b c d t /  - k C C c 5 5  p~041LPmj 
' 

&\,% \, d.2xn 
i&qxc WL.SL? C O W ~ D ~  - 

5 f' c ohkw,, < 

5hJi~w AL-*W-.!~ , s t d  o*.~, c ~ * i c ~ ~ , \ ~ b \ j ~ d  $eM 

3 , to*t<*ik4cd 9ZwC 4'64 

,vuc Fav.5 ; $ t,,ii.c,c~, u ,RLP-%'L~ (ouu 3 - M  < 
_.<.,_.\ bt&.&\-\il ?k<*'P(%,b L\.~\%'SS 

.i, .-\ pjr;r;~.Ib ad,., &&LL t~<qt,k 6 e e t h 6 d  



Wittmann Area Drainage Master Study Update (ADMSU) 
0 

FCD 2002C029 
Entellus Project No. 310.032 

THE 7 TERRITORIES OF TRILBY 
Please see the attached map showing the 7 territories of the Wittmann (Trilby Tributary) watershed. The area has been 
preliminarily divided into 7 geographic territories by natural or man-made hydrologic and hydraulic barriers. 
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THE 7 TERRITORIES OF TRILBY 
Please see the attached map showing the 7 territories of the Wittrnann (Trilby Tributary) watershed. The area has been 
preliminarily divided into 7 geographic territories by natural or man-made hydrologic and hydraulic barriers. 
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THE 7 TERRITORIES OF TRILBY 
Please see the attached map showing the 7 territories of the Wittmann (Trilby Tributary) watershed. The area has been 
preliminarily divided into 7 geographic territories by natural or man-made hydrologic and hydraulic barriers. 
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THE 7 TERRITORIES OF TRILBY 
Please see the attached map showing the 7 territories of the Wittmann (Trilby Tributary) watershed. The area has been 
preliminarily divided into 7 geographic territories by natural or man-made hydrologic and hydraulic barriers. 
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FCD 2002C029 
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THE 7 TERRITORIES OF TRILBY 
Please see the attached map showing the 7 territories of the Wittmann (Trilby Tributary) watershed. The area has been 
preliminarily divided into 7 geographic territories by natural or man-made hydrologic and hydraulic barriers. 
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THE 7 TERRITORIES OF TRILBY 
Please see the attached map showing the 7 temtories of the Wittmann (Trilby Tributary) watershed. The area has been 
preliminarily divided into 7 geographic temtories by natural or man-made hydrologic and hydraulic baniers. 
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THE 7 TERRITORIES OF TRILBY 
Please see the attached map showing the 7 temtories of the Wittmann (Trilby Tributary) watershed. The area has been 
preliminarily divided into 7 geographic temtories by natural or man-made hydrologic and hydraulic barriers. 
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THE 7 TERRITORIES OF TRILBY 
Please see the attached map showing the 7 territories of the Wittmann (Trilby Tributary) watershed. The area has been 
preliminarily divided into 7 geographic territories by natural or man-made hydrologic and hydraulic barriers. 
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THE 7 TERRITORIES OF TRILBY 
Please see the attached map showing the 7 territories of the Wittmann (Trilby Tributary) watershed. The area has been 
preliminarily divided into 7 geographic territories by natural or man-made hydrologic and hydraulic barriers. 
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THE 7 TERRITORIES OF TRILBY 
Please see the attached map showing the 7 territories of the WittInann (Trilby Tributary) watershed. The area has been 
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APPENDIX C. POTENTIAL ALTERNATIVE EVALUATION 

C.1 Evaluation Criteria 

C.2 Alternative Evaluation Worksheets 

C.3 Alternative Evaluation Matrix 

C.4 Relative Cost Evaluations 



Evaluation Criteria 



Wittmann Area Drainage Master Study Update 
Alternative Evaluation Matrix 

-.-.--..--.--.--- 
Great Strength = 10 ............................................................................. 
Huge Weakness = 0 .............................................................................. 

Great Opportunity = 10 .............................................................................. 

a 



C.2. Alternative Evaluation Worksheets 



Wittmann ADMSU 
Brainstorming Meeting -June 15,2004 

Alternative Evaluation Worksheet 

Alternative Description 5.3.1 No Further Action 
Alternative Type 

1 Description: I Take no further action than what is already occurring in the I 

Goal: r-- 
area. Current regulations will be enforced and current practices 

Opportunities 

I 

Constraints I There are problems and "no further action" will not address 

Strengths 

these. I 

Weakness 

Territories to which 
alt can be applied to 
(explain) 

Territory best suited 
for implementation 
of this alternative 

Territory most 
benefited by this alt. 

Low cost. 
Already in place. 
No change of laws or regulations 

Does not cover all the special needs of the watershed identified 
in this study. 
Development is rabid. 

All 

White Tanks and Hieroglyphics (northern end) 

White Tanks and Hieroglyphics (northern end) 

Other actions needed 
for Alt. to be effective 

Must be done in conjunction with Alt. Nos. 2, 4, 5, and 12 at a 
minimum. 

Potential Project 
Partners 

P:BOOlJlOU10032 (Willrnann AOMSU)\Delive~ablen\PallZ Altcrnativs Id\Appcndicu\Appc~dix CMppcndix C.2 Alternative Evaluation Wo~krhcctd5.3.I Altenlatiuc 
Evaluation Worksheet doc 

Surprise, Buckeye, Peoria and El Mirage 

Relative Cost 
(100-year) 

Potential for damages could be in the range of $4 billion over 
the next 100-years. 



Wittmann ADMSU 
Brainstorming Meeting - June 15,2004 

Alternative Evaluation Worksheet 

Alternative Description 5.3.2 Puhlic Education 
Alternative Type 

--- 

Goal: 

Description: 

Opportunities r 
Notify Public of concerns and hazards when it rains through various 
media with a Puhlic Education Program. 

I Constraints 

Strengths r 
Weakness r- 
can be applied to 
(explain) 

implementation of this 
alternative 

by this alt. 

Alt. to be effective 

Notify property owners of problems due to drainage. 
Resources: Piggy hack on the Flood Control Wehsite, Utilize Internet 
and other media. 
Leverage District. 
Wehsite, Electronic Mail, public meetings, regular mail, flyers, 
brochures. 
Join other City, County, or State projects. 

Distribution and Time: Must be a continuous update. 

Get the word out. Will make citizens more aware of prevention. 

Can unnecessarily alarm the Public. 

All, but primarily to existing and eminent development. 

All, especially those 5 central territories. 

Sun Valley and Bonita Dam. 

Need to couple with Alternative Nos. 4, 5, 12 and possibly No. 6. 

Partners 
Potential Project I 

$700,000. Includes an updated program every 5 years. 

MCDOT-Get unified County message & information. 



Wittmann ADMSU 
Brainstorming Meeting - June 15,2004 

Alternative Evaluation Worksheet 

Alternative Description 5.3.3 Flood Warning System 
Alternative Type 

Description: 

Goal: 

Install one or several Flood Warning devices to create a system 
such as: automated dialing, Emergency sirens, stream 
gauges/inshunentation etc. 

Be able to notify residents of potential flooding or hazardous 
conditions and let them know what to do about it. 

Opportunities 

Constraints 

We have control section at CAP for gauges. 

Large area. 

Strengths Apply costs towards information not infrastructure. May be 
more cost effective. 

Weakness 

Territories to which 
alt can be applied to 
(explain) 

Territory best suited 
for implementation 
of this alternative 

Territory most 
benefited by this alt. 

Cannot assure responsiveness or completeness of 
communication. May not get the word out to all effected 
citizens. 

Wittmann, Circle City, Sun Valley, Bonita Dam, McMicken 
Dam. 

Sun Valley, Bonita Dam, McMicken Dam. 

McMicken Dam. 

Other actions needed 
for Alt. to be effective 

Someone to monitor and operate the system. Would work best 
with Alternative Nos. 2, 6, and 12. 

Potential Project 
Partners 

P UO0\310\310032 (Wiflmann ADMSU)~eIivarrblesiPan 2 -Alternative id\AppmdierriAppendir CUppcndir C 2 Altnnadue Evaluation Workaheels\J 3 3 Alternative 
E"r1ualion Workrhectdoc 

Arizona Department of Emergency Management. Arizona 
Flood Warning System operated by SRP. 

Relative Cost 
(20-year) 

$320,000 to $630,000. 



Wittmann ADMSU 
Brainstorming Meeting - June 15,2004 

Alternative Evaluation Worksheet 

Alternative Description 5.3.4 Floodplain Delineation and Erosion Hazard Zones 
Alternative Type 

Goal: 

Description: 

Opportunities r 
Delineate floodplains and erosion hazard zones in accordance 
with FEMA guidelines and Arizona State Statutes. 

Constraints r 
Officially identify the floodplains and EHZ's for all major and 
medium water courses in the study area. 

The District has an excellent program and available consultant 
(and you know who we mean) to complete necessary floodplain 
delineations. 

Cost: Need to map approximately 15,000 miles of floodplain in 
watershed. $50 to $60 million. 
Time: 

Strengths Pro-active approach to notifying and regulating floodplains. t - I  
Weakness 

Territories to which 
alt can be applied to 
(explain) 

Tenitory best suited 
for implementation 
of this alternative 

Territory most 
benefited by this alt. 

Doesn't solve problem where existing development is in harm's 
way. 

All except White Tanks. 

Sun Valley and Bonita Dam. 

Sun Valley and Bonita Dam. 

Other actions needed 
for Alt. to be effective 

Potential Project 
Partners 

P U00\310\3IOO32 (Witlmann ADMSU)iDcliucrablcl\P~ 2 Altomrdve id\AppendVer\Appendir CiAppcndix C 2 Alternative Evalurdon Wol*rheefr\5.1 4 Aitrrnafiui 
Evalllaiion Worksheeldoc 

FEMA, Surprise, Developers 

Relative Cost 
(20-years) 

$1.0 Million (200 miles) to $14 Million (1300 miles detailed 
and EHZ) 



Wittmann ADMSU 
Brainstorming Meeting - June 15,2004 

Alternative Evaluation Worksheet 

Alternative Description 5.3.5 Drainage Feature Information 
Alternative Type 

Description: Identify drainage features such as flow paths of washes with 
flows of 50cfs, or 200cfs, or greater. 

Goal: 

Opportunities 

Provide an inexpensive way to identify potential washes and 
flow paths that can be used by regulators, developers and 
citizens to avoid drainage problems. 

Greatest prevention tool identified. Can send to agencies as a 
GIs coverage. Readily available technology. 

Constraints 

Not as accurate or enforceable as a floodplain or EHZ. 

Only an indicator. The accuracy is not perfect. Some "false 
positives" may occur. Some washes may not be identified. 

Strengths Easy to use, economical, readily available technology. 

Territories to which 
alt can be applied to 
(explain) 

Territory best suited 
for implementation 
of this alternative 

Territory most 
benefited by this alt. 

All 

Steeper areas. 

Flatter areas like Sun Valley, Circle City, Wittmann and Bonita 
Dam. 

Other actions needed 
for Alt. to be effective 

I Relative Cost 
i 

I $150,000. 

Must be adopted, formally or informally by FCDMC, Surprise 
and others. 

Potential Project 
Partners 

(20 years) 

MCDOT, Surprise, Peoria, Developers. 



Wittmann ADMSU 
Brainstorming Meeting - June 15,2004 

Alternative Evaluation Worksheet 

Alternative Description 5.3.6 Transportation Corridors 
Alternative Type 

Description: 

Goal: 

Opportunities 

Strengths r- 

Prepare standards for major transportation corridors (roadway 
section, culverts, bridges, profiles) in the study area. Increase 
culvert size; raise roadway grades at crossings, erosion 
protection. 
Provide more dependable access during storm events 
considering both existing and future conditions to residents in 
the area. 

Partner with MCDOT and Surprise. They are already preparing 
Transportation master Plans in the area for many roadways. 

Constraints 

Mitigates existing and future problems. Most cost effective 
drainagelroadway system. Reduce maintenance requirements. 

Leap frog development, ROWIparcel boundaries. Money for 
plan. Money for implementation (upgrade). 

Temtories to which 
alt can be applied to 
(explain) 

Territory best suited 
for implementation 
of this alternative 

Territory most 
benefited by this alt. 

Weakness 

All but White Tanks and North Part of Hieroglyphics. 

Cost. Requires precedent setting coordination between 
agencies. 

Middle 4 territories. 

Sun Valley Parkway. 

Other actions needed 
for Alt. to be effective 

An IGA or other agreement with MCDOT andlor Surprise. 

Potential Project 
Partners 

I I I 
P'\30~3lO\3l0032 (\Vismann ADMSU)\Dcliurrablca\Pan 2 - Ail~rnativc IdUppendicerIAppendix C\Appendix C 2 Allcinntivc Evaluation WorLrheetl\S 3 6Altemative 

Evaluation Worksheet doc 

MCDOT, Surprise, Developers, Peoria. 

Relative Cost 
(20 years) 220 miles 

$ Incremental cost to be $1 12 Million or $0.5 million/mile. 



Wittmann ADMSU 
Brainstorming Meeting - June 15,2004 

Alternative Evaluation Worksheet 

Alternative Description 5.3.7 Remediation of Roadway Drainage Impacts 
Alternative Type 

Description: 

Goal: 

Opportunities 

Constraints 

Strengths 

Weakness 

Territories to which 
alt can be applied to 
(explain) 

Territory best suited 
for implementation 
of this alternative 

Territory most 
benefited by this alt. 

Other actions needed 
for Alt. to be effective 

Potential Project 
Partners 

Relative Cost 

Going through improved areas and redesigning. 

Alleviate negative impact of existing roadway network. 

Well known and documented "hot spots" through the study 
area. 

Budget, trying to prioritize, effect of improvements on 
downstream land owners. 

Fix "hot spot" problems, show action that residents can see. 

Limited effectiveness, may increase flows downstream, may 
concentrate flow. 

All 

Circle City. 

Circle City. 

Good understanding of flow patterns. 

MCDOT, ADOT, Residents, Developers. 

60 Projects over the next 20 years averaging $85,000 for a total 
cost of $6,600,000. 



Wittmann ADMSU 
Brainstorming Meeting - June 15,2004 

Alternative Evaluation Worksheet 

Alternative Description 5.3.8 Culvert Sizing Guidelines 
Alternative Type 

Description: 

Goal: 

Opportunities 

Constraints 

Strengths 

Weakness 

Territories to which alt 
can be applied to 
(explain) 

Territory best suited 
for implementation of 
this alternative 

Territoty most 
benefited by this alt. 

Other actions needed 
for Alt. to be effective 

Potential Project 
Partners 

Relative Cost 

P.I300\110!310012 (Willmnnn 

Develop a set of criteria for sizing of culverts and other drainage 
facilities specific to the Wittmann area that will address unique 
flow patterns and sediment transport conditions in the area. 

ADMSU)\Ddlucrrblc~\PPP 2 Al<analivo ldLAppendirer!Appendix C\Appendlx C 2 Alleinarire Evrlvrfion WorkshrcmS 3.8 Alfcmatlve 
Evaluation Warkshactdoc 



Wittmann ADMSU 
Brainstorming Meeting - June 15,2004 

Alternative Evaluation Worksheet 

Goal: 1 

Alternative Description 5.3.9 Major Drainage Corridors Preservation 
Alternative Type 

Preserve natural drainage channels as outfalls. 

Description: This alternative would preserve the main washes as permanent 
drainage corridors to be maintained in their nature condition. 

Opportunities 

Weakness 

Have 5 main washes: Trilby, Iona, Wittmann, Padelford and -. 
Can also preserve other washes (> 200cfs). 

Constraints 

Strengths 

Territories to which alt 
can be applied to 
(explain) 

Most of the washes are privately owned and owners may be unwilling 
to sell or donate their land. Several structures and developments are 
already encroaching some of these washes. Fix the wash to a 
corridor. 
Enhance natural preservation and provide wildlife habitat. Improve 
quality of life, reduce runoff quantities, sediment loads and 
containment loads. 

Difficult to implement. Does not address problems outside these 
corridors. Sediment deposits may fill the preserve corridor reducing 
capacity. 

All 

Territory most benefited 
by this alt. 

Territory best suited for 
implementation of this 
alternative 

Alt. to be effective 

Circle City and Sun Valley. 

Sun Valley. 

Natural system to convey flows to these corridors and detention to 
prevent overwhelming of the natural washes. 

Potential Project 
Partners 

P.U00\3IOU10032 (Wiltmann ADMSU)\Delivenbles\Pan2 - Ails~nativc idiAppendicerv\ppondix CiAppslldixC.2 Altallativo Evaluation Workrheets\5.2.9 Altemativc 
Evaluation Workshretdoc 

County Parks, Developers, Army Corps of Engineers, Arizona Game 
and Fist, Environmental Protection Agency, ADEQ, ADWR. 

Relative Cost $390 million to preserve the main 5 washes in the area. 



Wittmann ADMSU 
Brainstorming Meeting - June 15,2004 

Alternative Evaluation Worksheet 

Alternative Description 5.3.10 Detention at Upstream side of CAP 
Alternative Type 

Description: 

Goal: 

This alternative would increase the storage capacity upstream of 
the CAP. In order to further reduce rnnoff reach flow reaching the 
Sun Valley and Bonita Dam territories, this would be 
accomplished by excavating material from the enpondment, 
To reduce the peak flows downstream of the CAP canal and to 
protect the Bonita Dam and McMicken territories from large 
runoff flows. 

Opportunities The CAP already intercepts the flow and contains cross-drainage 
structures that could be easily modified. 

Constraints 

Weakness 

Require coordination and approval from the Bureau of 
Reclamation. May have significant permit and biological 
remediation requirements. 

Strengths 

Territories to which alt 
can be applied to 
(explain) 

Territory best suited 
for implementation of 
this alternative 

Territory most 
benefited by this alt. 

Most of the ROW is undeveloped. 

for Alt. to be effective 

DesignerIOwner take liability/maintenance of structure they may 
not have control over. 

Sun Valley and Bonita Dam 

Sun Valley and Bonita Dam 

Sun Valley, Bonita Dam, McMicken 

This will help with the main flows entering Sun Valley and Bonita 
Dam, and reaching McMicken territories. However, local flows 
would be unaffected and would need to be addressed. 

Relative Cost r 
Potential Project 
Partners 

$150 million to $500 million, depending on the storage created. 

Bureau of Reclamation, City of Surprise, Army Corp of Engineers, 
Luke Air Force Base. 



Wittmann ADMSU 
Brainstorming Meeting - June 15,2004 

Alternative Evaluation Worksheet 

Alternative Description 5.3.11 Regional Retention 
Alternative Type 

Description: Provide regional detention to reduce runoff peak flow. 

Goal: To reduce peak flows and infrastructure required size by providing 
retention basins at strategic locations. 

Opportunities 

Constraints 

The area is partially developed at this time and would be easy to 
find suitable regional retention basin sites. Can be incorporated 
into the parkslopen space plan. 

Effectiveness very dependent on location. Infrastructure may be 
required to direct flows to the basins. 

Strengths Well proven effective flow reduction measurement. Improve 
water quality downstream. 

Weakness Sediment removal and other maintenance requirements. 

Territories to which alt 
can be applied to 
(explain) 

Territory best suited 
for implementation of 
this alternative 

Territory most 
benefited by this alt. 

Circle City and Wittmann are most adequate, and Sun Valley and 
Bonita Dam for local flows. 

Circle City and Wittmann. 

Circle City and Wittmann. 

I 

Other actions needed 
for Alt. to be effective 

Potential Project 
Partners 

Provide conveyance to detention basins. 

Developers, Municipalities. 

Relative Cost Assuming one 60 acre - for every 10 square miles between SR 
74 and the CAP is approximately $20 million or just under $1 
million each basin. 



Wittmann ADMSU 
Brainstorming Meeting - June 15,2004 

Alternative Evaluation Worksheet 

Alternative Description 5.3.12 Additional Regulations/Tools 
Alternative Type 

-- 

Goal: 

Opportunities 

Description: This alternative includes developing additional regulation and 
along developed tools that would help regulatory agencies and 
developers better understand conditions in the area. 

Strengths 

Constraints 

Weakness 

Unwillingness to implement. 

Territories to which alt 
can be applied to 
(explain) 

Territory best suited 
for implementation of 
this alternative 

Territory most 
benefited by this alt. 

Other actions needed 
for Alt. to be effective 

Potential Project 
Partners 

Relative Cost 
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• C.3. Alternative Evaluation Matrlx 



Wittmann Area Drainage Master Study Update 
Alternative Evaluation Matrix 

---.-----------.- 
Great Strength = 10 .............................................................................. 
Huge Weakness = 0 .............................................................................. 

Great Opportunity = 10 .............................................................................. 





~LIENT: FCDMC 
JOB: Wittmann Area Drainaae Master Studv Update JOB NO. 31 0.032 

Comparison of Alternatives Summary 
Alt. No. Description Feasibility1 Effectiveness1 Cost 

1 No Further Action $4,013,707,219 
2 Public Education $728,000 
3 Flood Warning System 

"." " ' 
$205,400 

Erosion HL, I+ 
uellnea~lon ano I 

Informarlon 

Transpoltation Corridors 
Remediatic- -' "--A 

JII UI nuauway 
rnnrrrtf 

1 8 lculvert Sizing Guidelines I 
Major Drainage Corridors 
Presewation 
Detention at Upstream side 
of CAP 

Regional Retention 

Additional 
Re ulations/Tools 



Alternative Identification Cost Estimate 

@En tellus 
CLIENT: FCDMC 
JOB: Wittmann Area Drainaae Master Studv U~date  JOB NO. 310.032 

Alternative: Cost Estimate Assumptions 

In order to develop these relative budgetary cost estimates, certain general assumptions 
were made. The following general assumptions were made for this cost estimate: 

1. The life of the project is assumed to be 20 years. 

2. The inflation rate is assumed to be equal to the interest rate, thus all values are given in 

3. Operation and maintenance costs were considered where applicable. 

'Note: Each Cost estimate includes the cost breakdown and a llst of assumptions specific to 
each alternative. 



Alternative Identification Cost Estimate 

~ E i l l t e l l U s  
CLIENT: PCDMC 
JOB: Wittmann Area Drainage Master Studv U~date  JOB NO. 310.032 

Alternative: 1. No Further Action 
Flood Damage Based on Existing Floodplains and 200 cfs Washes 

Base Alternative Subtotal $3,087,467,092 

Contingency 30% $926,240,128 

Base Alternative Total $4,013,707,219 



Alternative Identification Cost Estimate 

JOB: Wittmann Area Drainaae Master Studv Update JOB NO. 31 0.032 

Alternative: 1. No Further Action 

Damage cost for 'No Further Action' for a fully developed area was assessed in detail. 

derate: WSE 1 to 2 ff above (FFE) 

otal Estimated Flood Damage Estimate, see the Granite Reef Wash Drainage Master 

was not included in the cost estimate. This was done to avoid the double counting of reach 



Alternative Identification Cost Estimate 

CLIENT: FCDMC 
JOB: Wittmann Area Drainage Master Studv Uodate JOB NO. 310.032 

Alternative: 2. Public Education 
Details: Implementation and Maintenance of Public Education Program 

ITEM I DESCRIPTION I UNIT PRICE1 UNIT I QUANTITY I AMOUNT 
1 Develapment of program (pamphlets, v ide~~etc) :  Once evey5  yyrs 1 $1 00,000 1 L.S. I 41 -. $400,000 

(Reproduction, distribution and program maintenance 1 $10,000 1 Year 1 161 $1 60,000 

Base Alternative Subtotal $560,000 

Contingency 30% $168,000 

Base Alternative Total $728,000 



Alternative Identification Cost Estimate 

CLIENT: FCDMC 
JOB: Wittmann Area Drainage Master Studv Update JOB NO. 

Alternative: 2. Public Education 

The assumptions made in the Public Education cost estimate were: 

1. The public education program will need to be redeveloped once every 5 years. This is to 
keep up with changing needs of the area and additional information. 

2. The program runs for 4 additional years after the initial 1 year of development. The costs 
associated with each of the 4 years are the reproduction and distribution of pamphlets, video 
and other materials created. 



Alternative Identification Cost Estimate 

JOB: Wittmann Area Drainaae Master Studv U~date JOB NO. 31 0.032 

Alternative: 3. Flood Warning System 

Base Alternative Total $205,400 

Details: 
AMOUNT 

$10,000 
$1 00,000 

-. $22,000 
$1 0,000 
$1 6,000 

Base Alternative Subtotal $1 58,000 

Contingency 30% $47,400 

QUANTITY 
20 
2 
2 
2 
2 

ITEM 
1 

2 -- 
3 
4 
5 

UNIT PRICE 
$500 

$50,000 
$11,000 
$5,000 
$8,000 

DESCRIPTION 
Mass Telephone Notification System 
~ 6 6 d  Response Plan 
Automated Roadway Flood Alert Sign System 
Additional Precipitation Gages 
Additional Stage Gages 

UNIT 
Year 

--Each 
Each 

-Each 
Each 



Alternative Identification Cost Estimate 

JOB: Wittmann Area Drainaae Master Studv U~date  JOB NO. 31 0.032 

Alternative: 3. Flood Warning System 

The flood warning system cost estimate includes the following items: 

1. Use of Existing Mass Telephone Notification System 
2. Development of Flood Response Plans 
3. Automated Roadway Flood Alert Sign System 
4. Additional Precipitation and Stage Gages 

1. Mass Telephone Notification System 
This system has already been designed and is in place for Maricopa County. The associated 
cost covers per-call usage for periodic testing or actual emergencies. 

2. Automated Roadway Flood Alert Sign System 
This system would be installed at a major wash crossing of an arterial street that experiences 
chronic flooding and is subject to periodic closures. 

3. Additional Precipitation and Stage Gages 
These would be placed at strategic locations in the upstream watersheds that have a need 
for specialized flood warning. The stage gages would be located at stablized wash crossings 
such as bridges or a CAP Canal crossing. 



Alternative Identification Cost Estimate 

JOB NO. 31 0.032 

Base Alternative Total $1,040,000 

Alternative: 4. Floodplain Delineation and Erosion Hazard Zones 
Details: Lower Limit 

Details: Upper Limit: Erosion Hazardzone on 100% 200 cfs Washes, Approximate Delineation on 100% 50 cfs Washes 

Base Alternative Subtotal $800,000 

Contingency 30% $240,000 

QUANTITY 
200 
100 
50 

ITEM 
1 

- 2 
3 

AMOUNT 
$300,000 
$400,000 
$100,000 

UNIT PRICE 
$1,500 
$4,000 
$2,000 

DESCRIPTION 
Approximate Floodplain Delineation 
Detailed ~loodplain Delineation 
Erosion Hazard Zones 

AMOUNT 
$2,565,000 
$5,372,000 
$2,686,000 

UNIT 
L.M. 

-L.M. 
L.M. 

Base Alternative Subtotal $10,623,000 

Contingency 30% $3,186,900 

Base Alternative Total $13,809,900 

Cost Ranae From 51,040,000 $13.809.900 

UNIT 
L.M. 
L.M. 
L.M. 

UNIT PRICE 
$1,500 
$4,000 
$2,000 

ITEM 
1 
2 
3 

QUANTITY 
171 0 
1343 
1343 

DESCRIPTION 
Approximate Floodplain Delineation 
Detailed Floodplain Delineation 
Erosion Hazard Zones 



Alternative Identification Cost Estimate 

@ CLIENT: FCDMC 
JOB: Wittmann Area Drainase Master Studv Update JOB NO. 31 0.032 

Alternative: 4. Floodplain Delineation and Erosion Hazard Zones 

WMS 7.0 was utilized to determine the location of any wash in the Wittmann ADMSU study 
area with a 100-yr flow of 50 cfs or greater and 200 cfs or greater. Several assumptions 
were utilized to determine these flow paths. Please see the WITTMANN AREA DRAINAGE 
MASTER STUDY UPDATE, EXISTING CONDITIONS ANALYSIS REPORT, Part 1, 
VOLUME EC, Section 3.7.2 and APPENDIX F.l for complete details. 

The assumption is made that the 200 cfs or greater washes, totaling approximately 1566 
linear miles, minus the existing floodplains [223 L.M.] leaves 1343 L.M. of 200 cfs washes to 
be delineated. Also, there are a total of 3276 L.M. of 50 cfs or greater washes in the study 
area, of which 1566 L.M. are 200 cfs or greater, thus leaving a possible 1710 L.M. to 
delineate. 

Another assumption is that the additional cost of development due to the Delineated 
Floodplains and Erosion Hazard Zones is offset by the saved cost due to the prevention of 
loss from flood damage. 



Alternative Identification Cost Estimate 

@En tellur * CLIENT: FCDMC 
JOB: Wittmann Area Drainaqe Master Studv U~date  JOB NO. 31 0.032 

Alternative: 5. Drainage Feature Information 

Base Alternative Subtotal $1 40,000 

Contingency 30% $42,000 

Base Alternative Total $I 82,000 

UNIT 
L.S. 
Year 

T S .  

UNIT PRICE 
$20,000 
$5,000 

$20,000 

ITEM 

- 1 
2 
3 

DESCRIPTION 
Initial Refinement 
Distribution, coverage updating etc. 
Major Update 

QUANTITY 
1 

20 
1 

AMOUNT 
$20,000 

$1 00,000 
$20,000 



Alternative Identification Cost Estimate 

JOB: Wittmann Area Drainaqe Master Study Update JOB NO. 31 0.032 

Alternative: 5. Drainage Feature Information 

The initial development of the Drainage Feature lnformation alternative was performed as 
part of the Wittmann ADMSU. Although there was cost associated with this initial 
development, there is no additional cost required by the District for the initial development of 
the Drainage Feature Information. The yearly cost associated with this alternative is to be 
used to distribute the information to future developers, residents and update the information 
when changes occur in the drainage paths throughout the area. 



Alternative Identification Cost Estimate 

JOB: Wittmann Area Drainaae Master Studv U~date JOB NO. 310.032 

Alternative: 6. Transportation Corridors 
Details: Standard Transportation Grid (220 miles) 

Base Alternative Subtotal $279,137,326 

Contingency 30% $83,741,198 

0 Base Alternative Total $362,878,524 

Contingency 30% $121,855,802 

Base Alternative Total $528.041.808 

Cost Ranae From $362.878.524 $528,041.808 
Incremental Cost to construct All-Weather Access is $165,163,284 



Alternative Identification Cost Estimate 

,@Entellus 
CLIENT: FCDMC 
JOB: Wittmann Area Drainaae Master Study U~da te  JOB NO. 31 0.032 

Alternative: 6. Transportation Corridors 

There are several assumptions to the cost estimates for the Transportation Corridor. 

I. A 80 foot wide, 5 lane road will be used 
2. Approximately 220 linear miles of roadway will be constructed 
3. A typical asphalt concrete cross section of 4" AC and 10" ABC will be used 
4. The standard roadway construction will be done at grade 
5. The standard roadway culverts will be approximately 25-yr capacity 
6. The All-Weather Access construction will be done 2 ft above grade 
7. The All-Weather Access culverts will be 100-yr capacity 

Roadway Area Calculation: 
Area 

92,928,000 
10,325,333 

3.333 

Road Width 
80 [S.F.] 

26.667 [S.Y.] 
0.015 [S.M.] 

[feet] 
[yards] 
[miles] 

Road Length 
1,161,600 

387,200 
220 

It is also necessaly to calculate the needed fill to raise the transportation grid by 2 ft above grade. 
This was done assuming a simple trapezoidal section, with 6 to 1 side slopes. 

Roadway Fill: 

Road Fill 
[C.Y.] 

7,914,368 

Culvert Sizing: 
Median culvert sizing and number was determined from the existing Sun Valley Parkway. The 
culverts were analyzed, and a box culvert size of 10'x5' will be utilized for the the Standard 
Transportation Grid, and 2-IO'x5' box culverts will be used for the All-Weather Access 
Transporation Grid. The cost for each structure is approximated as being $400 per barrel per L.F., 
with each barrel averaging 85' in length, the a total cost per barrel is $34,000. 

The portion of Sun Valley Parkway that is within the study area contains 59 structures ranging from 
a 28x20" eliptical CMP, to 6-12x6' RCBC. These structures occur along a 9.25 mile stretch of 
road. It will be assumed this density of culverts will exist through the entire study area. The density 
to be used will be 59 structures per 9.25 miles, or 6.5 structures per mile of roadway. The total cost 
of culverts will then be: 
Standard Grid: 6.5 culverts per mile * $34,000 per barrel * 1 barrel = $221,000 per mile 
All Weather Grid: 6.5 culverts per mile * $34,000 per barrel * 2 barrel = $442,000 per mile 

Road Elevation 

tftl 
2 

Road Cross- 
Sectional Area 

[S.F.] 
184 

Side Slopes 
Z: 1 
6 

Road Cross- 
Sectional Area 

[S.Y.] 
20.44 



Alternative Identification Cost Estimate 

#En tellus a CLIENT: 
JOB: Wittmann Area Drainage Master Studv U~date JOB NO. 310.032 

Alternative: 7. Remediation of Roadway Drainage Impacts 
Details: Details on Alternative 

Base Alternative Subtotal $5,100,000 

Contingency 30°/o $1,530,000 

Base Alternative Total $6,630,000 



Alternative Identification Cost Estimate 

JOB: Wittmann Area Drainaqe Master Studv Update JOB NO. 31 0.032 

Alternative: 7. Remediation of Roadway Drainage Impacts 

The assumption is made for the Remediation of Roadway Drainage Impacts, that a typical 
drainage remediation project will cost approximately $85,000. The assumption was also 
made that 3 such projects would be completed each year for the life associated with this cost 
estimate (20 years). 



Alternative Identification Cost Estimate 

,@En tellus 
@ CLIENT: PCDMC 

JOB: Wittmann Area Drainaqe Master Studv Update JOB NO. 31 0.032 

Alternative: 8. Culvert Sizing Guidelines 

ITEM 
1 IStudy to determine Culvert Sizing Criteria - $75,000 1 L.S. 1 I I -- $75,000 
2 ITraining, Implementation of Criteria $25,000 1 Year I 201 $500,000 - 

Base Alternative Subtotal $575,000 

Contingency 30% $1 72,500 

Base Alternative Total $747,500 



Alternative Identification Cost Estimate 

@Entellus 
JOB: Wittmann Area Drainaae Master Study Update JOB NO. 31 0.032 

Alternative: 8. Culvert Sizing Guidelines 

The assumption is made with the Culvert Sizing Guidelines, that the extra cost to construct 
the culverts by the new guidelines will be offset by the lowering of the required road and 
culvert maintenance. In addition the assumption was made that training would occur to 
developers and other agencies. 



Base Alternative Subtotal $299,550,000 

Contingency 30% $89,865,000 

Base Alternative Total $389,415,000 

Alternative Identification Cost Estimate 

@En tellus 
@ CLIENT: FCDMC 

JOB: Wittmann Area Drainaae Master Study U~date JOB NO. 310.032 

Alternative: 9. Major Drainage Corridors Preservation 
Details: Preservation o f  5 Main Washes (lona, Trilby, Wittmann, Padelford, & Picacho) 

Details: Preserve Al l  200 cfs Washes 

AMOUNT 
$82,980,000 
$21 6,570,000 

ITEM 

-- I 
2 

Base Alternative Subtotal $8,098,500,000 

Contingency 30% $2,429,550,000 

Base Alternative Total $1 0.528.050.000 

- 

DESCRIPTION 
Developed Land -- 
Undeveloped Land 

ITEM DESCRIPTION 

UNIT PRICE 
$1 80,000 
$30,000 

0 

UNIT 
- Acre 
Acre 

1 
2 

QUANTITY 
461 
721 9 

Developed Land -. 

Undeveloped Land 
$1 80,000 
$30,000 

$8,013,240,000 
$85,260,000 

Acre 
Acre 

4451 8 
2842 



Alternative Identification Cost Estimate 

JOB: Wittmann Area Drainaae Master Studv Update JOB NO. 31 0.032 

Alternative: 9. Major Drainage Corridors Preservation 

order to estimate the cost of the preservation of the major corridors, the total length of the 5 majo 



Alternative Identification Cost Estimate 

,@EnielIus 
cuENT: FcDMc 
JOB: Wittmann Area Drainaae Master Study U~date JOB NO. 31 0.032 

Alternative: 10. Detention at Upstream side of CAP 
Details: Lower Limit (5 Major Washes) 

Base Alternative Subtotal $77,439,780 

Engineering Design 10% $7,743,978 

Contingency 30% $23,231,934 

Base Alternative Total $108,415,692 

Details: Upper Limit (Entire Length o f  CAP) 

Base Alternative Subtotal $262,721,624 

Engineering Design 10% $26,272,162 

Contingency 30% $78,816,487 

Base Alternative Total $367,810,274 



Alternative Identification Cost Estimate 

JOB: Wittmann Area Drainaae Master Studv Update JOB NO. 310.032 

Alternative: 10. Detention at Upstream side of CAP 



Alternative Identification Cost Estimate 

Entellus 
CLIENT: FCDMC 
JOB: Wittmann Area Drainaae Master Studv Update JOB NO. 31 0.032 

Alternative: 
Details: 

11. Regional Retention 
Details on Alternative 

Base Alternative Subtotal $15,445,000 

Engineering Design 10% $1,544,500 

Contingency 30% $4,633,500 

Base Alternative Total $21,623,000 

- - - ~ - 
AMOUNT 
$2,583,000 
$8,712,000 

$400,000 
$3,750,000 

ITEM 
1 
2 
3 
4 

UNIT PRICE 
$30,000 

$6 
$20,000 

$1 

DESCRIPTION 
Land Purchase ~.~~ 

~xcavation - 
Maintenance 
~andscape- 

UNIT 
Acre 
C.Y. 
Year 
S.F. 

QUANTITY 
86.1 

1,452,000 
20 

3,750,000 



Alternative Identification Cost Estimate 

JOB: Wittrnann Area Dra~naae Master Study Uodate JOB NO. 310.032 

Alternative: 11. Regional Retention 



Alternative Identification Cost Estimate 

~ E ~ ~ t e l l u s  
CLIENT: FCDMC 
JOB: Wittmann Area Dra~naae Master Studv Update JOB NO. 31 0.032 

Alternative: 12. Additional Regulations/Tools 
Details: Details on Alternative 

AMOUNT 

. .- $0 
$50,000 

$1 00,000 

Base Alternative Subtotal $1 50,000 

Contingency 30% $45,000 

Base Alternative Total $I 95,000 

QUANTITY 
1 
1 

20 

ITEM 

- 1 
2 - 
3 

UNIT PRICE 
$0 

$50,000 
$5,000 

DESCRIPTION 
Preliminary development ofRules of Develop= 
Formalization of Rules of Development 
Adm~nistration of Rules of Development 

UNIT 
L.S. 

L.S. 
Year 



Alternative Identification Cost Estimate 

JOB: Wittmann Area Drainase Master Studv U~date  JOB NO. 31 0.032 

Alternative: 12. Additional Regulations/Tools 

The preliminary development of the Additional Regulations/Tools alternative was 
performed as part of the Wittmann ADMSU. Although there was cost associated with 
this initial development, there is no additional cost required by the District for the initial 
development of the Additional Regulations/Tools. The yearly cost associated with this 
alternative is to be used to enforce and administer the Additional Regulations~ools to 
future developers, residents and others. 

It is assumed that the additional cost of development due to the Additional 
Regulations/Tools is offset by the saved cost due to the prevention of loss from flood 
damage. 

7 
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WITTMANN AREA DRAINAGE MASTER STUDY UPDATE 

CONTRACT FCD 2002C029 
RULES OF DEVELOPMENT REPORT 

PART I11 
(VOLUME RD) 

SECTION RD-1: INTRODUCTION 

Colnmunities develop ordinances, guidelines and standards with the intent to 

mitigate/minimize flooding impacts due to the urbanization of a watershed. The purpose 

of these regulations is to minimize the occurrence of losses, hazards, and conditions 

adversely affecting public health, safety, and general welfare which might result from 

flooding caused by surface runoff of rainfall. However, special conditions in some 

watersheds may not be adequately covered by existing floodplain or drainage regulations. 

Rules of Development are prepared to address these concerns. Potential runoff-related 

a impacts to the Wittmann Study Area watershed (Trilby Watershed) due to urbanization 

include: 

Increase of impervious area reduces the soil surface area available for rainfall 
infiltration. As a result, the peak flow and volume would increase unless 
measures are implemented to compensate for the loss of soil infiltration. Due to 
the flat topography, the Wittmann Study Area is much more sensitive to changes 
in peak flow than other portions of Maricopa County. 

Grading of individual lots to reduce ponding or soggy soils reduces or eliminates 
surface storage. This condition increases both the peak flow and the volume of 
runoff generated by a given storm, and also results in a loss of vegetation that 
further exacerbates this condition. 

Development generally concentrates flows more quickly than under natural 
conditions, especially in areas such as Wittmann where a significant portion of 
the drainage is sheet flow. Concentrated flows tend to move through the 
watershed quicker, and even if the total volume does not increase, the timing of 
combined flows from adjacent subbasins can cause the peak flows to increase. 



Due to an increase in peak discharge, existing drainage structures downstream of 
newly urbanized areas would then be undersized. 

Increased deposition results in loss of channel capacity and could increase flood 
levels. 

Increase in peak discharge increases the amount of property within the 
floodplain. Existing structures within or adjacent to the pre-development 
floodplain are at risk of a greater flood impact. 

An increase in bank erosion and long-term channel bed degradation can result in 
the need for grade control structures and bank stabilization, clogging or filling of 
downstream structures. and increased maintenance. 

An increase of peak discharge, runoff volume, and flow velocities due to 
urbanization in a watershed increases the potential for erosion and sedimentation 
with the highly erodible soils typically encountered in the Wittmann study area. 

An increase in erosion potential can result in loss of property and riparian 
habitat. 

Sediment deposition may also alter the flow path location and create or modify 
flow breddsplit flow locations by filling one channel and forcing more water to 
another that may not have had as much or any flow previously. 

The Wittmann Area Drainage Master Study Update (ADMSU) study area is located in 

the northwestern portion of Maricopa County where it is relatively flat and sloping to the 

southeast. The exceptions to this are the Hieroglyphic Mountains in the northernmost 

portion of the study area that extend into Yavapai County and the White Tank Mountains 

located in the southernmost portion. The relatively level nature and uniform slope of the 

central portion of the study area results in a large expanse of finely braided washes that 

are highly sensitive to any disturbance, especially that related to development. 

Land use in the study area consists of a mix of undeveloped desert in the far north, large- 

lot residential development in the north and west, and master planned residential 

communities in the southeast. Commercial development has occurred along Bell Road 



and along Grand AvenueIUS 60. Currently there are no major employment centers 

a located within the study area. 

In unincorporated Maricopa County, the majority of the zoning is Rural-43 (one-acre 

minimum lot size), although there is a substantial amount of Rural-190 (4.3-acre 

minimum lot size) that buffers the north and east sides of the White Tank Mountain 

Regional Park and the Bureau of Land Management (BLM) land located along the 

northern County line. Within the municipal boundaries, the zoning is typically AG (one- 

acre, agriculture) or R1-43 (one-acre, residential) at the perimeter. 

Due to its recent inception, much of the large-scale development exhibits the most current 

land use and zoning trends. This is evidenced by the zoning designations, which are 

typically some type of master planned community district, such as PCD (Planned 

Community District), PC (Planned Community) or PAD (Planned Area Development). 

These master planned communities usually include various densities of residential uses, 

retail, as well as business uses. The communities are planned comprehensively with 

buffers and transitions between different uses incorporated into the overall plan. They 

also incorporate many amenities, such as trails, parks, golf courses and recreation 

facilities. Examples of such master planned communities are Sun City Grand in Surprise, 

Verrado in Buckeye, and Vistancia in Peoria. 

There are two primary categories of development that would benefit from drainage 

guidelines written to address the specific issues associated with the hydrology and 

hydraulics of this watershed. The first category is subdivisions and master planned 

developments, such as described above. This type of development, whether part of 

unincorporated Maricopa County or a municipality, requires a comprehensive drainage 

study that provides information necessary to assess the impact the proposed development 

has on adjacent properties. In addition, the regulatory authority exists to require 

mitigation of those impacts. The effectiveness of the mitigation is determined by the 

reviewing agency and becomes a condition of approval for the development. 



The second category of development is individual lots. These are lots created without the 

1) benefit of a subdivision or master developer so there is no comprehensive drainage 

system at the time new homes are built. Such lots are at a further disadvantage because 

there is no local drainage analysis that could provide more detailed information to guide 

the design of drainage improvements on individual lots. Homeowners are left to carry 

the full cost of preparing an individual drainage analysis, and are sometimes not required 

to address flood hazard issues at all because sufficient technical information may not 

have been available at the time of development to alert staff to potential problem areas. 

As stated earlier, although there is regulatory authority in place to mitigate general flood 

hazard impacts, special conditions exist in the Wittmann ADMSU study area that require 

additional guidance for review staff and property developers. 



@ SECTION RD -2: REGULATORY AUTHORITY 

Governmental entities are limited in their powers to those the State has expressly granted 

them. The Arizona Revised Statutes (ARS) describes these powers and duties. The 

Statutes are divided into Titles (or chapters) that address the various governmental 

entities in Arizona. Title I1 (Reference 1) addresses county authority to regulate. 

Special districts, such as the Flood Control District, are addressed in Title 48 (Reference 

2). Specific applicable citations from the Statutes are given below. 

Section 2.1 below summarizes State Statutes, while Section 2.2 summarizes Maricopa 

County ordinances authorized under ARS Title 11. Section 2.3 summarizes Flood 

Control District of Maricopa County ordinances authorized under Title 48. The italicized 

sections within the statutes highlight language that relates to development guidelines. 

These statutes and ordinances are provided as references to facilitate a better 

understanding of the opportunities and limitations associated with development 

guidelines. 

2.1 Arizona Revised Statutes 

State statutes specifically pertaining to "development guidelines" include the 

following: 

ARS 11-251.36: Subject to the prohibitions, restrictions and limitations as set 

forth in section 11-830, adopt and enforce standards for excavation, landfill 

and grading to prevent unnecessary loss from erosion, flooding and landslides. 

ARS 48-2664.D, Powers of board of directors: The Board may adopt equitable 

by-laws, rules and regulations and perform all acts necessary to carry out the 

purposes of this chapter. 



ARS 48-3609.B: Except as provided in section 48-3610, the board shall adopt 

and enforce regulations governing jZoodplains andfloodplain management in 

its area ofjurisdiction which shall include the following: 

1. Regulations for all development of land, construction of residential, 

commercial or industrial structures or uses of any kind which may 

divert, retard or obstructfloodwater and threaten public health or safety 

or the general welfare. 

ARS 48-3609.01 .A: I f a  district organizedpursuant to this chapter has 

completed a watercourse master plan which includes one or more 

watercourses, and i f  the plan has been adopted by the board or by any other 

jurisdiction in that river or drainage system, then the board and the governing 

body of each jurisdiction may adopt and shall enforce uniform rules for the 

river or drainage system within the jurisdiction using criteria that meet or 

exceed criteria adopted by the director of water resources pursuant to section 

48-3605, subsection A. 

2.2 Drainage Regulations for Maricopa County 

The Drainage Regulations for Maricoua County, dated 1994 (Reference 3), 

provides specific guidance for "development guidelines" associated with Area 

Drainage Master Studies. 

Article 111. Definitions 

3. Area Drainage Master Study (ADMS) - a study to develop stormwater 

hydrology for a watershed, to define drainage systems, identify potential 

flood hazard areas, drainage problems and recommend solutions and 

standards for sound floodplain and stormwater management. The 

ADMS identifies alternative solutions to a given flooding or drainage 

problem. An Area Drainage Master Plan (ADMP) identifies the 



preferred alternative. An ADMP, unique to the subject watershed 

provides minimum criteria and standards (for flood control and 

drainage) for land use and development. 

Article XI. Area Drainage Master Study 

Section 1 101. Adoption 

Whenever an Area Drainage Master Study authorized under this 

regulation has been completed, such plan including uniform rules for 

development may be submitted to the Board of Supervisors for adoption 

as an Area Drainage Master Plan. If adopted by the Board of 

Supervisors, the District shall enforce the Area Drainage Master Plan 

under this Regulation. 

2.3 Floodplain Regulations 

The District Board of Directors has adopted floodplain regulations as required 

by State Statute. In the current regulations, amended in 1993 (Reference 4), 

further basis is found for "development guidelines" in the following sections: 

Article 111. Definitions 

Section 301. 

6. Area Drainage Master Study (ADMS): A study to develop hydrology 

for a watershed, to define watercourses, identify potential flood problem 

areas, drainage problems and recommend solutions and standards for 

sound floodplain and stormwater management. The ADMS will identify 

alternative solutions to a given flooding or drainage problem. An Area 

Drainage Master Plan (ADMP) identifies the preferred alternative. An 

ADMP, unique to the subject watershed provides minimum criteria and 



standards (for flood corztrol and drainage) jor land use and 

development. 

Article VIII. Flood Hazard Boundaries 

Section 803. Other Flood Hazard Boundaries 

Whenever the District determines through a flood hazard study, 

watercourse master plan or other flood related study authorized by the 

Board that a flood related hazard exists due to such factors as high- 

velocity flows, erosion, sediment transport, deposition, unstable soil 

conditions or land subsidence, the Floodplain Administrator shall 

designate such hazard areas on the Flood Control Management Maps for 

Maricopa County and shall establish technical criteria and enforce rules 

and regulations for subsequent development that meet or exceed criteria 

adopted by the Director, State Department of Water Resources and when 

appropriate such studies may be forwarded to the Federal Emergency 

Management Agency. 

Article XIV. Other Flood Hazard Zones 

Section 1402. Flood Hazard Development Standards 

1. Standards adoptedfor development contained in a Watercourse 

Master Plan, Area Drainage Master Plan or other hydrologically oriented 

master plan shall be consistent with sound floodplain management 

practices and this Regulation. 

6. The standards, provisions, criteria and requirements for development 

in flood hazard zones imposed by an authorized master plan shall meet 

or exceed the requirements of this Regulation. 



n 
SECTION RD-3: SEVEN TERRITORIES OF TRILBY 

Within the 307 square mile Wittmann ADMSU study area there are significant 

differences in terrain and hydraulic conditions. For this reason the study area has been 

subdivided into seven territories (Figure RD-3.1) that have somewhat uniform 

conditions. Flood hazard issues and mitigation responses that are suggested in this Rules 

of Development Report may only apply to certain territories and not to others. 

Figure RD-3.1 Seven Territories of Trilby 

3-1 



The following issues were identified as part of the Wittmann ADMSU as unique or as not 

adequately covered by current regulations. 

3.1 Sheet Flow Conditions 

Issue: The majority of the developable portion of the Wittmann ADMSU study - 
area consists of mildly sloped, very erodible terrain with a large capacity for 

surface runoff retention. As a result, watercourses in the area are not well- 

developed, and a large portion of the flow during severe storms is sheet flow. 

This type of terrain is very sensitive to human activity and sheet flow 

conditions, and surface retention characteristics of the soils are difficult to 

maintain as the area is developed. Conditions will be exacerbated over time 

because any type of development (e.g., structures and roads) will channelize 

runoff. 

Flood Hazard: Storm water covers large areas with depths of 2 inches to 24 

inches. Roadways are frequently flooded and become difficult to travel. 

Structures with low finished floor elevations may have flood water infiltration. 

Lots are covered with water. 

- 
Sheet flow in August 2003 Storm Typical street condition (Crozier Rd.) 

Phuro~runhv COU~?~SY O ~ K P H O ,  Channel 5 ~ e w s  during a localized storm 



3.1.1 Territories Affected by Sheet Flow 

This issue affects all of the territories except the White Tanks territory. 

The mountain areas on the north and east portions of the Hieroglyphics 

are not affected by sheet flow conditions nor are the slopes on the east 

edge of the Wittmann and Bonita Dam territories. Probably the areas 

more critically affected by this condition are the Circle City and 

Wittmann territories. The CAP currently concentrates the flows as they 

are directed through the canal cross drainage structures. However, 

significant portion of the local flows in the Sun Valley and Bonita Dam 

territories are also affected by sheet flow conditions. It is noted that 

strategies to address development in sheet flow areas are included in the 

Arizona Department of Water Resources' SS4-95, State Standard for 

Identification of and Development within Sheet Flow Areas. 

Figure RD-3.2 Territories Affected by Sheet Flow 



3.1.2 Goal 

Preserve existing sheet flow conditions, whenever possible, or mitigate 

increased velocity, peak flows, and erosion associated with 

channelization andlor reduction of sheet flow areas. 

3.1.3 Objectives 

. Encourage developers to configure development to allow water to 

move freely between and around structures. 

. Require developers to redistribute flow at downstream end of 

project. 

. Require additional storage to ensure peak flows, volume, timing, and 

sediment transport characteristics are not adversely affected by the 

new development. 

. Require property ownersldevelopers to elevate structures and HVAC 

equipment above both natural sheet flow conditions and future flood 

depths that will rise as an unavoidable consequence of development 

in sheet flow areas. 

Require finish floor elevations to accommodate potential backwater 

effects upstream of roadways, undersized conveyances, or other 

obstructions. 

Disallow solid perimeter walls or fences. Alternatively, solid 

perimeter walls or fences could be required to be set back from the 

property line to allow flow to pass between houses. 



. Require chain link fences to be elevated 0.5 foot above adjacent 

grade. 

. Disallow fences across drainageways. 

. Require alignment of structures to be parallel to the primary flow 

direction. 

. Restrict zoning to low densities. 



3.2 Numerous Shallow, Poorly Defied, Wide Washes 

Issue: The Trilby Watershed is traversed by numerous, poorly defined, 

shallow, wide watercourses flowing mostly in a southeasterly direction. 

Typically, the main watercourses are only a few feet in depth and several 

hundred feet wide. The smaller watercourses are difficult to identify in the field 

and commonly the only apparent sign of a wash is the presence of vegetation. 

Aerial photograph of homes built 
near wash (Dove VaUey and 227' Ave.) 

Flood Hazard: Since the drainage paths are not well defined, property owners 

may not be aware of the presence of these drainage features on their property. 

Many property owners have constructed edifices and structures in the drainage 

path in an attempt to divert floodwaters around their property. 

Homes neat tloodwaters Home built in drainage path near 185' 
August 2003 storm Ave. and Happy Valley Rd. 

Plroto courtesy of KPHO, C l m e l  5News Pllom courtesy of KTVK, C l w l 3  News 



Also, it is difficult to properly locate culverts under roadways to provide 

adequate drainage. Typically, flow from the smaller flow paths is diverted 

along the road towards a crossing, resulting in quicker concentration of flows, 

higher velocities and peak flows, and increased sediment transport capacity that 

could result in damage to roadways and interruption of access. 

Diverted flow due to roadway, and flooded 
wash crossing 

Photo murresy of KTVK, CInmel3 News 

Placement of culverts along shallow washes typically results in clogging or 

sedimentation because the culvert openings are too small to pass large debris 

and because culverts are typically placed below the natural wash grade in order 

to provide adequate roadway clearance. 

Damage caused during August 2003 storm 

(Center St. in Wittmann) 

Damage caused during August 2003 storm 

(Center St. in Wittmann) 



3.2.1 Territories Affected by Shallow Washes 

This issue affects all of the territories except the White Tanks territory. 

The mountain areas on the north and east portions of the Hieroglyphics 

territory are not affected by sheet flow conditions nor are the slopes on 

the east edge of the Wittmann and Bonita Dam territories. Probably the 

areas more critically affected by this condition are the Circle City and 

Wittmann territories. 

Figure RD-3.3 Territories Affected by Shallow Washes 



3.2.2 Goal 

Prevent development from obstructing drainageways while still 

providing adequate developable areas and providing adequate access to 

residents and emergency response vehicles. 

3.2.3 Objectives 

. Use the map depicting washes greater than 50 and 200 cfs to 

determine the location of these washes in the field and assess the 

potential effect that development may have on the washes. 

. Encourage developers to configure roadway systems to minimize the 

impact on the drainage system. 

. Develop standards for the design of crossings with minimum 

requirements to allow all-weather access to residents. 



3.3 Flood Damage to Manufactured and Mobile Homes 

Issue: The study area contains numerous mobile and manufactured homes 

either on single lot or in mobile home parks. As the area develops, this trend is 

likely to continue, and it is anticipated that a significant portion of the study 

area will be developed with these types of structures. These structures are more 

susceptible to damage by flood waters than other structures and need special 

considerations. 

Flood Hazard: Water wicks up into manufactured /mobile homes, causing 

damage to the structure. Damage can also be caused by uneven settlement of 

supports due to saturated soils and erosion. 

Although this manufactured home is elevated, its proximity to a wash could make the 
foundation vulnerable to undermining by erosion (155" Ave near Jomax Rd.) 



3.3.1 Territories with ManufacturedMobile Development 

Manufactured and mobile home developments are unlikely in the White Tanks 

territory because it is a County park, and Hieroglyphics territory because the 

large parcels in the territory will most likely will be developed as master 

planned communities and also due to the amount of ELM land that will not be 

developed. Figure RD-3.4 shows in red the location of parcels smaller than 

five acres, which are the most likely to have these types of development. 

Figure RD-3.4 

Territories with Potential Manufactured and Mobile Homes 



3.3.2 Goal 

To prevent the loss of life or property associated to the susceptibility of 

manufactured and mobile homes to flood damage by providing adequate 

flotation prevention and protection to structural and mechanical systems. 

3.3.3 Objectives 

. Develop elevation requirements addressing lower structural members 

instead of finish floors. 

. Develop requirements for the location and or elevation of mechanical 

systems such as air conditioning units, propane tanks, and others. 



3.4 Erodible Soils and Traverse Roadway Configurations 

Issue: Due to the high erodibility of the soils commonly encountered in the 

Wittrnann Study Area, roadway crossings and roadway intersections can be 

severely damaged, restricted, or negatively affected by floodwaters. Flows 

redirected along the roadway shoulder must eventually cross the road or 

intersecting roads. If provisions are not made for handling these flows, 

sidcant damage and restricted access may occur. 

Flood Hazard: Runoff from erodible soils creates water quality concerns, in 

addition to the overriding concern of soil loss. Roads become impassable due to 

floodwater andlor high concentrations of sediment. Roads are undermined or 

- 
21 1' Ave. and Cloud Kd., location of damaged road 

. 
Erod._.. .oils result in large potholes that are 

Pavement is more resistant, yet dirt roads are disguised by flooding, creating safety hazards. 
easily eroded, which results in undermining of (211'hAve. und CloudRd.) 

the entire roadway. 
(211"Ave and Cloud Rd.) 



3.4.1 Territories Affected by Erodible Soils 

This issue affects all of the territories except the White Tanks territory. 

Also, the mountain areas on the north and east portions of the 

Hieroglyphics territory are not affected by erodible soil conditions, nor 

are the slopes on the east edge of the Wittmann and Bonita Dam 

territories. The area most affected by this condition is the Wittmann 

territory. 

Figure RD-3.5 Territories Affected by Erodible Soils 



3.4.2 Goal 

To prevent severe flood damage to roadways, prevent roadways from 

damaging the drainage system and to prevent irreversible loss of topsoil. 

3.4.3 Objectives 

Use the map depicting drainage ways of greater than 50 and 200 cfs 

to determine the best location and orientation for roadways. 

Use the map depicting drainage ways of greater than 50 and 200 cfs 

to determine potential locations where roads may intercept and divert 

flows along upstream shoulder. 

. Minimize the concentration of flows caused by roadways. 

Design culverts and other roadway crossings for peak flows and 

sediment load capacity to prevent clogging or changing of sediment 

transport characteristics of the drainage system. 



3.5 Split Flow Conditions 

Issue: The Wittmann Study Area includes numerous split flow locations and 

unstable channels. Development could affect the relative flow of each of the 

splits and adversely affect downstream properties. 

Flood Hazard: Split flow conditions make it difficult to predict peak flow in a 

given stream, which results in unreliable estimates of peak flows. In addition, 

development can artificially shift the location of a split flow and cause 

unexpected flooding in another area downstream. 

Houses built near natural split flow location I 

(Near Cemetery d 2 1 1 " A v e . )  

Houses built near natural split flow location I 
(Near Dove Valley Rd. and 2ZT"Ave.) 



3.5.1 . Territories Affected by Split Flow Conditions 

This issue affects all of the territories except the White Tanks territory. 

Also, the mountain areas on the north and east portions of the 

Hieroglyphics territory are not affected by split flow conditions, nor are 

the slopes on the east edge of the Wittmann and Bonita Dam territories. 

The areas most critically affected by this condition are the 

Hieroglyphics, Wittmann, and Circle City territories. 

Figure RD-3.6 

Territories Affected by Split Flow Conditions 



3.5.2 Goal 

To identify split flow conditions and to prevent development from 

affecting the distribution of flows and downstream drainage paths. 

3.5.3 Objective 

. Maintain existing flow paths and distribution and prevent future 

conditions from altering downstream conditions. 



SECTION RD-I: DEVELOPMENT GUIDELINES 

Preliminary development goals and objectives have been presented in this report 

to address special problems in the Wittmann ADMSU study area not fully 

covered in existing ordinances and statutes. These goals and objectives will be 

refined and more specific development guidelines will be prepared, along with 

accompanying policies, during the next planning phase, the Wittmann Area 

Drainage Master Plan (ADMP). 



SECTION RD-I: MAINTENANCE PLAN 

A drainage and roadway infrastructure maintenance plan will be developed 

during the Wittmann ADMP. For the ADMP to be successful, a monitoring and 

maintenance plan is required that addresses the overall nonstructural goals as 

well as the specific elements of potential structural measures. The maintenance 

plan is essential to this watershed because the hydraulic conditions of the 

watershed foster sedimentation and erosion concerns, which would affect the 

performance of the drainage system. The maintenance plan establishes 

monitoring and maintenance criteria and inspection time frames that should be 

implemented to sustain the goals of the plan. 



SECTION RD-6: REFERENCES 

1. Arizona Revised Statues Title 11 

2. Arizona Revised Statues Title 48 

3. Drainage Regulations for Maricopa County, Maricopa County, 1994 

4. Floodplain Regulations for Maricopa County, Flood Control District of 

Maricopa County, 1986 and subsequently amended 




