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L INTRODUCTION

The Part 1 Existing Conditions Report describes the existing watershed
characteristics and the impacts of development within the Rio Verde
area. The study area is described in terms of four distinct geologic
zones. These zones are grouped into two areas according to whether
they exhibit one-dimensional or two-dimensional flow characteristics.
Evidence of erosion, sediment deposition, and flow re-distribution is
found in two-dimensional flow areas where residential and equestrian
related improvements have been made. The potential for these types
of impacts to be compounded with future development has been
described. Impacts that may seem minimal on an individual lot scale
may become extreme when consideration is given to the cumulative
impacts resulting from complete development of the Rio Verde area.

The Part 2 Alternatives Formulation Report presents the consideration
of various alternatives that could be employed within the Rio Verde
area to mitigate the increase in flood and erosion hazards that may
result from development of the watershed. An Alternatives
Formulation Meeting was held on March 30, 2004 with the project
Review Committee for the purpose of identifying flooding problem
areas and alternative concepts for solutions to the drainage problems.
The alternatives identified in the meeting were evaluated according to
a set of criteria established for this project and screened to four
potential alternatives representing different approaches to flood control
within the Rio Verde Area.

This Part 3 Alternative Analysis & Recommended Plan Report takes
the screened alternatives identified in the Part 2 report and develops
them further by determining preliminary sizing of facilities, landscape
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concepts, environmental considerations, and estimated facility costs.
This report also evaluates the engineering considerations for each
alternative and identifies a Recommended Alternative for the Rio
Verde area. The Screened Alternatives consist of;

• No Action
• Structural Conveyance
• Structural Detention
• Regulatory

A. District/Consultant Collaboration
The Flood Control District of Maricopa County (District), during the
initial scoping for the project, elected to perform the two-dimensional
flow modeling and environmental overview for this project in-house.
As a result, development of the project hydrology, floodplains, and
Recommended Plan hydrology has been a collaborative effort between
the District and Dibble & Associates (Dibble). Although Dibble staff
assisted in the data gathering, data entry, and post-processing of results
at various times throughout the project, the two-dimensional FLO-2D
floodplain products are produced under the direction of the District.
The resulting existing conditions FLO-2D model was then modified by
Dibble to evaluate the structural alternatives as described within this
report. The hydrology and floodplains within the one-dimensional
area were produced entirely by Dibble. As of the original publication
of this report in October 2006, the District's FLO-2D floodplain
modeling had not been completed. This revised report includes the
final FLO-2D modeling results as submitted to FEMA as well as other
updates to reflect changes since October 2006.
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B. Modifications to Scope of Work
Upon completion of the Part 2 Alternatives Formulation Report, the
Regulatory Alternative was judged to be the most feasible of the
alternatives identified. As a result, the scope of work for the
remainder of the project was modified to shift the emphasis from
evaluating alternatives to developing a regulatory floodplain
management strategy with supporting tools. The following changes
were made to the scope of work:

• The Alternatives Analysis was scaled back to provide a less
detailed development of the structural alternatives. The matrix
evaluation process, the Part 4 Report, implementation plan,
public meetings, and newsletters were eliminated. The
Alternatives analysis was limited to developing conceptual
designs, developing a strategy for floodplain management in
the 2-dimensional flow area, and producing this Part 3 Report,
which is now the final project report section.

• The Recommended Plan scope was modified to eliminate
development of a structural alternative and to expand the
floodplain delineations to approximately 32 miles in length.
The Part 5 and Part 6 Reports, the Preliminary Design Plans,
and the implementation and maintenance plans were eliminated
from the proj ect.

C. Unique Challenges
There are a number of unique challenges faced by the District in
managing development within the Rio Verde area. The challenges are
related to both the physical conditions within the area, which have
been previously described, and related to the legal and political
framework currently in place which limits the authority of the District
to establish and enforce development guidelines that would mitigate or
reduce the flooding and erosion impacts of development. These
challenges are summarized as follows:
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• The District's authority to regulate development is based on the
National Flood Insurance Program (NFIP) and is limited to
established floodplains. The procedures for identifying and
regulating floodplains are geared towards riverine flooding
conditions. The broad, shallow sheet flooding conditions
within the Rio Verde area do not lend themselves to riverine
floodplain management approaches.

• Development outside established floodplains is regulated by a
different County department (Planning & Development) which
functions independently from the District.

• The predominant development mechanism observed within the
Rio Verde area is lot splits improved on an individual basis,
thereby avoiding the County subdivision regulations.
Regulation for this type of development is at the single parcel
level. As a result, the cumulative impacts of individual lot
development throughout the area cannot be regulated within
the existing legal framework.

• Residents typically desire walls around their lot perimeter for
security and to keep their domestic animals in and wild animals
out. These walls present a significant barrier to sheet runoff
and typically result in concentration and re-direction of runoff
which impacts adjacent and downstream properties.

As a result of these challenges, or issues, the final recommended plan
presented herein, in order to be successful, will require considerable
judgment by those reviewing development plans coupled with
cooperation by homebuilders in implementing good design practices in
their own best interest rather than because it's a legal requirement.
The recommendations presented within this report are based on these
conditions.
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IL EXISTING CONDITIONS UPDATE

The existing conditions within the Rio Verde area were evaluated and
described in the Part 1 Report. The evaluation of existing conditions is
updated herein to identify any changes that may have taken place since
preparation of the Part 1 Report. The purpose of the update is to
identify changes prior to further development of the alternatives.

A. Planned Developments
Individual lot development continues to be the predominant type of
development within the study area. However, since completion of the
Part 1 report, there have been two known additional subdivisions
added to the study area. With the addition of Rio Verde Estates and
The Reserve, there are a total of ten subdivisions planned for the Rio
Verde Area. These subdivisions are shown on Figure II-I.

B. Zoning
The existing County and City of Scottsdale Zoning as of the date of
this report is shown on Figure 11-2.

C. Environmental Overview
The Flood Control District of Maricopa County prepared the
Environmental Overview for the Rio Verde Area Drainage Master
Plan report in 2002 and updated it to reflect the screened alternatives
in 2005. The findings of the report are summarized as follows and the
environmental issues for each alternative are presented later.

In spite of considerable development in the Rio Verde ADMP area, it
is low density and remains rural in character with much native
vegetation and wildlife present. It is located within the Arizona
Upland plant community of the Sonoran Desert Biome. The Arizona
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Upland plant community IS characterized by abundant vegetation
compared to other desert communities. In addition to the many
ephemeral washes located throughout the area, the plant species
diversity and structural diversity found in much of the Rio Verde
ADMP area provide good quality wildlife habitat.

Although they were not found in the area at the time of the preliminary
survey, the cactus ferruginous pygmy owl is the only Threatened or
Endangered species for which the area has suitable habitat. Bald
Eagles occur and nest along the nearby Verde River just east of the
Rio Verde ADMP area. If a structural alternative is implemented, the
location should be reevaluated to determine if habitat, regulations, or
"special-status" species have changed.

• A formal wildlife survey, vegetation survey and habitat
evaluation study must be conducted for any alternative
requiring a Clean Water Act Section 404 Permit.

• Habitat impacts outside of Clean Water Act areas should be
evaluated and specifications should detail how those impacts
will be addressed (e.g., the MBTA).

• Based on a search of the environmental regulatory records, the
District and the planning team do not have to be concerned
with hazardous material sites within the study area for planning
purposes. In the implementation stage, however, the District
should conduct a Phase I Environmental Site Assessment and a
Cultural Resource Inventory for any land that will be acquired,
or that will be used in a structural alternative.

RIO VERDE AREA DRAINAGE MASTER PLAN
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Figure II-I. Planned Developments
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D. Landscape Aesthetics and Multi-Use Overview
1. Introduction

As part of the analysis associated with the two proposed structural
alternatives for the Rio Verde Area Drainage Master Plan, the
Landscape Aesthetics and Multi-Use Opportunities Overview will
form the basis for the design of the proposed Conveyance Alternative
and Detention Alternative. The objective will be to develop an
appropriate design approach for these structural flood control
alternatives which integrates them into the Rio Verde Study Area,
enhances and preserves the desired character of the area and
maximizes desired multi-use opportunities.

2. Purpose
The purpose of the Landscape Aesthetics and Multi-Use Opportunities
Overview is to:

• Research, identify, describe, document, and evaluate the
existing and desired future features and characteristics of the
study area.

• Develop the basis for design concepts for the structural
alternatives which may either preserve, enhance, or create a
desired community character

• Research, identify, and document existing and desired
recreational uses of open spaces and corridors

• Identify opportunities to maximize desired multiple uses
• Identify any other aesthetic or multi-use issues which need to

be considered during the planning and design process.
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3. Methodology
The methodology used to compile data pertinent to the Landscape
Aesthetics and Multi-Use Opportunities Overview has involved a
combination of collection and review of existing plans, reports, aerial
photographs, and mapping; telephone consultation; and field
reconnaissance of the applicable portions of the study area.

The data collection effort has consisted of the following tasks to date:
• Review and analysis of the Rio Verde Area Drainage Master

Plan Part I-Existing Conditions Report dated May 20, 2004
• Review and analysis of the Rio Verde Area Drainage Master

Plan Part 2-Alternatives Formulation Report dated November,
2004

• Review of the Environmental Overview for the Rio Verde Area
Drainage Master Plan prepared by the Flood Control District of
Maricopa County, September 2002.

• Review and analysis of existing color aerial photography of the
study area provided by the Flood Control District

• Review and analysis of topographic information of the study
area

• Review and analysis of the Existing Zoning Map of the study
area

• Review and analysis of the Planned Developments Map of the
study area

• Review of plan information and descriptive narrative for
existing and planned developments available on the City of
Scottsdale Planning Department website

• Review of the City of Scottsdale Proposed Trail Network Map
dated April 2003.

• Review of the City of Scottsdale Conceptual Preserve Trail
System for the McDowell Sonoran Preserve dated 2004

• Review of the Cave Creek Ranger District ORV (Off Righway
Vehicle) Map - Tonto National Forest.

RiO VERDE AREA DRAINAGE MASTER PLAN
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• Review of the Arizona Game and Fish Department Off­
Highway Vehicle Recreation Guide-Granite Mountain Multi­
Use Area, Scottsdale, Arizona

• Review of Maricopa County Regional Trails Master Plan
• Review of "Our Desert Oasis" by Robert H. Mason (1995) A

history on the development ofRio Verde.
• Review of the current draft of the Rio Verde Foothills Area

Plan (formerly named the Foothills Area Plan) prepared by the
Maricopa County Plmming and Development Department and
approved by the Maricopa County Planning and Zoning
Commission in June 2005.

• Review of the current City of Scottsdale Planning Department
Scenic Corridors Map and Scenic Corridor Design Guidelines.

• Review of the MAG Desert Spaces Plan adopted by the MAG
Regional Council in 1995 and Desert Spaces Environmentally
Sensitive Development Areas (ESDA) Policies and Design
Guidelines- June 2000

• Telephone consultation with Nina Herny, a representative of
the Rio Verde Horseman's Association.

• Site Visit / In field review by automobile and photographic
documentation of representative areas included in the two
structural solutions.

4. Data Collection and Existing Conditions Analysis

a) Regional Context
The Rio Verde Study Area is located in the northeast portion of the
Phoenix metropolitan area and includes portions of Scottsdale, State
Land, the Tonto National Forest, McDowell Mountain Regional Park
and unincorporated Maricopa County land. The entire ADMP area is
generally bounded by 115th Street to the west, Tonto National Forest
to the North, the Verde River to the east, and McDowell Mountain
Regional Park to the South. The two proposed structural alternatives
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generally comprise the area from 144th Street to the west, Verde River
to the east, Lone Mountain Road to the north, and Pinnacle Vista Road
to the south. The area context is illustrated on Figure 11-3.

b) Study Area Overview
(1) History

Geology
The Rio Verde area was originally formed by volcanic activity which
extruded the granite deposits now present. Following the volcanic
activity, erosion, deposits and activity of the Verde River created the
landforms and carved out the valley.

Native Americans
The lower Verde River Valley was inhabited by the Hohokam Indians
(400-1450 AD) and afterwm"ds by the Yavapai. The Native Americans
flourished by taking advantage of the natural resources of the area. The
Verde River provided a permanent source of dependable water and
attracted wildlife. In addition, the combination of gently sloping land
with fertile soil was suitable for crops. Pots were fornled from the fine
clay soil, native plants provided food, dyes, and other uses, and an
ample supply of various types of native rock was useful for making
arrow and spear heads as well as other types of tools. Due to the
artifacts and remnants found in various nearby archeological sites,
scientists believe this area provided a link between Indian settlements
in the Gila River Valley and vi 11ages of Northern Arizona. In the late
1800's the Army began building forts in Yavapai and Apache country
and the Indians were moved to reservations to allow the white settlers
to occupy the more productive lands.

Early White Man
As the U.S. population grew, the demand for new land also increased.
First across the nation were the explorers, then the trappers, the
miners, the ranchers and farmers accompanied by business people, the
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Figure 11-3 Area Context
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traders and their families. Although there were a few Spanish
expeditions in the 1500's and 1600's, the first significant influx came
in the late 1700's when the Spanish discovered Amethyst on Four
Peaks. In the early 1800's fur hunters / trappers attracted by the
wildlife associated with the river came into the area. The fur hunters
trappers were constantly involved in skirmishes with the Indians who
inhabited the area at that time. During the mid 1800's prospectors,
miners and ranchers also investigated the area however continued to
skirn1ish with the Indians. The Indians controlled the area until the
establishment of military forts (Fort McDowell (1865)) which housed
soldiers and also protected the white settlers. In the 1870's
stagecoaches were also introduced into the area. Conditions at the post
were poor. Fort McDowell was closed as a military post in 1890 but
in 1903 it was designated as Indian Reservation.

As commerce moved west, rivers were the nation's highway but these
were adequate for only a limited time. To encourage the development
of railroads, the federal government dedicated land to the railroad
companies. There was little demand for this land initially so it was
sold to Aztec Land and Cattle Company and then claimed by the
federal government for national forest. During the late 1800's to early
1900's acreage was leased from the government for cattle grazing.
The land was subject to legal and political controversy until the mid
1960's when portions of the land were sold and exchanged for other
government lands. This initiated private ownership and development
of the area. The community of Rio Verde started construction in the
early 1970's.

From the beginning of development, people realized a major benefit
from the beauty of the natural terrain surrounding the area and the
isolation created by the park, national forest, and reservation.
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(2) Land Use
The majority of the Rio Verde area is zoned for low density residential
of 1 dwelling unit per acre or less with the exception of the far
southeastern portion of the area in the developments of Rio Verde and
Tonto Verde which include medium to high density residential
development.

The primary existing land uses throughout the majority of the study
area currently consists of a mixture of open undisturbed desert areas
and low density residential development, many of which are horse
properties and ranches.

Both the City of Scottsdale and Maricopa County have designated this
area as scenic and worthy of preservation and protection.
Development is guided by policies which serve to maintain and protect
the visual character of the area with an emphasis on retaining and
displaying the native desert and traditional heritage of the area.

The Rio Verde Foothills Area Plan was approved by the Maricopa
County Planning and Zoning Commission in July 2005. The plan
contains policies and guidelines designed to preserve the existing rural,
residential and equestrian lifestyle; and protect the region's scenic
natural environment including native wildlife, wildlife habitat, and
native vegetation. The plan promotes preservation of natural open
space, low density residential development and other rural uses.

The new planned developments in the area are designed with these
objectives in mind.

(3) Transportation
With limited access due to neighboring parks, preserve, national forest,
and reservation, the Rio Verde area is somewhat isolated. Primary
major transportation is via roadway links from Scottsdale to the west
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and Fountain Hills to the South. Major roads - Rio Verde Drive
Scenic Corridor links to Dynamite Scenic Corridor to the west. Rio
Verde Drive links to Forest Road in the community of Rio Verde to
the east which then links to McDowell Mountain Road south through
McDowell Mountain Park and then Fountain Hills.

With the exception of Rio Verde Drive, 136th Street, 144th Street, and
a portion of 152nd Street, most roads within Rio Verde are currently
dirt roads and serve as access to the low density residential
development as well as for equestrian and OHV (off highway vehicle)
uses. As population in the area increases and paved roads become
necessary to comply with dust control standards, trails should be
included as an integral component.

(4) Topography/Land Form
The area slopes from the west to the Verde River to the east.
Topography within the area comprised by the two structural
alternatives is relatively consistent and is characterized by relatively
gentle rolling slopes (2%-3% average from 136th St. at approximately
elevation 2500 to the Verde River at an elevation between 1500 and
1600). The land is broken up by numerous relatively small, shallow
ephemeral washes / drainage ways which have been carved into the
landscape and eventually lead to the Verde River. With the gentle
sloping topography the washes take on a meandering linear form
across the landscape. They add visual interest and variety to the base
plane. As a periodic source of water in the desert, these washes support
native vegetation and wildlife and should be preserved.

The finished surface is primarily a fine granular gold decomposed
granite material with sandy washes.

There are offsite views of some steeper terrain, rock outcroppings and
mountains in all directions. See Figure 11-3.
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(5) Vegetation
Much of the existing vegetation found within the study area is
undisturbed desert characteristic of the Arizona Upland vegetation
community. There is a variety of native desert vegetation and species
(Trees, Shrubs, Cacti, and grasses) existing throughout the area. Many
of these native plants are protected by the State of Arizona Native
Plant Law. Vegetation is relatively lush in most areas with the highest
concentrations occurring along the washes or other water sources. See
also the Environmental Overview for a more extensive list of other
plants naturally found and observed in the study area.
Dominant plant species include the:

Saguaro
Ocotillo
Foothill Palo Verde
Blue Palo Verde
Ironwood
Mesquite
Catclaw Acacia
Triangle Leaf Bursage
Creosote
Barrel Cactus
Buckhorn Cholla
Chainfruit Cholla
Teddy Bear Cholla
Pencil Cholla

Low density residential development has impacted native vegetation in
some cases. Most have attempted to preserve open space areas and
maintain the native plant species indicative of the area however there
are some properties where more land has been cleared and plant
species such as pines and eucalyptus introduced. These types of plants
do not fit the area and are not recommended.
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Photo I-Typical Native Vegetation Character

Photo 2-Low Density Residential/Native Plant Preservation
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A portion of land on the eastern part of the study area visible along
168th Street, vegetation has been impacted by a past fire. There are a
number of dead trees and the area is more open.

Photo 3-Typical Burn Area -I68th Street

(6) Environmental
An Environmental Overview has been prepared for the Rio Verde
ADMP study area by The Flood Control District of Maricopa County
in September of 2002. The overview identified the abundant desert
vegetation, ephemeral washes, and good quality wildlife habitat as
characteristics of the area which should be preserved and protected.
The report supports following the District's context sensitive
philosophy to reduce environmental impacts.

The following recommendations were outlined:
• Environmental impacts should be considered when comparing

alternatives
• Avoid or reduce impacts to the environment especially along

the ephemeral washes and other heavily vegetated areas
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• Survey areas with suitable habitat for the pygmy owl
(endangered species)

• Re-evaluate project specific locations during the design phase
to determine if habitat, regulations, or listed species have
changed

• For any proposed alternative which impacts waters of the U.S.
conduct a vegetation survey and habitat evaluation study as
required to develop a mitigation plan

• For any proposed alternative which impacts areas outside
Waters of the U.S., evaluate habitat to deternline what
environmental issues or regulations need to be followed.

• The District should conduct a Phase I Environmental Site
Assessment and a Cultural Resource inventory for land that
will be required for construction.
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5. Visual Assessment
a) Definitions

• Landscape Character is expressed in terms of Landscape
Character Units. A Landscape Character Unit is an area of
land that has common distinguishing visual characteristics.
Distinguishing visual characteristics may be natural features
such as landform, rock formations, water forms, vegetative
patterns or man made / cultural features such as land use,
building or structure types, scale and / or density.

• Scenic quality is defined as the distinctiveness, visual
dominance (scale, color, form), or variety of features within an
area. Features of high scenic quality are distinctive or unique
and should be protected. Opportunities to improve scenic
quality represent opportunities to increase variety or enhance
landscapes low in diversity. Scenic quality for the project
areas is evaluated in relative terms. In analyzing the scenic
quality, natural and cultural features are studied taking into
consideration the degree of variety or uniqueness of landscape
features.

• Visual integrity is defined as the degree of harmony among the
features of an area with regards to line, color, fOll11 , texture,
landform, vegetation, architectural features, and streetscape.
Opportunities to increase visual integrity represent
opportunities to harmonize discordant features.

b) General Assessment
Generally the Rio Verde Area is visually quite consistent, with high
scenic quality, visual integrity and its character is strongly influenced
by the natural beauty of the area. It is characterized by the following
attributes:

• Unique mix of abundant desert vegetation
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• Numerous small washes which break up the terrain and sustain
a greater density of native vegetation

• Openness
• Mountain vistas
• Beauty of the natural terrain
• Natural Desert Floor - Decomposed Granite
• Low density / rural development
• Low profile smaller scale structural alternatives
• Natural materials and colors
• Kinship with nature
• Equestrian uses

Photo 4-Typical Character of the Area (looking east)
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c) Existing Landscape Character
(1) Sonoran Desert Upland - See Photo 1,4

• Undisturbed native desert areas
• Native vegetation including trees, cacti, shrubs, and

grasses is relatively lush and varied
• Gently sloping terrain, decomposed granite surface
• High scenic quality and high visual integrity
• Preservation / conservation is recommended

(2) Natural Washes
• Same characteristics as Sonoran Desert Upland

except vegetation along washes is more dense and
some additional plant species are found along the
washes.

• High scenic quality and high visual integrity
• Preservation / conservation is recommended

(3) Constructed Water Features (Stock Tanks)
• Man made water feature
• Dense vegetation
• Appearance and grading not natural
• Lower scenic value and visual integrity
• Enhancement opportunity

(4) Burn area - See Photo 3
• 168th Street corridor area
• Same general characteristics as Sonoran Desert

Upland except area has been impacted by past fire
activity

• Grassland, lower density of plants and some dead
trees evident

• Open
• Medium scenic value and visual integrity
• Enhancement opportunity
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(5) Rural Residential-low density (I du per acre or less)
See Photo 2.
• Rural residential development
• Strong equestrian influence
• Various degrees of clearing of the native vegetation

however most have retained some
• Some alteration of the natural terrain
• Low profile structures
• Colors and materials generally blend with the

natural environment
• Scenic value and visual integrity varies depending

on the types and extent of the built areas and
alteration of the natural environment

• Some enhancement opportunity
(6) Residential -high density (Rio Verde and Tonto
Verde)

• Exists at the far southeastern portion of the study
area only.

• Paved roads, golf courses and medium to high
density residential developments (Beige stucco and
tile roofs)

• Consistent architectural style
• Man made environment
• Medium scenic quality and visual integrity

d) Viewing Analysis
There are mountain views in all directions depending on where you are
in the study area but views primarily open up to the east and south due
to the topography and slope of the area. Views are present of Four
Peaks, the McDowell Mountains, and Superstition Mountains. To the
north there are views of mountains within the Tonto National Forest,
and to the west views of Granite Mountain.
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Photo 5-Panoramic mountain views looking east

e) Future Desired Landscape Character
The future desired landscape character is one that both preserves the
low density, rural, and equestrian character and preserves, protects,
and enhances natural desert environment. Some objectives include the
following:

• Rio Verde Drive Scenic Corridor
• Large setbacks to limit visual impacts
• Protect and preserve significant natural and visual resources
• Conserve the character of the natural desert landscape
• Recognize the historical/archeological, cultural, social,

lifestyle, and recreational assets of the area
• Maintain the characteristics of the natural terrain
• Maintain drainage patterns which sustain natural vegetation

and wildlife habitat
• Maintain the open / rural character
• Desert vegetation - Salvage / Preserve existing native

vegetation and materials
• Use Indigenous Materials and colors
• Maintain view corridors and open spaces for mountain views
• Minimize environmental impacts
• Maintain open space and wildlife habitats
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Examples of structural elements existing III the area which
illustrate this approach are as follows:

Photo 6- Stone column with rusted steel*

(*Note: District prefers not to have mesh fencing)

RIO VERDE AREA DRAINAGE MASTER PLAN
PART 3 - ALTERNA TlVE ANALYSIS & RECOMMENDED PLAN



•••••••••••••••••••••••••••••••••••••••••••

Photo 7-Rusted steel post and rail fence

Photo 8-New Rio Mt. Estates project entry, drainage treatment (152"d St.)
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Photo 9-New project entry wall treatment (160111 St)

Photo 10-Scenic Rio Verde Drive showing revegetation and trail (152"d St)
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6. Multi Use Opportunities Assessment
Rio Verde and adjacent areas have a very strong equestrian influence.
Trail elements should be integrated into improvements. Currently
there are few designated trails within the Rio Verde Area however
residents are able to use existing washes and dirt roads for access
within the area as well as to link to the adjacent Verde River, Great
Western Trail, Sonoran Preserve / City of Scottsdale trail system,
Tonto National Forest, and McDowell Mountain Park trails. See
Figure 11-4 (prepared by Maricopa County Planning and Development
Department). Primary access to the trails in the adjacent areas is via
Rio Verde Drive, Dixileta, and Lone Mountain to the west and east,
1581h Street to the South and 136Ih

, 152nd
, 1601

'\ and 1681h Street to the
north.

New developments in the area are featuring low densities and retaining
extensive open space. In Scottsdale the planned developments are
incorporating a trail component along the Rio Verde Drive Scenic
Corridor (Photo 10). There is also a decomposed granite trail along
the west side of 144th Street adjacent to the Granite Mountain Ranch
Development. (Photo 11)

7. Conclusion / Recommendations
Design of the proposed structural solutions should comply with FCD
landscape design guidelines and have the following characteristics:

• Natural appearing contouring with undulating side slopes and
bottoms.

• Preservation of existing native vegetation in place where
possible

• Salvage of existing healthy native vegetation impacted by
construction

• Revegetation of disturbed surfaces with native plant species.
Materials should consist of a combination of salvaged native
materials, various sizes of tall pot native species plant material
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and native seed mix. Density and arrangement of materials
should imitate natural groupings and should take advantage of
water harvesting techniques to benefit plant materials.

• Finished surface of all disturbed areas should match the color
and texture of adjacent undisturbed desert areas

• Erosion control measures should utilize natural materials
which blend with the natural area

• Any structures or hard surfaces should receive a natural color,
patina and or stone finish blending with the natural area.

• Incorporate sizing of structures to include native plant
materials within channel alignments, a 30'-50' landscape
setback, and screening with mounding and vegetation.

• Stabilized decomposed granite trail should be incorporated into
the design.

Photo ll-Existing Granite Mountain Ranch Trail - 144th Street
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IlL ALTERNATIVES ANALYSIS

A. Introduction
The screened alternatives identified in the Part 2 report along with the
No Action alternative were further developed to determine the
engineering feasibility and approximate cost. During the alternative
development, refinements were made to the location and alignment of
the facilities resulting from the more detailed analysis.

The structural alternatives are shown on Figures 111-1 and 111-9.
Structures are only considered in the two-dimensional flow area. This
is based on managing development within the one-dimensional flow
area using a conventional floodplain management approach. Since the
structural alternatives are all contained within the two-dimensional
flow area, the FLO-2D model was revised and re-run to reflect the
routing and storage required for each alternative. The existing
conditions FLO-2D models developed by the Flood Control District
were used as base models for the structural conveyance and structural
detention alternatives. The detention basins, pipes, culverts, and
channels were then sized based on the resulting 100-year peak
discharges.

The following alternatives, chosen for further analysis, are discussed
in the following sections:

Current land values are estimated based on a comparative market
analysis (CMA) of2006 land sales in the Rio Verde area as reported in
the Arizona Regional Multiple Listing Service (ARMLS). Based on
this analysis and input from Maricopa County appraisers, a land cost
of $180,000 per acre is used for planning purposes. Complete
derivation of costs is presented in Appendix A and summarized in
Table III-I.

Table 11I-1 Cost Summary

Alternative Cost ($)

Conveyance $169,000,000

Detention $86,000,000

B. No Action Alternative
In addition to the three action alternatives, the No-Action alternative
was also considered in the Part 2 report. This alternative would result
if development were to continue in much the same manner as that of
the present time without this Rio Verde ADMP study. Only the
existing County ordinances (such as the Drainage and Floodplain
Ordinances) and the laws of the National Flood Insurance Program
would apply to the area. New floodplain delineations, whether
submitted to FEMA or not, would be utilized as best available
information. This would include the following existing District
Floodplain delineation studies.

Rio Verde North Floodplain Delineation Study conducted by
Burgess & Niple Inc. and Wood Patel & Associates, Inc. in
October 1994.

Rio Verde South Floodplain Delineation Study conducted by
McLaughlin Kmetty Engineers in August of 1995.

• No Action •
• Structural Conveyance

• Structural Detention

• Regulatory

•
The probable construction cost for each alternative is based on the
preliminary hydraulic calculations for sizing of facilities.
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• Floodplain Delineation Study of Rio Verde South Extension
conducted by J.E. Fuller Hydrology and Geomorphology in
May of1999.

• Rio Verde North Extension Floodplain Delineation Study
conducted by David Evans & Associates in August of2002.

This alternative did not meet the minimum requirements established in
the Part 2 report and is therefore unacceptable and is not discussed
further in this report.

C. Structural Conveyance Alternative
1. Description

The Structural Conveyance Alternative is shown on Figure 111-1 and
features a series of channels situated adjacent to roadways which drain
from west to east. Several north-south laterals are included to
intercept runoff and convey it to the main east-west channels. There
are 4 primary segments of structural improvements with this
alternative. One segment is along the Lone Mountain Road alignment
from 144lh Street to the outfall into an existing wash just east of 174lh

Street. A second segment is along Dixileta Drive from 144lh Street to
the outfall into an existing wash at approximately 174lh Street. The
third segment is along Rio Verde Drive from 148lh Street east to the
Verde River. It also includes laterals which drain from north to south
along 152nd Street, 160lh Street, and 168lh Street. The fourth segment
is south of Rio Verde Drive and follows the Pinnacle Vista alignment
from 156lh Street east to the outfall into an existing wash to the south
east at approximately 174lh Street.

2. Conceptual Design
The steep slopes and high sediment loads within the Rio Verde study
area require special channel design considerations. The steep slopes
carry the potential for supercritical flow with Froude numbers
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exceeding 2. With Froude numbers over 2, the potential exists for
unstable, slug flow or surges to occur, which require specialized
designs. The high sediment loads have the potential for deposition in
subcritical channels with the attendant risk of channel plugging. The
potential for excessive scour and erosion exists at the naturally
occurring steep slopes. The conceptual designs developed herein
include consideration for these extreme conditions. As a result, a
unique approach is used to balance the context sensitive design
requirement with these unique flow conditions.

a) Hydrology
Due to channel routing and storage effects on peak discharges, the
channel design is, by necessity, an iterative process. An initial channel
size is assumed and coded into the model. The model is then run
accounting for interception of runoff by the channels and peak flow
attenuation resulting from the channel routing and storage effects. The
result is new peak discharges which take into account the initial
assumed channel characteristics. The next iteration would involve
modifying the initial channel configuration based on the new peak
discharges and re-running the hydrologic model to reflect the changed
routing conditions. A channel configuration that matches the
computed peak discharges is typically converged upon within three or
four iterations. Due to the long run times for the FLO-2D model,
completing multiple iterations was deemed impractical. As a result,
the FLO-2D model was coded with very large channels along the
proposed channel alignments and run a single time. The results of the
single run were used for the channel sizing. Further iterations would
need to be completed prior to final design of the channel segments.
Due to the large modeling area resulting in long run times, the FLO­
2D model is developed with a Phase A and Phase B model. The
outflow hydrographs from the Phase B model are coded as input
hydrographs in the Phase A model.
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Figure III-I. Conveyance Alternative
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For the structural conveyance alternative, the changes and
modifications made to the base FLO-2D models are described as
follows:

• The development of channel data files (i.e., CHAN.DAT) that
reflect the geometry and resistance data of the conveyance
channel system. The channel data was added into the FLO-2D
data input files to provide a rectangular conveyance channel
system from the upstream headwater to the downstream
reaches. The data geometry created is a rectangular channel
with the following dimensions and resistance data:

Channel Width: 100 ft
Channel Depth: 20 ft average
Manning's "n": 0.04

• Modification of the inflow data file (i.e., INFLOW.DAT) that
provides hydrograph input data at identified channel inflow
grid cells in Phase A. The original inflow data
(INFLOW.DAT) for Phase A area was modified to incorporate
inflow hydrograph information at two inflow grid nodes
associated with the outflow grid nodes defined in Phase B.
This is done to continually route the flow hydrographs from
upstream (Phase B) to the downstream segments of the channel
reach (Phase A). The INFLOW.DAT for Phase B was not
modified since no additional inflow hydrographs are necessary.

• Modification of outflow data files (i.e., OUTFLOW.DAT) that
identify outflow channel grid locations where flows exit the
system and define channel grid locations that provide hydraulic
information needed for design. The OUTFLOW.DAT in Phase
B was modified to identify the outflow grid nodes that record
the flow hydrographs that exit the Phase B system. These flow
hydrographs are the same hydrographs to be used for the
INFLOW.DAT in Phase A to be continually routed along the
downstream channel reaches.
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b) Channel Cross-Section
The lOa-year peak discharges from the modified FLO-2D runs were
used to develop the channel cross-sections. The channel cross-section,
lining material, and longitudinal slope are interrelated to dictate the
hydraulic properties of the flow. The development of the chmmel
cross-section is described in the following sections.

(1) Design Issues/Constraints
In recent years, the District has emphasized aesthetics and multiple
uses for flood control structures. A key District objective has been
constructing flood control facilities that blend into the surrounding
area and are perceived by the public as an amenity rather than an
eyesore. This philosophy has resulted in a move away from concrete
channels towards natural appearing earth channel concepts. Due to
issues of sediment transport, scour, and flow stability in the Rio Verde
area resulting from steep slopes and erodible soils, a number of
channel design alternatives were evaluated to achieve a balance
between the following constraints:

a. Sediment Transport & Scour
As described in the Part I report, the two-dimensional flow area is
characterized by shallow sheet flow with small, shallow channels
exhibiting variable and uncertain flow paths. This system has
naturally evolved as a response to the conditions within the Rio Verde
Area. When flow is concentrated, this natural system stability is upset.
The sediment transport rates are increased, channel scour is increased,
and the system, if unprotected, will begin to readjust to a new
equilibrium state. As a result, excavated channel improvements at the
natural ground slope would be expected to transport large quantities of
sediment resulting in scour and deposition with an unstable channel
section. If the natural slope is flattened, the transported sediment may
be deposited within the channel section reducing conveyance area and
channel capacity. Therefore, the sediment transport characteristics of
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the channel section must be such that the sediment supply is safely
transported through the system without excessive scour or deposition.

c. Aesthetics
The aforementioned issues of sediment transport and flow stability
tend to be inconsistent with the District's Board approved policy for
the aesthetic treatment and landscaping of flood control structures.
Alternative concepts that do not use concrete would be preferred from
an aesthetics perspective. However, to provide a stable channel with
predictable performance, this would be a good application for concrete
materials. Since protection of the scenic quality of the natural
landscapes of Maricopa County is a key goal of the District's aesthetic
treatment policy, all structural solutions should have an aesthetic
component which includes measures to screen or mitigate any concrete
features.

b. Flow Stability
As the flow is channelized, the greater flow depths result in higher
velocities and Froude numbers. When Proude numbers get above
about 2.0, flow stability becomes an issue as pulsating or slug flow can
occur. Figure 111-2 shows the relationship between flow stability and
Froude number for trapezoidal channels with various sideslopes and
for vertical wall channels. The figure indicates that vertical channel
sides are needed for flow stability for Froude numbers above about
2.2. At this Froude number the figure indicates that the flow depth
should be at least 23% of the channel width. For high flow rates, this
requirement can result in very deep channels. For example, a 100 foot
wide channel would need to have a flow depth of 23 feet for the flow
to remain stable! To maintain flow stability and reduce channel depth,
the channel can be subdivided by adding internlediate walls.

Figure 111-2. Flow Stability vs. Froude #

Source: EMI1IO-2-1601 1 Jul91
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d. Safety
Due to safety concerns, supercritical channels are typically avoided.
The high velocity flows are a hazard even at shallow depths because it
is difficult to stand in the high velocity flow. Development of channel
cross-sections should give consideration to safety issues of escape for
both humans and wildlife that may be in the channel when the flood
wave arrives, or may inadvertently fall into the channel while it is
flowing. Although public access is normally desired, safety concerns
may require that access to the channel section be restricted in some
cases.

e. Cost
The cost to constmct channels is an important consideration. Natural
appearing earth channels require a lot of right-of-way. Incorporating
concrete elements into channel designs may significantly reduce the
required right-of-way. The number of drop stmctures required also
impacts the cost. The high cost of right-of-way and concrete must be
balanced to achieve a cost effective solution.

(2) Alternatives Considered
A range of channel alternatives were evaluated to determine the most
appropriate for use in the Rio Verde area, taking into account the
previously described design issues. The alternatives considered
include:

• A trapezoidal earth channel constmcted at a flattened slope to
ensure subcritical flow conditions. This would require
numerous drop stmctures. This alternative would be the most
context sensitive and would achieve the greatest level of
consistency with the District's aesthetic treatment policy.

• A trapezoidal concrete channel constmcted at a flattened slope
to ensure subcritical flow conditions. This alternative
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considers containing the full 100-year discharge in the channel
as well as a variation that considers a low flow concrete
channel sized to convey the 10-year flow with natural
overbanks to convey the difference between the 10- and 100­
year flows. This would also require drop stmctures. This is a
reduced right-of-way alternative that is still sub-critical.

• A concrete channel constmcted at the natural ground slope.
This would have a Froude number greater than 2, would
require a rectangular vertical walled channel with intermediate
walls, but would not have drop structures. This is the
minimum right-of-way and no drop structure alternative.
However, this alternative should include sufficient right-of­
way to adequately screen and buffer the structure.

• A modification to the previous alternative that would flatten
the rectangular channel slope to bring the Froude number down
to 2, to avoid flow stability concerns. This alternative would
require drop structures. This is the scaled back minimum right­
of-way alternative which meets the District Froude number
limitation of 2.

The alternative channel sections were developed for a representative
channel location and are summarized in Table 111-2 for comparison
purposes.

(3) Subcritical Flow
(Earth & Concrete, Trapezoidal, Froude<0.86, Drop Structures)
Sub-critical flow requires a relatively flat longitudinal slope. Because
of this, many drop stmctures would be required and the required
Right-of-Way would be excessive. A benefit of this design is that it
would not serve as a barrier to wildlife and could have a very natural
appearance.
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Table 111-2 - Channel Alternative Summary
Channel Drops Per Velocity Froude

Alternative Lining Type Shape Width (ft) Mile (fps) #
Natural/Context Sensitive Earth Trap 163 27 8 0.86
Reduced ROW - 100-yr Channel Earth/Cone Trap 126 26 4-11 0.86
Reduced ROW - 10-yr Channel Earth/Cone Trap 123 26 10 0.80
Minimum ROW Cone Reel. w/baffles 25 0 30 3.00
Modified Min. ROW Cone Reel. 25 10 24 2.00

(4) Supercritical Flow
(Concrete, Rectangular, Froude>2.0, Natural Slope)
This option results in very high velocities and requires careful design
considerations to maintain stable flow. The channels would be
concrete with vertical sides and interior divider walls to maintain
stability. A benefit of this option is that the need for drop structures
would be eliminated.

(5) Supercritical Flow
(Concrete, Rectangular, Froude <2.0, Drop Structures)
This flow regime was considered to be the best overall compromise
between the two options presented above and was selected for the
conveyance alternative.

(6) Design Concept Review Meeting
The alternative channel cross-section options were presented to
District staff for consideration on Wed April 19, 2006. After
consideration, it was decided to go forward with the Supercritical Flow
concrete channel with a Froude number up to 2.0.

c) Design Criteria
The primary hydraulic property governing the concept development is
the Froude Number (Fr). Generally, Fr is limited to 0.86 for flexibly-

DIBBLE & ASSOCIATES
OCTOBER, 2006 (Revised: NOVEMBER 16, 2007)

25

lined channels. For concrete and shotcrete lined channels, the range of
1.13 :s Fr :s 2.0 is also allowed. In order to maintain stable flow
conditions Fr should not fall between 0.86 and 1.13. For this study,
the recommended upper limit of Fr=2.00 is imposed due to safety
concerns resulting from excessively high velocities and potential for
unstable flow conditions. The County Hydraulics Manual establishes
a maximum velocity of 15 fps for concrete channels using the
Simplified Design Procedure. Additional design detail and analysis
techniques will be required for chmmels with velocities in excess of 15
fps.

Because of the steepness of the existing topography, the proposed
channels are intended to operate in the super-critical flow regime with
the Fr upper-limit of 2.00. The chmmels are concrete with vertical
sides and a maximum of 8-feet deep including freeboard. Where drop
structures are required, they are a maximum of 8-feet high with a
sloping face. An example channel section and profile is shown on
Figure 111-3.

The design flow rates are estimated from the FLO-2D model at key
points along the proposed chmmel. These flow rates are then increased
by a factor of 10% to account for sediment loading and applied to the
reach upstream of the location they were taken from. This results in a
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Concrete

In order to maintain the channel slope required to limit the Fr to 2.0,
drop structures are required at frequent intervals long the channel.
These structures will be 8-feet high with a sloping face. Care will be
required in final design to ensure that the drops work to maintain flow
stability. A sloping drop face is proposed to allow a drop height
greater than the County 4 foot height limitation for vertical drop
structures. Plan layout schematics for the conveyance alternative are
presented in Appendix B.
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Figure 111-3 - Typical Channel

conservative approach for sizing the channels and eliminates the
uncertainty of determining exactly where flow enters the system.

Culverts are planned at major road crossing locations at approximately
Y2-mile intervals. The culverts are concrete box culverts that are sized
to match the width of the cham1el they are located in using standard
ADOT culvert sizes. This will allow the channel to match the culvert
without transitions in order to maintain flow stability. Care will be
required in final design to ensure that culverts with interior walls have
the proper provisions to maintain flow stability by having transition
elements built into the walls.

Because the channel is 8-feet deep with vertical walls, some method of
fall-protection is required along its length. This is typically
accomplished by placing a chain-link fence at the top of the channel or
at the channel right-of-way. However, to maintain the aesthetics of the
area a wrought-iron fence is proposed.
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3. Landscape Concept
Photos 12-35 and 37 show representative areas along the proposed
conveyance alignments. The photo locations are shown on Figure 111­
1. The channels generally follow either existing road alignments or
existing wash corridors and present an opportunity to retain natural
desert corridors which incorporate trails.

Photo 12-Lone Mt. /156th St. looking east
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Photo 13-Lone Mt. /1601h St. looking east

Photo 14-Lone Mt. /164lh St. looking east
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Photo IS-Lone Mt. /1681h St. looking east

Photo 16-1441h St./Dixileta looking east
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Photo 17-Dixileta/148Ih St. looking east

Photo 18-Dixileta/152"d St. looking east
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Photo 19-Dixileta/156Ih St. looking east

Photo 20-Dixileta/160 Ih St. looking east
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Photo 21-Dixileta/I64lh St. looking east

Photo 22-Dixileta/168Ih St. looking east
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Photo 23- Dixileta wash outfall

Photo 24-1441h St. / Via Dona looking east
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Photo 25-Rio Verde Dr. 1152"d looking east

Photo 26_152"d Street looking south towards Rio Verde Dr.
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Photo 27-Rio Verde Dr. 1160111 St. looking west

Photo 28-Rio Verde Dr. 1160111 St. looking east
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Photo 29- Rio Verde Dr. /1681h St. looking east

Photo 30-1681h Street looking south towards Rio Verde Dr.
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Photo 31-Rio Verde Dr. /1741h St. looking east

Photo 32-Rio Verde Dr. /Forest looking east
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Photo 33-Pinnacle Vista/156th St. looking east

Photo 34-Pinnacle Vista/160th St. looking east
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Photo 35- Pinnacle Vista/168th looking southeast

The recommendations and overall landscape concept for the
Conveyance Alternative is intended to visually blend the concrete
channel as much as possible into the natural surroundings of the Rio
Verde area. The channel alignments provide opportunities to preserve
linear open spaces for trails. The proposed concept is illustrated on
Figures 111-4, 111-5, and 111-6.

Features of the proposed concept include:

• Integral color concrete channel. Selection of earth tone color to
blend the channel with the adjacent desert areas. (Davis
Concrete Color - Sandstone)
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SANDSTONE
075 LB 5%)1

• Wrought iron fence adjacent to channel. Rusted metal finish.
• Multi-use trail component - 16' multi-use maintenance

road/trail on one side of channel only. The maintenance
road/trail layout reflects a meandering alignment to mitigate
the relatively straight channel alignment. The maintenance road
/ trail should be constructed of a stabilized decomposed granite
surface (3" minimum depth, stabilized, compacted, 1/4" minus
size, color to match adjacent desert areas)

• Landscape buffers adjacent to channel (50' minimum on
maintenance road / trail side, 30' minimum on side with no
maintenance road / trail) provides opportunities for some
contouring/mounding adjacent to the channel where it does not
conflict with drainage pattern and for natural arrangements /
groupings of native plants. Density and patterns of plantings
should be designed to match adjacent undisturbed desert areas.

• Native plant palette featuring a combination of salvaged and
tall pot native trees, cacti, shrubs, and groundcovers. Plantings
can also be supplemented with a native seed mix.

• Salvage top 4" of native soil for quicker revegetation,
restoration and stabilization of disturbed surfaces (this material
is a component of "desert pavement" rock groundcover)

• Restoration of disturbed site surfaces with a minimum 2" depth
of "desert pavement" rock groundcover. "Desert pavement"
may consist of salvaged native surface soil, rock, and granular
material supplemented as required with 3/8" minus gold
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decomposed granite. The native material and decomposed
granite should be combined in proportions and settled as
required to visually approximate the appearance of the natural
soil surface in the adjacent undisturbed desert areas with
regards, to color, texture, gradation, and variety.
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Figure 111-4 Typical Channel Plan
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Figure 111-5 Typical Channel Section
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Figure 111-6 Channel Character Sketch
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4. Environmental Recommendations
Even after the disruption caused by construction activity ceases, long­
term disruption of natural flow direction by channels crossing
perpendicularly to wash alignments will have an impact on vegetation
and wildlife. Plant species that depend on current flow regimes and
the wildlife that depend on current plant species types and structures
may be permanently lost. In addition, many wildlife species use
natural washes as movement corridors. Constructed channels may
inhibit wildlife movement. Implementation of a conveyance
alternative should consider the following.

• Sediment transport past the termini of conveyance channels
will have impact on areas beyond the boundary of the Rio
Verde ADMP. If those impacts affect Tonto National Forest
land, the NEPA process could be invoked.

• Changing how and where water and sediment enter the Verde
River not only will require a Section 404 Permit, but also may
have negative consequences and responses from the Fort
McDowell Indian Community downstream because of the
habitat and recreational values present there. This habitat hosts
nesting Bald Eagles, as well as many other bird and wildlife
species. Early involvement with the Fort McDowell Indian
Community would be strongly recommended with this
alternative.

• As with any structural alternative, construction specifications
shall include, implement and follow regulations protecting
birds, native plants, and other sensitive species of plants and
animals.

DIBBLE & ASSOCIATES
OCTOBER, 2006 (Revised: NOVEMBER 16. 2007)

37

5. Advantages
The advantages of the Structural Conveyance alternative are;

• Areas downstream of the interceptor channels benefit from
reduced runoff and a reduction in the flood damage potential.
The area benefiting from this alternative is shown on Figure
111-7 and the Residual Floodplains are shown on Figure 111-8.

• The roadways could be improved because of the parallel
interceptor channel and the roadway would not experience a
decrease in traffic capacity during frequent flood events.

• Culvert crossings at the interceptor channels would greatly
improve accessibility during a storm event.

• The channel corridors would be designed to be aesthetically
pleasing.

• There is an opportunity for multi-use facilities such as an
equestrian / pedestrian trail adjacent to the channel.

6. Disadvantages
The disadvantages of the Structural Conveyance alternative are;

• Property upstream of an interceptor channel would not benefit
from the channel, with no decrease in flow rates.

• Vegetation health and density may be affected, due to the
diversion of water that sustains the current vegetation.

• The erosion potential of the outfall wash may increase due to
an increase in runoff.

• Each interceptor channel will require fencing due to flow
characteristics that are unsafe for people.

• Channels and fencing would obstruct wildlife migration.
• The high cost of conveyance channels.
• The Tonto National Forest may resist any structural plan that

modifies the rate or volume of runoff through forest lands.
• A structural improvement would have associated up-front costs

not found in the No-Action Alternative.
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Figure 111-7 Conveyance Alternative Benefited Area
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Figure 111-8 Conveyance Alternative Residual Floodplains
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• The loss of overbank storage would result in an increase in
peak discharge rates.

• High velocity, concrete chamlels are undesirable from a safety
and aesthetics standpoint.

• No cost share partners for implementation.
• Concrete channels would limit recharge potential from runoff.

D. Structural Detention Alternative
1. Description

This alternative consists of nine detention basins placed as shown on
Figure 111-9. The Detention Alternative features a series of basins and
storm drains which outfall to the east. There are 3 primary segments
of structural improvements with this alternative. From north to south,
the first segment is along the Lone Mountain Road alignTI1ent and
consists of a basin at 148th Street and storm drain from the basin to just
east of 174th Street. A second segment follows primarily along the
144th Street and Dixileta Drive alignTI1ent. This segment consists of 4
total basins and storm drain extending from the first basin at 144th

Street just south of Lone Mountain Road south to Dixileta Drive, then
east along Dixileta Drive to the outfall at approximately 174th Street.
The third segment follows the Rio Verde Drive alignTI1ent and consists
of 4 basins and storm drain extending from 144th Street east to the
Verde River.

2. Conceptual Design
a) Hydrology

Similar to the channel design process, detention basin design is an
iterative process. The approach used was to identify promising
detention basin sites based on existing stock tank locations, empty
parcels at or near channel junctions, or locations just prior to a flow
split. A basin was then coded into the FLO-2D model by lowering the
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grid elevations within the basin footprint to a constant bottom
elevation and running the FLO-2D model to determine the impact of
the basin on peak flows. Due to the long run times for the FLO-2D
model, it was the original intent to identify promising basin locations
and make a single run, then report the effectiveness of those basins. In
some cases, the volume available within the basin site was so small
compared to the runoff volume reaching the basin that little, if any,
attenuation was achieved. Based on the results of the initial runs it
was determined that at least one more iteration was required to identify
an effective basin concept. The results of the initial runs were
reviewed with the mapping. Ineffective basins were removed from the
plan and potential new basin sites were identified. The FLO-2D model
was then re-run with the new basin sites. The results of this second
iteration are presented herein.

b) Detention Basin Effectiveness
To assess the effectiveness of potential basin sites, measures of basin
efficiency were developed relating the reduction in peak discharge to
the land area or storage volume required to achieve the peak flow
reduction. A basin with a high ratio of peak discharge reduction per
acre of basin area or per acre-foot of storage provided is considered
more effective than a basin with the same peak discharge reduction but
with a higher basin land area or storage volume requirement. Due to
the high cost of right-of-way within the Rio Verde area compared to
the relatively small cost of excavation it was detelmined that the best
measure of effectiveness was related to the land area required for the
basin. With this in mind, it is desirable to design the basins as deep as
practical to achieve higher basin efficiency.

The initially identified basin layout was modeled in FLO-2D. Based
on a review of the run results, some of the basins were found to be
ineffective and were modified, deleted or relocated and the model was
re-run to refine the design. The results of the second analysis are

RIO VERDE AREA DRAINAGE MASTER PLAN
PART 3 - ALTERNATIVE ANALYSIS & RECOMMENDED PLAN



•••••••••••••••••••••••••••••••••••••••••••

summarized in Table 111-3. The updated results indicate an average
basin effectiveness of 49-cfs peak discharge reduction per acre of
basin land area. Table 111-3 also shows the cost per cfs of peak flow
reduction. It is recommended that further evaluation and design
development be conducted in the future if this alternative is selected
for implementation. A minimum basin effectiveness level should be
identified and then ineffective basins eliminated from the plan. For
example, the Peak View basin has a relatively low parcel size and total
cost in comparison to the other basins, however, it only reduces the
peak discharge by 15 cfs per acre of basin area. This results in the
highest cost per cfs of discharge reduction of all the basins. This is in
contrast to the most effective basins which provide nearly 100 cfs flow
reduction per acre of land area.
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Figure 111-9. Detention Alternative
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Table 11I-3 Basin Effectiveness

Max. Max.
Storage Storage Post- cfs cfs
Volume Volume Parcel Pre-basin basin Percent Reduction Reduction $/cfs

Basin (cf) (Ac-ft) Size (ac) Flow (cfs) Flow (cfs) Change per Acre per Ac-ft Cost reduction
LoneMtn 2628654 60 10.0 3258 2288 -30% 97 16 $8,585,373 $8,851
Lowden 2205943 51 6.6 261 35 -87% 34 4 $4,901,256 $21,687
144th 7021897 161 20.0 1870 311 -83% 78 10 $16,810,722 $10,783
Peak View 3371554 77 10.0 843 692 -18% 15 2 $7,076,362 $46,863
154th 2572210 59 10.0 329 45 -86% 28 5 $6,283,486 $22,125
Roy Rogers 3446938 79 8.0 422 96 -77% 41 4 $6,877,102 $21,095
Hughes 4113427 94 14.0 1684 422 -75% 90 13 $11,564,786 $9,164
164th 5710275 131 17.0 588 22 -96% 33 4 $11,921,038 $21,062
Canyon 4585654 105 14.0 388 20 -95% 26 3 $12,335,306 $33,520

c) Detention Basin Outfall
The basin outlet pipes and corresponding outfall drains are sized based
on the assumptions I) the basins are initially full to capacity and 2) the
outlet system will drain with a pipe full velocity of IO-fps. The
flowrate necessary to drain the volume in 36-hrs is estimated and the
pipe size calculated based on the IO-fps assumed flow velocity. The
calculated pipe size is then rounded up to the next common pipe size.
This process is followed downstream from one basin system to the
next and the basin volume is cumulative, thus resulting in larger
downstream outfall pipes.

d) Design Criteria
Detention basins are sized to maximize flow attenuation within the
available land area using both off-line and in-line type basins. While
the most economical configuration would be for off-line basins, not all
sites are well suited for this type of design. The sites that are wide
with respect to the flow direction are intersected with numerous
washes which flow directly into the basins thus making them less
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efficient and possibly filling with sediment. These locations would
need further consideration during the design phase to possibly make
them off-line type basins.

With an off-line type of basin, the lower more frequent flows would
bypass the basin. This would have the benefit of helping to maintain
the natural vegetative diversity. Higher, less frequent flood waters
would be deep enough to spill over a side channel weir into the basin.
This requires a basin having less storage volume than an in-line basin
that accepts all wash runoff.

Stock watering capabilities, ifrequired, could be addressed by running
the bypass flows into a stock tank at any point downstream of the
detention basin.

The outfall of each storm drain would need energy dissipation to
reduce the pipe discharge to a velocity and flow configuration (depth
and width) that would not cause damage to the natural wash.
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The basins could be designed to be multi-purpose basins, as a
recreational benefit to the community. The engineering design could
provide grading sufficient for a trail system through or around the
basin or equestrian system, or perhaps some playground areas or
athletic fields.

As mentioned above the basins are located at stock tank locations
when possible. Other locations are also selected if they are located
along or adjacent to a major wash corridor and the site does not
currently have a structure built on it (as of2005 aerial photo).

The basins sites are maximized for storage volume assuming a 10-15
foot basin depth (at the shallow side) and flat bottom with 4:1 side­
slopes day-lighting at existing ground. Final design will need to give
consideration to a sloping bottom, undulating side-slopes, terraces,
maintenance roads and trails.

Each basin will have an outlet and stormdrain that will convey water to
the Verde River. Consideration to phasing will be required in the final
design to provide for logical outfalls. One solution is to construct the
basins from down-stream to up-stream.

Plan layout schematics for the Detention Alternative are presented in
Appendix C.

3. Landscape Concepts
See Photos 36-41 showing representations of the initially proposed
basin sites. The sites are all native desert sites typical of the area with
native vegetation. Basins present an opportunity to retain natural
desert open space. Storm drains generally follow existing roadway
alignments and may present an opportunity to incorporate trails.
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Photo 36-144th St. Basin Site

RIO VERDE AREA DRAINAGE MASTER PLAN
PART 3 - ALTERNATIVE ANALYSIS & RECOMMENDED PLAN



•••••••••••••••••••••••••••••••••••••••••••

Photo 37-Lone Mt. Basin Site

Photo 38-Dixiletal148th St. Basin
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Photo 39-Dixileta/152nd S1. Basin

Photo 40-Dixileta/156th S1. Basin
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The typical layout plan also features a lower loop trail and
opportunities for other amenities such as shade ramadas.

• Basin revegetation featuring a native plant palette featuring a
combination of salvaged and tall pot native trees, cacti, shrubs,
and groundcovers. Plantings can also be supplemented with a
native seed mix.

• Planting density and patterns designed to match adjacent
undisturbed desert areas.

• Restoration of disturbed site surfaces with a minimum 2" depth
of "desert pavement" rock groundcover. (See Landscape
Concept section in Conveyance Alternative for description of
"desert pavement".)

Any outfall structures or erosion control methods which may be
required should utilize natural materials and colors as much as
possible i.e. integral color concrete, native rock.

Photo 41-Dixileta/164th St. Basin

The recommendations and overall landscape concept for the Detention
Alternative is intended to create as natural appearing a landform and
landscape as possible. Basins provide opportunities to preserve natural
open space areas for passive recreation activities and equestrian,
bicycle, or hiking users. The proposed concept is illustrated on
Figures III-10, 111-11, and 111-12.

Features of the proposed concept include:

• An overall basin form which does not follow the site boundary.
• Undulating basin sideslopes which vary from 4: 1 minimum to

at least 8:1 or more.
• Natural contouring of basin sides and basin bottom.
• Multi-use trail component - a meandering 16' wide

maintenance road I trail is proposed around the top perimeter of
the basin and extends down the slope into the basin bottom.
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Figure 111-10 Typical Basin Plan
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Figure 111-11 Typical Basin Section
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Figure 111-12 Basin Character Sketch
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4. Environmental Recommendations
In addition to watering livestock, stock tanks frequently are densely
vegetated and provide water, food, cover and breeding sites for birds
and other wildlife. Along with concerns about storm drain aligrunent,
careful selection of which stock tanks to modify as detention basins
should address the following.

• Any detention basins or storm drains that would be built on
Tonto National Forest land would invoke NEPA (the National
Environmental Planning Act), which contains requirements for
a sometimes-lengthy public comment process, and could
possibly require either an Environmental Impact Statement or
an Environmental Assessment.

• Detention basins and stonn drains, especially those that cut
across natural washes, would require a Section 404 Permit, and
would require mitigation for impacts to Waters of the U.S.

• Construction specifications shall include, implement and
follow regulations protecting birds (e.g., MBTA), native plants
(Arizona Native Plant Law), and other sensitive species of
plants and animals.

5. Advantages
The advantages of the Structural Detention alternative are;

• The area benefiting from the basins is shown on Figures 111-13
and the residual floodplains are shown on Figure 111-14.

• The bypass flows would maintain the existing and necessary
sediment transport functions of the wash. The storm drain
would not typically CatTy sediment with an off-line detention
basin.

• The storm drain aligrunent would use Public Right of Way.
• The storm drain system could be enlarged to incorporate future

roadway drainage features such as catch basins along Lone
Mountain Road and Dixileta Drive when they are improved
and along Rio Verde Drive.

• It may be possible to widen Rio Verde Drive with the storm
drain constmction and this major roadway would receive new
pavement.

• Smaller stonn drain stmctures are possible than with the
channel conveyance option.

• Less Right of Way would be required as compared to the
channel conveyance option.

• Property access would be better than with the channel
conveyance option.

• The storm drain would be buried and not visible to property
owners.

• Floodplains would be reduced or eliminated in some areas as
shown on Figure III-14.

6. Disadvantages
The disadvantages of the Structural Detention alternative are;

• Would require purchase of private property which would
increase the cost.

• Individual property owners may be unwilling to sell their
property to accommodate the structural solution.

• The benefited area is small, thus the benefit to cost ratio IS

small.
• Does not eliminate floodplains
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Figure 111-13 Detention Alternative Benefited Area
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Figure 111-14 Detention Alternative Residual Floodplains

DIBBLE & ASSOCIATES
OCTOBER, 2006 (Revised: NOVEMBER /6, 2007)

52 RiO VERDE AREA DRAINAGE MASTER PLAN
PART 3 - ALTERNATIVE ANALYSIS & RECOMMENDED PLAN



•••••••••••••••••••••••••••••••••••••••••••

developed based on a combination of flow depth and velocity within
the two-dimensional flow area.

• Unless additional collection laterals are added to the plan, the
only runoff reaching the basins would be the sheet flow nmoff
within the projection of the basin perpendicular to the flow
direction. This would increase the benefited area and increase
the project cost.

E. Regulatory Alternative

1. Description
The Regulatory Alternative focuses on n1inimizing the potential
increase in flood damage impacts resulting from development through
regulating the development as it occurs. The Regulatory approach
would be implemented through two regulatory elements; floodplains
would be developed for larger washes to protect important flow
corridors needed to maintain conveyance of runoff from the
headwaters at the west end of the study area, through the study area, to
the natural outfalls at the Verde River. The District would regulate
development within these floodplains through the Floodplain
Ordinance. The second element would consist of regulation of areas
outside the floodplains by the Maricopa County Planning &
Development Department (P&D), through the County Drainage
Regulation supplemented by Drainage Guidelines developed
specifically for this project, which address the unique hazards within
the Rio Verde area.

2. Floodplain Strategy Meetings
The Regulatory approach identified in the Part 2 Report consisted of
conventional floodplains with no-rise floodways outside the two­
dimensional flow area coupled with administrative floodways to be

Subsequent to completion of the Part 2 Report, the concept was refined
through a series of Floodplain Strategy meetings which were
conducted in spring 2005 with the stated purpose "to adopt an
approach to establishing and managing floodplains in the Rio
Verde ADMP study area." The intent was to bring together staff
from District departments responsible for floodplain management and
the Consultant team for the ADMP to participate in a formalized
decision making process developed to incorporate the issues and
objectives for floodplain management, leading to the approach that
best meets the objectives. The results of the Floodplain Strategy
process are summarized in the following sections.

a) Objectives
The following objectives were identified for the selected floodplain
management approach:

• To identify flood hazards to prevent flooding of homes
• For the hazards to show up on the FEMA maps
• To enforce realistic hazard limits
• To clarify and expedite the District permitting process (for both

the District and the customer)
• To minimize the cumulative adverse impacts of area wide

development
• To include erosion hazards directly or indirectly
• To prevent future adverse impacts
• To preserve the natural and beneficial functions of the

floodplain
• To prevent irresponsible development
• To have the results be technically defensible with sound

methodology and documentation
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• To implement the floodplain management approach III a
reasonable timeframe

b) Issues & Constraints
The following issues and constraints were identified that would impact
the selected floodplain management approach:

• FEMA approval and revisions of FLO-2D model results for
floodplains

• Shallow, extensive floodplains
• Designation of reasonable floodway limits (how & why)
• Complexity of flow paths
• Availability of FLO-2D modeling expertise in the engineering

community
• Regulation of non-standard floodways
• Drainage (P&D) vs. floodplain (District) regulation authority
• Steep longitudinal slopes
• Lot splits (hard to regulate)
• Existing FEMA delineations
• Stock tanks
• Future roads and emergency access, potential flow diversions
• Protection of conveyance outside the floodway
• Flow depths vs. mapping accuracy
• Highly restricted lots due to regulation
• Impacts from non-residential structures such as roads and

fences
• Modifications after delineation established

c) Floodplain Management Approach
The following approach to floodplain management was adopted by the
group:
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• FEMA floodplains will be delineated using Zone AE
• The FLO-2D model will be used in 2-D areas and HEC-RAS in

I-D flow areas.
• Floodways will be delineated using a conveyance approach.

The exact approach was not determined during the meetings,
however, it was recognized that it would not be the FEMA
standard equal conveyance reduction approach. It is desirable
for the selected approach to address both sediment and
discharge continuity.

• Existing conditions hydrology will be used for floodplain and
floodway delineations

• The standard FEMA floodway designation will initially be
sought. If FEMA will not accept non-standard floodway
methods, an administrative floodway will be delineated
instead.

• The standard FEMA Letter of Map Revision (LOMR) process
will be used to change floodplains that have already been
processed through FEMA to the selected approach.

• Future LOMRs to the floodways would be required to follow
the same conveyance approach adopted for the original
delineation in order to get District concurrence.

Subsequent meetings investigated the methods to be employed with
FLO-2D to establish floodplain and floodway limits. It was
determined that FEMA would not accept non-standard floodway
methods and that administrative flood ways would be required. This
led to discussions about the establishment, use, modification, and
enforcement of administrative floodways.

3. Drainage Guidelines
The Drainage Guidelines presented in the Part 2 Report have been
updated to include roadway design standards and recommendations for
existing stock tanks. The recommendations for stock tanks address
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stock tank owners as well as those considering developing downstream
from an existing stock tank. The revised Drainage Guidelines for
Single Lot Development is contained in Appendix D.

4. Environmental Recommendations
The following conclusions are noted for the Regulatory Alternative:

• No costly and time-consuming 404 Pernlit required from US.
Army Corps of Engineers since there will be no construction
activity to impact Waters of the US.

• No potential for violating Migratory Bird Treaty Act since
nesting bird habitat will not be disrupted or destroyed by major
construction activity.

• No impact to the plant and animal species that have adapted to
and depend on the natural pulses of water flow and sediment
transport that characterize the ephemeral washes of the Rio
Verde ADMP area.

• No built-structure impact to natural views and rural aesthetics.

5. Advantages
The advantages and disadvantages of the Regulatory Alternative have
been cited in the Pati 2 report and are repeated here and in the
following section:

• No public infrastructure and related cost
An advantage to any regulatory approach is the cost savings
of not constructing physical drainage improvements. These
savings would also extend to the reduced potential for
liability.

• No adverse visual impact
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Drainage structures displace the natural vegetation and
landform creating a visual impact wherever they are
constructed. Despite context sensitive designs with good
landscaping, the visual impact of structures cannot be
prevented.

No maintenance cost
Regulatory approaches to flood control have no direct
maintenance costs.

No 404 impacts
Since there is no constmction actiVity with regulatory
approaches, a costly US. Army Corps of Engineers 404
Permit is not required.

FEMA backing for enforcement
Other than gaining acceptance of the FLO-2D modeling, the
process for enforcement is standardized and well
established. The County staff, engineers, and residents will
be able to anticipate the development requirements.

No structures in floodway
Constmction of structures within floodways is not allowed.
This tool would provide a stronger protection for critical
flow corridors.

6. Disadvantages

Doesn't fix existing problems
Regulatory measures will only impact new projects.
Existing drainage problems will not be addressed.

Public opposition to regulations that limit development
The public will frequently resist special regulations that
would limit their ability to develop a parcel. If regulations
are too restrictive, the plan risks not being adopted.
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• Difficulty in enforcement. Additional staff required
Residents may not be aware of regulations and the need for
permits and may proceed with improvements without proper
review and approval. To maintain adequate enforcement,
the District would likely be required to retain additional
staff.

• Some lots will be unsuitable for residential structures
Due to the widespread flood hazards, without structural
improvements some lots will be unsuitable for residential
structures.

• Doesn't address issues of access during flooding
Access to residential areas during flooding events in some
cases would need to be addressed separately from the
regulations through MCDOT projects. Access issues could
be addressed for new subdivisions within the regulatory
framework.
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IV. RECOMMENDED ALTERNATIVE
As stated previously in this report, the Regulatory Alternative was
judged to be the most feasible of the alternatives identified during the
Alternatives Formulation. The Floodplain Strategy meetings and
subsequent analysis and review conducted during development of this
Part 3 Report have resulted in considerable refinement of the
alternative. The key difference in the recommended alternative from
the previously described regulatory alternative is that floodways will
not be used. The floodplain areas will be more strictly managed using
rules described in this section when adopted by the Board of
Supervisors, and recommendations for management of areas outside
the floodplains will be made for enforcement by Maricopa County
Planning and Development.

The Recommended Plan for managing development in the Rio Verde
area consists of the District regulating Zone AE floodplains developed
with one-dimensional and two-dimensional analysis methodologies
and the Maricopa County Planning and Development Department
(P&D) managing development outside floodplains.

A. Floodplain Management
Floodplains are delineated and managed using both one-dimensional
(HEC-RAS) and two-dimensional (FLO-2D) methodologies as shown
on Figure IV-l. The floodplains will be submitted to FEMA with a
request to remove existing floodways. The intent is to have no
floodways within the study area.

1. Development ofFloodplains
Development of floodplains for the one-dimensional (l-D) and two­
dimensional (2-D) flow areas was coordinated to ensure continuity at
the interface of the two modeling areas. The l-D flow areas are
upstream of, and discharge into, the 2-D flow area. The 2-D model

then extends all the way to the system outfall at the Verde River. The
runoffhydrographs at the downstream end of the l-D areas, generated
using the HEC-l hydrology model, were input into the 2-D model at
the grid boundary and routed through the FLO-2D modeling area. The
l-D HEC-l Water Surface Profile model was then used to compute the
water surface profile from the I-D/2-D boundary in the upstream
direction. The l-D and 2-D model areas were developed with some
overlap to allow the hydraulic conditions to normalize at the
designated interface.

Traditionally, floodways have been defined in conjunction with AE
zone floodplains. Extensive trial and error testing and evaluation of
the FLO-2D models yielded the conclusion that defining traditional
floodways for a distributary flow system is impractical. Allowing
encroachment in the floodway fringe, and flow depths in the
floodways to increase by I-foot, results in extensive redistribution of
flow into areas outside the natural floodplain. This has the effect of
complete disruption of the natural distributary channel system by
development in the floodway fringe areas.

Testing of preliminary floodways defined using traditional techniques
yielded results that show their application can be detrimental to public
safety within the study area. The blocking and concentration of sheet
flow resulted in dramatic increases in peak discharge if the floodway
fringe was allowed to be completely blocked by development, forcing
all flow into the floodway corridors. This in tum increased the flood
risk for downstream properties and increased the threat of property
damage resulting from sedimentation (scour, erosion and deposition).

The testing of floodplains within the 2-D area included evaluation with
and without stock tanks to determine the worst case scenario. A future
build-out condition was also modeled as described in the Technical
Data Notebook.

DIBBLE & ASSOCIATES
OCTOBER. 2006 (Revised: NOVEMBER 16. 2007)

57 RIO VEIIDE AREA DRAINAGE MASTER PLAN
PART 3- ALTERNATIVE ANAL YSIS & RECOMMENDED PLAN



•••••••••••••••••••••••••••••••••••••••••••

2. Floodplain Regulation
Due to the problems just described inherent in defining floodways,
preservation of the existing distributary wash system using existing
regulatory tools with Zone AE floodplains was adopted. The rules for
regulating development within the Rio Verde area are described in a
March 12, 2007 memorandum authorized by the District's Chief
Engineer and General Manager (Appendix E). The primary
components of these requirements are 1) proof of zero-rise in the 100­
year water surface on the parcel, 2) lowest floor elevations set two (2)
feet above the lOa-year water surface elevation, and 3) no disturbance
of the sandy bottom wash system without mitigation. These
components combine to effectively provide a zero-rise floodway and
an additional factor of safety. These regulatory requirements for the
Rio Verde area apply within both the lD and 2D study areas. The
following requirements will be enforced by the District within
floodplain areas for individual lot construction projects:

• Development within sandy bottom wash areas (wash) is
strongly discouraged. Every effort must be made to site
residential structures outside of the washes. If it is not possible
to site the residential structure and associated improvements
within the lot setback requirements without disturbing the
wash, then the wash shall be rerouted. Rerouting the wash
shall not result in adverse impacts to surrounding and
downstream properties. Adverse impacts are defined as any
increase in the lOa-year flood base water surface elevation,
increases in flow depth and/or velocity to upstream,
downstream, or adjacent properties, and any divergence of flow
(change in flow path) from existing conditions where flow
enters and exits the property. Erosion/scour protection shall be
considered in the design of the rerouted wash.

• All development shall submit a Drainage Report sealed by a
Civil Engineer licensed to practice within the State of Arizona.

Using discharges from the Rio Verde Area Drainage Master
Plan, an engineer must show using the US Army Corps of
Engineers HEC-RAS program (HEC-RAS) or District
approved program that the proposed development will result in
no increase (0.0 ft) in the existing condition (pre-development)
water surface elevation, or any adverse impacts to adjacent,
upstream, or downstream property. The proposed development
site shall be modeled first for the existing condition, which will
be used as a baseline, and then compared to the proposed
development model. HEC-RAS shall be run in the mixed flow
regime to show no increase in velocities and for use in design
of erosion protection, and shall be run in subcritical regime to
show no increase in water surface elevation.

• In addition, development within the FLO-2D study area shall
be modeled using the total flow rate crossing the property. If
the floodplain is wider than the parcel, the engineer shall end
HEC-RAS cross sections at the property line, extended
vertically. Development within the I-dimensional (HEC-RAS)
study area shall be modeled similarly. For these cases, the
engineer shall meet with the District before beginning the
drainage analysis to agree on a peak discharge estimate to use
for the property in question.

• The lowest floor elevation of the residential structure must be
elevated a minimum of two (2) feet above the existing
condition Base Flood Elevation or l8-inches above the highest
point of natural ground within 10 feet of the structure,
whichever is greater. Erosion protection for the pad must be
engineered and sealed by a Civil Engineer licensed to practice
within the State of Arizona.

• It is recommended that homes proposed downstream from
existing stock tanks provide protection from an embankment
failure and from the natural floodplain with no stock tank in
place.
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B. Planning and Development
Development outside floodplains is regulated by the Maricopa County
Planning and Development Department. The following requirements
are recommended to be used by developers and enforced by P&D:

• It is recommended that new residences outside the lOO-year
floodplain and within the Rio Verde ADMP study area be
elevated a minimum of eighteen (18) inches above highest
adjacent ground within 10 feet of the structure.

• Grading should be provided to direct sheet flow around the
building pad and transition the flow back to a uniform sheet
flow condition downstream of the building pad.

• Walls constructed around the perimeter of the parcel should be
provided with openings to allow sheet flow to pass through the
walls. Consideration should be given to potential plugging
with debris.

• Walls constructed across natural washes should be provided
with openings to allow the wash to flow unimpeded.

C. Recommendations
The following recommendations are made as part of the Rio Verde
ADMP:

• Maintain existing rural zoning density in the Rio Verde area.
• The Board of Supervisors adopt the Rio Verde ADMP
• Increase the level of inspection and enforcement of existing

regulations.
• Perform hazard assessments on all stock tanks.
• Develop a transportation plan that is responsive to drainage and

erosion issues and considers the need for emergency access.
• Implement an education program to raise community

awareness of flood hazards, regulations, and good design
practices.
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Figure IV-l Regulatory Alternative Floodplains
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Appendix A
Derivation of Cost
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Conveyance Alternative

Project: Lone Mountain Channel

Excavation
Concrete
Fence
Drop Structure
6" ABC
Landscape
Land Cost

Unit Cost
$11 fCY

$310 fCY
$40 1ft

$163 fsf
$0.65 fsf
52.00 Isf

$180,000 fac

"""',,----.,.--------7'/

""'" .1 _.'. ;7

Physical Properties

oS . .
.<: ~~

c-
~ ;; g gi .. c- o ii 0

.!!. 0
0 iii '0 ii: . 0 g;.. j iii ~ c- !E: .. ii: ] oS9 .. .

'"
• 0 0; ~ 0; '0 0

'0 i:'
~0" 1:7ii:ii: -"0 E .

.<: e <: -5 ~§-
0 . <: '" iii 0.. '

~~~Iil
0_ .Q £ .<:

~ :; "0 g .Qu
~ :! ~ E c- :i.E is. .- ~ . .

~ .. :; ~g ~~~ ~'" ~ E J: .S ~g :'2~ o :5! E c- O; e c-.
~u:j~ B~ ~g

,., 0a: ii: c ... III ZC U..I <n_ ii:~ ... 0- > ... 0-

LM-1 3 5264 526 5790 5223 0.0268 0.0085 12 Concrete 52 5 Vertical 52 1.99 Sup 24 3 52
LM-2 2 5264 526 5790 5209 0.0255 0.0085 11 Concrete 52 5 Vertical 52 1.99 Sup 24 3 52
LM-3 1,2 5264 526 5790 5307 0.0269 0.0085 12 Concrete 52 5 Vertical 52 1.99 Sup 24 3 52
LM-4 1 5264 526 5790 2501 0.0232 0.0085 5 Concrete 52 5 Vertical 52 1.99 Sup 24 3 52
LM-5 1 501 50 551 2600 0.0235 0.0235 0 Concrete 5 5 Vertical 5 1.78 Sup 23 3 5
LM-6 1 501 50 551 1310 -0.0023 0.0017 0 Concrete 3 5 2 23 0.85 Sub 8 2 35
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LM-1 5886,886 $2,216,736 $417.840 $808.098 $54.319 68 132 $668.544 $2,844,262 $4,383,879 $1,753.551 $9,650,237
LM-2 $884,508 $2,210,794 $416.720 5749.937 $54,174 68 132 5666.752 $2.836.639 54,316,132 $1,726.453 $9,545.976
LM-3 $901,149 $2,252.387 $424,560 $827.421 $55.193 68 132 $679,296 $2,890,006 $4,460,709 $1,784,284 $9,814,295
LM-4 $424,679 $1.061,470 $200,080 5310.558 $26,010 68 132 $320.128 51,361,957 $2,022.797 $809,119 $4,514,001
LM-5 542.529 $408.115 $208.000 $0 $27.040 21 85 5332.800 $911,406 $685.684 $274,274 $2.204,164
LM-6 557,345 $290.276 $104.800 50 513.624 51 115 5167.680 $624,828 $466.046 $186,418 $1.444,972

TalaI Channel Cost: $37.173,644
Tclal Culvert Cost: $3.542,000

Total Project Cost: $40,715,644
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Conveyance Alternative

Project: Dixileta Channel

Excavation
Concrete
Fence
Drop Structure
6-ABC
Landscape
Land Cost

Unit Cost:
511 ICY
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5180,000 lac
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seu _

o ~

o 0uu
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5199,046
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$635,593
$163,190
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o
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Total Channel Cost: $32,531.544
Total Culvert Cost: $4.265,800

Total Project Cost: $36,797,344
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Conveyance Alternative

Project: Rio Verde Channel
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Total Channel Cost
Tolal Culvert Cost:

Total Project Cost:

$66,442.513
55,294,982

$71,737,495
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Conveyance Alternative

Project: Pinnacle Vista Channel
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Concrele
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PV-l 527,816 5527.= 5332.400 50 543,212 18 82 5531,840 51,413.961 5930.650 5372.260 53,248.710
PV-2 529,292 5651.413 5422.800 50 554,964 18 82 5676.480 51.790.328 51.158,470 5463.388 54.088.666
PV-3 514.035 5308.093 5200.240 50 526.031 18 82 5320.384 S848.251 5548.399 5219.360 51.936.394

Total Channel Cost: $9,273,770
Total Culvert Cost: $212,520

Total Project Cost: $9,486,290
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Basin Alternative

Unit Cost:
Excavation 511 ICY
Manhole $4,500 lea
Headwall $1,100 lea
Landscape $2.00 151
Land Cost 5180.000 lac
Pipe Cost:

24" $60/1f
30" $75/11
36" $90 III
42" 5105/11
48" 5120 III
54" 5135/11

Physical Properties
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LoneMtn 1 3258 60 10 10 24 18251 0 23 326
Lowden 1 261 51 7 15 24 6605 0 20 40
144th 7 1870 161 20 15 36 7959 0 28 94

Peak View 4 843 77 10 10 24 1989 30 4642 32 84
154th 329 59 10 10 24 0 36 3318 32 33

Roy Roge" 422 79 8 15 24 2128 42 5983 30 53
Hughes 1684 94 14 10 30 3004 42 8883 35 120
164th 588 131 17 10 30 1454 48 4506 36 35

Canyon 388 105 14 10 30 2062 54 15085 36 28

Cost Properties
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~ ;; ;; 0 '"U 0 U C
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0
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LoneMln $2,920,149 51,095,060 5207.000 $2,200 $1,800,000 $871,200 $4,224,409 $422,441 $1,267.323 $8,585,373
Lowden $1.767.717 $396,300 $76,500 $1.100 $1,188.000 5574,992 $2,241,617 $224,162 $672,485 $4,901,256
144th $7,384.249 $716,310 $90,000 $1,100 $3,600,000 $1.742.400 58.191,659 $819.166 52,457,498 516.810,722
Peak View 52,601,454 5467.490 $76,500 51,100 51,800,000 5871.200 $3,146,544 5314,654 5943,963 $7.076,362
154th 52,239,984 5298,620 540,500 51,100 $1,800,000 5871,200 52.580.204 5258,020 5774,061 $6,283,486
Roy Roger. 52,534,321 $755,895 594,500 51,100 51,440,000 5696,960 53,385,816 5338,582 51,015,745 56,877,102
Hughes $4,294.146 $1,158,015 5135.000 $2,200 52,520,000 $1.219,680 55.589.361 $558,936 51,676,808 511,564,786
164th $4,553,057 5649,770 $67,500 $1,100 $3,060,000 51.481,040 55,271,427 5527,143 $1,581,428 511,921,038
Canyon 53,752,908 $2,191.125 5193,500 $2,200 $2.520,000 51,219.680 $6,139.733 $613,973 $1,841,920 $12,335,306

Total Project Cost: $86,355,430
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Appendix B
Channel Alternative Schematic
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Basin Alternative Schematic
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Flood Control District of Maricopa County
Drainage Guidelines for Single-Lot Development

April 18, 2003
Revised July 14, 2003
Revised June 22, 2006

These drainage guidelines are established to help property owners minimize adverse impacts to land areas characterized
by the following:

Significant slopes,
Erodible soils,
Desert vegetation, and
Shallow braided channels and/or sheet flow,

which can lead to surface and channel instability.

The drainage guidelines presented herein are in addition to the Drainage Regulations and the Floodplain Regulations.

I. Applicable Regulations

A. Drainage Regulations for Maricopa County, September 2004

1. Authority

Chapter 4, Administration, Section 403, Discretionary Powers: 'Tbe Draitlal!/ Administrator lIlt!)! adopt
drainC{ge design standards, gttidelitJes, administratiz'e mles, procedures andpolicies to implement and iffectuate tbe
ptuposes ofthis Regulation. "

Chapter 11, Area Drainage Master Study, Section 1101, 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 Flood Control District of Maricopa County
shall enforce the Area Drainage Master Plan under this Regulation."

B. Floodplain Regulations for Maricopa County, August 4, 1986, 2000 Revision

Washes in designated floodplains are governed by the Floodplain Regulations.

II. Single-lot Development in the Rio Verde Area

A Drainage Clearance is required from the Maricopa County Planning and Development Department (P&D) for all
single-lot development including all structures, walls, fences, and site grading within unincorporated Maricopa
County per Sections 601 and 604 of the Drainage Regulations.
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A. Purpose

The purpose of these Drainage Guidelinesfor Single-lot Del)elopll/etlt is to promote and protect the health, peace,
safety, comfort, convenience and general welfare of the citizens of Rio Verde by regulating drainage to limit the
adverse cumulative impacts of single-lot development within the Rio Verde area and to minimize unnecessary
loss from erosion and flooding.

The existing landforms within the Rio Verde and other areas generally consist of small, shallow, braided washes
with overland sheet flow that is easily influenced by changes in vegetation coverage and surface grading. Such
changes could result in concentration of flows that could dramatically increase rates of erosion, modify channel
flow paths, and cause damage to downstream and adjacent properties. The strategy employed in these
guidelines is to minimize disturbance of existing natural washes, native vegetation, and landform to protect the
processes and interactions that currently exist between storm water runoff and sediment transport.

B. Applicability

The requirements set forth in these Drainage Guidelinesfor SiJJgle-lot Del'elopllJeI1t are in addition to existing
requirements contained in the Drainage Regulations and the Floodplain Regulations. These guidelines shall in
no way be construed to relieve the developer of any development requirements already in existence. These
guidelines should be applied to all new construction on single-lots within the unincorporated areas of the Rio
Verde or similar watersheds. Improvements that have already been permitted as of May 2003, or were
completed before permits were required may not follow the guidelines, because the guidelines were
not available. However, if new improvements are proposed for a lot with existing improvements, new
retention, perimeter wall modifications, or other measures may be needed to minimize the impact of
potential flooding or erosion on this lot or adjacent lots.

C. Drainage Guidelines for Single-lot Development

1. Engineered Plans

Engineered plans have been and will continue to be required for most development in the area.

2. Existing Washes

The site plan should identify any existing natural washes, drainage tracts, easements, or drainage
channels located on the lot, or bordering the lot, that may involve or affect the drainage of the lot to
be developed. The intent of these guidelines is to minimize the impacts to the numerous washes that
flow throughout the area. These washes are vital to the balance of soil erosion and sediment
deposition that occurs.

Wash Definition: Existing natural washes to be managed by these guidelines include major washes and
secondary washes and are defined as follows:

a) Major Wash - An existing natural wash tl1at has a discernable sandy bottom width of five
(5) feet or greater or as determined by the Drainage Administrator.

b) Secondary Wash - An existing natural wash that has a discernable sandy bottom width less
than five (5) feet or as determined by the Drainage Administrator.

Major washes should not be disturbed, which includes grading, grubbing or relocating. An at­
grade driveway crossing may be permitted if no other access is available.
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Any disturbance of secondary washes is discouraged. There may be instances where the only option
for constructing a house on a lot is to relocate a secondary wash. In these cases the new channel
design must be designed by an engineer and must maintain the original wash bottom elevation; the
original width/depth ratio or at least the original cross-sectional area in order to avoid excessive
erosion and deposition due to changes in channel character. Erosion protection for the disturbed
wash will be required.

Wash Setback Requirement: The distance a structure must be setback from a wash is defined as a
"setback distance". The setback distance for both major washes and secondary washes should follow
State Standard 5-96, Guideline 1, LateralMigratioll Setback AII01vancefor Riverine FloodplaitlS in Arizona,
except that the minimum setback is reduced to fifteen (15) feet. A structure may be set closer to a
wash, if the foundation footing is set lower than the wash invert scour potential and/or erosion
protection for the structure is provided.

3. Disturbance of Area

Grading of lots should be limited to the minimum area required to develop the site, up to a maximum
of 40 percent of the total lot area. Removing vegetation and disturbing the soil increases the amount
of runoff (water) leaving the site as well as increasing water velocity and erosion potential of the
property. All new lots resulting from a lot split will be required to meet these disturbance area
limitations following the lot split.

The site plan must outline the areas to be disturbed, which includes any kind of grading, grubbing, or
vehicle traffic. The percentage of disturbed area should be stated on the site plan. If an area of
disturbance greater than 40 percent is required, then retention will be needed to minimize the increase
in flow that is generated from the removal of vegetation and disturbance of the soil. The engineered
plans and report should show that the increased amount of disturbed area will not increase erosion or
deposition on downstream or adjacent property owners.

Improvements that have already been permitted as of May 2003, or were completed before
permits were required may not follow the guidelines, because the guidelines were not
available. However, if additional improvements are proposed for a lot with existing
improvements, that increases the area of disturbance to greater than 40 percent then the
criteria mentioned above should be followed and retention provided.

4. Retention Requirement

Retention should be provided if the disturbed areas exceed the percentage allowed in Section 1I.C.3
above. Basin(s) should be constructed to retain the first 0.65 inches (0.054 ft) of runoff from the
entire disturbed area. The runoff from disturbed areas should be directed to the retention basin(s), and
be sized according to the contributing area.

Volume ofBasin(cf) =O.054(ft) x (Total Disturbed Area (sf)

The retention area must be shown on the site plan and be preserved and maintained by the property
owner in perpetuity.

5. Walls and fences

Solid walls, wrought iron, or mesh fences should not be used as a perimeter fence due to the sheet
flow characteristics of runoff in this area unless specifically approved by the Drainage Administrator.
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Acceptable perimeter fence types include pipe rail, split rail, barbed wire, or other open fencing. Mesh
fencing on the bottom of open fencing should not be used.

Closed fencing (solid walls or mesh fencing) may be used around pools and as 'courtyard' type
enclosures, which are located on the down slope side of the house, protected from sheet flow by the
house. 'Courtyard' type fencing may need to have drainage openings to allow water to pass through
the yard or to drain the yard.

6. Finished Floor Elevations

For lots not located in a District regulated floodplain, building finished floors will be elevated a
minimum of 1.5 feet above the highest adjacent natural grade or two (2) feet above the lOO-year water
surface elevation of a major wash located on the property, whichever is greater.

For lots located in a District regulated floodplain, the floodplain regulations apply for the
building's finished floor.

Finished floors may be stepped down to form a multi-level structure to reduce down slope fill heights
as long as all points along the foundation meet the elevation requirement. Stepping down of finished
floors is only allowed in the down slope direction. The perimeter of the building pad should be graded
to direct surface runoff around the building and to disperse the flow back to a sheet flow condition
down slope from the structure. Erosion protection may be required around the building pad.

For lots located within a District regulated floodplain, the finished floor elevation will be set according
to the floodplain regulations.

7. Driveways

Driveways are to be included as part of the disturbance area. Driveways crossing major and secondary
washes will be limited to the minimum number of crossings required to access the lot and
outbuildings, will be the minimum width necessary for the intended use, and will minimize changes to
the channel cross-section. The preferred crossing type is an at-grade dip crossing. Culvert crossings,
when required, will be designed to minimize changes to the sediment transport continuity of the
reaches upstream and downstream of the culvert and will require erosion protection. A registered civil
engineer must design proposed culvert crossings.

D. Roadway Design Standards

Roadway alignments and profiles should be designed to minimize the impact on existing drainage patterns. It
is preferable for roadway alignments to be either parallel or perpendicular to the natural flow pattern. Parallel
alignments are best if they are on a topographic high point or ridge with no drainage crossings. Alternatively,
when crossings are required, they should be perpendicular to the wash and designed to prevent flow diversions
and to minimize the length of the crossing. Diagonal roadway alignments can cause flow diversions and should
be avoided.

Roadway drainage crossings should be designed to maintain the storm water and sediment continuity for a full
range of discharges. Dip crossings without culverts have the least impact. Where culverts are required they
should be designed to pass the "bank-full" discharge at near the natural channel velocity with minimal
upstream ponding. This will help maintain sediment continuity through the structure. The 50-year peak
discharge should pass through the culvert and will likely produce some upstream ponding. Discharges in
excess of the 50-year discharge should pass over the road in a dipped crossing that directs the overtopping
flows back into the downstream channel. The lOO-year discharge should pass over the road with no more than
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6-inches of depth. Culverts should not be oversized due to the potential for sediment deposition. Diversion of
flows to combined crossings should be avoided.

E. Recommendations for Existing Stock Tanks

1. Introduction

There are a number of existing stock tanks in the Rio Verde area. The tanks were constructed by
ranchers for watering cattle. The tanks are typically constructed by excavating a basin. The excavated
material is placed on the downslope side of the basin to form a berm to contain the runoff. Larger
tanks are in-line and capture all the flow in a wash. These tanks typically have a spillway to direct
overtopping flows back to the channel when the tank capacity is exceeded. Smaller tanks function in
an off-line manner. A diversion berm is typically constructed to divert stream flows into the tank.
When storm events generate higher wash flows, the excess flow overtops the diversion berm and
continues in the natural wash.

The damage that could result from a tank failing when it is full of storm water is significantly higher
than what would have occurred if the natural wash had been left in its natural state. Further
aggravating the hazard is the false sense of security that may be felt by the presence of an earthen
embankment.

The possible actions for a stock tank are:

• Obtain a permit from ADWR to operate tl1e tank as a dam,

• Remove the structure,

• Maintain and rehabilitate the structure.

Taking no action for a tank is not considered a long term solution.

2. ADWR Jurisdiction

Stock tanks that have an embankment height of 25 feet or greater, or have capacity for 50 acre-feet or
more are classified as dams by me Arizona Department of Water Resources (ADWR). Impoundments
of this size fall under the jurisdiction of ADWR and are required to have a permit. ADWR oversees all
jurisdictional dams and enforces their own set of rules and regulations to ensure the safe operation of
the dam. The dam owner must work with ADWR to determine the proper action to be taken with the
dam as part of the permit process.

3. Hazard Assessment

Stock tanks that do not fall within the ADWR dam safety criteria are basically unregulated and are the
responsibility of the dam owner. In me interest of protecting downstream landowners, a Hazard
Assessment should be conducted by each stock tank owner to identify the magnitude and urgency of
the hazard. The Hazard Assessment should also consider the potential impact and cost of the remedial
actions identified in the following section. The Flood Control District of Maricopa County can
provide guidance for the Hazard Assessment requirements.

4. Remedial Actions

It is the County's preferred approach to have embankments removed due to the long-term potential
for downstream hazards. The structure should be removed if d1e hazard assessment determines that
existing downstream structures would not be harmed by removal of the embankment. Excavation of a
retention area with storage below the natural ground elevation should be considered with this
approach.
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If the tank is still required for stock watering, or if the hazard assessment determines that removal of
the embankment would cause an increased hazard to an existing structure, then the owner of the tank
should rehabilitate the embankment and maintain it in a safe condition to protect downstream
property. This should include embankment stability and routing of overtopping flows or identification
of other measures to protect downstream property.

5. Interim Measures

Development proposed downstream from an existing stock tank should take steps to protect
structures from the tank hazards.

The critical design scenario for a downstream property owner could be an embankment failure under a
full impoundment condition, or if the embankment is ultimately removed, a 100-year flood with no
embankment in place. The embankment should only be assumed to provide flood protection if it is a
jurisdictional dam with a current permit with ADWR or if adequate rehabilitation and maintenance are
demonstrated to be in place.

In the interim condition, when the embankment condition is unknown, the downstream developer
should consider both scenarios in the siting of structures. Consistent with the County's desire to
ultimately have the stock tanks removed downstream property owners should, at a minimum, design
for the full discharge with the dam not in place.

Flood Control District of Maricopa County
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Phoenix, Arizona 85009
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Appendix E
March 12, 2007 Memo "Regulating the Floodplains"
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Flood Control District
of Maricopa County

INTEROFFICE MEMORANDUM

Date: March 12,2007

T : Tunothy S. Phillips, P.E., Olief Engineer and General Manager

From: Felicia Teny, P.E., CFM, PPM Division

Subject: Rio Verde Area Drainage Ma ter Plan - Regulating the Floodplains
(pm mract 2001(l)56)

The Recommended Alternative for the Rio Verde ADMP is to delineate floodplains using
HEGRAS and FL 2D and manage the single lot development usin "mles" specifically
developed for floodplains in the Rio Verde area. Traditional floodway modeling cannot be
reasonabl applied due to the braided and distributary nature of most wa hes and areas where
the floodplain is predominantly heetflow. Because of this, delineation of floodwa)~ does not
seem necessary, but ui ter management of the floodplains ",ill be implemented. We are
recommending that when development is proposed within the floodplain that the following
rules must appI).

1. Every effort must be ffild to avoid disturbance of existing sandy bonom wash areas. If it is
not po sible to site the residential stmcture and associated improvements \\~thin the lot
setback requirements 'without disturbing the rash, then the wash shall be rerouted.
Rerouting the wash shall not re ult in ad erse impacts to urrounding and dO'WIlstream
properties. Adverse impacts are defined as an increase in the lOO-year flood ba e water
surface elevation, increa es in flow depth and/or velocity to upstream, downstream, or
adjacent properties, and any di ergence of flow (change in flow path) from existing
conditions where flow enters and exits the property. Erosion!scour protection shall be
considered in the design of the rerouted wa h.

) All dCH:lopmenr h.IlJ ~l1bmit .1 Iklinage Rt'pMt '('.lled by J civil t ngmeer lIcensed to

practice \\ithin the St.He pi Ari,on.\. U ing di Ch.lrgc (rom the Rio erde Are.\ DrJ.in.l~e

~L1 tel' £lbn. .In engine r mu t I,hO\\ using the US Army 'orpl, 01 En~inet'~ HFCRAS
program (HE("~) or Distnct .1PF rmed pro~r.Im that the propoc;ed development "ill
result in no 10 rease C'.~ ft) ill the exi~tin~ londitlnn (pre-Jevelopment) Wolter urface
c1c\.ltion, or .1In .1JVt'f\t:' imp.lCl to .\Jj.l em, up"ue,lm. or dm\TI tream pf(lpt'n~, Thl

prop<lsL'd den.lnpm.'n( Sill' ,h.lll he mOLlelt:d (1m ior tht' exi tin~ LOlldition. \\hjeh "ill he
lIsed.1 .1 h,l eline, .llld lhen comp.1red to the pmpI)seJ de\elnpm lit model. HEC-RAS
hJill1t' run IJ1 the nu.....cd 0. )\'- n:gimc to ,It·)\\ flO inl re,} e in \'e!ociti ~ .1I1J fDr use in Jesij?,rl

of ef(Jsi HI prole tion, ,1OJ h.\il be run in ,ubc tit iell rt'gime to she \\ no incre,\t' ill \v.ller
urf.Kc elC\'.It iOIl.
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In addition, d velopment within the FL 2D study area h.lli be modeled using the total
flow rate ro ing the prope . If the floodplain is wider th.m the parcel, the engineer shall
end HE -RAS cross ecti ns at the property line, extended vertically. Development within
the I-dimensional (HECRAS) study area h.lll be modeled similarl '. For these cases, the
engineer shall meet with the Distn t before beginning the draina e analysis to agree on a
peak discharge estimat to use for the propett in que tion.

3. The lowest floor elevation of the residential structure must be elevated a minimum of two
(2) feet above the existing condition Base Flood Elevation or i8-inches abov the highest
point of natural ground within 10 feet of the structure, whichever is greater. Erosion
protection for the pad must be engineered and sealed by a Ovil Engineer licensed to practice
v.~thin the State of Arizona.

4. It is recommended that new residences outside the lOO-year floodplain and within the Rio
Verde ADMP stud I are.l be e1eyated a minimum of eighteen (1 ) inches .lbove highest
adjacent ground within l feet of the tmcUlre.

When the Rio Verde ADMP is adopted by the Board of Directors, these "rules" 'will be used b
the Floodplain Managerrent Branch to rnanage the development within the Rio Verde
floodplains. This memo when signed by the Ollef Engineer and General Manager of the Flood
Control District authorizes implementing these "rules" as the best available techni al
infoJ1l1ation until the Board adopts the ADMP.
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Exhibits
Channel Alternative Schematic

Basin Alternative Schematic
Regulatory Alternative Floodplains








