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1.0 INTRODUCTION

1.1 PURPOSE

This Recommended Plan Report was prepared for the Flood Control District of Maricopa County
(District) as part of the Rainbow Valley Area Drainage Master Plan (ADMP). It describes the
process used to further develop the Recommended Plan where the Recommended Plan embodies
the results of the alternatives analysis, recommendations from the Value Analysis, and detailed
analyses performed to fully develop an implementable plan. The Consultant Team (Team)
utilized a functional analysis in developing performance functions, design criteria, and regulatory
tools to achieve the goals of the project. The Recommended Plan was then validated to ensure its
effective performance if implemented by the District, and agency and private stakeholders. A
regulatory framework and regulatory tools are reccommended that include methods for mitigating
existing flood hazards and providing guidance in deterring potential future flooding issues. The
Recommended Plan recognizes the importance of the context sensitive approach to flood hazard
mitigation where acceptability and compatibility are important factors in addition to the basic

factor of whether the Recommended Plan is simply effective when mitigating flood hazards.

1.2 LOCATION

Rainbow Valley is located approximately 30 miles west of downtown Phoenix, Arizona and
drains a 515 square mile watershed that originates at the Vekol Wash drainage divide south of
State Route 238 and the town of Mobile. Rainbow Valley is drained by Waterman Wash which
flows northwesterly through the watershed to its outfall at the Gila River near Buckeye.
Prominent features within Rainbow Valley include the Sierra Estrella Mountains which form the
easterly watershed divide along with the North and South Maricopa Mountains which form the
westerly watershed divide. Rainbow Valley is just beyond the developed area of the Phoenix
Valley and with the exception of agricultural lands along Waterman Wash is still in a relatively
natural and undisturbed state. The project location is shown on Figure 1-1. Rainbow Valley is
just beyond the development edge that was expanding during the development boom of the late
1990’s through 2005. The area is poised for substantial development activity when the economy

strengthens.

1.3 STAKEHOLDERS

The District is the lead agency for the study. Due to its county wide jurisdiction, the District is
uniquely positioned to provide regional planning for flood hazard mitigation on a watershed
scale without being limited by political boundaries that hinder municipalities and other entities
such as utility and transportation providers. In this role, the District recognizes the importance
and opportunity that is afforded by the support and cooperation of these partner agencies in
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realizing multiple benefits resulting from a multi-objective planning approach. As such, the
District has identified multiple project stakeholders and has invited them to actively participate
in the project from start to finish. Agency stakeholders have been defined as those stakeholders
with political or land management jurisdiction within the study area. These stakeholders have
regulatory authority and will likely be involved with implementation or enforcement of the
Recommended Plan. Private stakeholders include interested members of the public and large
landowners, such as developers, that own 160 acres or more within the study area. The project
stakeholders listed in Table 1-1 were invited to participate in the project as the “Agency
Stakeholder Group” (Agency Stakeholders).

Table 1-1 Agency Stakeholders

Agency Representative Title
Arizona Game and Fish Department Dana Warnecke Habitat Specialist II
Arizona State Land Department Manny Patel Engineering Section
Bureau of Land Management Jack Ragsdale Planner
City of Avondale Charles Andrews Senior Engineering Project
Manager
City of Avondale Kathy Mathiesen Plan Review Engineer
City of Goodyear Keith Brown Assistant City Engineer
City of Goodyear Joe Schmitz Planning Manager
City of Goodyear Parks and Recreation Department | Mike Svetz Parks and Recreation Director
Maricopa Association of Governments Bob Hazlett Senior Engineer
Maricopa County Parks and Recreation Department | Christopher Coover Maricopa Trail Manager
Maricopa County Department of Transportation Denise Lacey Senior Planner
Maricopa County Department of Transportation Mitch Wagner Project Manager
Town of Buckeye Tom Dixon Planning and Zoning Manager
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1.4 REPORT ORGANIZATION

This report is the third volume of the Rainbow Valley ADMP Report. The first volume is the
Data Collection Report, which documents the existing conditions within the study area and
identifies planning influences as a resource for flood hazard mitigation planning. The second
volume is the Proposed Alternatives Analysis Report, which documents the formulation,
evaluation, and selection of alternative flood hazard mitigation plans on a planning unit basis
resulting in the selection of a preferred alternative for each planning unit within the study area.
The preferred alternative is further developed in this volume as the Recommended Plan. The
three volumes together constitute the Rainbow Valley ADMP. As a result, the information
contained within each volume is not repeated in subsequent volumes, except on a limited basis

for ease of reading.

1.5 PREFERRED ALTERNATIVE

The alternatives analysis process, documented in the Proposed Alternatives Analysis Report,
resulted in the identification of a preferred alternative for each planning unit. None of the
selected mitigation strategies were structural in nature. The selected alternatives included no new
action (do nothing), protect existing significant wash corridors (SWCs), or develop new
regulations to guide development. The results of the evaluation are summarized in Table 1-2
which shows the alternatives receiving the highest composite score when evaluated against the
performance criteria that were identified at the beginning of the project. The table also shows the
alternative that was determined to be the most context sensitive for each planning unit. In every
case, the highest scoring alternative was also the most context sensitive. The preferred alternative
from the alternatives analysis is carried forward as the recommended alternative to be developed
in this report as the Recommended Plan. The Recommended Plan for each planning unit is
shown graphically on Figure 1-2. The Estrella and Sonora planning units were initially identified
as “protect significant wash corridors”; however, the identified wash corridors only addressed a
portion of the planning unit so the remaining portions of these two planning units will be subject

to “new regulations,” thus forming a hybrid solution.
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Table 1-2

Evaluation Results

Planning Unit

Highest Performance Alternative

Most Context Sensitive Alternative

A — Phoenix International

1 — No New Action

N/A — Only one alternative

Raceway

B — Estrella 5 — Protect Significant Wash Corridors | 5 — Protect Significant Wash Corridors
C — Sonora 5 — Protect Significant Wash Corridors | 5 — Protect Significant Wash Corridors
D — Sevenmile Mountain 1 — No New Action N/A — Only one alternative

E — Mobile 5 — Protect Significant Wash Corridors | 5 — Protect Significant Wash Corridors

F — Waterman South

2 — New Regulations

2 — New Regulations

G — Vekol South

1 — No New Action

N/A — Only one alternative

LW — Lum Wash

5 — Protect Significant Wash Corridors

5 — Protect Significant Wash Corridors

SOS — Secured Open Space

1 — No New Action

N/A — Only one alternative

WRI1, WR2, WR3

2 — New Regulations

2 — New Regulations

WR4, WRS

2 — New Regulations

2 — New Regulations

As the recommended plan developed, two modifications were deemed necessary to provide a
realistic and implementable solution. The first modification designated Waterman Wash as a
significant wash corridor. The second modification included a conveyance corridor within the
agricultural fields (disturbed area) adjacent to Waterman Wash in the Estrella and Sonora

planning units. Further discussion occurs in Sections 3.4.8 and 3.4.9.
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i 2.0 THE WATERMAN WASH WATERSHED

Waterman Wash is the primary watershed that makes up the Rainbow Valley ADMP study area.
Additional small watersheds within the Recommended Plan boundaries are found in the Lum
Wash and Phoenix International Raceway (PIR) planning units, which are composed of
ephemeral wash networks that drain directly to the Gila River. General planning for these
adjacent watersheds is considered similar to that of the Waterman Wash watershed because of
their regional proximity. Specific functions and design criteria for these planning units are
identified in later sections of this report.

2.1 STUDY AREA DESCRIPTION

The Rainbow Valley ADMP study area is comprised of the Waterman Wash watershed, a
portion of the Vekol Wash watershed, and adjacent land north and east of the Waterman Wash
watershed that has not been previously studied by the District. The study area is bounded to the
north by the Gila River, to the south by the South Maricopa Mountains and Interstate 8 (I-8), to
the east by the Sierra Estrellas, and to the west by the Maricopa Mountains. The study area is
within the area bounded by approximately Township 1 South to Township 7 South and Range 3
West to Range 2 East. The study area covers approximately 515 square miles and includes
unincorporated Maricopa County, City of Goodyear, City of Avondale, City of Maricopa, and

. Town of Buckeye. Significant portions of the study area are controlled or managed by the U.S.
Bureau of Land Management (BLM), Arizona State Land Department (ASLD), Maricopa
County, and the Gila River Indian Community.

The Sonoran Desert National Monument is located in the southwestern portion of the study area,
and the Union Pacific Railroad (UPRR) crosses the southernmost portion of the study area.
Waterman Wash flows south to north and flows into the Gila River in the Town of Buckeye. The
Vekol Valley watershed was initially included in the southern portion of the study area to
determine whether there was any inter-basin flow to Waterman Wash. Early in the study, it was
determined that the flow from the Vekol Valley watershed, if any, does not significantly
contribute to the flood flows of the Waterman Wash and its tributaries during the 100-year storm
event. Therefore, ADMP development did not extend to Vekol Valley. The study area, along
with jurisdictions and surface management within the study area, is shown on Figure 2-1.

2.2 PLANNING WITHIN THE WATERSHED CONTEXT

Many agencies have recognized the need to manage resources at appropriate, regional scales.
The U.S. Environmental Protection Agency (EPA) endorsed the importance of managing
hydrologic systems at watershed scales in the Southwest, stating:
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“Managing from a watershed context is more effective than focusing on a specific
site such as an individual ephemeral or intermittent stream segment, because
actions by humans, wildlife, and nature can have widespread effects crossing
political boundaries and impacting downstream water quality and ecosystem
health. The accumulation of impacts over large areas in the rapidly developing
southwest suggests a landscape or watershed-scale approach that considers the

’

cumulative effects on overall watershed function.’
(Levick et al. 2008)

Natural, undeveloped landscapes within the Sonoran Desert are complex systems that have
evolved over time as a result of widely varied climatic events. The intermittent and annually bi-
modal occurrence of precipitation and drought-flood cycles that form the common hydrologic
cycle of the Rainbow Valley ADMP study area is typical of the Southwest, resulting in a system
of headwaters, piedmonts, and ephemeral and intermittent washes that are uniquely adapted to
the local environment and fluctuations in precipitation for self-maintenance. These ecosystems
provide a range of hydrologic as well as ecologic functions that provide diverse and significant
value to environmental and human-societal end-users (Levick et al. 2008).

Changes to these natural landscapes, such as agricultural and urban expansion, are expected to
continue throughout the Phoenix-Metro area, including the City of Goodyear and other
municipalities within the Rainbow Valley ADMP study area. The City of Goodyear expects a
population increase from over 57,000 residents in 2007 to potentially 162,623 residents by 2020
(Goodyear 2010). Much of this growth is expected to occur south of the Gila River within the
Rainbow Valley ADMP study area. Providing a desirable community that is attractive to
potential new residents, developers, and businesses is an important goal for local municipalities
and is a significant component in understanding the community context of the watershed as a

whole.

Changes to the natural landscape such as urbanization can disrupt the connectivity of those
functions that are required to sustain the existing natural systems. These natural functions and
their associated values can be costly to replace or replicate through technological means, while
the limited precipitation in the arid Southwest, as well as the adaptive traits of native vegetation
to the harsh desert climate, make re-establishing these natural functions a very slow process—if
full recovery can be achieved at all. The beneficial functions and values provided by the existing
ecosystem often become disrupted by single-focus mitigation methods because development
frequently focuses on the site-specific hazards associated with flow regimes over the local site.
The ecosystem relies on the connectivity, or continuity of watershed functions from one end to
the other.
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The Federal Emergency Management Agency’s (FEMA) “Floodplain Management — Principles
and Current Practice” describes the importance of applying a holistic approach to floodplain

management:

“...natural processes influence human activities and are, in turn, affected by our
activities. They represent important natural functions and beneficial resources
and provide both opportunities and limitations for particular uses and activities.
Traditionally, while much attention has been focused on the hazards associated
with flooding and floodplains, less attention has been directed toward the natural
and cultural resources of floodplains or to evaluation of the full social and

economic returns from floodplain use.

In response to these development pressures, knowledge and information
regarding the natural resources, processes and functions of floodplains can
contribute to assessments of the ecological, economic and social impacts on
further floodplain development. This knowledge and information can help to

’

protect and better utilize the benefits and values these resources provide.’
(Wright 2008)

This same rationale applies to watershed management and the consideration of impacts to the

functions and values of resources at the watershed scale (Miller 2005).

To effectively integrate flood hazard mitigation planning into other watershed resource
management needs and goals, the important functions of the watershed resources need to be
identified and understood. Additionally, the connectivity of the various functions and their inter-
relationship is important to develop a sustainable, multi-context flood hazard mitigation plan
where the definition of a sustainable watershed is “... ome that, over the normal cycle of
disturbance events, maintains its characteristic diversity of major functional groups,

productivity, and rates of biogeochemical cycling” (Chapin et al. 1996).

Peter Black (1997) identified five general functions associated with natural, undisturbed
watersheds as well as two important integrative responses to these five functions. These include

three hydrologic functions, two ecological functions, and two integrative responses:
Hydrologic Functions
e collection of the water from rainfall, snowmelt, and storage that becomes runoff
e storage of various amounts and durations

e discharge of water as runoff

URS Recommended Plan Report 2.4 June 2011
Flood Control District of Maricopa County URS Job No. 23445383




Ecological Functions

e provision of diverse sites and pathways along which vital chemical reactions take

place

e provision of habitat for the flora and fauna that constitute the biological elements

of ecosystems

Integrative Responses

e hydrologic attenuation of the energy inherent in storm runoff

e movement of mobilized chemicals through periodic flushing of the water body

The District’s leadership role in Maricopa County in regional and watershed-scale management

and planning is demonstrated through the many ongoing programs, planning tools, and resources
that focus on providing Maricopa County residents with effective flood hazard mitigation

solutions that accommodate these multi-context functions and their associated benefits. These
include the Comprehensive Flood Management Plan and Program (FCDMC 2009) and the
Context Sensitive Flood Hazard Mitigation Planning and Design Approach (FCDMC 2010) on
which the Rainbow Valley ADMP was based. The District has identified natural and beneficial
functions served by floodplains in the Comprehensive Flood Management Plan. These are

divided into Hydraulic Functions, Biological Functions, and Societal Values, and include

(Table 2-1):

Table 2-1

District-Identified Beneficial Functions of Natural Floodplains

Hydraulic Functions

Biological Functions

Societal Values

Provide natural flood and
sediment storage and conveyance

Support high rate of plant growth

Provide an area for active and passive
recreation

Reduce erosive energy

Preserve integrity of ecosystems

Offer open space, scenic views, and
aesthetic relief

Reduce peak flows

Provide habitat for fish and wildlife,
including rare and endangered
species

Provide an area for scientific study
and outdoor education

Maintain water quality

Serve as a travel corridor for wildlife

Contain significant archaeological
resources

Filter nutrients and impurities
from runoff

Moderate temperature fluctuations

Increase value for property adjacent to
riparian floodplains and open space

Recharge groundwater

Are a source of natural and
agricultural products

Source: Comprehensive Flood Management Plan and Program, Flood Control District of Maricopa County 2009
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The District’s Context Sensitive Flood Hazard Mitigation Planning and Design Approach, as
applied to the Rainbow Valley ADMP, is focused on flood hazard mitigation solutions that
integrate multiple context resources, along with their functions and associated values, into

sustainable flood hazard mitigation and community development practices at the watershed level.

2.3 PLANNING UNIT SUMMARY DESCRIPTIONS

Each of the planning units identified in this plan exhibit unique characteristics in terms of flood
hazards, development patterns, and/or land and resource management. As a result, a unique flood
hazard mitigation plan was selected for each unit based on those characteristics. The planning
units are briefly described in the following sections. The Recommended Plan and the flood, land
and resource, and community context for each planning unit are summarized on Figure 2-2
through Figure 2-12 at the end of this chapter.

2.3.1 Planning Unit A — Phoenix International Raceway

The Sierra Estrella Mountains form the easterly drainage boundary for the Waterman Wash
watershed, which for the most part is also the easterly study boundary for this project. The PIR
Planning Unit A is outside the Waterman Wash watershed and is situated at the northeast corner
of the study area. The PIR Planning Unit includes the watershed that drains the northeast slopes
of the Sierra Estrella Mountains with its outfall into the Gila River in the vicinity of PIR. The
watershed consists of mountains and steep tributary washes with a disturbed area at PIR. The
steep, tributary drainage network is typical of mountain slope systems with characteristic flood
hazards that, although real and present, are not particularly unique.

The PIR Planning Unit is within portions of the cities of Avondale and Goodyear and is mostly
contained within the Estrella Mountain Regional Park. Due to the tributary nature of the drainage
network it is anticipated that development can be effectively regulated using FEMA Regulatory
Floodplains and the existing regulations associated with FEMA floodplains. As a result, the No
New Action Alternative is recommended for this area. The Recommended Plan for the PIR

Planning Unit A is shown on Figure 2-2.

2.3.2 Planning Unit B — Estrella

The Estrella Planning Unit B extends from the Sierra Estrella Mountains to Waterman Wash and
consists of a large piedmont landform which exhibits alluvial fan flooding, sheet flooding, and
includes disturbed areas of agricultural land uses near Waterman Wash. The Estrella Planning
Unit extends northerly to the drainage divide with Lum Wash, which drains to the Gila River,
and southerly to the Sevenmile Mountain Planning Unit. The Sevenmile Mountain Planning Unit
is differentiated from the Estrella Planning Unit primarily by the limit of BLM lands which
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contain a significant designated wildlife corridor. However, the planning unit boundary is

aligned along drainage boundaries rather than along land management boundaries.

The key flood hazard considerations within the Estrella Planning Unit are the alluvial fans
situated along the base of the mountains and the broad shallow sheet flooding which occurs
downstream from the fans. Due to the paucity of defined channels, combined with the potential
uncertain flow path from runoff leaving the alluvial fan landforms, design and layout of
subdivisions and land development projects is challenged to adequately address the runoff

conveyance and continuity functions within the planning unit.

Due to the unique conditions within the Estrella Planning Unit, existing development regulations
are inadequate to address the alluvial fan and sheet flow flooding conditions within the unit. As a
result, the New Regulations Alternative is proposed for this area. There are also two SWCs
identified within the planning unit, which are identified for protection with the Protect
Significant Wash Corridors Alternative. The Recommended Plan for the Estrella Planning Unit
is shown on Figure 2-3.

Farming occurred on the portions of the planning unit adjacent to Waterman Wash. Disturbance
in these agricultural areas have disrupted the natural sheet flow patterns. The Loop 303 corridor
is planned at the boundary of the sheet flow and disturbed areas. Channels could be used to
convey flows. Locating the channels needs to be coordinated between MCDOT, ADOT, affected

development, Goodyear, and unincorporated Maricopa County.

2.3.3 Planning Unit C — Sonora

The Sonora Planning Unit C extends from the BLM lands of the Sonoran Desert National
Monument to Waterman Wash and consists of a large piedmont landform which primarily
exhibits distributary flood characteristics with some sheet flooding areas that flow through
disturbed agricultural lands before reaching Waterman Wash. The Sonora Planning Unit extends
north to the Gila River and south to the Sevenmile Mountain Planning Unit and is contained
within portions of the City of Goodyear and unincorporated Maricopa County.

The principal flood hazards within the Sonora Planning Unit are from the unstable and changing
nature of the flow splits that define the distributary nature of the piedmont. The distribution of
flow between the diverging washes can vary with discharge and can change abruptly from
erosion processes or a new obstruction resulting from debris accumulating at the split. Once the
channel bank is overtopped a new flow path may be formed, creating a completely different flow
distribution that could be perpetuated for a long distance downstream. The uncertain and
changing flow split characteristics associated with distributary systems create hazards and
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difficulty for design of subdivisions in the area downstream from the flow split that require new
regulations as well as regional planning to address the significant flow splits. There are also four
SWCs identified for protection with the Protect Significant Wash Corridors Alternative in the
Sonora Planning Unit. The Recommended Plan for the Sonora Planning Unit C is shown on

Figure 2-4.

Channels could be used to convey flow through the agricultural areas adjacent to Waterman
Wash because the distributary flow patterns are already disrupted. The location of the flow
corridors will depend on cooperation and coordination between land owners and jurisdictional

public agencies.

2.3.4 Planning Unit D — Sevenmile Mountain

The Sevenmile Mountain Planning Unit D extends across Waterman Wash from the Sierra
Estrella Mountains to the Sonoran Desert National Monument. The planning unit has flow
characteristics similar to the Estrella Planning Unit; however, it is almost entirely within BLM
lands and is not expected to be developed. The Planning Unit contains an important wildlife
corridor that has been identified for protection. Figure 5-2 in the Data Collection Report shows
the actual limits of the designated wildlife corridor. The No New Action Alternative is selected
for this area since the planning unit is already managed and protected by BLM. The

Recommended Plan for the Sevenmile Mountain Planning Unit is shown on Figure 2-5.

2.3.5 Planning Unit E — Mobile

The Mobile Planning Unit E is within the City of Goodyear and contains the community of
Mobile. A significant part of the Mobile Planning Unit E was planned for development under the
name of Amaranth prior to the recent economic downturn, which resulted in the halt of almost all
development activity within the Rainbow Valley area. The future plans for the area are uncertain,
but it is anticipated that the planning and design that was previously completed would be carried
forward with minimal changes. Waterman Wash flows through the Mobile Planning Unit. The
flow characteristics outside of Waterman Wash are identified as predominantly sheet flooding
with some distributary areas as well. A SWC is identified as a tributary to Waterman Wash
within the Mobile Planning Unit, resulting in the Protect Significant Wash Corridors as the
Recommended Plan for the area. New Regulations will be required to implement the SWC
concept. The raised embankment from the UPRR passes through the planning unit, impacting
the FEMA floodplain delineation by ponding runoff reaching the embankment. The
Recommended Plan for the Mobile Planning Unit E is shown on Figure 2-6.
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2.3.6 Planning Unit F — Waterman South ‘

The Waterman South Planning Unit F is at the upstream limit of the Waterman Wash watershed
and is adjacent to the Vekol South Planning Unit, which is actually outside the Waterman Wash
watershed. The planning unit is made up of BLM lands that are not expected to be developed and
State Trust Lands which will be developed, all within unincorporated Maricopa County. The
flow characteristics include mountain, sheet flow, tributary, and distributary flooding. Due to the
wide variety of flood hazards in the Waterman South Planning Unit, the New Regulations
Alternative is selected. The Recommended Plan for the. Waterman South Planning Unit F is

shown on Figure 2-7.

2.3.7 Planning Unit G — Vekol South

The Vekol South Planning Unit G is recommended for No New Action as part of the Rainbow
Valley ADMP. The Vekol South Planning Unit has been removed from planning as part of this
project due to the determination that Vekol Wash does not contribute significant runoff into
Waterman Wash.

2.3.8 Planning Unit LW — Lum Wash

The Lum Wash Planning Unit LW is situated north of the Estrella Planning Unit and west of the
PIR Planning Unit. The Lum Wash Planning Unit and PIR Planning Unit are the only two units .
that drain into the Gila River. The other units all drain into Waterman Wash. LW is characterized
by piedmont tributary flooding which is adequately managed with current regulations. Nearly
half of the unit, including its headwaters, is within the Estrella Mountain Regional Park. Two
SWCs have been identified for protection with the Protect Significant Wash Corridors
Alternative. The Recommended Plan for the Lum Wash Planning Unit LW is shown on

Figure 2-8.

2.3.9 Planning Unit SOS — Secured Open Space

Areas that are identified as secure open space are protected due to their status as BLM lands. Due
to the existing protections in place, No New Action is the Recommended Plan for these areas.
The Recommended Plan for the Secured Open Space Planning Unit SOS is shown on Figure 2-9
for the east side SOS area and Figure 2-10 for the west side SOS area.

2.3.10 Planning Unit WR — Waterman Wash Reaches 1, 2, and 3

Waterman Wash itself is identified separately as two planning units. Within those planning units
Waterman Wash is further divided into five reaches. The downstream three reaches are grouped
together into Planning Unit WR123, which extends from the Gila River confluence upstream to
the Mobile Planning Unit. The Recommended Plan for Planning Unit WR123 is to implement .
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‘ New Regulations to aid in the implementation of the concepts identified in the City of
Goodyear’s Waterman Wash Conceptual Corridor Study, which was published in draft form in
February 2008. The new regulations will be similar to those for SWCs. The Corridor study
extends to State Route (SR) 238, which passes through the middle of the Mobile Planning Unit.
The Recommended Plan for the Waterman Wash Reaches 1, 2, 3 (Planning Unit WR123) is
shown on Figure 2-11.

2.3.11 Planning Unit WR — Waterman Wash Reaches 4 and 5

Waterman Wash Reaches 4 and 5 (Planning Unit WR45) extend from SR 238 in Mobile,
upstream to the study limit, which is also the headwaters of Waterman Wash. Only a small
portion of this planning unit is within the City of Goodyear, with the majority being within
unincorporated Maricopa County. As a result, Reaches 4 and 5 are not included in the City of
Goodyear Waterman Wash Conceptual Corridor Study. New Regulations are proposed to guide
development within this reach of Waterman Wash. The new regulations will be similar to those
for SWCs. The Recommended Plan for the Waterman Wash Reaches 4 and 5 (Planning Unit
WR45) is shown on Figure 2-12.

2.4 LANDFORM FUNCTIONS AND VALUES

‘ The Waterman Wash watershed is somewhat typical of many areas in south central Arizona. The
watershed is partially developed and includes areas where agriculture has modified the
landscape, though most of the agricultural land is fallow at this time. The watershed is bounded
by mountain ranges along the eastern and western edges (Sierra Estrella and Maricopa
Mountains, respectively), while its southern boundary is represented by a much less obvious
topographic break where there is a divide with the Vekol Wash Watershed. The mountain areas
provide the headwaters for the flows that traverse the piedmonts to and between the network of
ephemeral washes that then outfall into the axial stream, which is Waterman Wash. Waterman
Wash, a significant ephemeral wash with many large, continuous stands of riparian vegetation,
collects these flows along its length as it drains north and outfalls into the Gila River.

For simplicity in considering functional connectivity, the Recommended Plan divides the

watershed into three landforms (Figure 2-13):

e Mountains
e Piedmont areas (upper bajada, lower bajada, and valley plain)

e Riverine watercourses (Waterman Wash and its adjacent floodplain)
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Piedmont

Riverine

Figure 2-13  Landform Schematic — Rainbow Valley

Each of these landforms has unique functional characteristics from a land and resources, flood
hazard mitigation, and community context. Flow characteristics across these landforms vary,
with the greatest variety found in the piedmont landforms.

There is interdependency between the functions of each landform and their value to the ‘
community that extends from the mountains to the riverine watercourses. Many functions are

also linked laterally across planning unit boundaries, and are dependent on cross-boundary
interactions to preserve the value that the functions provide. All adjacent planning unit functions

within the watershed ultimately interact with the Waterman Wash Reaches 1-5, which in turn

interact with the Gila River ecosystem. Recognizing this inter-relationship and preserving the

continuity between the landforms, Waterman Wash and the receiving waters of the Gila River is

extremely important in maintaining overall watershed resource functionality and value.

2.4.1 Existing/Natural Function Continuity

The largely natural, undeveloped state of the Waterman Wash watershed allows the processes of
the hydrologic cycle to seamlessly occur across the three landform boundaries and beyond into
the receiving waters of the Gila River. The illustrations below demonstrate how these functions
relate to the landforms and rely on this interconnection (Figures 2-14, 2-15, and 2-16).
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Figure 2-14  Relationship of Hydraulic Functions — Natural Condition

Hydraulic Functions
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Precipitation in the form of rainfall on the mountains, piedmont, and riverine landforms
provides the foundation of the hydrologic processes for the watershed.

Rainfall from the mountains in the form of runoff accumulates sediments that feed the
piedmont bajadas and washes.

Runoff emanating from the mountain is attenuated and dampened by surface storage as
runoff spreads across the piedmont surface as sheet flow.

Runoff from the piedmont continues to carry sediments to the riverine landform,
maintaining sediment equilibrium that sustain vital geochemical reactions.

Flows within the wash (riverine land form) carry water and sediments downstream into the
waters of the Gila River.

Runoff and flows from all three landforms infiltrate into the soil, recharging storage and

groundwater reserves.
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Figure 2-15  Relationship of Biological and Cultural Functions — Natural Condition

Biological and Cultural Functions
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The mountain landform is home to a diverse number of plant and animal species. These
include large mammal species such as mule deer, big horn sheep, and other species that are
of concern to the Arizona Game and Fish Department. Mountain lands often had traditional
cultural significance, and can be home to numerous undisturbed archaeological sites and
artifacts.

The piedmont landform also supports a diverse number of plant and animal species.
Aboriginal groups exploited the natural resources of the piedmont and sometimes farmed
on the lower bajadas, creating many potential archaeological sites, some of which may be
buried in alluvial fans.

Large mammal species forage on the piedmont landform, while migration through the
piedmont to other mountain areas is critical for maintaining genetic diversity within each
herd. SWCs within the piedmont landform aid in maintaining biodiversity and serve as
cover for migrating animals. Prehistoric groups also exploited indigenous food plants along
wash corridors.

The riverine landform supports high densities of vegetation, and serves as habitat for

diverse animal species including amphibians, mammals, reptiles, and birds.
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. 5 — Unobstructed, natural washes provide critical corridors for wildlife movement. These axial
streams also transport nutrient material into downstream receiving waters. Nutrients help to
support fish and other wildlife that live in the receiving perennial streams and rivers. The
Gila River receives nutrients and flows from Waterman Wash. Sources of surface water
and associated natural resources were important to prehistoric societies and often were the

focus of seasonal or permanent habitation.
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Figure 2-16  Relationship of Scenery, Recreation, Open Space Functions — Natural Condition

Scenery, Recreation, and Open Space Functions

| — Panoramic views from the mountains of the undeveloped natural Rainbow Valley have
high scenic value, while the natural, rugged mountain areas create visually interesting
skylines. The value of the mountain lands that bound the Waterman Wash watershed is
evidenced by the number of protected wilderness areas and other secured open spaces they
contain.

2 — The views of the upper bajada and mountains from the piedmont and riverine landforms are
valued as evidenced by the goals and objectives identified by the ADMP stakeholders
(Section 3.2). The scenic quality of Waterman Wash and other significant washes in the
piedmont add to the visual variety and interest of the watershed.

3 — The natural piedmont and washes provide opportunities for non-programmed recreation
uses such as hiking, equestrian riding, birding and off-road vehicle travel. The vast
landscapes of the undeveloped piedmont allow users to transition relatively freely from the

riverine to the mountain landforms and back.
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The open spaces of the undeveloped piedmont landform provide room for a wide range of
non-programmed recreation uses. The unprogrammed nature of these uses can include
many potentially conflicting activities such as off-roading, shooting, and hiking.

Many existing trail systems provide opportunities for hiking and related recreation

activities.

2.4.2 Traditional Development and Functional Disruption

As development expands within the Waterman Wash watershed, common development planning

and stormwater management practices can lead to wide-spread modification of the associated
watershed functions. The illustrations below diagram the fragmentation that typical land
development and other activities can have on watershed functions when continuity becomes

interrupted through single-context land-use and flood hazard mitigation planning, development,

and design approaches (Figures 2-17, 2-18, and 2-19).
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Figure 2-17  Relationship of Hydraulic Functions — Traditional Development Practices

Hydraulic Functions
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Precipitation in the form of rainfall on the mountains, piedmont, and riverine landforms
continues to provide the foundation of the hydraulic functions of the watershed.

Development and changes within the mountains can cause impacts to runoff timing,
discharge volumes, routing and location of discharge, and impede sediment delivery to the

piedmont.
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Natural flow paths can be altered by development, creating impacts both upstream and
downstream. Blocked sediments can no longer replenish natural wash deposits or sustain
geochemical processes while redirected discharge may result in flooding of property in new
flow paths.

The expansion of impervious surface areas increase runoff volumes, change timing, and
increase flow velocities while reducing sediment loads. This results in an increase in wash
scour and limits the opportunities for vital geochemical processes to occur within the
watershed. Alternatively, retention requirements may result in a severe reduction in flows
arriving in the downstream wash areas, impacting their abilities to sustain other non-
hydraulic watershed functions.

Increased runoff may reduce ground water recharge and floodplain storage.

Encroachment into the floodplain reduces natural recharge and downstream attenuation.
The introduction of man-made features such as hardened channels and active recreation
areas reduces sediment load in the flows, resulting in downstream scour where the flows
reenter a natural system. Peak discharges are also increased, sometimes by an order of
magnitude, at the lower portions of the piedmont.

Mountains

Figure 2-18  Relationship of Biological and Cultural Functions — Traditional Development
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Biological and Cultural Functions
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Increased development such as housing, quarries, and utilities can negatively impact
biological resources, reducing habitat quality, quantity, and biodiversity as well as
inhibiting wildlife movement.

Biodiversity decreases as populations of species leave, lose genetic diversity, or die-off as
development encroaches.

Development can cut off terrestrial movement routes, leaving only flying and urban-
acclimated species to move through or fly over the piedmont.

Smaller, fragmented open space patches have lower biological value when compared to
contiguous larger open spaces. The introduction of domesticated animals, such as house
cats, has negative impacts on existing wildlife in the area. Edge conditions along
development extend the negative impacts associated with development into the preserved
open spaces of the mountains and washes, which can decrease biodiversity.

Changes to the washes caused by development result in the displacement of native species
by non-native species.

Use of washes for wildlife migration decreases as development cuts off access from
surrounding areas and habitat quality of the wash is degraded or replaced by man-made
landscapes.

Local populations of sensitive species, such as amphibians, birds, and small mammals that
rely on the washes for habitat, may die off.

Modified washes are less effective in providing critical corridors for wildlife habitat,
movement routes, and nutrient transport. Reduced nutrient influx can have far-reaching
consequences for the downstream receiving waters that support fish and other wildlife in
the Gila River.

Disturbance or destruction of archaeological sites may or may not be mitigated.
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Figure 2-19  Relationship of Scenery, Recreation, and Open Space Functions — Traditional

Development Practices

Scenery, Recreation, and Open Space Resources
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Panoramic views from the mountains of the developed natural Rainbow Valley are
modified though access to these views is likely to increase through development of
established trail systems and trailheads. The natural skyline of the rugged mountain areas is
modified by introduced man-made elements such as utilities.

Established trails to prominent peaks can become major recreation attractants, such as
found in other areas of Maricopa County.

Disturbance to the mountain vegetation and surface, as occurs with intensive man-made
uses such as quarries and housing, modify and potentially degrade the scenic quality of the
mountains.

The development of the piedmont results in a change in the scenic character of the
landscape, shifting from natural or rural character to more suburban or urban character.
Views from the piedmont to the mountains are restricted as the open space value becomes
restricted or lost.

Recreation on the developed piedmont and riverine landforms shift to primarily
programmed recreation uses. These include parks, trails, and recreational facilities. Views
are likely to shift from panoramic landscape views to internal views of the built open

spaces and wash/channel routes.
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2.4.3 Development Integration and Functional Connectivity '

The planning and development guidelines and design criteria identified in this ADMP have been
selected and refined with the recognition that increasing development is a necessary and
desirable change in the Rainbow Valley area. By recommending an approach that integrates
development into the existing functional mosaic of the watershed rather than drastically
modifying it, the loss of watershed hydraulic and other functions can be partially mitigated while
protecting public safety and potentially enhancing property values (Figures 2-20, 2-21, and
2-22).

The figures diagram how implementation of the performance functions and benchmark
achievement outlined in the Recommended Plan can lead to watershed function and value
preservation and mitigation that accommodate development and other desirable community
expansion. The key to successfully accomplishing the desired floodplain management strategy is
to provide integrated, effective flood hazard mitigation that maintains functional continuity from
the watershed headwaters through the Waterman Wash outfall into the Gila River and beyond.

Mountains

Riverine

Figure 2-20  Relationship of Hydraulic Functions — Watershed Approach

Hydraulic Functions
1 — Precipitation in the form of rainfall on the mountains, piedmont, and riverine landforms

continues to provide the foundation of the hydraulic functions of the watershed. |
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Minimizing disturbance to the mountain landform maintains functions that originate in the
headwaters of the watershed. This in turn increases the potential for functional continuity
through-out the remainder of the watershed.

The preservation of dominant natural flow paths entering from the mountains are
maintained through the watershed functional approach. Impacts to the watershed functions
are restricted to limited areas where increases in impervious surface, discharge, flow
timing, sediment loading and ground water recharge can be mitigated or controlled. Runoff
from the mountains continue to support the hydraulic functions of the piedmont, providing
base flows and sediment.

Continuing to preserve the dominant natural flow paths across the piedmont and/or
providing adequate preserved open space in sheet flow areas preserves basic watershed
functionality while integrating development into the overall mosaic of uses. Incorporating
pre-post storage basins with water-quality basins help to minimize downstream impacts
while runoff over preserved open space areas help maintain infiltration, storage, and
sediment transport into the riverine landform.

Flows from the undisturbed open space and preserved washes carry water and sediments
downstream into the Gila River.

Runoff and flows from all three landforms infiltrate into the soil, recharging storage and
groundwater reserves. The preservation of undisturbed floodplain beyond the floodway
limits and existing vegetation helps mitigate downstream flooding potential while

preserving floodplain storage and groundwater recharge.
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Figure 2-21  Relationship of Biological and Cultural Functions — Watershed Approach

Biological and Cultural Functions '
1 — Minimizing disturbance to the mountain landform maintains biodiversity and protects their '
cultural resources and significance.
2 — The preservation of contiguous open space areas that connect the mountains to the
piedmont to the riverine land forms helps preserve biodiversity and habitat value. The
introduction of domesticated animals will still impact wildlife within the edge-areas of
these open spaces, which would need mitigation.
3 — Preserving the existing vegetation in the riverine landform supports the diverse animal
species including amphibians, mammals, reptiles, and birds that reside there.
4 — Large designated wildlife corridors, such as identified in the Sevenmile Mountain planning
unit, allow large mammals to migrate and forage on the piedmont landform, maintaining
genetic diversity within each herd. This helps mitigate the impacts associated with edge-
condition habitats that will dominate the majority of preserved open spaces within the
developed piedmont.
5— Preserved SWCs within the piedmont landform also aid in maintaining biodiversity and
serve as cover for migrating animals.
6 — The preserved axial streams continue to transport nutrient material into the downstream
receiving waters, while allowing wildlife movement laterally through the watershed.
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Road crossings designed to accommodate large mammal movement are critical in areas
that have high habitat value such as over Waterman Wash or across the wildlife corridor.

Preservation of SWCs may provide opportunities to protect archaeological sites in place.

Mountains

Piedmont

Riverine

Figure 2-22  Relationship of Scenery, Recreation, and Open Space Functions — Watershed

Approach

Scenery, Recreation, and Open Space Resources
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Panoramic views from the mountains of Rainbow Valley will be modified by development,
but the use of the watershed functional approach helps retain the existing character of the
valley. Preserving the natural, rugged mountain areas maintains their visually interesting
skylines.

Recreation such as trails and camping in the mountains will likely increase as development
improves access to these areas. Proper recreation planning should consider impacts of trail
design to the views and experience of both the users as well as the residents of Rainbow
Valley.

The establishment of Waterman Wash as a SWC with buffers and a trail system helps
preserve its scenic value while mitigating against unprogrammed uses that can degrade the
wash (i.e., off-roading).

Limiting wash crossings to major arterial roads minimizes pedestrian-vehicle conflicts
while incorporating separated crossings for the trail system can establish a continuous
hiking/equestrian experience that is safer and desirable. Views within the wash become

more important as development expands.
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5 — Water quality basins and small disturbance areas can serve as ideal sites for neighborhood
parks, limiting the amount of turf and other introduced landscapes to those areas already
disturbed. Larger recreation facilities and sports fields may be better planned for sites
where existing disturbance makes them more suitable for this use without losing other
watershed functions and value from undisturbed landscapes.

6 — The open spaces of the preserved undeveloped piedmont landform provide room for a wide
range of non-programmed recreation uses. The proximity to development along with police
activities can mitigate for undesirable unprogrammed uses that would otherwise degrade
the open spaces or endanger the public.

7 — By maintaining these open space areas continuously from the mountains to the riverine
landform, the valley viewsheds can be preserved and focused.

2.5 FLOW CHARACTERISTICS AND FLOOD HAZARDS

The Rainbow Valley ADMP study area is a complex geomorphic system composed of multiple
landforms exhibiting variable flow characteristics for storm runoff. A geomorphic assessment
was conducted as part of the data collection effort to identify and describe the flow
characteristics associated with the landforms within the study area. The geomorphic assessment
is described in the Data Collection Report. The spatial relationship of the landforms and
associated flow characteristics in the study area is shown on Figure 2-23. The flow

characteristics and associated flood hazards are described below for the primary landforms

identified within the study area.

2.5.1 Mountain Slope Areas

The mountain slope area landform consists of steep mountainous terrain underlain by shallow or
exposed bedrock. The mountain slope area landform is observed primarily within the
northeastern and southwestern quarters of the study area, with other, smaller mountain areas
distributed throughout. The channels in the mountain slope area landform consist of well-
defined, low-sinuosity tributary streams in bedrock or mountain canyons. Flooding is
characterized by deep, swift tributary channels. The primary flooding hazards are inundation and
erosion. Due to the well-defined nature of the streams combined with the stability of the canyon
and bedrock cross-sections, the flood hazards can be assessed with reasonable predictability and

certainty for hazard mitigation.
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. 2.5.2 Piedmont' Areas with Tributary Drainage Systems

This landform consists of mildly sloping alluvial surfaces with dendritic tributary drainage
networks. In the study area, the piedmont area with tributary drainage system landform occurs as
a buffer between the mountain slope landform and the low-sloping piedmont or alluvial plain.
The watercourses in this landform consist of moderately steep, well-defined channels with
narrow floodplains. Flooding is generally constrained to the tributary channel network. Perched,
geologically old surfaces are subjected to only very large magnitude flooding events. Primary
flooding hazards are inundation, sedimentation, and erosion.

2.5.3 Piedmont Areas with Distributary2 Drainage Systems

The dominant landform in the study area is the piedmont area with distributary drainage system.
This landform consists of mild- to low-sloping alluvial surfaces with distributary drainage
networks. Both stable and unstable distributary drainage patterns are observed. In general, the
western piedmont sloping from the Maricopa Mountains was identified as a stable distributary
system created through stream capture rather than by the avulsion-dominated processes found in
active distributary systems. The distributary portion of the Sierra Estrella Mountain piedmont,
however, is an active, unstable distributary system. These areas exhibit a high level of flow path
uncertainty due to channel splits and are subject to frequent flooding of variable magnitudes. The

. primary flooding hazards are inundation, sedimentation, and erosion.

A typical distributary system from the study area is shown on Figure 2-24. The flow in this
figure is from the bottom to the top of the figure. The upstream limit of the blue flow corridors is
a single flow corridor where the runoff leaves the confined channel section at the base of the
mountain. As it flows north multiple splits are seen such that by the downstream limit of the
figure there are as many as five significant corridors. These flow splits can change from one
storm event to another and can be influenced by debris or eroded vegetation blocking a path,

resulting in the creation of a new corridor.

' The piedmont is a sloping landform located at the base of a mountain and is usually composed of or mantled by
unconsolidated alluvium.

. ? Distributary flow areas have channels that branch and split in the downstream direction.
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Figure 2-24  Piedmont Distributary Flow Area

2.5.4 Alluvial Fans

Alluvial fans are characterized by specific landform characteristics relating to their composition,
morphology, and location. Alluvial fans are composed of eroded rock transported and deposited
from an upstream watershed. They have the shape of a fan, either partially or fully extended,
with a radial pattern of topographic contours. Alluvial fans are located near a topographic break,
which may be expressed either laterally or vertically.

In the study area, alluvial fans occur within the piedmont area landform. Potential alluvial fans
were identified throughout the study area; however, 25 fans were selected for further analysis but
no delineations. Those 25 fans are identified in Figure 2-23 by a red star at the fan apex.
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2.5.5 Sheet Flow/Unconfined Flow Areas

Sheet and unconfined flow occurs where there is no well-developed or defined drainage network
to convey the majority of floodwater. The term “sheet flow” refers to any form of unconfined
runoff that occurs over a broad, expansive area. This broad definition of sheet flow incorporates
several more narrowly defined flow types, including natural (classic) sheet flow, urban sheet
flow, agricultural sheet flow, overland flow, perched flow, anastomosing flow, and distributary
flow. Although sheet flow is the dominant process on high, geologically old swales, these
individual landforms were not specifically identified as having sheet flow due to their scale.
Large areas of sheet flow were identified within the study area and are shown on Figure 2-23.
Sheet flow flooding is very widespread and not constrained to a defined channel network, flow
depths and velocities are generally low. The primary flooding hazard is inundation and

sedimentation.

A typical sheet flooding area within the study area is shown on Figure 2-25. From a hydrology
perspective, the sheet flow area provides a significant amount of watershed storage of runoff
which attenuates the peak discharges as a large volume of rainfall is used to cover the extensive
land area to a depth that is great enough to support runoff. This large area of surface contact also
supports infiltration into the piedmont surface. As these wetting and drying processes are
repeated over time, a fragile crusting forms over the surface which tends to hold the soil particles

together, helping to resist erosion.
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Figure 2-25  Typical Sheet Flooding Area in Rainbow Valley

2.5.6 Major Riverine Floodplains

A floodplain is a planar surface that is adjacent to a watercourse and is periodically inundated by
flood water. Floodplains consist of relatively fine-grained, unconsolidated alluvium recently
deposited by the watercourse. Of the watercourses in the Rainbow Valley ADMP, only
Waterman Wash and its major tributaries were large enough to be mapped as a distinct landform
at the mapping scale used. Riverine flooding is generally confined to active channel and
floodplain corridors. The primary flooding hazards are inundation, sedimentation, and erosion.

2.6 INCORPORATED AREAS AND SURFACE MANAGEMENT

The Rainbow Valley Community is characterized by a multiplicity of jurisdictions and surface
management agencies. Successful implementation of a watershed scale flood mitigation plan
relies on the cooperation of these agencies to develop shared, or at least compatible, goals and
objectives for the watershed. The incorporated cities and towns and the surface management

agencies are shown on Figure 2-1. .
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The Bureau of Land Management manages the largest area of any surface management agency
within the watershed. Much of the BLM land is within the Sonoran Desert National Monument,
which is being preserved as secured open space and is therefore considered undevelopable. There
is also a significant amount of Arizona State Trust lands within the watershed, which will
eventually be auctioned off for development. Once acquired by developers, the development of
State Trust lands will be regulated by the jurisdiction that contains the development.

The vast majority of private and State Trust lands, which could be potentially developed at some
time in the future, are within the City of Goodyear municipal planning area which includes
portions of unincorporated Maricopa County. As a result, the Recommended Plan implementa-
tion within this project is focused primarily on the City of Goodyear.

2.7 PLANNED LAND USE

Planned land use in the developable portions of the study area is primarily single family
residential with higher intensity uses identified within the agricultural lands along Waterman
Wash. Development is planned in two “nodes”; one at the north end of the valley in the areas
currently being used for agriculture, and the other around SR 238 in the Mobile area due to BLM
land ownership, which spans the entire valley for a portion of the central portion of the study
area. Planned land use is shown on Figure 2-26. As a result of this development pattern, the
recommended development regulations are based on a predominantly low density residential
type development occurring within the developable piedmont areas that are currently in a natural
and undisturbed state.

2.8 WATERSHED DEVELOPMENT IMPACTS

The flood hazards just described are hazards that exist in the relatively undisturbed state of each
of the landforms. Since most of the Rainbow Valley area is in a natural and undisturbed state, the
occurrence of these hazards is considered normal since the runoff flow characteristics have
occurred throughout history with little or no harm to human activities or improvements. It is part
of the natural ecosystem. As the area is changed from its natural condition via commercial
development, disturbances to this ecosystem will typically create instabilities that can result in
significant risk to life and property. It is important and customary to anticipate and mitigate these
risks as part of the development process. Many of the landforms described within the Rainbow
Valley area are typical of those occurring in other areas of the southwest. As a result, current
development regulations are adequate to anticipate and mitigate the potential risks. However,
there are some unique landforms which exhibit runoff flow characteristics that are not adequately
anticipated or mitigated by conventional development practices. In particular, the alluvial fan,
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sheet flow, and piedmont distributary flow characteristics pose unique risks to development that

will be briefly described in the following sections.

2.8.1 Development Impacts in Sheet Flooding Areas

As previously described, sheet flow areas are devoid of channels. This results in runoff spreading
in a shallow depth over a large aerial extent which provides attenuation of peak discharges. The
attenuation is a result of watershed storage and infiltration into the surface. Due to surface
crusting and shallow flow depths, the surface remains fairly stable in its natural state. However,
this fragile system is easily disturbed. Once runoff is concentrated and the fragile crusting is
broken, erosion processes can begin that have the potential for significant damage. These
processes are illustrated in a series of three photos (Figures 2-27, 2-28, and 2-29) showing the
instability and resultant erosion and headcutting that can occur from simply driving across the

piedmont surface.

Figure 2-27 shows a dirt road crossing the piedmont landform generally in an up and down slope
direction. It is apparent from the loose sand on the roadway surface that it has intercepted runoff
and become a conveyor of runoff. Figure 2-28 is taken a short distance down slope from the first
photograph. The road can be seen in the background, turning and leaving the photograph to the
right. A new channel has formed from the runoff which does not turn with the road but continues

down slope. Note the side channel flowing in from the left side of the photograph. Figure 2-29 is
taken a short distance upstream on that side channel. It is apparent that the side channel is
forming as a headcut resulting from the formation of the new channel. The boundary can be seen
where the crusting has broken, as evidenced by the sharp edge that defines the limit of the

headcut.
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Figure 2-27  Unimproved Road — Estrella Planning Unit

Figure 2-28  Continuation and Concentration of Runoff
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Figure 2-29  Headcutting

This small headcut has the potential to continue propagating upstream enlarging the area of .
piedmont surface instability. If this disturbance can be caused by the formation of a mere dirt
path, imagine the potential disturbance that could result from a development.

2.8.2 Development Impacts in Piedmont Distributary Flow Areas

Piedmont distributary flow areas have similarities to sheet flow areas in that once the shallow
channel capacity is exceeded, the overbank flooding functions much like sheet flooding,
potentially connecting adjacent channels with a single floodplain. Development impacts from
developing in piedmont distributary flow areas using conventional design requirements is
illustrated from the September 4, 2009 Fort Mohave Storm in Mohave County, Arizona. The
storm was over a distributary flow area and drained through a development near the downstream
end of the piedmont (Figures 2-30, 2-31, 2-32, and 2-33).
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Figure 2-30  Erosion by Concentrating Flows — 1
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Figure 2-31  Erosion by Concentrating Flows — 2
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Figure 2-32  Deposition of Sediment as Flow Fans — 1

Figure 2-33  Deposition of Sediment as Flow Fans — 2
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The flow corridors were blocked by the homes causing flow concentration as the flow was
diverted to the narrow corridors between the homes. The flow concentration resulted in
significant erosion and movement of sediments. The erosion formed new channels and undercut
block walls. The sediment was then deposited in residential yards and driveways, as it fanned

back out, no longer restrained.

2.8.3 Development Impacts in Alluvial Fan Areas

Alluvial fan areas can contain flood hazards associated with both distributary and sheet flow.
The drainage areas upstream of the alluvial fan apices in the Rainbow Valley study area are
relatively small, thereby limiting the severity of the potential for high hazard alluvial fan
flooding under existing conditions. For most of the fans, the distributary flooding transitions
relatively quickly to sheet flow downstream of the hydrographic apex. This indicates that the
active portions of the alluvial fans are limited to a relatively small portion of the overall
piedmont. Further, the landform characteristic assessment concluded that even though a large
portion of the piedmont may be subject to active alluvial fan flooding, the nature of that flooding
can be generally characterized as shallow, low-velocity sheet flooding (see Section 2.5.4). The
piedmont landforms were classified as subject to active alluvial fan flooding due to FEMA’s
guidelines regarding sheet flow on alluvial fans.> The alluvial fans in Rainbow Valley follow
unpredictable flow paths, although they do not necessarily carry high sediment concentrations.

Flood hazards can be exacerbated by development on active alluvial fan areas and/or areas
downstream of the fans if a comprehensive flood control plan is not implemented. If not properly
designed, development can cause erosion, sedimentation, and flooding similar to the
development impacts discussed in Section 2.8.1 (Sheet Flow) and Section 2.8.2 (Distributary
Flow).

} Guidelines and Specifications for Flood Hazard Mapping Partners. Appendix G: Guidance for Alluvial Fan
Flooding Analyses and Mapping. FEMA, 2003.
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Recommended Plan

« Protect Significant Wash Corridors
« New Regulations

Flood Context - Effective
Typical Landform and Flood Characteristics
+ Waterman Wash floodplain along eastern border

» Disturbed (agricultual) Areas in northeast along Waterman Wash - unpredictable flow paths
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+ Large areas of distributary flow - unpredictable flow paths
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in disturbed areas
* West Prong Waterman Wash is the southern most SWC

Land and Resources Context - Compatible
Cultural and Environmental Resources

« Sonoran Desert National Monument is western border
+ Potential for prehistoric sites that could be protected at SWCs

+ Land area contiguous to Waterman Wash disturbed agricultural areas

» Mixed creosote scrub with pockets of mixed upland desert scrub
« Impacts to 404 Washes (mitigation banking opportunities)

» Clean Water Act considerations related to stormwater quality

« Secure natural flow ways

» Provide connectivity where blockages such as roads may impede wildlife movement
« West Prong Waterman Wash wildlife access from Sonoran Desert National Monument to Waterman Wash
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« Regional planning approach
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« Possible interpretive themes for outdoor recreational facilities along SWCs including prehistoric/ethnohistoric Komatke Trail,

history of Rainbow Valley Community and unsustainability of deep well irrigation agriculture

Community Context - Acceptable
Land Management and Implementation
« City of Goodyear General Plan

« Coordination with Regional Transportation Corridors such as Hassayampa Freeway and Sonoran Valley Parkway

» Use of sethacks/easements to allow for migration of SWCs
* Modify land use plans and roadway system to be flow friendly
+ Land swaps
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PLANNING UNIT SUMMARY DESCRIPTIONS

Recommended Plan
+« No New Actions

Flood Context - Effective
Typical Landform and Flood Characteristics

« Transected by Waterman Wash

» Sheet flows to Waterman Wash from the south west

* Mountain and piedmont tributary flows in the south east transitioning to sheet flow at slope break.
« Some washes are designated floodplains including administrative floodways.

+ Afew alluvial fans

Land and Resources Context - Compatible
Cultural and Environmental Resources

» Designated wildlife corridor connecting Sierra Estrella Mountains with the Maricopa Mountains and Sonoran Desert
National Monument

« Mixed creosote scrub with mixed upland desert scrub in the southeaster mountains

» There are a few continuous washes that flow from the east to Waterman Wash that could be SWC however since area is
not planned for development SWC designation not required

» Some potential for prehistoric sites related to hunting and gathering of desert resources and perhaps petroglyphs

» Possible historic sites

Aesthetic and Multi-Use Resources Opportunities

+ Southwest of Waterman Wash are the proposed corridors for the Loop 303, Sonoran Valley Parkway, and Hassayampa Freeway
« Planned open space designated by Goodyear in City limits

» Maricopa Regional trail system along northern boundary and Waterman Wash (PU - WR3)

» Tucson Electric Power - Existing overhead utility traverses east side

» Avrizona Public Service Overhead Transmission Line and Active El Paso Gas Pipeline along western boundary

Community Context - Acceptable
Land Management and Implementation
« City of Goodyear
» Most of the land managed owned by the BLM
* There are a few scattered locations of private property
» Opportunities for land swaps where where private property bounded by BLM land
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PLANNING UNIT SUMMARY DESCRIPTIONS

Recommended Plan
* New Regulations

Flood Context - Effective

Typical Landform and Flood Characteristics

+ Headwaters of southern portion of Waterman Wash (WR5)
» Sheet flow adjacent to Waterman Wash
* Mountains and piedmont tributary flow divides Waterman Wash into two forks

Land and Resources Context - Compatible
Cultural and Environmental Resources

+ Some potential prehistoric sites related to hunting and gathering of desert resources
» Possible historic sites

« Portions in the Sonoran Desert National Monument

+ Portions included in the Vekol Valley Grassland Species Habitat

« Mixed creosote scrub with some portions mixed desert upland scrub

« Clean Water Act requirements for stormwater quality in developing areas

Aesthetic and Multi-Use Resources Opportunities
» Public Supply, domestic, and industrial wells
+ Loop 303 Spur and Val Vista Parkway cross the planning unit
» Maricopa Regional Trail System connects Waterman Wash and Vekol Wash sections
« Scenic views of the Sierra Estrella Mountains and South Maricopa Mountain Wilderness
+ Natural and rural sonoran valley plain

Community Context - Acceptable
Land Management and Implementation

+ BLM managed public lands
« Some private land
+ Some planned development in the southwestern part of planning unit
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PLANNING UNIT SUMMARY DESCRIPTIONS

Recommended Plan
+ Protect Significant Wash Corridors

Flood Context - Effective
Typical Landform and Flood Characteristics

+ Two significant Wash Corridors along named washes (Corgett Wash and Lum Wash)
* Flow is to the north and the Gila River

* Mountains and piedmont tributary flow

» Disturbed developed area

« Afew alluvial fan type formations at the base of the mountains

» Planned development including drainage in Estrella Mountain Ranch

» Existing stormwater regulations should be adequate other than for SWCs

Land and Resources Context - Compatible
Cultural and Environmental Resources

 Potential for Prehistoric Sites including petroglyphs

+ Possible historic sites to be protected along SWCs

* Much of area previously cleared

* Mixed Creosote Scrub and Mixed Upland Desert Scrub

* Incised washes - 404 jurisdictional

» Clean Water Act considerations related to stormwater quality

Aesthetic and Multi-Use Resources Opportunities
« Estrella Mountain Regional Park

*+ Loop 303 Extension, Cotton Lane Extension, Sonoran Valley Parkway and Planned City of Goodyear enhanced transit corridor
+ Opportunities along SWCs for interpretive themes to include Hohokam Villages and hunting and gathering of upland deserts

+ City of Goodyear Planned Open Space along Gila River - northern boundary
» Maricopa Regional Trail System

» Community, City and regional parks and trails

» Golf courses

» Views of Waterman Wash and the Gila River

» Views of the Sierra Estrella and Buckeye Mountains

» Scenic View Scapes of foothills

Community Context - Acceptable
Land Management and Implementation

« Cities of Goodyear and Avondale

» Unincorporated Maricopa County

» Use setbacks/easements for migration of SWCs

* Road systems parallel and perpendicular to SWCs to minimize flow impacts
* Wildlife crossings for SWCs at major proposed transportation crossings

* Public Supply, Domestic and Industrial Wells

« Waste Water Treatments Plants

* Overhead Transmission Arizona Public Service
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—— Major Road ©
E | Pinal
—— River/Stream NORTH | Eimman Figure 2-8
Recommended Plan Report June 2011

Flood Control District of Maricopa County

URS Job No. 23445383



PLANNING UNIT SUMMARY DESCRIPTIONS

SECURED OPEN SPACE - EAST PLANNING UNIT

Secured Open
Space
Planning Unit

Recommended Plan
*« No New Actions

Flood Context - Effective
Typical Landform and Flood Characteristics
* Mountain Landform
» Flows concentrate in canyons
+ Steep terrain with high velocity flows
* Alluvial fan/distributary flow ina few areas of slope break in the upper bajada

Land and Resources Context - Compatible
Cultural and Environmental Resources

+ Potential for prehistoric sites (including petroglyphs) and possibly historic sites

* Quartz Peak Trail, prehistoric/ethnohistoric trail is a designated recreational trail in the Sierra Estrella Wildness

» Natural Mixed Upland Desert Scrub

+ Eastern portion of the wildlife corridor between Sierra Estrellas, Waterman Wash and the Sonoran Desert National Monument
+ Some prehistoric sites (Includes a portion of the Gila River Indian Community Reservation)

+ Sierra Estrella Wilderness

Aesthetic and Multi-Use Resources Opportunities
« Scenic views of Sierra Estrella Mountains
+ Scenic views of Rainbow Valley
« Sierra Estrella Wilderness
« Destination for Maricopa Regional Train System
* Mountains and natural arroyos, and natural upper bajada at slope breaks

Community Context - Acceptable
Land Management and Implementation

« Gila River Indian Community

* Unincorporated Maricopa County

* Most of the land under Bureau of Land Management management
» Some Arizona State Trust Land

Project Features

* I Significant Wash Corridor

; ; i .u.r-l.¢) + Overhead Utilities (Tucson Electric Power Co. and Public Service Co. of NM)
= Planning Unit Boundary .,:‘/{.'
Bureau of Land Management & ?'

Arizona State Trust Land
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55 Estrella Mountain Regional Park
Avondale
Goodyear
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PLANNING UNIT SUMMARY DESCRIPTIONS

Recommended Plan
+« No New Actions

Flood Context - Effective

Typical Landform and Flood Characteristics
* Predominantly distributary flow
» Portions of both the North and South Mariocpa Mountains
« Piemont tributary flow at slope breaks with mountains
* Some alluvial fans
» West Prong Waterman Wash and smaller ephemeral washes

Land and Resources Context - Compatible
Cultural and Environmental Resources
« State Wildlife Area
+ Sonoran Desert National Monument
+ Two identified Wildlife Corridor between Sierra Estrella Mountains and Maricopa Mountains
* Mixed Salt Desert Scrub
+ Mixed Creosote scrub transitioning to Mixed Upland Desert Scrub

« Potential for numerous prehistoric sites reflecting hunting and gathering in the Sonoran Desert National Monument

« Possible historic sites

+ Juan Bautista de Anza National Historic Trail/Butterfield Overland Mail road is a major interpreted historic resources in the monument

* Headwaters of West Prong Waterman Wash and other washes that flow northeast to Waterman Wash

Aesthetic and Multi-Use Resources Opportunities

* Maricopa Regional Trail System

« Town of Buckeye Regional Park

« Union Pacific Railroad Corridor

« State Road 238 Corridor

« APS Overhead Transmission Line

« Active EL Paso Corporation Gas Pipeline
* Public, domestic, industrial wells

Community Context - Acceptable
Land Management and Implementation

» Sonoran Desert National Monument (BLM)

= Some private parcels within the National Monument

» Proposed Sonoran Valley Parkway along portions of northeast boundary

» Potential crossing by proposed Hassayampa Freeway north of the National Monument
» Town of Buckeye
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PLANNING UNIT SUMMARY DESCRIPTIONS
WR 123 PLANNING UNIT

Recommended Plan
* New regulations

Waterman
Planning Unit

Flood Context - Effective

Typical Landform and Flood Characteristics

+ Ephemeral Wash with 100-year discharges ranging from 3,000 cfs to 12,000 cfs
* Major tributary flow from West Prong Waterman Wash at milepost xxx.

« Bankfull discharge channel - sandy bottom with riparian growth at bankfull limits
* Wide floodplain in many areas

+ Confluence with the Gila river.

» Flow direction southeast to northwest

« Adjacent land sheet flow and disturbed agricultural except in north where flow patterns are piedmont tributary
+ Delineated floodplain and floodway with BFEs - Allows development to encroach to floodway limit.

« Road crossing both by bridge/culvert structures and at grade

Land and Resources Context - Compatible
Cultural and Environmental Resources

+ Potential for prehistoric and historic sites

* Hohokam village (site AZ T:10:46(ASM) and Waterman farmstead located near confluence of Waterman Wash and Gila River
» Wildlife Corridor crosses wash in WR3

» Riparian and floodplain fringe vegetation

+ Wash is wildlife habitat and is used as a wildlife corridor connecting Sierra Estrella and Maricopa Mountains with the Gila River
« Potential for mitigation banking and 404 permitting issues

« Development in adjacent planning units and in floodplain fringe need to conform to clean water act water quality criteria

Aesthetic and Multi-Use Resources Opportunities

» City of Goodyear Waterman Wash Guidelines

« Maricopa Regional Trail System

« Park and golf course use of floodplain fringe

« Connector trail heads to adjacent properties

» Natural river channel scenic resources

« Views of both theSierra Estrella and Maricopa Mountains
* Rural and suburban foothill views in northern areas

Project Features

* I Significant Wash Corridor

= Planning Unit Boundary

Community Context - Acceptable
Bureau of Land Management

Land Management and Implementation
Arizona State Trust Land 9 p

+ City of Goodyear

* Unincorporated Maricopa County

- State TrustLand in WR2

= Small pockets of BLM land in WR1, large track in WR3 adjacent to Sevenmile Mountain planning unit

| Private

/ j Wilderness Area

J Estrella Mountain Regional Park
Avondale
Goodyear
Maricopa County
Reference Features
County Boundary

Rainbow Valley Map Not to Scale
ADMP Boundary

4 L 3
Township and Range 58 Maricopa®
e Boundary Project
Location )

— Major Road
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—— River/Stream NORTH |= Pima Figure 2-11
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PLANNING UNIT SUMMARY DESCRIPTIONS

Recommended Plan
» New Regulations

Flood Context - Effective
Typical Landform and Flood Characteristics

+ Ephemeral wash with the 100-year discharges being less than 3,000 cfs

* Floodplain and administrative floodway

« Bankfull sandy bottom channel with a wide floodplain

» Riparian growth at bankfull limits

+ Channel in many areas not well formed especially south of the SR238/UPRR crossing
« Flow direction southeast to northwest

« Wash is divided in upper watershed

* Runoff to wash from sheet flow and distributary flow. Few tributary confluences.

« No contributary flow from Vekol Wash to the south

Land and Resources Context - Compatible
Cultural and Environmental Resources

« Potential for prehistoric and historic sites

« Waterman Wash crosses the Juan Bautista de Anza National Historic Trail and Butterfield Overland Mail Road and historic
Southern Pacific Railroad

» Waterman Wash passes through historic Mobile African-American community

« Awildlife corridor crosses the wash that provides access for the Sierra Estrella and South Maricopa Mountain Wilderness

« Wash corridor is high quality Xeri-riparian with mixed creosote scrub in the floodplains

« The wash is wildlife habitat and is used as a wildlife corridor.

« Portions in the Sonoran Desert National Monument

« Portions included in the Vekol Valley Grasslands Species Habitat

Aesthetic and Multi-Use Resources Opportunities

« Some public suppy, domestic, and industrial wells are located along the wash

« Wash crossings of the Arizona Public Service overhead transmission line and Active El Paso Corporation Gas pipeline

« An abandoned EIl Paso pipeline also crosses the wash.

« Natural valley wash with adjacent valley plain floodplain

« Some areas are impacted by development

* Maricopa Regional Trail System

« Scenic views of the South Maricopa Mountains Wilderness, Sierra Estrella Mountains, and Sonoran Desert National Monument
+ Proposed crossing by the Loop 303 Extension, Hassayampa Freeway and the Goodyear Enhanced Transit Corridor

Community Context - Acceptable
Land Management and Implementation
« Portions of Waterman Wash located in the City of Goodyear. The rest in unincorporated Maricopa County
* At this time not included in Waterman Wash Guidelines
» Property ownership of wash both private and BLM and is piecemeal
» Opportunities for land swaps to provide continuous ownership
» Asignificant portion of the private property had been part of the Amaranth Development

Figure 2-12
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' 3.0 FLOOD HAZARD MITIGATION PLAN

3.1 INTRODUCTION

The foregoing discussion contained in Section 2.0 has identified the importance of planning on a
watershed scale as a means to account for the cumulative impacts of development throughout the
watershed as a whole. Planning at this scale is required to address the interactions between the
various landform divisions extending from the mountaintops at the upstream edge of the
watershed down to the Gila River at the watershed outlet. The importance of maintaining
continuity between these landform divisions is identified in terms of runoff and sediment
continuity, wildlife habitat and movement, as well as chemical and “flushing” functions of the
watershed system. As people move into Rainbow Valley and development expands, communities
will be built within the watershed context just described. The piedmont area situated between the
mountains and the Waterman Wash floodplain provides the most attractive location for
development due to the expanses of uniform and easily developed terrain. The study of
watershed functions and values forms the basis for identifying land development practices that
will minimize the adverse impacts to those watershed functions and will promote sustainable
development practices. The essence of this approach is to preserve the continuity between the
mountains and the river by promoting development practices that concentrate and limit ground

. disturbance, thereby limiting adverse impacts to a smaller area within each development. The
result is to maximize areas of undisturbed natural land surfaces that form direct connections, or
corridors, from the headwaters of the watershed to the outlet at the Gila River.

The proposed basic functions, specific performance functions, and design criteria described in
the following sections are intended to provide designers and planners with the necessary
framework to develop site-specific flood hazard mitigation solutions that, when achieved, will
assist in integrating the individual project into the overall watershed mosaic. This holistic
approach and the resulting suite of protective and regulatory design criteria address flood hazard

mitigation.

3.2 STAKEHOLDER GOALS AND OBJECTIVES

As described in Section 1.3, an Agency Stakeholder Group was convened at the outset of the
project to facilitate collaboration in identifying project goals and objectives that would guide the
process of identifying and evaluating alternative flood mitigation strategies. The input received
at the meeting was distilled into four primary project goals with a host of supporting goals and
objectives. The following goals and objectives were adopted for the project as being descriptive
of the community desires within the study area. These goals and objectives were foundational in
developing the recommended plan that is presented in the following sections.

URS Recommended Plan Report 31 June 2011
Flood Control District of Maricopa County URS Job No. 23445383




URS

Goal No. I — Provide Flood Hazard Protection for Public Safety

Resolve or manage existing identified flooding problems.

Prevent development in floodplains and in flood-prone areas not identified as

floodplains.
Maximize the area receiving flood protection.

Minimize or eliminate reliance on man-made or human intervention for operation

during a storm event.

Provide capacity in channels for anticipated mature vegetation requiring realistic

levels of maintenance.

Preserve or replace the storage capacity of natural channels to attenuate

discharges.

Preserve natural flow paths and drainage patterns.

Goal No. 2 — Provide Multipurpose Benefits to the Community

Provide opportunities to implement the Maricopa Regional Trail.
Provide opportunities to implement other local trail systems.

Provide opportunities to implement local municipal and other stakeholder-
identified recreational objectives and facilities.

Establish an east-west recreation/open space connection between the Sierra
Estrella and Maricopa Mountains/Sonoran Desert National Monument.

Provide the opportunity to implement a recreation/open space feature at the
confluence of the Gila River and Waterman Wash.

Protect or enhance natural resources.
Protect or enhance cultural resources.
Preserve the wildlife movement corridor.

Preserve and complement the desired visual character of future natural, rural,

suburban, and urban cultural settings.

Extend the natural scenic character of Waterman Wash to the south, in areas

where it currently is not well defined.

Preserve and enhance sensitive viewscapes.
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Improve and restore the areas containing visually discordant features, particularly

along Waterman Wash.

Retain and preserve distinctive natural and cultural scenic features and areas, i.e.,

riparian areas and washes, green-up areas, bajadas, and mountains.

Maximize the creation/preservation of open space consistent with the Maricopa

Association of Governments (MAG) Desert Spaces Design Guidelines.

Goal No. 3 — Regional Land Planning Compatibility

Use best available general plan data for planning.
Coordinate with development plans.

Support City of Goodyear’s open space and agricultural land use designations as
identified in Goodyear General Plan 2003-2013.

Recognize and support planned transportation corridors in planning.
Coordinate with adjacent planning areas for regional connectivity.

Coordinate with other agency plans in the study area.

Goal No. 4 — Develop an Implementable Plan

Gain support for the plan from potential funding partners.

Identify multiple partnering opportunities.

Develop a phased plan for implementation to spread expenditures over time.
Encourage implementation by others.

Meet Clean Water Act requirements for protecting waters of the U.S.

3.3 PERFORMANCE FUNCTIONS & DESIGN CRITERIA

A total of 12 basic functions were identified within the Rainbow Valley ADMP study area that
contribute to the quality of life within the watershed. These functions are derived from the
general watershed functions as described by P.E. Black (1997), the District-identified natural and
beneficial functions served by floodplains (FCDMC 2009), and the stakeholder-identified goals
for the Rainbow Valley ADMP. In this report, the term “function” is used to describe those
processes that represent the range of human and other natural activities, systems, and regimes

that directly or indirectly make use of or impact the resources found within the Rainbow Valley
ADMP study area.
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These functions are loosely divided into two groups: those functions that are primarily associated
with the hydrologic and hydraulic (H&H) regimes in the watershed (Flood Hazard Context) and
those that are related to other non-H&H watershed resources (Land and Resources Context). It is
important to recognize that, while these two divisions are useful for categorizing the basic
functions, the processes and systems that facilitate these functional interactions, both internally
and between landforms and planning unit boundaries, represent a complex web of connected
benefits and impacts. Change that impacts one functional category will likely have direct and
indirect impacts on the other functions, all of which will cause adjustments to the benefits and
values derived from the watershed as a whole. Table 3-1 summarizes the development of design
criteria that is proposed to guide development within the Rainbow Valley area. The table shows:

e Basic functions to be preserved

e Supporting performance functions which establish a goal or outcome

e General design criteria which establish a benchmark
This section describes the 12 basic functions that were identified as important to be preserved.
For each basic function a series of specific performance functions are defined that, if achieved,
would be expected to protect and support the basic functions. Design criteria are then proposed

that could be incorporated into policies, guidelines, and ordinances as a means for .

implementation within any jurisdiction or agency that controls development.
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Table 3-1 Performance Functions and Criteria

Lum Waterman

Basic Function Estrella Sonora Wash WR123 Mobile South WR45
Performance Function General Design Criteria | 2 K] 4 5 6 7

1 Restrict increases in storm water
RUNOFF VOLUME to avoid X X X X X
adverse downstream impacts
1.1 |[Store increased runoff volume Require maximum retention of
: (0} (¢} (0) O O
resulting from development 100-year 2-hour
1.2 | Preserve natural land storage and | Waive retention requirement for
: 5 : ; O (0] (0] O O
storm water infiltration properties | undisturbed land areas
1.3 [Maintain adequate baseflow for |Require maximum undisturbed
vegetation area directly connected to 404 O 0O O O O
washes
) Restrict increases in storm water
PEAK DISCHARGE % X A 2% o~
2.1 |Limit reduction in time of Criteria for onsite drainage
concentration system layout to require longer O (@) O o (@)
flow paths
2.2 |Provide retention/detention to Provide additional on-site
meter flows rgtentlon/detent'lon 50 peak o o 0 o o
discharges leaving site are not
greater than existing conditions
3 Maintain FLOW CONTINUITY X X X X X
to outfall
3.1 |Manage flow split uncertainty by [Classify flow splits to identify
“fixing” or regulating flow split |important splits to be addressed in 0
potential plan
3.2 |Once concentrated, flows to be Demonstrate continuity to
conveyed to suitable outfall approved outfall in design report (0) O (0) O O
and development plan
3.3 |Maintain sub-basin continuity Restrict inter-basin transfers of o 0
runoff
3.4 |Coordinate road alignments with |Road alignments to be generally
drainage patterns parallel and perpendicular to O O
drainage patterns
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Basic Function
Performance Function

General Design Criteria

Estrella

|

Sonora

2

Lum Waterman

Wash WR123 Mobile South WR45

Flood Control District of Maricopa County

4 Preserve wash STQRAGE for X X X X X
peak flow attenuation
4.1 |Mitigate loss of floodplain Modify floodway delineation
3 (0} O O O O
storage from encroachment based on encroached discharge
5 Preserve cross-section
CONVEYANCE capacity e S - 5 &
5.1 |Maintain floodplain storage See 2.1 o o 0 o o
volume
6 Preserve SEDIMENT
TRANSPOR.T. capacity qf X X X X X X
washes to minimize erosion and
deposition
6.1 |Preserve dominant discharge low |Require analysis of channel
flow channel forming discharge and low flow (6] (0] (0) (0] (6] O
channel cross-section
6.2 |Limit increase in maximum Limit flow depth to width ratio in 0 0 o 0 0 o
tractive shear at design discharge |100-year channel improvements
6.3 |Design for potential changes in | Provide grade control based on
sediment supply from upstream | equilibrium slope under O O O O (@) o
development developed watershed conditions
7 Maintain SEDIMENT
CONTINUITY Uy %8 s = i
741 Ml.m.mlze concentration of See 1.2 0 o o o o
existing sheet flow
7.2 |Maintain sediment yield from Provide incentives for
individual development and undisturbed areas (see 1.2) (0) (0) (0] (0] (0]
overall watershed (also see 6.1-6.3)
7.3 | Maintain sediment delivery to Provide incentives for
Waterman Wash undisturbed areas (see 1.2) (0] (0] (0] (0] (0]
(also see 6.1-6.3)
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Basic Function
Performance Function

General Design Criteria

Estrella
|

Sonora
2

Lum

Wash
R}

WR123
4

Mobile
5

Waterman
South WR45
6 7

8 Complement planned future X X X X X X
scenery resources
8.1 |Design to be compatible with Develop regional scale
planned cultural and physical conveyance channels and storage
setting (natural, rural, suburban, |basins using a soft- or semi-soft
. O (0} O O O
or urban) structural method; use publicly
desirable design theme for
drainage and storage features
8.2 |Flood hazard mitigation to be Preserve or restore existing wash
compatible with natural Sonoran |character to natural condition.
desert wash in floodway Include adjacent open space 49) ©) (©) 9 () Q
beyond xeroriparian zone
8.3 [Design to maintain views toward
mountain preserve areas; 0 0 0 () 0 o
preserve existing character of
views from mountain preserves
9 Accqmmodate regional and local X X X X X X
multi-use
9.1 | Accommodate City of Goodyear |Include City of Goodyear
parks identified park locations in plan o 0 0 o
update that could become storage
facilities
9.2 | Accommodate other local parks | Compatible recreation uses to be
co-located with drainage facilities 0 O (0) O (0)
to increase value density
9.3 |Establish Maricopa Region Trail | Where segments are identified,
segment(s) incorporate Maricopa Regional
Trail into conveyance design O O (0) (@) O O
plans or zoning uses with
easements
9.4 | Accommodate other local trails | Preserve or restore existing wash
character tp natural condition. o o o o o 0 o
Include adjacent open space
beyond xeroriparian zone
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Basic Function
Performance Function

General Design Criteria

Lum
Estrella Sonora Wash WR123
| 2 3 4

Waterman
Mobile South WR45
5 6 7

9.5 | Accommodate Juan Bautista de | Use drainage to create open space
Anza National Historic Trail buffer adjacent to national
enhancement and interpretation- | historic trail O
linkage from Gila River to State
Route 238
10 Provide open space X X X X X X X
10.1 [Preserve existing open space Incorporate appropriate setback
value into conveyance and storage o o 0 0 0 0
designs; use cluster development
design criteria
10.2 | Maintain BLM-managed lands as | Use non- or soft structural
public open space methods for conveyance and (0] O (O) (0) (0] O
storage facilities where necessary
10.3 [Development in “MAG Desert Include appropriate Desert Spaces
Spaces — Retention” areas to sections as appendix in ADMP
comply with MAG Desert Spaces 8 e o o 8 2 2
Design Guidelines
11 Protect or enhance biological X X X X X X x
resources
11.1 [Maintain existing ecological Preserve open space in
integrity of natural vegetation undisturbed areas/habitats/
types vegetation types, control
invasive plant and animal (0} (0} O (0] (€] 0} (0)
species, set priority development
of degraded uplands over
undisturbed ones
11.2 |Protect natural and beneficial Exclude development from
functions of washes significant \_Na'Sh comdorg, 0 o 0 0 0 0 o
preserve existing vegetation
from other forms of disturbance
11.3 | Preserve the connectivity and Maintain open space, preserve
permeability of habitats movement corridors, create o o o o o o o
wildlife friendly crossings under
roadways and railroads
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Basic Function
Performance Function

General Design Criteria

Estrella

1

Waterman

South WR45

6 7

URS

Flood Control District of Maricopa County

11.4 | Restore or enhance vegetation Restore or enhance vegetation
and natural channels in poorly along wash channels o 0 o
defined or degraded sections of
washes
11.5 [ Use built structures to create Design built structures to co-
resources for wildlife develop wildlife waters or to O (0} (@)
create habitat
12 Promote appreciation and
preservation of significant X X X
cultural resources
12.1 | Historic sites Preserve identified cultural
features within open-space
setback of facility
- or - O O O
provide interpretation of historic
character within site design
elements
12.2 |Prehistoric sites Preserve identified cultural
features within open-space
setback of facility
- or - O O O
provide interpretation of
historic/prehistoric character
within site design elements
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3.3.1 Restrict Increases in Storm Water Runoff Volume * ‘

Runoff volume is key to the characterization of runoff from piedmont surfaces where flow
depths are low and runoff is dispersed over a large area (sheet flow). Due to the flow
characteristics, there is a substantial amount of peak discharge attenuation as the runoff makes its
way down the piedmont slope toward Waterman Wash, which is the axial stream that collects all
the piedmont runoff. The peak flow attenuation results from watershed storage, flood travel time,
and infiltration on the piedmont surface. Development practices that add impervious area tend to
increase runoff volumes and reduce flood travel time. Increasing the capacity of a small natural
wash through channelization to contain the broad shallow overland flow drastically reduces the
surface area of contact, which also reduces the opportunity for infiltration as the runoff makes its
way down slope. Once the runoff volume is increased, the downstream impacts become
cumulative as the extent of development increases and runoff volume is further increased. In
addition to impacts on the piedmont resulting from increased runoff volume, peak discharges in
Waterman Wash would also be expected to increase, which would impact floodplain limits,
propagating flood hazards downstream to the Gila River. The strategy to minimize and mitigate
increases in storm water runoff volume is described in the following performance functions.

3.3.1.1 Performance Functions

e Store increased runoff volume resulting from development (1.1)

Construction of roadways, homes, and other elements of a land development project adds
impervious surfaces within the area of disturbance that prevent depression storage, storm
water infiltration, and increase runoff volume. The increase in runoff volume resulting from
development should be captured and stored within the development in retention areas and
then either infiltrated into the ground or released after the storm at low discharge rates.

A desirable incentive associated with this function is to reduce the required storage volume
by minimizing the area of disturbance. This could occur by excluding preservation corridors

from needing retention.

e Preserve natural land surface storage and infiltration properties (1.2)

The natural, undisturbed land surface has evolved over time to interact with storm water
runoff in a particular way that is suited to the local environment. This includes an
interdependent system of vegetative stands and root systems, surface crusting with small
depressions, smooth and uniform slopes that minimize flow concentration. Once this system
is disrupted it cannot be artificially restored within a short period of time. As a result, a high

* Numbers in parentheses refer to the Basic Functions listed in Table 3-1.
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priority is placed on preserving natural land surfaces in an undisturbed state to the greatest
extent practical. It is additionally beneficial to arrange these undisturbed areas in a way that
provides a continuous and connected flow path for runoff that extends with minimal

disruption from the mountain slopes to the downstream receiving wash.

Maintain adequate baseflow to support native vegetation (1.3)

The native vegetation on the piedmont surface as well as within and along natural washes
serves an important function for stabilizing soils and resisting erosion. With any retention
requirement, it is important to provide for adequate baseflow to support the native vegetation.
The relatively small amounts of runoff from frequent, but low intensity storm events are the
most important for sustaining vegetation. As a result, a first flush retention requirement, if
applied across the entire development, would be counter to this baseflow requirement. This
requirement supports the preceding performance function of preserving natural land surfaces
in an undisturbed state. Runoff from the undisturbed lands will aid in supporting native

vegetation.

3.3.1.2 Design Criteria

The following design criteria are proposed to achieve the performance functions just described.

e Lot sizes may be reduced to maintain the same number of total units for the development
in order to preserve lands in a natural and undisturbed state. The sum of the reductions in
lot size area may not exceed the area of natural and undisturbed area preserved. The
preserved area must be owned by a homeowners association, shown in a surveyable
manner on the recorded subdivision plat, and protected by recorded covenants attached
with the land. Additionally, the number of lots allowed by the reduction cannot exceed

the number of lots allowed without the reduction.

e The project layout shall be developed in such a way as to allow the natural and
undisturbed portion of the development to drain directly to natural and undisturbed lands
on the downslope portion of the site without draining across improved or disturbed lands.
Undisturbed lands shall be aligned with adjacent upstream and downstream developments
to provide a continuous and directly connected corridor of undisturbed lands through the

piedmont.

e Channel improvements may be allowed in lieu of natural and undisturbed flow corridors
if the channel improvements are continuously extended to a channelized outfall having
adequate capacity. Additionally, it must be shown through a hydrologic analysis that the
channelization will not result in increases to downstream discharges in Waterman Wash.
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e The natural and undisturbed sheet flow corridors resulting from this requirement shall be
designed to convey the full upstream sheet flow entering the site by “funneling” the sheet
flow obstructed by development areas into a natural and undisturbed flow corridor. The
reduction in the width of sheet flow in the natural flow direction shall not cause excessive
erosion for the new undisturbed flow corridor. The drainage report must account for all
sheet flow entering the site by showing the corridor where the sheet flow obstructed by
development is funneled and that for each corridor, the encroachment criteria is met.

e On-site retention must be provided to capture and store the runoff generated by the
disturbed or improved portions of the development so that the runoff volume for the 100-

year, 2-hour storm is retained on site.

e Retention shall not be required, nor provided, for undisturbed, natural corridors within
the project that drain directly to the natural and undisturbed downstream lands in

accordance with this section.

e U.S. Army Corps of Engineers Jurisdictional Waters of the U.S. shall have a minimum
baseflow preserved by allowing natural, undisturbed lands within the development to
drain directly and in a natural state to jurisdictional waters without “first flush” retention.

3.3.2 Restrict Increases in Storm Water Peak Discharges 2)

Peak discharge is closely related to, and directly affected by, changes in runoff volume. The flow
attenuation just described results from watershed storage, flood travel time, and infiltration on
the piedmont surface. Channelization drastically reduces watershed storage and travel time,
which increases peak discharges. The downstream impacts of reduced piedmont storage and
travel time are also cumulative as the extent of development increases and concentration of flows
are further increased. Flow concentration through channelization and surface paving will
increase the efficiency of flow accumulation and will reduce the time of concentration, which
will result in an increased peak discharge even with the same runoff volume. Increases in peak
discharge have adverse impacts to downstream developments through increased flow velocities
and stream power. This has a direct impact on sediment transport characteristics of the piedmont.
Sediment transport on the piedmont is described later in the document. The strategy to minimize
and mitigate increases in storm water peak discharge is described in the following performance

functions.

3.3.2.1 Performance Functions
e Limit reduction in time of concentration 2.1

Improving the efficiency of flow accumulation and conveyance to the sub-basin outfall

results in shortened times of concentration; this shortens the time duration of the runoff
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hydrograph and increases peak discharge. Incorporating elements into the site layout and
design to more closely simulate the natural runoff accumulation characteristics will reduce
(mitigate) the increase in peak discharge. This can be done by providing long flow paths in
channel and roadway design and providing for unconfined sheet flow as far downslope as
practical to minimize the length of channelized or concentrated flow. Utilizing rougher
materials and flatter slopes in improved channels and pipes will reduce flow velocities, also

mitigating increases in peak discharge.

A desirable incentive associated with this function is to reduce the required storage volume
by incorporating design elements that lengthen the time of concentration. This in turn either
allows for shallower basins or additional land that can be used for other purposes.

e Provide retention/detention to meter flows (2.2)

Increases in peak discharge from development should be offset by providing additional
detention or retention storage in addition to the storage provided for runoff volume.

3.3.2.2 Design Criteria

The following design criteria are proposed to achieve the performance functions just described.

e Provide additional on-site retention such that peak discharges leaving the site are not greater

than the natural condition peak discharges.

3.3.3 Maintain Flow Continuity to Outfall A3)

Flow continuity from the mountains to the watershed outlet at the Gila River is important for
both runoff and sediment. Disruptions in flow continuity result in downstream uncertainty and
associated risk as well as disruption to the hydrologic and environmental functions and values
identified elsewhere in this report. Diversions of runoff into adjacent sub-basins disrupt the
runoff and sediment supply to the downstream channel. Flow splits in natural, distributary
drainage networks create flow path uncertainty due to the variable nature of the flow distribution
between the downstream legs of the flow split. Developments downstream from the flow split
must often anticipate the entire flow being conveyed within each leg in order to avoid

underestimating the discharge reaching their site.

Broad shallow sheet flow can mask the true amount of runoff that is perceived by an observer.
This is due to the lack of landform features such as washes that would normally be associated
with large amounts of runoff. Although the natural system conveyance down slope may be
relatively low on a flow per foot of width basis, the cumulative conveyance across a large area,

such as the flow at a boundary of a subdivision, can be as high as a large wash. Therefore, it is
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critical that the natural piedmont conveyance be maintained or entirely replaced from the

subdivision boundary all the way to a receiving stream or water body. If the conveyance is

replaced by a channel, the linear extent of the channelized conveyance must be extended to a

suitable receiving stream, wash, or river and not simply be allowed to discharge onto the

piedmont surface downstream of the development. The strategy to preserve and provide flow

continuity is described in the following performance functions.

3.3.

URS

3.1 Performance Functions
Manage flow split uncertainty by “fixing” or regulating flow split potential 3.1)

Existing flow splits within the study area were evaluated as part of the geomorphology study.
Fourteen significant flow splits were identified in the Sonora Planning Unit that could be
diverted into the dominant leg of the split. This would significantly reduce downstream

uncertainty.

Once concentrated, flows to be conveyed to suitable outfall (3.2)

Due to the shallow sheet flow condition throughout much of the Rainbow Valley ADMP
study area, concentrated flow presents a significant erosion hazard to downstream properties.
If a development concentrates runoff through channelization or other means, the channel
should be continuous to a suitable downstream outfall. Attempts to re-distribute concentrated
flow at the downstream property limit back into a sheet flow condition have not been

successful.

Maintain sub-basin continuity (3.3)

The hydrology modeling has identified numerous drainage sub-basins that extend from the
mountains to Waterman Wash. Diversions from one sub-basin to an adjacent sub-basin
would “starve” the downstream natural channel and should be restricted. Diversions would
also change the discharges for downstream properties. Except for areas designated for
diversion into SWCs, inter-basin transfers of runoff should be restricted.
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. e (Coordinate road alignments with drainage patterns (3.4)

Road crossings of natural washes have a potential to cause flow diversions along the roadway
alignment, potentially into an adjacent sub-basin. When runoff ponds at a culvert inlet or a
low water “dip” crossing and the water rises to a certain level, it may be diverted along the
upstream roadway shoulder, potentially into an adjacent sub-basin. This is a particular
concern when road crossings are at an angle, skewed to the channel. As a result road
crossings of natural washes should be minimized. When road crossings are needed, they
should be oriented perpendicular to the wash. Additionally, road alignments parallel to
washes, situated near the divide between two washes is desirable. This function suggests a
unique transportation plan approach that is very different than the traditional grid pattern
which is oriented to the compass.

3.3.3.2 Design Criteria
The following design criteria are proposed to achieve the performance functions just described.
e Regulated flow splits, shown as significant splits on Figure 3-1, shall be designed
according to the specified discharges for each leg of the split.

e If runoff is concentrated as part of the development design, the confined/channelized
. flow must be conveyed to a suitable outfall. Continuity to an approved outfall must be
demonstrated in the drainage report.

e Inter-basin transfers of runoff shall be restricted unless the following conditions are met:
o the contiguous sub-basins are owned by the same property owner, and
o the approved outfall(s) lies within the owner’s property limit,
o or if the sub-basin is identified as a basin that can be diverted into a designated SWC

e Site layout shall consider the natural drainage paths by aligning roads parallel or
perpendicular to drainage paths and minimizing the number of wash crossings within the

development.
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3.3.4 Preserve Wash Storage for Peak Flow Attenuation 4)

Natural washes typically have a low flow channel that is formed and maintained by regularly
recurring and somewhat frequent storms. The low flow channel cross-section supports the
transport of sediment through the system. When larger, less frequent storms occur, the low flow
channel section capacity is exceeded and the excess runoff spills onto the overbank floodplain
area. On the piedmont surfaces in the Rainbow Valley area, the defined washes have a floodplain
area that has been formed by whatever extreme or large storm events that have historically
occurred. The small, braided washes that are very shallow interact with the piedmont itself,
which functions as the floodplain area. The important functions of the overbank floodplain are to
store excess runoff, provide additional conveyance, and due to the added storage volume,
attenuate downstream peak discharges. The current FEMA regulations for development within
floodplains allow encroachment up to the floodway limit. This encroachment reduces the
available overbank storage, resulting in increases in the peak downstream discharge. These
increases are not accounted for in the FEMA floodway delineation methodology. The strategy to
minimize and mitigate loss of wash storage is described in the following performance functions.

3.3.4.1 Performance Functions

e Mitigate loss of floodplain storage from encroachment (4.1)

A modified floodway delineation methodology is proposed that utilizes the following
iterative approach to develop the floodway. Starting with the natural floodplain delineation:

1. Develop the floodway limits using the equal conveyance reduction methodology with

a 1-foot target for the rise in water surface.

2. Re-run the hydrology model with the new encroached floodway cross-section
substituted for the natural cross-section in the subject routing reach. Due to loss of
overbank storage, this is expected to result in a higher computed peak discharge.

3. Re-analyze the floodway limits by relaxing the limits computed from step 1 to meet
the equal conveyance reduction, 1-foot rise criteria using the higher peak discharge

from step 2.

4. Repeat steps 2 and 3 until there is only a small change in discharge and small change
in floodway limits from one iteration step to the next. This is the new, encroached
100-year discharge and floodway limit. This is expected to be a wider floodway and a
higher discharge than the original floodway developed in step 1.
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. 5. The standard FEMA floodway delineation methodology does not provide for a
change in discharge resulting from encroachment. Therefore, if the floodway is to be
submitted for FEMA approval the original, FEMA-approved discharge should be run
with the new, wider floodway limits for the FEMA submittal. This will result in an

acceptable floodway, with a less than 1-foot rise.

3.3.4.2 Design Criteria

The following design criteria are proposed to achieve the performance functions just described.

e Utilize the modified floodway delineation methodology to determine the limits of
encroachment on all washes with 100-year peak discharges of 500 cubic feet per second or
greater. A new floodway analysis shall be performed using the modified methodology for
undelineated washes and for washes that already have FEMA-approved delineations.

3.3.5 Preserve Cross-Section Conveyance Capacity o)

Flood storage and flow conveyance are inter-related in the overbank area of natural washes and
must be preserved or replaced when constructing improved open channels or encroaching with
development. The conveyance capacity of a wash’s cross section defines the amount of
floodplain flow capacity that is available when the flow is greater than the bankfull discharge.
. Whereas overbank storage has the effect of attenuating peak discharges, conveyance is needed to
limit the spread of the flow. If overbank storage that is lost due to floodplain encroachment is
replaced by storage basins without maintaining the original channel and overbank conveyance
capacity, the channel flow will expand by raising the water surface and/or overtopping the banks.
The strategy to minimize and mitigate loss of cross-section conveyance capacity is described in

the following performance functions.

3.3.5.1 Performance Functions
e Maintain floodplain storage volume 5.1

Leaving the natural wash undisturbed and utilizing the modified floodway methodology
described in Section 3.3.4.1 will mitigate the loss of conveyance capacity in the floodplain as
well as the loss of overbank storage capacity. If modifications to the wash are permitted, they
should be designed to maintain the natural conveyance capacity for a combination of the low
flow “dominant discharge” channel and the 100-year floodplain channel sections.

URS Recommended Plan Report 3-18 June 2011
Flood Control District of Maricopa County URS Job No. 23445383




3.3.5.2 Design Criteria .

The following design criteria are proposed to achieve the performance functions just described.

e Utilize the modified floodway delineation methodology to determine the limits of
encroachment on all washes with 100-year peak discharges of 500 cubic feet per second or
greater. A new floodway analysis shall be performed using the modified methodology for
undelineated washes and for washes that already have FEMA-approved delineations.

3.3.6 Preserve Sediment Transport Capacity of Washes to Minimize Erosion and
Deposition (6)

Sediment transport and erosion are important processes that are heavily influenced by the flow
hydraulics, which has been described in Sections 3.3.1 to 3.3.5. The broad, shallow sheet flow on
the piedmont combined with the natural channel bank full discharge are in balance with the
sediment supplied from the upstream watershed. The sediment transport characteristics of these
fluvial systems are very sensitive to changes in the flow hydraulics resulting from natural or

man-induced watershed modifications.

“...man’s activities will modify fluvial system response by influencing the

governing physical processes. Perhaps the most important concept to realize

about fluvial systems is that they are dynamic systems attempting to achieve a
state of balance or equilibrium. Consequently, the fluvial system is either
adjusting to altered conditions or is in a state of dvnamic equilibrium with present
conditions. In either case, natural and man-induced changes can initiate
responses that may be propagated through long periods of time or large areas.
This dynamic nature requires that the analysis of problems (even on a small,
localized scale) and development of solutions be considered in terms of the entire
system.” (Arizona Department of Water Resources [ADWR] 1985)

In addition to the effects of increases in peak discharge and floodplain limits previously
described, the potential for erosion and deposition exacerbates these flood hazards in the
piedmont areas. Sediment transport within these desert washes is highly influenced by the bed
sediment characteristics of unit weight and size, the flow depth, and the bed slope. If the
sediment transport capacity is raised by increasing the channel flow depth through channelization
or encroachment or by increases in peak discharge, significant erosion can occur. Once flows are
concentrated and flow depths increased, erosion can become widespread. If sediment transport
capacity of the wash is decreased, the sediment that is being delivered to the wash by the
upstream watershed will be dropped and problems of deposition will result. The cumulative
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. impacts of changes in sediment transport capacity across the study area can be extensive and

include the following:

“The combination of large sediment yield, large transport capacity, and “flashy”
runoff can cause rapid changes in the configuration of sandy-soil channels. These
changes include lateral migration, scour, degradation and aggradation, and can
cause changes in stream form, bedform, flow resistance, and other geometric and
hydraulic characteristics.” (ADWR 1985)

Natural desert washes are formed by frequent storm events in order to provide capacity for the
dominant discharge and the incoming sediment. The dominant discharge is the channel forming
discharge, which is much less than the 100-year discharge. Channel forming discharges typically
have recurrence intervals of less than 2 years (Moody 2003). The dominant discharge low flow
channel is also the section that conveys the incoming sediment through the system. Discharges in
excess of the channel bankfull capacity, such as the 100-year discharge, will spill into the
overbank. In the case of the piedmonts in the Estrella and Sonora planning units these overbank

areas can be very wide.

Within undisturbed areas and within designated SWCs, the sediment transport function will be
. preserved by virtue of the fact that the wash is being left alone in its natural and undisturbed
state. In disturbed areas and other areas where channelization is permitted, the strategy for
channel design is to develop a compound channel section that contains a low flow channel sized
for the dominant discharge, nested within a larger trapezoidal channel section that is sized for the
100-year discharge. This strategy is further described in the following performance functions.

3.3.6.1 Performance Functions
e Preserve dominant discharge low flow channel (6.1)

The historic low flow channel was naturally formed over time to the size and shape necessary
to carry the incoming sediment load. To maintain sediment continuity it is therefore
necessary to preserve the bankfull channel section or else mimic its sediment transport

properties within an improved low flow channel.

e Limit increase in maximum tractive shear at design discharge (6.2)

Maximum tractive shear stresses in a channel cross-section are proportional to the channel
flow depth and slope. Encroachment or channelization typically increases channel depth in
order to provide a more efficient section that requires less width. This results in increases in
tractive shear stresses at the wash flow boundary, which in turn increases sediment transport
. capacity, resulting in scour. To limit increases in tractive shear stresses, flow width to depth
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ratios should be limited within the 100-year channel section when the main channel section is

to remain in a natural state.

e Design for potential changes in sediment supply from upstream development (6.3)

Decreases in sediment supply are expected when upstream development reduces the exposed
land area. A decrease in sediment supply will result in an adaptive channel response to the
change in sediment supply. The change will typically result in erosion and a general
flattening of the channel profile. The equilibrium slope for the sediment supply rate
anticipated for the fully developed watershed condition should be used to estimate the
channel profile change. Grade control structures should be constructed to limit the depth of
erosion as the upstream watershed develops and the channel profile flattens in response to the

reduced sediment supply.

3.3.6.2 Design Criteria
The following design criteria are proposed to achieve the performance functions just described

within disturbed areas or other areas where channel improvements are permitted.

e Channel improvements shall utilize a soft or semi-soft structural method in accordance with
the criteria of Section 3.4.8 and be designed to convey sediment with a compound channel

section that includes a dominant discharge low flow channel nested within a 100-year

discharge main channel section.

e In the case of clear water discharge, the channel shall be designed with a stable, non-movable

bed and banks based on the allowable tractive shear design approach.

e Channel profile design shall be based on the equilibrium slope utilizing the sediment supply
rate for the fully developed watershed condition. Grade control structures shall be included in
the design as needed to accommodate the channel adjustment to the equilibrium slope.

3.3.7 Maintain Sediment Continuity 7

Once sediment is in the system and is being transported through the system, continuity must be
maintained to ensure that the sediment can be carried all the way through the system to the
outlet. Discontinuities in sediment transport capacity will result in erosion or deposition, which
can be a maintenance concern and can cause loss of conveyance capacity. This can result in
flooding of the adjacent properties.

The sediment continuity principle applied to a given channel reach states that the sediment
inflow minus the sediment outflow equals the time rate of change in sediment storage. So, at any
point along a wash, the inflowing sediment must be passed downstream to avoid accumulation of .
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' sediment as deposition. Conversely, if the downstream reach has a sediment carrying capacity
that is greater than the amount of inflowing sediment, scour will occur in order to satisfy the
sediment deficit. As with flow continuity, sediment continuity should be maintained throughout a
watershed in order to prevent adverse impacts to downstream property owners and receiving
bodies of water, e.g., Waterman Wash. Sediment continuity is often disrupted at:

e Changes in channel cross-section or slope as may result at the upstream or downstream limit
of man-made channel improvements

e Road crossings with “dip” sections or culverts

e Washes with interrupted sediment source resulting from land development activities

e Washes with added sediment supply from fires or vegetation clearing or grading of the

contributing watershed

The strategy to maintain sediment continuity is described in the following performance

functions.

3.3.7.1 Performance Functions

. e Minimize concentration of existing sheet flow (7.1)
e Maintain sediment yield from individual development and overall watershed (7.2)
e Maintain sediment delivery to Waterman Wash (7.3)

3.3.7.2 Design Criteria

No additional criteria are identified for this function. Criteria cited in other sections will achieve

the performance functions just described.

3.3.8 Complement Planned Future Scenery Resources 8)

Scenery resources describe the visual elements and their arrangement or composition within the
watershed. These elements and their arrangement comprise the physical appearance and cultural
context of a given landscape, which gives it an identity and sense of place. Flood hazard
mitigation facilities and measures should retain this sense of place by using similar compositions
of the forms, colors, textures, and materials typically found within the planned future setting.
This will minimize potential negative impacts to the visual aesthetic value of a site and its
surroundings or enhance the perceived visual quality of the setting, which in turn increases the
value to the landscape. This can translate into greater market values for adjacent lands, as well as
indirect benefits for improvements in public well-being and health, greater frequency of use for
. associated recreation, and other multi-use activities.
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The existing scenic character and integrity of the watershed should be preserved or enhanced .
through the design and implementation of flood hazard mitigation facilities and measures. This

will help minimize potential negative impacts to the existing, natural visual aesthetic of the

watershed that can be associated with development or even enhance the perceived visual quality

of the setting, which in turn preserves or increases the value to the community

3.3.8.1 Performance Functions

e Design to be compatible with planned cultural and physical setting (natural, rural, suburban,
or urban). (8.1)

Flood hazard mitigation facilities that are designed to visually integrate into the planned
setting increase public acceptance of the structures and add value to the community.

e Flood hazard mitigation to be compatible with natural Sonoran desert wash in floodway (8.2)

The riparian zone of natural washes entails many elements that define the expected visual
character of a natural desert wash. These elements include the sandy wash bottom and its
tributary branches, the stands of native vegetation that typically line the banks of the channel,
and the U-shaped, cross-sectional form. Preserving this riparian zone can prevent negative
impacts to the visual character of existing natural washes including the identified SWCs. .

e Design to maintain views toward mountain preserve areas; preserve existing character of

views from mountain preserves. (8.3)

The flood hazard mitigation facilities should be developed in a manner that preserves
continuous linear “green spaces” within the valley and elements of the existing viewshed
from the mountain preserves into the Rainbow Valley.

Figure 3-2 shows the existing visual character of the area as seen from the Sonoran Desert
National Monument, including the open panoramic distant views to the Sierra Estrella
Mountains, interspersed by the green “fingers” of vegetation along the small washes that feed

Waterman Wash.
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Figure 3-2 Rainbow Valley Viewshed

3.3.8.2 Design Criteria

The following design criteria are proposed to achieve the performance functions just described.

e Design regional scale conveyance channels and storage basins using a soft or semi-soft
structural method. Table 3-2 shows representative examples of soft, semi-soft, and
enhanced hard structures with appropriate design themes. Soft and semi-soft structures
are considered compatible with all settings in all planning units. In urban areas, enhanced
hard structures may be considered appropriate provided that the aesthetic treatment
enhances the ability of the structure to complement the built setting using similar
materials, colors, and forms in an aesthetically pleasing manner. While the actual
application of these criteria needs to be determined on a project-by-project basis, the
following specific guidelines have been identified as compatible with the observed
setting in the Rainbow Valley study area and serve as the basis for project design:

o Semi-soft structures should include varied side slope conditions to create an
undulated form. Side slopes should vary from 4:1 to 8:1, with an average of 6:1 used
to determine the needed right-of-way required for individual projects.
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o Channels should be designed with a composite Manning’s ‘n’-value at or near 0.055 ‘
overall. This ‘n’-value should allow for both shrubs as well as trees to be planted
within the 100-year floodplain cross-section of the channel.

o Structures should be designed in accordance with the associated structural methods,
as indicated in Table 3-2.

e Apply an appropriate and publicly desirable design theme to drainage and storage
facilities. Table 3-2 includes a range of archetypical design themes that are appropriate
for the Recommended Plan area. Compatible structural methods as well as key plant
species that should be used in project design are also provided. Public feedback should be
sought to determine the most acceptable and desirable theme.

Table 3-2 Landscape Design Themes

Setting
Rural
Natural Large Lot Suburban
Design Theme Undeveloped| Residential Parks Urban
X X X X

Structural Methods: Soft, Semi-Soft

|| Key Plant Species:
|| Succulents

~ [ Saguaro, ocotillo, prickly pear, barrel sp., cholla sp., agave, .
yucca

Trees
Blue palo verde, foothills palo verde, ironwood

Shrubs
Jojoba, brittlebush, bursage, creosote, white ratany

~

Natuf;l Sonoran Desert Uplands

X | X | X | X
Structural Methods: Soft, Semi-Soft

Key Plant Species:
Cacti
Saguaro, ocotillo, prickly pear, barrel sp., cholla sp.

Trees
Mesquite, desert willow, blue palo verde, ironwood, desert
hackberry

@l Shrubs
Cat-claw acacia, desert hackberry, desert globemallow

Natural Sonoran Desert Uplands Riparian
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. Setting
Rural

Natural Large Lot Suburban
Design Theme Undeveloped| Residential Parks Urban

X X X X
Structural Methods: Soft, Semi-Soft

Key Plant Species:
Cacti
Prickly pear, cholla sp., low densities of saguaro

|| Trees
Foothills palo verde, blue palo verde, ironwood

Shrubs
Creosote, bursage, brittlebush, hopbush

Natural Lower Sonoran Desert

X | X | X | X
|| Structural Methods: Soft, Semi-Soft

Key Plant Species:
Cacti
Prickly pear, cholla sp., low densities of saguaro

Trees
Mesquite, foothills palo verde, blue palo verde, ironwood,
desert willow

Shrubs
- | Cat-claw acacia, desert hackberry, hop bush, brittlebush, giant
| bursage, desert holly, four-wing salt bush, wolfberry

X [ X | X | X
¥ [Structural Methods: Soft, Semi-Soft

Key Plant Species:
- Cottonwood, mesquite, desert willow, palo verde, seep willow
Baccaris

Shrubs
Cat-claw acacia, desert broom, desert hackberry, hop bush,
wolfberry

Ntural Sonoran esert Hydro Riparin
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Setting

Rural
Natural Large Lot Suburban
Design Theme Undeveloped| Residential Parks Urban
X X X

Structural Methods: Semi-Soft

Key Plant Species:

Succulents

Saguaro, ocotillo, prickly pear, barrel sp.,
agave, cholla sp., hedgehog cactus, yucca

Trees
Mesquite, desert willow, palo verde,
acacia, Texas mountain laurel

Shrubs
Brittlebush, bursage, chuparosa , creosote, desert hackberry,
fairy duster, hop bush, jojoba, salt bush, wolfberry

] X [ X [ X

[ Structural Methods: Semi-Soft

Key Plant Species:

3| Succulents

| Saguaro, ocotillo, prickly pear, barrel cactus,
agave, aloe, cholla sp., hedgehog cactus, yucca

Trees
Mesquite, desert willow, palo verde,
acacia, Texas mountain laurel

Shrubs

Brittlebush, bursage, chuparosa , creosote, desert hackberry,
fairy duster, hop bush, jojoba, lantana, sage sp., saltbush,
wolfberry, Texas sage

[ £52C
Enhanced Desert

Supplemental irrigation should be included with landscape
for this theme.

Désert Park

| X | X

Structural Methods: Semi-Soft, Enhanced Hard

.| Key Plant Species:

Succulents

Saguaro, ocotillo, prickly pear, barrel cactus,

.| agave, aloe, cholla sp., hedgehog cactus, yucca

Trees
Ash, elm, mesquite, palo verde,
acacia, Texas mountain laurel

Shrubs
Brittlebush, bursage, butterfly bush, chuparosa, hackberry, fairy
duster, jojoba, lantana, ruellia, sage sp.

Supplemental irrigation is required with landscape for this
theme.
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Setting

Rural
Natural Large Lot Suburban
Design Theme Undeveloped| Residential Parks Urban
X

Structural Methods: Enhanced Hard

Key Plant Species:

Cacti

Saguaro, ocotillo, prickly pear, barrel sp.,
agave, aloe, cholla sp., hedgehog cactus

Trees

Ash, elm, mesquite, palo verde,

acacia, Texas mountain laurel, desert palm (also non-native
palms)

Shrubs
Brittlebush, bursage, butterfly bush, chuparosa, hackberry, fairy
duster, jojoba, lantana, ruellia, sage sp.

Supplemental irrigation is required with landscape for this
theme.

| l [ X
Structural Methods: Enhanced Hard

Key Plant Species:

Cacti

§ | Saguaro, ocotillo, prickly pear, barrel sp.,
agave, aloe, cholla sp., hedgehog cactus

Trees
Ash, elm, mesquite, palo verde,
acacia, Texas mountain laurel, palms

Shrubs
Brittlebush, bursage, butterfly bush, chuparosa, hackberry, fairy
duster, jojoba, lantana, ruellia, sage sp.

Desert Plaza S . X X
Supplemental irrigation is required with landscape for this

theme.

e Select plant species that are appropriate to the design theme as indicated in the matrix
above. Additional species should be used provided they are included on the most recent
version of the ADWR Phoenix Active Management Area Low Water Use Drought
Tolerant Plant List. Plant selection and sizing shall comply with applicable zoning codes
and ordinances.

e Riparian areas of the wash, including designated floodways, identified 404 limits, or
other areas of visual significance recognizable as a natural wash, shall be retained and

preserved in a natural state with their natural visual character.

e Preserve the natural form of the wash, except as required for minimal structural

‘ improvements as described below.
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o Limit utilities to necessary wash crossings only. No utilities shall be located along the
linear wash alignment, which would have negative visual impacts on the scenic

quality of the wash.

o Aesthetic treatment of roadway and bridge crossings shall be integrated with the
selected design theme. Roadway and bridge design shall be coordinated with the
biological and recreation multi-use functions described below to maintain function

continuity across the wash.

e Retention and maintenance of the existing riparian and overbank vegetation is required.
Removal of vegetation will require a state and local permit and be limited to those areas
required to construct utilities, crossings, and minimal required flood control structures.
Revegetation for functional improvements shall be permitted provided revegetation

efforts make use of native plant materials typical of the existing wash.

e No fill or excavation of material within the limits of the designated SWC and associated
erosion hazard setbacks will be permitted except as minimally necessary to construct
improvements. Allowed grading should be shaped to create smooth, natural transitions
into the existing natural grades that replicate the existing topography.

e Configure flood hazard mitigation facilities to preserve natural open space. Open space
buffers along conveyance channels should be continuous and extend from the mountain
and hillside open spaces to Waterman Wash. Preserve or develop connectivity of open
space areas within and between adjacent developments to preserve elements of the rural

and natural mosaic of the existing viewshed.

3.3.9 Accommodate Regional and Local Multi-Use )]

While essential to protect life and property, most flood control facilities in the Sonoran Desert
seldom perform their primary flood storage or conveyance functions, except during infrequent
periods of rainfall and local flooding. Also, most facilities are designed to protect from larger
storm events than typically occur most years. This requires large areas of seldom-used land for
their primary function. Incorporating multi-use facilities such as trails, parks, scientific research
and learning areas, or other recreational and educational opportunities into flood hazard
mitigation or protection sites assists in achieving higher levels of year-round value and use. This
function tiers directly to the District’s philosophy, which states, “Constructed facilities should be
combined, where feasible, with open space, parks, and trails to create focal points for the
community and increased recreational opportunities” (FCDMC 2009). The following
performance functions are intended to serve as benchmarks for preserving open space and
creating recreation functions within the community that are integrated with flood hazard

mitigation design.
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‘ 3.3.9.1 Performance Functions
e Accommodate City of Goodyear parks 9.1)

Integrating City of Goodyear parks and other recreation multi-uses within flood control

facilities creates more value-dense units within the watershed.

e Accommodate other local parks 9.2)

Integrating other parks and recreation multi-uses within flood control facilities to
complement City of Goodyear recreation planning goals also creates more value-dense units

within the watershed.

e [stablish Maricopa Regional Trail Segment(s) 9.3)
Segment 85

This 26-mile-long segment of planned trail is intended to follow an existing power line route
from the Gila River west of Cotton Lane near the Lum Wash Planning Unit, cross Waterman
Wash near the Estrella-North SWC, and crossing the Maricopa Mountains between the
Sonoran Desert National Monument and the Buckeye Hills Regional Park through the Sonora
Planning Unit.

' Segment 86

This planned trail will follow Waterman Wash and connect the Gila River on the north with
the Juan Bautista de Anza National Historic Trail on the south. This segment of trail is
identified as an equestrian multi-use trail in both the Maricopa Regional Trail Master Plan

and in the City of Goodyear General Plan.

Segments 87 and 88

Segments 87 and 88 are access trails designated to connect Waterman Wash with the Sierra
Estrella Wilderness Area. Segment 87 is a potential alignment that follows an existing dirt
road while Segment 88 is intended as an alternative trail segment along the wash within the
Sevenmile Mountain Planning Unit. The Maricopa Regional Trail identified Segment 88 as
an alternative to Segment 87 in the event that the unpaved road became a major traffic route.

Segments 89 and 90

Segments 89 and 90 are designated to connect Waterman Wash and the Juan Bautista de
Anza National Historic Trail with Vekol Wash and the Table Top Wilderness Area located in
Pinal County. These segments lie within the Waterman Reaches 4 and 5, as well as the

. Waterman South planning units.
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Segment 91

Segment 91 is designated as a short trail identified to connect Waterman Wash with the
Sonoran Desert National Monument. This trail alignment is located very near the West Prong
of Waterman Wash and was identified to follow a gas line route.

Segment 94

Segment 94 is the designation given to the Juan Bautista de Anza National Historic Trail in

the Maricopa Regional Trail Master Plan.

e Accommodate other local trails (9.4)

e Accommodate Juan Bautista de Anza National Historic Trail enhancement and interpretation
— linkage from Gila River to State Route 238 (9.5)

3.3.9.2 Design Criteria

The following design criteria are proposed to achieve the performance functions just described.

e Co-locate facilities shown on the City of Goodyear Parks and Trails Master Plan with
flood hazard mitigation design. Refer to the most recent approved City of Goodyear
Parks and Trails Master Plan.

e When designing recreational uses within flood mitigation facilities, limit locating fields
and other uses within storm water retention areas to the percentages of allowable

inundation described in Table 3-3.

e Design drainage conveyance channels and washes with sufficient right-of-way to include
a multi-use trail on at least one side of the channel. Channel designs should include a
minimum of 20 feet of additional right-of-way per planned trail beyond that required for
conveyance and aesthetic purposes to allow for a meandered 10-foot-wide trail.

e Trails should be designed to connect to other pedestrian nodes, destination uses such as
active use areas or economic centers, or open space patches. Trails located along washes
should include sufficient buffering to allow wildlife to travel the wash alignment without
extensive human encroachment. Trails should not meander into and out of the washes so
that bank erosion is exacerbated. Consideration should be given to lateral migration of the

wash when locating the trail.
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Table 3-3 City of Goodyear Recreation Matrix

Compatibility w/ Channel Compatibility w/
Components Inundation Level
Average Channel Channel
Minimum Bottom | Overbank City of Goodyear
Required (Non-Low | - Above Target Maximum Percentage of
Activity Inundated | Dimensions | Low-Flow Flow) 10 Year <10 year | 10 year< Inundated Use per Park/Site
Outdoor Facilities
Amphitheater 0O 50'x 50' E E E F F 80%
Basketball Court O 114'x 70' N F E N F 75%
BMX Course O 2 ac. P F B F F 80%
Golf Course ) 140 ac. P P E P F 95%
Disc Golf Course F [ 8. per P F F F F 95%
hole
Off-Leash Dog Park O 1/2 ac. P F F F E 80%
X Park L n/a P P P P P 80%
The following facilities may not be located within a retention area, channel, or wash without specific City of Goodyear approval:
Concessions N N N N N N 0%
Maintenance Yards N N N N N N 0%
Outdoor Swimming Pool N N N N N N 0%
Outdoor Aquatics N N N N N N 0%
Parking N N N N N N 0%
Picnic Areas/ Ramada N N N N N N 0%
Playgrounds N N N N N N 0%
Restroom Facilities N N N N N N 0%
Sand Volleyball N N N N N N 0%
Skate Park N N N N N N 0%
Tennis Courts N N N N N N 0%
Volleyball Courts N N N N N N 0%
Water/Splash Pads N N N N N N 0%
Sports/Athletic Fields
Little League/Baseball L 450' x 450' N B F F F 75%
Softball Field L 450" x 450' N F F F F 75%
Soccer Field L 225'x 360" N F F F F 95%
Multi-Use Playing Fields O 175 x375' N B F E F 95%
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Developed Channels Retention Basins
Compatibility w/ Channel Compatibility w/
Components Inundation Level
Average Channel Channel
Minimum Bottom | Overbank City of Goodyear
Required (Non-Low | - Above Target Maximum Percentage of
Activity Inundated | Dimensions | Low-Flow Flow) 10 Year <10 year | 10 year< Inundated Use per Park/Site
Ranges
Firing Range L 1/2 mile N F F F E 80%
Archery Range O 800 meters N F F E F 80%
Trails and Courses
ATV Trail F Trail N F F F F 95%
Equestrian Trail F Trail F¥ F F oy F 95%
Motocross Course 0] 100" x 200' N N F F F 80%
Mountain Biking Course 0) Trail N F 5 P F 95%
Soft-Surface/Hiking Trail L Trail N N F P F 95%
Tour Bike Course L Trail N N ¥ P F 80%

* Equestrian trail routes may be aligned within the bottoms of natural washes or constructed earthen channels provided the route incorporates planned ingress and
egress points to minimize bank erosion

The following trails and courses may not be located within a retention area, channel, or wash without specific City of Goodyear approval:

Go-kart Course N n/a N N N N N 0%
Hard-Surface Multi-Use N Trail N N N N N 0%
Trails (e.g., Inline Skating)

Natural Recreation and Open Space Recreation
Birding (constructed F n/a N F F F F 95%

blinds, etc.)
The following nature-based recreation facilities may not be located within a retention area, channel, or wash without specific City of Goodyear approval:

Camping** — With (0] 15'x 15' per N N N N N 0%
No Amenities site

Camping** — With L 35 ac. for N N N N N 0%
Amenities 75 units

Nature/Interpretive Center N n/a N N N N N 0%
Outdoor Concert Facilities N 20 ac. min. N N N N N 0%
Equestrian Stables N n/a N N N N N 0%

** Camping sites may be approved in conditions where partial inundation will occur provided adequate public safety measures are in place (i.e., seasonal closing,
flood warning systems, etc.)
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Developed Channels
Compatibility w/ Channel

Retention Basins

Compatibility w/

Components Inundation Level

Average Channel Channel

Minimum Bottom | Overbank City of Goodyear

Required (Non-Low | - Above Target Maximum Percentage of

Activity Inundated | Dimensions | Low-Flow Flow) 10 Year <10 year | 10 year< Inundated Use per Park/Site
Other Active Recreation Facilities

Model Airplane Field F n/a N F I F F 95%
Paintball Field F n/a P F F F F 95%
Ropes Course O n/a P F E F E 80%

The following recreation facilities may not

be located within a retention area, channel, or wash

without specific City of Goodyear approval:

Equestrian Arena N n/a N P P P E 0%

Rock Climbing Wall N n/a N N N N N 0%
Civic Facilities

Botanical Garden*** L n/a L. L L L L 0%***

Fair Grounds L n/a P P P P P 95%

Community Gardens L n/a P P P P P 80%

*#* Botanical gardens should be designed so that only those plant materials that benefit from inundation are located within areas that may be inundated. Special
design and approval of these facilities are required

Historic Facilities

Native American/Living L n/a P P P P P Based on Specific Site
Historical Site
Historic Mining Site L n/a P P P P P Based on Specific Site

Inundated

N = Not Suitable for Inundation

L = Limited Inundation of Facilities
Acceptable

O = Occasional Inundation of Full

Facilities Acceptable

F = Frequent Inundation Acceptable

Compatibility with Flood Control Facilities

F = Recreation use is fully compatible with this area of the facilities
P = Recreation facilities associated with this use are partially compatible with
this area of the facilities

N = Recreation use is not compatible with this area of the facilities
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e Trail uses should be based on the City of Goodyear Parks, Trails, and Open Space
(PTOS) Master Plan, or on the Maricopa Regional Trail Master Plan. Where local trails
are intended to augment the City PTOS, designations and uses should be determined
based on trailhead conditions and adjacent land uses. Washes should be planned and
facilities should be designed to create a separated multi-use path within the overbank area
and access to the trail bottom for use as an equestrian trail.

e Trail designs should include appropriate levels of wayfinding signage, visibility, and
lighting where required by the City of Goodyear based on the setting. For example,
natural trails along washes that connect to large areas of open space may require little in
the form of wayfinding and no lighting while a developed multi-use path within a
suburban setting would have greater wayfinding needs and lighting requirements.

e Incorporate the following segments of the Maricopa Regional Trail using the guidelines

outlined below:

Segment 85

No segment of this trail was planned to be integrated into flood hazard mitigation facilities.
However, some opportunity exists to re-route the trail in order to take advantage of the open
space within the Estrella-North SWC as well as other potential SWCs in the Sonora Planning
Unit. Use of the erosion hazard setback within the SWCs as an open space trail corridor

would provide sufficient open space to accomplish this function within the limits of the
SWCs. Coordination would be required to continue the trail beyond the SWC to connect to
the original planned alignment within the power line corridor.

Segment 86

A 100-foot open space buffer was included in early conceptual planning for the Waterman
Wash corridor, with a multi-use trail on both sides of the wash. Development of the trail
system along Waterman Wash should be included within this buffer zone, or within the
proposed erosion hazard setback for Waterman Wash as identified within this planning

report.

Segments 87 and 88

Segment 87 lies near the Estrella-South SWC. Use of the open space within the erosion
hazard setback of the protected wash could be used as an alternative route, which would
provide a suitable trail experience that complements the desired goals of the County trails

planning group.
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The unnamed wash identified to serve as the alignment for Segment 88 lies within the
wildlife corridor identified within the Sevenmile Mountain Planning Unit. No recommenda-
tions are made in this report to develop an improved trail alignment at this location as current
plans for this area are to leave it undeveloped for wildlife permeability. Use of the wash as a
primitive trail for non-motorized users should not be prohibited or discouraged. Protection of
the wash from off-highway vehicle use will be required as part of the planning and
management of the wildlife linkage functions of this area.

Segments 89 and 90

Planning for Waterman Reaches 4 and 5 includes the implementation of a trail within the
erosion hazard setback. Portions of the Maricopa Regional Trail segments should be aligned
with trails within this buffer area.

Segment 91

The realignment of this trail segment within the West Prong erosion hazard setback would
create a complementary trail experience and should be considered as an alternative to the gas

line route.

e Flood hazard mitigation projects designated within the alignment of the national historic
trail should provide a 100-foot easement for the trail alignment. Project design should be
coordinated with the National Park Service and the Maricopa County Parks and
Recreation Department to achieve certification. There are seven criteria on the National
Park Service website that must be met in order for a trail to qualify as a certified segment
of the Juan Bautista de Anza National Historic Trail (National Park Service 1996).

e The Maricopa Regional Trail System alignment for Segment 94 should be used for
determining the Juan Bautista de Anza National Historic Trail alignment in order to
achieve the criteria referenced above. Coordination with Maricopa County Parks and
Recreation Department should include integration of any proposed trail segments within

this area into the overall master trail plan.

e To the extent possible, drainage channels and storage basins located within the national
historic trail alignment should be themed to meet the criteria referenced above. This
requires that the Juan Bautista de Anza National Historic Trail segments may not be co-
located with operation and maintenance roads unless otherwise approved by the National

Park Service.

e Partnering and stakeholder involvement with projects along the national historic trail

alignment should determine trail maintenance responsibilities and establish appropriate
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agreements prior to developing final design documents in order to prevent late

disagreements or other misunderstandings that might jeopardize certification as required

by the National Park Service.

3.3.10 Provide Open Space (10)

The demand for open space preservation has continued to grow throughout Maricopa County.
Many local municipalities, such as the cities of Phoenix and Scottsdale, have voter-supported
sales tax and bond funding for purchasing and managing open space preserves within their
boundaries. The preservation of open space along natural washes used for flood hazard
mitigation, as well as open space along constructed channels, can serve as vital linear links
between larger preserved open spaces that serve as large habitat patches. In the case of the
Waterman Wash watershed, the many existing open space resources, such as the Sierra Estrella
Wilderness, Sonoran Desert National Monument, Estrella Mountain Regional Park, and the
Buckeye Hills Regional Park, form a significant ring of preserved open spaces around the
Rainbow Valley area, each with a variety of associated uses. These range from preservation areas
with limited or no motorized access to highly developed active-use facilities. Potential open
space linkages that will connect to the larger open space mosaic can preserve value and access to
these areas. The benefits and values include market value increases, such as higher premiums for
developed lots adjacent to open space areas and indirect market value for residents within the
community. For example, in a recent study published in The Journal of Epidemiology and .
Community Health (Maus et al. 2009), researchers reported decreased levels of morbidity, and
increased levels in mental as well as physical health associated with living close to green spaces
(within 1 kilometer [km] to 3 km). The following performance functions are intended to serve as
benchmarks for maintaining or creating open space functions within the community that are

integrated with flood hazard mitigation design
3.3.10.1 Performance Functions
e Preserve existing open space value (10.1)

e Maintain BLM-managed lands as public open space (10.2)

BLM lands and their associated natural resources are managed in accordance with their
approved Resource Management Plans (RMP). The RMP for the Phoenix South and Sonoran
Desert National Monument areas are under development at the time of writing this report.
However, goals identified during the development process that are directly related to the
primary functions of the Waterman Wash watershed include the following:
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‘ o Watersheds

= Manage watersheds to maintain or enhance healthy ecosystems, water quality, and

water quantity.
o Watersheds (Soils)

= Manage the public lands such that erosion and sedimentation rates are appropriate to

soil types and landforms.
= Conserve sensitive soils such as desert pavement and cryptogamic soils.
o Watersheds (Water)

= Manage surface and groundwater resources to protect, maintain, and improve water

quality in accordance with water quality standards.
= Protect water supply to provide for the needs of the biota and other natural resources.
o Cultural
= Protect and conserve cultural resources including the full range of site types.

= Conserve, protect, and manage cultural landscapes, sites, and the historic/prehistoric

context.
‘ o Biological Resources
= Maintain or restore ecosystem health and native biodiversity.

= Conserve and recover threatened and endangered species and their habitat and
manage to prevent the listing of additional species.

= Conserve, restore, or enhance native wildlife populations and their habitats.
=  Maintain, restore, or enhance wildlife corridors.
* Maintain habitat connectivity and limit habitat fragmentation.

= Restore, protect, or enhance the diversity and distribution of natural vegetation

communities.
= Manage invasive species to limit their impact on natural resources and processes.
o Visual
= Conserve visual and aesthetic integrity and diversity.

= Manage public lands to protect scenic quality, especially to maintain predominantly

natural landscapes.
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o Grazing

* Manage livestock grazing consistent with maintaining healthy ecosystems and the
concepts of multiple use and sustained yield.

* Grazing allotments will be reclassified, including the designation of ephemeral range,
for management of vegetation and ecological processes as determined through the
BLM Arizona Land Health Standards allotment evaluation process.

Flood hazard mitigation projects and uses planned in accordance with the watershed
management-based recommendations of the ADMP should accomplish these preliminary
goals. BLM projects or allowed uses that vary from the recommendations of the ADMP
should be reviewed for their impacts on the watershed functions as a whole rather than on a

site-by-site basis.

e Development in “MAG Desert Spaces — Retention” areas to comply with MAG Desert
Spaces Design Guidelines (10.3)

Environmentally Sensitive Development Areas (ESDA) are those areas designated as suitable
for development in the plan, but that “have landscape characteristics that should be retained”
(MAG 2000). This is achieved through the use of environmentally sensitive development.

3.3.10.2 Design Criteria

The following design criteria are proposed to achieve the performance functions just described.

e Maintain open space within the erosion hazard setbacks designated in association with
the SWCs identified in the Recommended Plan. The undeveloped areas within the
setback should be left in a natural state adjacent to the wash in order to provide open
space value. Where limited disturbance is required for wash crossings or other allowed
uses, the disturbance area should be restored or revegetated to maintain scenic,

biological, and passive recreation functions as described in other sections of this report.

e Development within Rainbow Valley should use clustering and other watershed
functional approaches to preserve open space as well as mitigate sheet flow flood risk.

o Development plats shall include developed lots and all other information required by
the underlying municipality as well as the associated open space areas to be preserved

that show compliance with the criteria below.
o Density of the development shall comply with the following:

= For areas with slopes between 15 percent and 20 percent, the development shall

comply with all hillside ordinances.
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‘ * Where development is adjacent to secured open space areas, no more than
50 percent of the entire development should be disturbed from its natural state to a
distance of 300 feet from the edge of the protected open space area. This is based
on the recommendations of the MAG Sonoran Desert Spaces Design Guidelines.

o The minimum lot sizes, setbacks, and maximum percentage of lot coverage required
by the underlying zoning code do not apply to the development when a minimum of
30 percent of the development is retained as natural open space. Building height
restrictions shall comply with the underlying zoning. Minimum building setbacks,
maximum lot coverage, and densities shall be provided to the reviewing municipality

for approval.

o A narrative description of the connections between the preserved open space areas to
the adjacent lands shall be included for approval. Open space areas shall meet all

continuity requires described elsewhere in this report.

o Open space areas shall be located adjacent to the greatest number of lots possible.
Non-adjacent lots shall be provided safe access to open space. Include a diagram

showing routes to open space from all non-adjacent lots and public spaces.

o Perimeter areas shall include open space buffers as part of the 30 percent minimum

. open space area. Perimeter areas shall be a minimum of 75 feet in depth from
adjacent land uses. Where two cluster developments are planned adjacent to one

another, the combined buffer may be a combined 80 feet total. Downstream open

space buffers shall be 150 feet to allow for sheet flow redistribution. Downstream

cluster developments that maintain continuity of open space areas may use a

combined 80-foot buffer where the drainage report shows no adverse impacts from

flows from the upstream development occur.

e BLM lands located within the Sevenmile Mountain Planning Unit have been identified as
the most probable location for establishing an important wildlife linkage. While the
complete management of these lands for this purpose are outside of the scope of the
Rainbow Valley Recommended Plan, flood hazard mitigation measures can be developed
in a manner that complement this function. The Recommended Plan considers the best
management for the proposed corridor area as being consistent with the RMP for the
Sonoran Desert National Monument as a special use area within the Phoenix South
Resource Management Area. Specific design criteria for flood hazard mitigation within

this area include the following:

o Non-structural or soft-structural flood hazard mitigation methods only should be used
within the proposed corridor. This includes prohibiting development within 100-year
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floodplains and managing BLM-permitted resource uses within the entire wildlife
corridor to not encroach within the floodplain in order to reduce negative impacts to
wildlife use of the floodplain and wash corridor for habitat and movement.

o All road crossings should include culverts or bridge structures at any 404 washes or
where a delineated floodplain exists and be sized appropriately for wildlife
permeability. Proposed structural designs should be developed in consultation with
and submitted to Arizona Game and Fish Department (AGFD) for review and
acceptance. A suitable monitoring plan should be developed in conjunction with
AGFD that evaluates the effectiveness of the roadway crossings following
construction, and long-term planning and funding should be set aside to ensure the

effectiveness of the structural permeability.

e Flood hazard mitigation projects and development that overlays floodplains and other
ESDAs shall incorporate the MAG Desert Spaces Design Guidelines identified as
“Retention” in the MAG Desert Spaces Design Guidelines. The primary areas designated
as “Retention” within the Waterman Wash watershed are associated with the 100-year
floodplains of the many primary washes. These areas lie within the Lower Sonoran
Valley Floor (or LCC-1) and the Lower Sonoran Bajada (LCC-2) of the Desert Spaces
Design Guidelines. These sections of the MAG Desert Spaces ESDA policy and planning
guidelines should be referred to for further design guidelines when planning development

or flood hazard mitigation projects in these areas.

3.3.11 Protect or Enhance Biological Resources (11)

Non-xeroriparian habitats have been developed to the greatest extent in the Sonoran Desert in
Arizona. Upland habitats, Upper Sonoran Palo Verde mixed-cacti habitats, have received less
development and greater preservation by municipal, state, and federal entities. However, lowland
desert habitats, creosote desert scrub and salt scrub desert habitats have received the greatest
development and greatest loss of local populations of organisms. These lowland areas typically
have deep fine-textured soils and a unique array of plant and animal species that are specifically

adapted to using these resources.

Xeric desert washes are like riparian areas with perennial water when considering the importance
of their ecological functions. Although dry most of the year, desert washes are important for
harvesting and distributing water, nutrients, and seeds from the watershed. They also serve as
movement corridors or primary habitat for wildlife. In some areas, 90 percent of the bird species
occur along various desert washes, and some species of birds have adapted to utilizing these
types of habitats almost exclusively. The canopy of vegetation typically provides a cooler and
slightly more humid microclimate, and a complex structure for a variety of foraging
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opportunities for different bird species than in other parts of the desert environment. Although
desert tortoise in the Sonoran Desert primarily use foothill habitats, desert washes function as
dispersal corridors that help to maintain the long-term gene flow between otherwise isolated
populations (Berry 2007). Mule deer, javelina, and bobcats have been documented as preferring
dry wash habitats as movement corridors rather than open desert environments (Popowski and
Krausman 2002).

As is the case with parts of Waterman Wash, the dense borders of vegetation along larger washes
can support a greater amount of wildlife than the surrounding desert habitats. Waterman Wash
would serve as a natural north-south dispersal corridor for nutrients, water, seeds, and wildlife
and would function to provide habitat for a diverse array of bird species. The tributaries of
Waterman Wash help to provide east-west connectivity for plants and animals between the Sierra
Estrella and Maricopa mountains and habitats protected in preserves in those areas. Preservation
of wash corridors in the planning area would help to preserve these important functions
performed by xeroriparian washes in the planning area.

Protecting and enhancing these areas in the planning area by utilizing mitigation banking and
clustered development that maintain the integrity and connectivity of these habitats can help to
preserve local populations of plant and animal species in non-xeroriparian areas. Ultimately, this
can help to preserve the regional diversity of species and genetic diversity within populations of

a given species.

Traditional flood protection methods that have relied on hard surfaces and structures like
channels, levees, and dams have disturbed natural biological patterns and movement of
organisms. The methods of flood protection proposed for this plan have taken into consideration
the preservation or enhancement of biological processes and patterns as part of its context
sensitive solution. A number of performance functions have been developed in the proposed
alternative to meet the goal of preserving or enhancing biological resources as the planning area
develops in the future. Although described and categorized individually, these performance

functions are not mutually exclusive.

3.3.11.1 Performance Functions
e Maintain existing ecological integrity of natural vegetation types (11.1)

Maintaining existing areas of natural vegetation not only preserves the natural functions of
the watershed but also conserves useable habitat for wildlife or could conserve rare resources
that would be lost to development. Ways to maintain natural vegetation include clustering
development, avoiding development in washes, mitigation banking of land near preserved
areas, and limiting the spread of invasive plant species and noxious weeds.
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e Protect natural and beneficial functions of washes (11.2)

Protecting the natural and beneficial functions of washes preserves the functional patterns
and processes described in Section 3.3.11. In summary, these include preservation of the
distribution of water, seeds, and nutrients within the Waterman Wash watershed and the
pattern of habitat resources that are essential for wildlife and areas necessary for wildlife
movement within the planning area. Limiting development in wash corridors and protecting

and enhancing washes above 500 cubic feet per second can help to maintain these functions.

e Preserve the connectivity and permeability of habitats (11.3)

Preservation of the connectivity and permeability of habitats conserves areas necessary for
wildlife movement and the movement of seeds and nutrients through the Waterman Wash
watershed. Methods to preserve connectivity include maintaining wash corridors, preserving
known wildlife corridors, clustering development, and habitat banking. Ways to maintain
permeability of habitats include preserving wildlife corridors and designing wildlife-friendly

crossings in wash corridors that pass underneath roadways or other man-made barriers.

e Restore or enhance vegetation and natural channels in poorly defined or degraded sections of
washes (11.4)

Restoration of vegetation and altered wash channels can help to restore habitat and move-
ment areas for wildlife. Parts of Waterman Wash and other natural channels that are poorly
vegetated and that can support more bank-side vegetation can be improved as habitat for
wildlife, which would improve in-situ habitat and habitat available for wildlife movement.

e Use built structures to create resources for wildlife (11.5)

Built structures can be used to provide different types of resources for wildlife. Basins can be
designed to provide water catchments that hold water for wildlife. Linear structures that are
designed to mimic natural washes can improve or maintain movement areas or corridors for
wildlife. The minimal use of hard structures helps to provide opportunities to create useable

habitat areas for wildlife.

3.3.11.2 Design Criteria

If implemented, the design criteria described in Sections 3.3.1 through 3.3.10 will assist in
maintaining the biological performance functions previously described above. Fencing in the
planning area should follow the AGFD guidelines. Fencing should be permeable to wildlife
where it crosses open space areas and along Waterman Wash in order to allow wildlife
movement. Fencing around housing developments can be designed to limit encounters with
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‘ wildlife and household pets. Artificial lighting along pathways or roadways should also follow
AGFD guidelines to minimize impacts to wildlife.

3.3.12 Promote Appreciation and Preservation of Significant Cultural Resources (12)

An important project objective is to protect and if feasible, interpret the cultural resources
(prehistoric and historic sites) within the planning area in conjunction with development of
multi-use flood control facilities. The District plans flood protection facilities that are sensitive to
their scenic, environmental, and cultural contexts, in addition to their primary flood protection
function. Because flood events are relatively rare, the District considers potential multi-uses
(particularly outdoor recreation) for flood protection facilities, which could include preservation
and public interpretation of cultural resources. That strategy contributes to the objectives of the
Maricopa County Comprehensive Plan: Eye to the Future 2020 for promoting appreciation and
preservation of significant archaeological and historical resources within the framework of state
and federal laws (Maricopa County 2002). At the same time, construction of flood control
facilities has potential to disturb or destroy cultural resources.

The District sponsored a cultural resource overview of the study area during an earlier stage of
planning (Rodgers 2008), and provided digitized information about prior cultural resource
surveys and recorded archaeological and historical sites in the planning area. That information

‘ was used to prepare a cultural resource assessment that was considered in developing the
Rainbow Valley ADMP. The cultural resource assessment estimated that there could be
approximately 1,000 to 1,500 archaeological and historical resources in the planning area, but
more than 90 percent of those have yet to be discovered, recorded, and evaluated. A model of
cultural resource sensitivity was developed by evaluating the frequency and types of sites
recorded within environmental zones. The analysis indicates that the average site density varies
little among the zones, ranging about 3 to 5 sites per square mile. The foothills and upper alluvial
fans zone was rated as having moderate sensitivity because it has the highest site density and
because about one-fourth of the recorded sites in that zone have petroglyphs. There often is
interest in preserving petroglyph sites and they have some potential for public interpretation. The
other three zones (mountains, lower alluvial fans and valley plains, and named river and wash
corridors along the Gila River, Waterman Wash, Lum Wash, Corgett Wash, and Vekol Wash)
were rated as having low sensitivity.

Only one site in the assessment area—the Initial Point of the Gila and Salt River Base Line and
Meridian—is listed in the National Register of Historic Places. The significance of most of the
archaeological and historical sites recorded in the study area has not been formally evaluated but
those that are significant and eligible for the National Register and Arizona Register are likely to
' be so for their potential to yield important information (Criterion D). If such resources were
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within areas that would be disturbed by construction of flood protection facilities, those impacts

could be mitigated through studies to recover and preserve artifacts and data, and are unlikely to

represent major constraints. (At least 28 archaeological sites in the assessment area were studied

to recover and preserve information before they were destroyed by residential development.) If

archaeological and historical resources are within rights-of-way or easements acquired for flood

protection facilities but would not be disturbed, there could be opportunities to preserve in place

and

perhaps publicly interpret those resources. Any plans to protect and interpret sites should

consider the 2009 Sustainable Sites Initiative: Guidelines and Performance Benchmarks for

protecting and maintaining cultural and historical places.

3.3.

URS

12.1 Performance Functions

Historic sites (12.1)

The cultural resource assessment identified historic resources and themes that might be
protected and interpreted in conjunction with development of flood control facilities. Those
themes and resources relate to travel in the Gila Trail corridor, including the Juan Bautista de
Anza National Historic Trail, Mormon Battalion/Butterfield Overland Mail Road, and
Southern Pacific Railroad (Mobile Planning Unit), as well as SR 84 and I-8 farther to the
south. Another historic theme relates to historic settlement, and resources that might be
protected or interpreted include (1)the Mobile African-American community (Mobile
Planning Unit); (2) the homestead of Colonel Waterman [near the boundary of Waterman
Wash Reach 1 and the Lum Wash Planning Unit, which also is the location of the large
Hohokam village site AZ T:10:46(ASM)]; (3) the Initial Point of the Gila and Salt River
Base Line and Meridian that created a system to facilitate homesteading and privatization of
land; and (4) the historic Rainbow Valley community and the twentieth century development

of irrigation agriculture based on deep wells.

Little of the planning area has been surveyed for historical resources and other historic sites
could be identified as the plan is implemented. They should be evaluated and treated in
accordance with the design criteria stipulated in the following section.

Prehistoric sites (12.2)

The cultural resource assessment concluded that over the 12 millennia of documented human
occupation of the region, Rainbow Valley seems never to have been a focus of settlement,
probably because of sparse natural resources and the lack of surface water. Only two
prehistoric habitation sites have been recorded in the assessment area, and they are related to
the era when Hohokam farmers built and operated vast irrigation systems along the terraces
and valley floors along the Salt and Gila rivers of central Arizona (circa A.D. 500 to 1500). A
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‘ large Hohokam village site [AZ T:10:46(ASM)] has been recorded near the confluence of the
Gila River and Waterman Wash at the northern end of Rainbow Valley (near the boundary of
Waterman Wash Reach 1 and the Lum Wash Planning Unit). That village site warrants
consideration for protection and/or interpretation. The only other known Hohokam habitation
in the planning area is small (probably only three or four rooms) and situated in a pass
through the Sierra Estrella Mountains within the Maricopa County Estrella Mountain
Regional Park. Numerous archaeological sites indicate that prehistoric populations exploited
the natural resources of the study area and perhaps even pursued ak-chin farming in selected
areas on alluvial fans. Those people probably resided in adjacent areas with more abundant
water supplies (primarily the Gila River) and entered the Rainbow Valley on only a limited,

seasonal basis to hunt game and gather indigenous plant foods.

There also are indications that pre-Hohokam sites might be completely buried in the alluvial
fans at the margins of Rainbow Valley. These Archaic era sites could provide evidence about
hunters and gatherers who occupied the region thousands of years ago before the Hohokam

occupation.

Another theme of the prehistoric era relates to travel along short cut routes in lieu of
following the big bend of the Gila River around the north end of the Sierra Estrella
‘ Mountains. The well-known historic Gila Trail across the south-central part of Rainbow
Valley (Mobile Planning Unit) followed a prehistoric trail along this corridor. The Komatke
trail is another aboriginal trail along an approximately parallel route about 12 miles north of
the Gila Trail (crossing the Estrella and Sonora planning units and secured open space in the
Sonoran National Monument and Maricopa County Estrella Mountain Regional Park). The
Quartz Peak Trail [AZ T:15:124(ASM)] is another aboriginal trail that was used for access to
the high elevations of the Sierra Estrella Mountains. The local O’odham continue to use the
trail for ritual purposes and it also is designated as a recreational trail in the Sierra Estrella

Wilderness Area (secured open space at the eastern edge of the planning area).

Many other prehistoric archaeological sites could be identified as the plan is implemented.
They should be evaluated and treated in accordance with the design criteria stipulated in the
following section.

3.3.12.2 Design Criteria

The following design criteria are proposed to achieve the performance functions just described.

e Pre-planning for flood hazard mitigation projects shall include a cultural survey to
determine if there are cultural resources present that are eligible for the Arizona Register
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and National Register. To be eligible for the Arizona Register and National Register,

properties must be at least 50 years old (unless they have special significance) and have
national, state, or local significance in American history, architecture, archaeology,
engineering, or culture. They also must possess integrity of location, design, setting,
materials, workmanship, feeling, and association, and meet at least one of four criteria:

Criterion A:  Be associated with significant historical events or trends.

Criterion B:  Be associated with historically significant people.

Criterion C:  Have distinctive characteristics of a style or type, or have artistic value, or
represent a significant entity whose components may lack individual

distinction.

Criterion D:  Have yielded or have potential to yield important information (Arizona
Administrative Code, Title 12, Chapter 8, Article 3, R12-8-302; Title 36,
Code of Federal Regulations, Part 60).

If Register-eligible properties are identified, measures should be implemented to avoid and

protect those properties or reduce or mitigate impacts.

3.4 DESIGN GUIDANCE

Representative typical designs were developed for various combinations of flow characteristic
and development types within the Rainbow Valley ADMP study area where planned
development would introduce higher flood risk. Typical designs are provided for the following

flow characteristics:
e Sheet flow
e Sheet flow with an SWC
e Tributary flow

e Distributary flow

e Distributary flow with an SWC

In addition to the above flow characteristic areas, typical designs were developed for Waterman
Wash and the existing disturbed areas adjacent to Waterman Wash. The locations for each of the
above conditions within the Waterman Wash watershed as well as the corresponding typical

design report section are shown on Figure 3-3.
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. Actual development layouts and storm water management facilities for any given real parcel
must be developed specifically for that particular site. The design criteria for the ADMP are
intended to guide the development process based on the unique drainage patterns and site
conditions of each individual property. For this reason, the typical design layouts are illustrative
in nature, and are not intended to be suitable for duplication on another property even within the
same flow characteristic area. Each section is intended to provide reviewing agency staff,
developers, homeowners, and their design teams with a representative example demonstrating
how the design criteria within the unique conditions of each flow characteristic area can be

implemented.

As discussed in Section 2.0, the planned future development in Rainbow Valley will be
predominately located on the Piedmont landform where future development can have a
significant impact on function continuity for the watershed as a whole. Because of this, each
section includes information on the site conditions as they occur in an undeveloped, natural state.
Each section also includes preliminary information on how a traditional “lot maximization”
approach impacts the watershed functions related to the site. Finally, a typical design is presented
that was developed using the design concepts from the ADMP.

A two-dimensional FLO-2D computer model is used to evaluate the runoff under the natural
’ condition and the two developed condition scenarios to illustrate the impacts caused by
development. Each typical design includes exhibits showing the FLO-2D results for the natural,
traditional, and ADMP condition. The model analyzes runoff using a grid with square cells laid
over the terrain to be modeled. Each cell is assigned an average elevation, a roughness factor,
rainfall, and loss parameters. The runoff is then routed through the grid for the duration of the
design storm. The upstream hydrograph generated in the HEC-1 model is coded in at each
upstream grid boundary. The FLO-2D results are depicted using a color ramp to show the
maximum flow depth at each cell. The exhibits presented for each typical design show the FLO-
2D depth results along with comparative data for runoff, scenery, and multi-use. The darker
colors in the exhibit depict the higher flow depths and by observing the paths of darker colors,
the predominant flow paths become apparent. The impacts of the traditional and ADMP
development approaches are then coded into the model grid and re-run showing the
concentration, re-routing, and flow depth changes resulting from the development. The impacts

are discussed for each typical design in the following sections.

3.4.1 Land Use Planning

Planning information is included with each typical design to demonstrate how the design criteria
can be applied within the overlying land use designations and zoning districts. Because this

‘ information is municipality-specific, the planning information shown is intended to be
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illustrative in nature. However, an attempt has been made to use land-use requirements that are
based on the City of Goodyear General Plan and reflect common land uses where planned
development is expected to occur. In most instances, the land use designations are for lower-
density residential development where the natural landscape has been undisturbed. In the
disturbed flow characteristics area, the permitted land uses include higher-density residential,

commercial, and industrial designations.

As described in the design criteria outlined in Section 3.3, the open space preservation
requirements of the ADMP are expected to be achieved through the use of “clustering”
development areas within the site boundaries. In order to maintain the number of developable
lots, ordinance modifications may be required for municipalities and other reviewing agencies to
allow developers to reduce lot sizes, adjust setback requirements, and modify other zoning

restrictions within a given area. The purpose of these changes is to maintain the number of lots

achievable within the property, as illustrated below.
T Clustering: The layout

Traditional: The 34 4 .

lots at left were laid F—MT T at left shows how the

out based on a typical 'L N\ 1 property might be

) underlying zoning : L /(—7\7\ )\ configured with the same
Sp === code with standard l, ) __’,,-' o -3 number of lots while

1 i H setbacks, minimum lot —J:, /L\.A_'/ /\ j }] achieving the ADMP'’s
= ---“———-‘1 " : R i )

1 "3 Ssizing requirements, : \J open-space preservation
— - M
i
oL

--— and other restrictions | requirements using

smaller lot sizes, but

J T retaining the overall

'/\" l gross density of units per

acre

Traditional and Clustering of Lots

Densities listed in the typical designs are shown as gross density (total units/total site acreage)
and are intended to conform generally to the land use designations from the City of Goodyear
General Plan 2003-2013 for both the traditional layout examples as well as the ADMP
recommended examples. The following three land use designations are the most common within
the natural undisturbed areas where flood risk is likely to increase due to development:

3.4.1.1 Rural Residential (RR: 0.0-2.0 du/ac)

The City of Goodyear General Plan describes this designation as “Denot(ing) areas where
limited large-lot residential development in natural desert, agricultural production, or livestock
grazing areas exist. Locations surrounding open space areas are also ideal for RR land uses.
Appropriate locations should offer proximate access to joint-use elementary school/
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' neighborhood parks, trails, and open space as well as local road vehicular access. Areas
recommended for RR uses shall exhibit a baseline density of 0.2 du/ac (1 du/5 ac).”

3.4.1.2 Low-Density Residential (LDR: 2.0-4.0 du/ac)

The City of Goodyear General Plan describes this designation as “Denot(ing) areas where
detached, moderate-sized lot, single—family residential housing is desirable. Transitional uses,
such as home offices that do not occupy more than 25 percent of the living area and do not
generate additional pedestrian or vehicular traffic, are also allowed in LDR designated areas.
LDR parcels should be located with either adjacent or proximate access to joint-use elementary
schools/neighborhood parks, trails, open space, and recreational facilities and should use local
and collector road access/mobility. Other RR, LDR, or L-MDR parcels should surround
appropriate centralized park/school locations. Areas recommended for LDR uses shall exhibit
a baseline density of 2.0 du/ac.”

3.4.1.3 Low-Medium Density Residential (L-MDR: 4.0-6.0 du/ac)

The City of Goodyear General Plan describes this designation as, “Denot(ing) areas where small
lot, detached and attached single-family residential, townhome and patio home developments are
desirable. Transitional uses, such as home offices that do not occupy more than 25 percent of the
‘ living area and do not generate additional pedestrian or vehicular traffic, are also allowed.
Appropriate centralized locations should surround other LDR, L-MDR, or MDR parcels located
with either adjacent or proximate access to joint-use elementary/junior/high schools,
neighborhood parks, trails, open space, and recreational facilities. This land use should have
direct local and/or collector road access. Areas recommended for MDR uses shall exhibit a

baseline density of 4.0 du/ac.”

In areas where the land use code permits densities higher than 6.0 units per acre within the
undisturbed natural landscape, other mechanisms will be needed to accommodate the
requirement for open space preservation as a flood hazard mitigation and function preservation
technique. These areas, such as those designated as suitable for medium-density residential
(MDR: 6.0-10.0 du/ac), medium-high density residential (M-HDR: 10.0-20.0), and high density
residential (HDR: 20.0+ du/ac), may require open space preservation to be balanced with other
engineering methods, provided that the developer can effectively demonstrate that the functional
continuity is maintained through their site and into the downstream portions of the watershed.
This will require addressing the remaining benchmarks and performance functions on a case-by-
case basis, to be determined by the governing municipality or agency and approved by the flood
plain management group responsible for the area such as the District.
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3.4.2 Descriptive Metrics ‘

Each typical design section includes the following descriptive metric that directly relates to the
principal functions and design criteria described earlier in this report:

= Runoff volume (1) = Viewshed preservation (8)

= Discharge (2,6) = Recreation uses (9)

= Flow Continuity (3,7) = Open space resource integrity (10)
= Storage Preservation (4) = Biological resource integrity (11)
= Landscape character (8) = Cultural resource integrity (12)

3.4.2.1 Runoff Volume

The runoff volume in acre-feet is reported for each typical design to illustrate the change in
runoff volume resulting from various development practices. The runoff volume for existing
conditions reflects the infiltration and other rainfall losses from the natural piedmont. Traditional
development practices tend to drastically increase runoff volume due to adding impervious
surfaces such as homes, roads, driveways, parking lots, etc. However, retention requirements are
typically used to offset this increase in runoff volume. Since the retention requirements are
typically focused on the 100-year storm event, runoff volumes can be drastically reduced in more
frequent storm events such as the 2- and 10-year storms. The ADMP development practice of
preserving natural and undisturbed open space preserves a portion of the natural piedmont .
infiltration and runoff characteristics over the full range of storm events. This will ensure that
runoff is not eliminated and that runoff volumes aren’t increased. The goal is to have a similar

runoff volume after development as in the existing, natural piedmont condition.

3.4.2.2 Discharge

Discharge is important for storm water as well as for sediment in the watershed system. The peak
discharge for storm water is reported with each typical design in cubic feet per second (cfs).
Although not reported, sediment transport rates are important as well to maintain the sediment
balance and transport rates from the mountains to Waterman Wash. As with runoff volume,
storm water discharges are also impacted by the on-site retention requirements for a traditional
development layout. The natural result of development is to increase peak discharge rates leaving
the site. The retention will typically offset the increase in discharge and in extreme cases, may
almost completely eliminate runoff from leaving the site in frequent storm events because the
runoff is fully retained in the basins. The ADMP development practices are intended to preserve
a portion of the natural runoff leaving the site for the full range of discharges. Preserving runoff
is important to preserve native vegetation as well as to move sediments and the nutrients that
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they carry through the system. The goal is to have a similar runoff peak discharge after

development as in the existing, natural condition.

3.4.2.3 Flow Continuity

Continuity is important for both storm water and sediment extending from the mountains to
Waterman Wash. Flow continuity is rated as high for the existing, natural condition, low for
traditional development approaches that collect runoff and retain, channelize, or re-route it as
part of development. A medium rating is given where practices are incorporated to mitigate the
interruption of continuity, such as with SWCs and preserving undisturbed, connected open space

within the project.

3.4.2.4 Storage Preservation

Natural watershed storage is an important function for dissipating runoff and limiting peak
discharges. This metric considers storage of runoff as sheet flow in shallow swales and on the
piedmont surface itself as well as storage within large washes. The natural watershed has a
storage preservation rating of high. Development practices that channelize sheet flow or
encroach on washes receive a low rating. A medium rating is given when washes are left natural
for the dominant discharge channel and portions of their geomorphic floodplain and portions of

the development are left as natural sheet flow areas.

3.4.2.5 Landscape Character

The evaluation of landscape character is based on the identified stakeholder goal that flood
hazard mitigation solutions, “Preserve and complement the desired visual character of future
natural, rural, suburban, and urban cultural settings,” as discussed in Section 2.0. These four
cultural settings (natural, rural, suburban, and urban) are derived from the District’s Landscape
Inventory and Analysis (LIA). The LIA has identified planned cultural settings that are derived
from the MAG general plan. This information was updated using municipal general plan updates
where they were made available and mapped using GIS. Figure 3-4 shows these cultural settings
in relation to the flow characteristic areas. This information is used in the descriptions of the
typical designs to identify the desired character for the proposed setting.

Each typical design description identifies the landscape character of the overall site by one of the
above cultural settings. Based on the LIA, natural landscapes are considered compatible with all

four cultural settings.

The four cultural settings identified were also associated with a selection of preliminary design
themes, described in Section 3.4.10. These design guidelines are intended to aid aesthetic design
and facility planning for areas where agencies or individual municipalities have not identified
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unique design criteria and aesthetic treatments. Where such are available, municipal guidelines
should be followed provided they do not conflict with maintenance or other flood mitigation

functions of the facilities.

3.4.2.6 Viewshed Preservation

Viewshed preservation is identified by the qualitative judgment of two criteria: how well the
proposed development preserves views to the mountains that surround the piedmont, and how
intact the proposed changes will leave the natural, undeveloped character of the valley as seen
from the mountain recreation areas and open space preserves. In most cases, this is directly
related to the amount of undisturbed open space preserved within the development or its
surroundings. These qualitative determinations range from “High” (fully intact viewshed) to
“Low” (views to mountains are severely limited, and the open space “mosaic” of the valley is
highly modified.) This is highly related to the “mosaic” concept illustrated below in relation to

the open space resource integrity assessment.

This can also refer to impacts to major visual features such as the SWCs or Waterman Wash,
where a “High” rating refers to the character of the wash being preserved to “Low” where the
character of the wash has been highly modified.

3.4.2.7 Recreation Uses '

Recreational uses are evaluated based on one of two methods. For the natural undeveloped
existing condition the likely un-programmed recreation uses have been identified. For both the
more traditional development and the ADMP guided development, recreation is evaluated on the
basis of acres of open space per 1,000 residents, or the level-of-service (LOS), provided.

The method used to establish the LOS is based on common recreation planning methodologies,
with assumptions being used similar to those identified by the City of Goodyear. These include
the following:

e Assuming 2.84 residents per unit or parcel shown in the typical design
e Assuming that the target LOS is 10.3 ac/1,000 residents

e Assuming that preserved natural open spaces, both in protected SWCs as well as within
open space buffer areas, are considered high quality open space and contribute to the
development’s LOS provided. This is in addition to developed active-use park features.
This assumption is guided by the City of Goodyear General Plan 2003-2013, Chapter 4.2
— Open Space Goal, Objectives, and Policies.
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' LOS information is provided showing the ratio of active open space to passive/natural open
space provided by the typical design. Criteria for balancing the amount of active and passive,
undisturbed open space is not specifically addressed in the ADMP design criteria or
representative examples. While the LOS measurement is related to the quality-of-life value of
preserving open space, the open space preservation guidelines in the ADMP are tied to the public
safety-related flood hazard mitigation benefits these resources provide. Municipalities should
consider the public safety functions of these areas, as well as their significance in maintaining
other quality-of-life functions, when establishing LOS guidance for accepting preserved open
space buffers as quality open space areas.

Park and trail master plans are updated on a regular basis, underlying municipal or agency
recreation plan updates should be referenced prior to development planning to identify new
opportunities for co-locating needed parks and trails with any needed storm-water management
facilities. The matrix included as Table 3-3 in Section 3.3.9.2 provides guidelines for

incorporating active recreation facilities within storage basins and conveyance channels.

3.4.2.8 Open Space Resource Integrity

Similar to viewshed preservation, these criteria refer to the qualitative judgment of how intact the
3 proposed changes will leave the natural, undeveloped character of the valley. In addition to
‘ preservation, this category considers the level of connectivity that the open spaces maintain, both
internally as well as to off-site open spaces. These adjacent open spaces include other local open
space areas as well as the large, protected open spaces associated with the Sierra-Estrella and

Maricopa Mountains.

For the Waterman Wash flow characteristic area, the wash and its floodplain are also considered
a significant open space resource as it exists in its natural state. Proposed development in the
wash are considered in accordance to the likelihood the wash will continue to sustain multiple
functions across the spectrum. For example, the removal of the vegetation and introduction of
active recreation may maintain a high overall area of open space, but the heavy modification of
the natural wash would inhibit many more natural functions than are introduced. Any single
disruption of the continuity of a function in a linear feature such as a wash can prevent the ability

of the function to be reintroduced downstream.

While this criterion is considered qualitative, the illustration below helps demonstrate the value
judgments involved in assessing how well a particular design maintains open space integrity
(Figure 3-5).
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This value judgment makes use of conceptualizing the functions of the natural landscape as a .
“mosaic,” similar to a stain glass window. Modification to the landscape that replaces the natural
functions with human uses reduces the mosaic of the natural landscape functions, much as
replacing the pieces of a stain glass window with large, single colored panes reduces the
variation one sees. By treating development as new pieces to be integrated into the existing
mosaic, rather than replacing it, open space continuity and their related functions can be

maintained.

Intact Mosaic (Natural) Replaced Mosaic (Traditional) Integrated Mosaic (ADMP)

¥

Figure 3-5 Preservation of Open Space Integrity

As with viewsheds, open space intactness is determined based on a range from “High” (open
spaces are fully intact and contiguous, as in the natural landscape) to “Low” (the mosaic of open

spaces has been completely replaced and fragmented). Based on the design criteria of the
ADMP, a minimum of 30 percent of the site’s existing natural mosaic should be retained intact.
These open spaces should also be contiguous with one another and the adjacent open spaces in
order to achieve the performance functions identified in the ADMP. Achieving this benchmark
results in a “Moderately-High” rating.

3.4.2.9 Biological Resource Integrity

The impacts to biological resources are closely related to the impacts on natural open space
preservation. Consideration of the open space “mosaic” concept is also used to rate the biological
resource integrity, ranging from “High” to “Low.” Unlike open space continuity, however, active
recreation areas are not considered to be as part of the intact mosaic. This is due to the replace-
ment of natural habitat and native plant species with a habitat type that is more conducive to
urbanized animal species. While recreation areas can provide habitat for urban-acclimated
species, these landscapes still fragment the continuity of the natural biological resources,

lowering overall intactness.
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Washes are rated as having “High” biological integrity when the existing natural vegetation is
preserved. Preserving the majority of the existing vegetation, with restoration of minimally
impacted areas (such as near road crossings and utilities) is considered “Moderately-High” in
terms of biological intactness. Because native trees and shrubs are difficult to re-establish fully,
the large-scale removal and replacement of the existing vegetation with native plant material is
rated as “Moderately-Low.” A “Low” rating was given for landscapes in which the existing
native vegetation was removed and replaced with either non-native species such as turf or

ornamental shrubs, or hardened structures such as concrete channels.

3.4.2.10 Cultural Resource Integrity

The impacts to cultural resources are directly related to the amount of disturbance that a
development may cause. The impacts to the landscape associated with development make it
more likely that cultural resources will be disturbed or destroyed during construction activities.
For this reason, consideration of the open space “mosaic” concept is also used to rate the cultural
resource integrity, ranging from “High” to “Low,” determined by the amount of existing
landscape left undisturbed by development. This rating also applies to washes, where the cultural
significance of the wash itself as well as any cultural resources along it are modified when the
natural vegetation and form is replaced with built structures and introduced vegetative species.
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3.4.3 Sheet Flow

| The sheet flow example (Figure 3-6) is developed for an area in the Estrella Planning Unit
(Figure 1-2) where the landform causes this type of flow characteristic. The selected location
presently is not developed, but will be in the future. Development has not yet occurred up or
down stream of the site so there are no special conditions that could affect the results. The
watershed is narrow perpendicular to the direction of flow which will influence the edge effects
caused by a development though it is assumed that there is no interflow from adjacent basins.
This is done to specifically show the impacts of development practices on flow patterns.
Cultural, biological, scenery, open space, and recreational impacts are qualitatively evaluated
and compared for undeveloped and developed conditions by reviewing the specifics of the area
and knowledge obtained for Rainbow Valley during the ADMP process. Table 3-4 summarizes
the applicable functions that occur in sheet flow areas.

Table 3-4 Performance Functions Associated with Sheet Flow Areas

3.4.1.1  Store increases in runoff volume resulting from development
Preserve natural land surface storage and infiltration properties
Maintain adequate baseflow to support native vegetation
3.42.1  Minimize reduction in time of concentration
Provide retention/detention to offset increases in peak discharge
3.43.1  Maintain sub-basin continuity
Coordinate road alignments with drainage patterns
3.4.7.1  Minimize concentration of existing sheet flow
Maintain sediment yield from individual development and the overall watershed
Maintain sediment delivery to Waterman Wash
3.48.1 Design to be compatible with the future cultural and physical setting
Design flood hazard mitigation facilities to maintain views toward the mountain preserve areas and
preserve existing views from the mountains to the valley
3.4.9.1 Accommodate City of Goodyear parks and trails within flood hazard mitigation projects
Accommodate other local parks within flood hazard mitigation projects
Accommodate other local trails
Accommodate the Juan Bautista de Anza National Historic Trail enhancement and interpretation
3.4.10.1 Preserve existing open space value
Maintain BLM-managed lands as public open space
Development should comply with MAG Desert Spaces Environmentally Sensitive Development Areas
Policy and Planning Guidelines
3.4.11.1 Maintain existing ecological integrity of natural vegetation types
Preserve the connectivity and permeability of habitats
Use built structures to create resources for wildlife
3.4.12.1 Protect and interpret historic sites
Protect and interpret prehistoric sites

The lack of defined flow paths makes it particularly difficult to develop and maintain continuity
through a development. As shown on Figure 3-6, in the natural condition there is shallow
flooding that varies in depth along a cross- section perpendicular to the direction of flow. Runoff
storage occurs because the overland flow contact area is large so velocities are low and '
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infiltration is prevalent because of the large contact area between the runoff and the ground.
There are dry island areas caused by a variation in topography but flow paths recombine

downstream.

The traditional development example assumes a 100-acre development will occur in the basin
(Figure 3-7). Present development practices in the City of Goodyear and other jurisdictions in
Rainbow Valley allow collection of off-site sheet flow runoff at the upstream face of the
development and conveyance of the runoff using channelized flow around and/or through the
developed area. Then downstream spreader swales are utilized to attempt to return the runoff to a
sheet flow condition. On-site runoff is collected and retained in basins with only the largest
floods leaving the site. Spreader swales do not provide an adequate means for reinstituting
downstream sheet flow. As the example in Figure 3-7 shows, a shadow is formed downstream of
the development that causes a dry area. It is more likely that downstream flows will concentrate
leaving the spreader swales; especially since upstream sediment delivery is collected in upstream
collector channels and deposited in these channels removing sediments that otherwise would be
transported down the piedmont. Retaining on-site runoff, except for extreme events, causes
additional loss of flow downstream that exacerbates the impacts to the overall continuity of the
sheet flow characteristics of the basin. In turn there is an impact to downstream property from a
biological perspective that will change the quality of the environment and downstream
compatibility compared to undeveloped conditions. Viewsheds will change because the
development replaces the natural scenery, impedes views, and disrupts open space.

Clustering development patterns (Figure 3-8) and development of unimpeded flow paths
through the development reduce the shadow effects. The flow through open space should
maintain sheet flow patterns so that flow and sediment continuity can be maintained
downstream. These paths need to be wide enough to create adequate open space, maintain
viewsheds and allow for appropriate biological diversity. These developments will still require
stormwater management as flood control for developed areas, but the preserved sheet flow
sections will not need controls because they are not being modified except for some road
crossings. There may still be some reduction of runoff from the developed areas where retention
of stormwater occurs. A portion of the retention balances the increased runoff from impervious
areas. The overall impacts to runoff volume from the site are less than for traditional develop-
ment. Locating the sheet flow areas will require understanding of upstream and downstream flow
patterns and coordination with adjacent property owners to maintain continuity. The idea is to
maintain continuity of flow and sediment as much as possible to retain the natural processes
from the mountains to Waterman Wash while retaining sheet flow patterns through the piedmont.
The velocity patterns downstream from development can be compared for the three scenarios
(Figure 3-9). Velocities increase where the collected and channelized flows from upstream
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discharge downstream of the traditional layout development. The concentrated discharge (higher ‘
velocities) causes erosion, rills, and gullies. Washes may form where sheet flow patterns existed

prior to development. The ADMP layout tends to maintain and preserve sheet flow paths within

and through the development reducing the downstream erosion potential of the runoff. The
downstream flow area is greater than for the ADMP layout reducing velocities and erosion

potential. Table 3-5 shows the results of the three design scenarios and their impacts on the

12 watershed functions described in Section 3.3.
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Table 3-5

Sheet Flow Metrics Evaluation

Metric

Undeveloped Condition

Traditional Development

Clustering Development Pattern

Volume (ac-ft)

42 ac-ft - losses due to natural processes.

30 ac-ft - On-site storage impacts

42 ac-ft - balance neutralize effects of developed land
only

Peak Discharge (cfs)

677 cfs - Cumulative flow downstream

514 cfs - Reduced flow due to retention storage

624 cfs - Reduce retention - preserved flow paths

Medium to High

: High Lo . ; T
Flow Paths/Continuity _|g_ < = _w R Flow corridor improve continuity and reduce re-
Unmodified Collecting, channelizing and re-routing flow X X
routing and retention
High Low Medium
Flow Depth S~ Some concentrated flows > 1 foot in some areas ,
2 Unmodified - less than 1 foot Concentrated flow > 1 foot, shadow areas - dry .
reduced downstream shading
High Medium Medium
Velocities Low velocities - 2.0 fps-100 year event, no Low velocities - 2.0 fps, but increased shadowing and Low velocities - less shadowing and improved
impediments or capture of sediments clear water downstream sediment delivery
Low Medium

Storage Preservation

High
Shallow - Large aerial extent

Use of localized retention facilities, retention greater
than natural condition

Increased use of natural storage and reduced
retention requirements

Landscape Character

Natural
Creosote flats of the natural piedmont

Rural
Large lot residential (1 ac/du)

Rural
Large lot residential (0.4 ac/du) laid-out to allow for
contiguous undisturbed open spaces

Viewshed Preservation

High
Views uninterrupted by development. Natural open
space maintained from valley to mountains

Moderately-Low
Views somewhat impeded due to continuous

development. Suburban or urban settings would
result in greater impacts

Moderately-High
Narrowed views from valley to mountains along

preserved natural flow paths. Undisturbed areas
provide some mitigation for change in setting from
natural to rural

Recreation Uses

Unprogrammed
Potential activities include off-trail hiking, off-
roading, and target shooting

LOS: 21.7 ac./1000 residents

Active recreation in programmed areas

LOS: 63.0 ac./1000 residents
36.4 acres of total open space. Provides active and
preserved open space. Passive recreation such as
trails may occur along fringes of preserved areas

Open Space Resource Integrity

High
Open space intact, connectivity unimpeded

Moderately-Low
Fragmented. Approximately 19% of site retained

open space for storm water basins, active recreation,
and other amenities

Moderately-High
Integrated, contiguous preserved open space.
Preserves approximately 30 percent of development
with addition active open space for storm water and
other uses

Biological Resource Integrity

High
Vegetative cover intact and undisturbed allowing
uninterrupted native wildlife use

Low
Extensive impacts due to removal of native
vegetation and displacement of wildlife. Edge
condition impacts to adjacent property

Moderate
Preserved open space provides corridors for existing
vegetative cover and native wildlife. Biodiversity will
likely be negatively impacted due to edge effects

Cultural Resource Integrity

High
Resources remain intact and undisturbed, though
vulnerable to vandalism

Low
Extensive impacts to the site

Moderate
Preserved areas reduce likely impacts. Extensive
impacts where development occurs, increased
vandalism potential in preserved areas due to
improved access

Planning

Rural residential (RR:0-2 du/ac)

0.8 du/ac.
81 lots included over 100 acres

2.0 units/acre
198 lots included over the 100 acres with reduced lot
sizes




Rainbow Valley

Area Drainage Master Plan
Sheet Flow - Undeveloped Conditions

Figure 3-6
COMPARATIVE DATA LEGEND
Run Off Volume 42 ac-ft Flow Depth at Cell (ft)
Peak Q 677 cfs 0.250 - 0.400 B 1501 -2.000
Flow Continuity High " 0.401-0.500 B 2001 -2.500
Storage Preservation High B 0.501-0.750 B 2501 -3.000
B 0.751 - 1.000 B 3.001-4.000
Scene_ry esoumes B 1.001-1.500 B 4.001-10.000
Dominant Cultural Natural
Setting [ ] Drainage Sub-Basin
Viewshed Preservation High — Drainage Flowpath
KEYMAP

Regional Multi-Use
LOS NA
Preserved Open-Space 100%

Units 0
Density 0
Land Use RR (0-2 units/ac)

= City of Goodyear Planning Area

Sheet Flow Areas

Secured Open Space or Non-Evaluated Planning Units

Flow Depths Scale: 1= 1/4 Mile Sheet Flow Area in an Undisturbed Condition

Significant Wash Corridors and
- Waterman Wash




Rainbow Valley
Area Drainage Master Plan
Sheet Flow - Traditional Development

. Pattern

COMPARATIVE DATA Existing Traditional Figure 3-7
Run Off Volume 42 ac-ft 30 ac-t
Peak Q 677 cfs 514 cfs =
Flow Continuity High Low Flow Depth at Cell (ft)
Storage Preservation High Low | 0.250 - 0.400 B 1501 -2.000
| 0401-0500 B 2.001-2.500
Scenery Resources I 0501-0.750 B 2501 -3.000
Dominant Cultural Natural Rural B 0751 - 1.000 I 3001 - 4.000
Setting
Viewshed Preservation High Moderate-Low B 001~ 1300 B < 00110000
[ ] Drainage Sub-Basin
Regional Multi-Use — Drainage Flowpath
LOS NA 21.7 ac/1000 KEYMAP
Preserved Open-Space 100% 0%
Units 0 81
Density 0 0.8 units/acre
Land Use RR (0-2 units/ac)

= City of Goodyear Planning Area

Sheet Flow Areas

Flow Depths Scale: 1" = 1/4 Mile Traditional Development Layout

Secured Open Space or Non-Evaluated Planning Units

- Significant Wash Corridors and
Waterman Wash




Rainbow Valley
Area Drainage Master Plan
Sheet Flow - Cluster Development

. Pattern

COMPARATIVE DATA Existing Traditional ADMP Figure 3-8
Run Off Volume 42 ac-t 30 ac-ft 42 ac-ft —
Peak Q 677 cfs 514 cfs 624 cfs
Flow Continuity High  Low Med-high Flow Depth at Cell (ft)
Storage Preservation High  Low Medium | 0.250 - 0.400 B 1501 -2.000
| 0.401-0.500 B 2.001-2500
Scenery Resources 0 0501-0.750 I 2501 - 3.000
Dcs>mtitr'1ant Cultural Natural  Rural Rural B o751 - 1.000 B 3001 -4.000
ettin
Viewshgd Preservation High Mod-Low Mod-High B 001 -1.500 I 00110000
[ ] Drainage Sub-Basin
Regional Multi-Use —— Drainage Flowpath
LOS (ac/1000) NA 21.7ac 63.0 ac KEYMAP
Preserved Open-Space  100% 0% 31.0%
Units 0 81 198
Density 0 0.8u/ac 2.0 u/ac
Land Use RR (0-2 units/ac)

= City of Goodyear Planning Area
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Sheet Flow Areas

Flow Depths Scale: 1= 1/4 Mile ADMP Development Layout

Secured Open Space or Non-Evaluated Planning Units

- Significant Wash Corridors and
Waterman Wash




Existing Velocities

Traditional Layout- Velocities

North

Undisturbed Sheet Flow Area

Traditional Development Layout

ADMP Layout- Velocities

ADMP “Clustering” Development Layout

Rainbow Valley
Area Drainage Master Plan
Sheet Flow - Velocities

Figure 3-9

LEGEND

Flow Velocity at Cell (ft/s)

1 0.500 - 0.750 B 2501 -3.000
. |o7s1-1000 [ 3.001 - 4.000
B 1001-1500 [ 4.001-5.000
B 1501-2000 [ 5.001 - 6.000
B 2001-2500 [ 6.001 - 10.000
[ | Drainage Sub-Basin
— Drainage Flowpath




. 3.44 Sheet Flow with SWC

This design example is a special case where a SWC is located in a sheet flow area. The site is in
the southern portion of the Estrella Planning Unit (Figure 1-2). The area is not yet developed so
shallow flooding occurs along the piedmont unimpeded and only concentrates in the wash at the
low point of the sub-basin. The SWC flows split between two sub-basins with the southern split
being the dominant flow path. The wash meandering through this area is well-defined in some
locations (depth greater than 2 feet) but can revert to sheet flow depending on the slope of the
piedmont. In the wash velocities for the 100-year flood event are about 2 feet per second (fps). In
the sheet flow areas flow depth is approximately 1 foot and velocities are 1 fps (Figure 3-10).
The sub-basins are narrow and contiguous with the SWC flowing through the southern-most
area. Shallow storage and infiltration occur in sheet flow areas, while the wash provides a means
to convey flow to Waterman Wash in a more direct fashion. Riparian communities occur along
the wash and it provides a corridor for wildlife movement between the mountains and Waterman
Wash. Cultural, biological, scenery, open space, and recreational impacts are qualitatively
evaluated and compared for the undeveloped and developed conditions. Table 3-6 summarizes
the applicable functions associated with sheet flow and SWCs.

A traditional development is modeled as 100 acres of gross development and a housing density

. of 2 du/acre, rural residential. The development is situated so that it covers both sub-basins
(Figure 3-11). A wall is used to block and segregate flow from co-mingling with runoff from
developed areas except that a channel bisects the property to provide a concentrated flow path
for off-site runoff. The channel is man-made to accept flow depths and velocities greater than
occur in the existing wash prior to development. The velocities and shear stresses in the channel
during the flood event require stabilization to prevent excessive scour and lateral migration that
would create a flood hazard to the adjacent properties. A stormwater management system is in-
place to remediate increased flow volume that runs off of impervious areas. The system also
controls stormwater pollution from development. This in-turn causes a reduction in downstream
runoff volume and flow, as well as blocking flow continuity and natural storage in the piedmont.
Spreader swales are used to distribute the flow downstream back to existing conditions.
However, concentrated flow is prevalent in the corridor downstream of the channel outlet and
significantly reduced in the northern sub-basin. The lack of flow in the northern downstream
wash will have a negative and cumulative effect to the hydrologic and environmental character
of the downstream landform and Waterman Wash. Velocities are increased downstream that can
lead to erosion of the piedmont and increase sediment delivery to Waterman Wash.
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Table 3-6 Performance Functions Associated with Sheet Flow Areas and
Associated SWCs

3.4.1.1

Store increases in runoff volume resulting from development
Preserve natural land surface storage and infiltration properties
Maintain adequate baseflow to support native vegetation

3421

Minimize reduction in time of concentration
Provide retention/detention to offset increases in peak discharge

343.1

Manage flow split uncertainty by fixing or regulating flow split potential
Once concentrated, flows should be conveyed to a suitable outfall (i.e. — SWC)
Coordinate road alignments with drainage patterns

344.1

Utilize floodway delineation methodology that accounts for and mitigated impacts of lost overbank flood
storage

3.4.5.1

Maintain floodplain storage volume

3.4.6.1

Preserve dominant discharge low flow channel
Limit increases in maximum design tractive sheer stress at design discharge
Design for potential changes in sediment supply resulting from upstream development

3.4.7.1

Minimize concentration of existing sheet flow
Maintain sediment yield from individual development and the overall watershed
Maintain sediment delivery to Waterman Wash

3.4.8.1

Design to be compatible with the future cultural and physical setting

Design flood hazard mitigation to be compatible with the natural Sonoran desert washes within
floodways

Design flood hazard mitigation facilities to maintain views toward the mountain preserve areas and
preserve existing views from the mountains to the valley

3.409.1

Accommodate City of Goodyear parks and trails within flood hazard mitigation projects
Accommodate other local parks within flood hazard mitigation projects

Establish appropriate segments of the Maricopa Regional Trail along SWCs (Segments 85, 87/88,
and 91)

Accommodate other local trails

3.4.10.

1  Preserve existing open space value
Maintain BLM-managed lands as public open space
Development should comply with MAG Desert Spaces Environmentally Sensitive Development Areas
Policy and Planning Guidelines

3.4.11.

1 Maintain existing ecological integrity of natural vegetation types
Protect natural and beneficial functions of washes
Preserve the connectivity and permeability of habitats
Restore or enhance vegetation and natural channels in degraded areas
Use built structures to create resources for wildlife

3.4.12.

1 Protect and interpret historic sites
Protect and interpret prehistoric sites

The development is a barrier to both wildlife movement and viewsheds. It creates a gap in open

space. In many cases, connectivity for passive recreation is lost because of lack of corridor

width

, man-made features, and homeowner perception of allowing public access to their

property. For the most part the functionality of the SWC is lost.
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. A key component of clustering the development is maintaining the SWC. To do so a denser land
use is utilized (LDR (2-4 units/ac — Goodyear) that would need to be approved by the city or
county. Preserving the functionality of the southern wash corridor is prioritized in this example
(Figure 3-12). There are some impacts to the northern wash though less than for the traditional
development. The southern wash segment is designated as a SWC in the ADMP so an emphasis
has been placed on maintaining it in its existing state. Velocities are maintained though the depth
of flow increases in an attempt to maintain a natural flow corridor through the development. The
flow corridor is wide enough to provide natural functions for both public safety and quality of
environment. In doing so viewsheds are maintained in both directions from the valley to the
mountains, the open space path is wide to allow for both passive and active uses. The SWC
remains in a natural state with floodplain limits and an erosion hazard setback delineated. This
provides the opportunity to maintain the wash for wildlife migration and habitat though the

largest mammals may be reluctant to use it because of the proximity to the developed property.

The downstream runoff volume is greater than for the traditional development because the SWC

is not subject to retention and stormwater quality requirements. There is a reduction in existing

runoff volume because the developed areas are still required to retain runoff. The peak discharge

is greater than for the traditional development because the natural flow path (SWC) is maintained

and a flow path is provided through the development. Flow continuity is improved and natural
‘ storage is maintained in SWC corridor through the development.

URS Recommended Plan Report 3.69 June 2011
Flood Control District of Maricopa County URS Job No. 23445383




Table 3-7

Sheet Flow with SWC Metrics Evaluation

Metric

Undeveloped Condition

Traditional Development

Clustering Development Pattern

Volume (ac-ft)

385 acre-ft -Losses due to natural processes.

186 acre-ft - On-site storage impacts.

264 acre-ft - increase in volume resulting from increase
in undisturbed area and reduced retention.

Peak Discharge (cfs) 1,313 cfs - Cumulative flow downstream. 1,062 cfs - Reduced flow due to retention. 1,306 cfs - Reduced retention - preserved flow paths.
High Low Medium to High
Flow Paths/Continuity _g_ : . e . Flow corridor improve continuity and reduce re-routing|
Unmodified Collecting, channelizing and re-routing flow .
and retention
High Low Medium
Flow Depth Unmodified - wash depths < 2 feet less in adjacent Sl Some concentrated flows in 2 foot range in
Concentrated flow and zero in some shaded areas. N 2
sheet flow areas downstream wash, some shading water in downstream
High Medium Medium
Velocities Low velocities - 2.0 fps-100 year event, no Low velocities - 2.0 fps, but increased shadowing and Low velocities - less shadowing and improved
impediments or capture of sediments clear water downstream sediment delivery
Low Medium

Storage Preservation

High
Shallow - Large aerial extent

Use of localized retention facilities, retention greater
than natural condition

Increased use of natural storage and reduced
retention requirements

Landscape Character

Natural
Natural wash located within the creosote flats of the
natural piedmont

Suburban
Moderate-sized, single-family residential lots (0.25
ac/du)

Rural
Moderate-sized suburban lots (0.18 ac/du) laid-out as
clusters between areas of contiguous undisturbed
open space and the preserved wash corridor

Viewshed Preservation

High
Wash provides visual interest to outside viewers while
focusing views

Moderately-Low
Channelized wash can focus views towards the
mountains. Suburban settings impacts views from the
mountains

Moderately-High
The preserved wash and other natural drainage ways
help maintain existing views and mitigate change in
setting

Recreation Uses

Unprogrammed
Potential activities include equestrian and hiking
within wash, OHV's, and wildlife viewing

LOS: 16.5 ac./1000 residents

17.5 areas of active recreation in programmed areas

Non-SWC Passive: 34.2 ac./1000 residents
Active: 4.2 ac./1000 residents
50.8 acres of preserved wash corridor with passive
recreation such as trails combine with other open
space and active recreation co-located in storm water
retention facilities providing a broad spectrum of
recreation uses

Open Space Resource Integrity

Open space intact, connectivity unimpeded

Moderate
Approximately 21% of site retained as open space for
active recreation, storm water basins and other
amenities. Channelized wash aids in preserving
continuity

Moderately-High
Preserves approximately 52.3 percent of site. Wash
and other drainage way preservation preserve large
open space areas that are highly contiguous with
adjacent open spaces.

Biological Resource Integrity

High
Vegetative cover intact and undisturbed allowing
uninterrupted native wildlife use

Low
Extensive impacts due to removal of riparian
vegetation and displacement of wildlife. Edge
condition impacts to adjacent property

Moderate
Preserved wash and other open spaces provide
corridors of vegetative cover for native wildlife.
Biodiversity will likely be impacted by edge effects

Cultural Resource Integrity

High
Remain intact and undisturbed, but vulnerable to
vandalism

Low
Extensive impacts to the site

Moderate
Preserved areas reduce likely impacts. Extensive
impacts where development occurs, increased
vandalism potential in preserved areas due to
improved access

Planning

Low-Density Residential (LDR:2-4 du/ac)

2.3 units/acre
373 units/160 acres

1.9 units/acre
301 units/160 acres




Rainbow Valley
Area Drainage Master Plan
Sheet Flow with SWC - Existing Conditions
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. 3.45 Tributary Flow

Tributary flow characteristics are prevalent in the mountain and foothill areas of the watershed
(Figure 1-2). The flow follows a dendritic form beginning as sheet flow and as it moves down
slope, converging into rivulets, and then forming larger and larger washes (Figure 3-13). In the
steeper slope upstream areas velocities are high and washes incised. As slopes reduce the washes
become wider and shallower with reduced velocities. The flood hazard for tributary flow areas is
similar in Rainbow valley to other parts of Maricopa County. Existing regulations are adequate
for mitigating flood hazards, though retention and other flood control practices will disturb and
disrupt the natural hydrologic, environmental, and aesthetic integrity of the area. The location
selected for evaluating development for the tributary flow characteristic includes the Estrella
North SWC.

- ’ " i A; ) e . 4 - 4
Figure 3-13  Typical Tributary Flow — Undeveloped Conditions

Flow rate and runoff volume increase in the downstream direction for tributary flow. In the
Rainbow Valley area this requires larger wash channels with lower velocities. An incised
dominant discharge channel is formed with vegetation along the slopes with the floodplain
extending to overbank areas. During in-frequent flood events channel migration can occur that
shifts the dominant discharge channel though the overall width of the floodplain will not vary
significantly in size. The channel will degrade during the flood event carrying sediments as
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wash, suspended, and bed load, with suspended and bed load re-depositing as the hydrograph '

recedes.

Viewsheds vary with location from mountain views to valley views. Views from larger washes
including Waterman Wash are obstructed by the channel and vegetation to form their own
unique views. Wildlife and vegetation is undisturbed as is the natural cultural setting of the area.
There is open space connectivity that provides passive and active recreational opportunities.
Performance functions attributed to tributary flow characteristics and landforms including SWC

locations are listed in Table 3-8.

Table 3-8 Performance Functions Associated with Tributary Flow Areas
(SWCs included)

34.1.1 Store increases in runoff volume resulting from development
Preserve natural land surface storage and infiltration properties
Maintain adequate baseflow to support native vegetation
3.42.1 Minimize reduction in time of concentration
Provide retention/detention to offset increases in peak discharge
3.43.1  Maintain sub-basin continuity
Once concentrated, flows should be conveyed to a suitable outfall (i.e. — SWC)
Coordinate road alignments with drainage patterns
3.44.1  Utilize floodway delineation methodology that accounts for and mitigated impacts of lost overbank flood
storage
3.4.5.1  Maintain floodplain storage volume
3.4.6.1  Preserve dominant discharge low flow channel
Limit increases in maximum design tractive sheer stress at design discharge
Design for potential changes in sediment supply resulting from upstream development
3.4.7.1  Minimize concentration of existing sheet flow
Maintain sediment yield from individual development and the overall watershed
Maintain sediment delivery to Waterman Wash
3.4.8.1 Design to be compatible with the future cultural and physical setting
Design flood hazard mitigation to be compatible with the natural Sonoran desert washes within
floodways
Design flood hazard mitigation facilities to maintain views toward the mountain preserve areas and
preserve existing views from the mountains to the valley
3.49.1 Accommodate City of Goodyear parks and trails within flood hazard mitigation projects
Accommodate other local parks within flood hazard mitigation projects
Establish appropriate segments of the Maricopa Regional Trail along SWCs (Segments 85, 87/88,
and 91)
Accommodate other local trails
3.4.10.1 Preserve existing open space value
Maintain BLM-managed lands as public open space
Development should comply with MAG Desert Spaces Environmentally Sensitive Development Areas
Policy and Planning Guidelines
3.4.11.1 Maintain existing ecological integrity of natural vegetation types
Protect natural and beneficial functions of washes
Preserve the connectivity and permeability of habitats
Restore or enhance vegetation and natural channels in degraded areas
Use built structures to create resources for wildlife
3.4.12.1 Protect and interpret historic sites
Protect and interpret prehistoric sites
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. Figure 3-14  Tributary Flow — Traditional Development Pattern

Traditional development practices (Figure 3-14) have been developed specifically to address
flood hazards and tributary flow landforms. Standard practices address development in the
floodplain and mitigating stormwater runoff through retention of on-site flows and maintaining
off-site flow patterns or mitigating for same. Off-site runoff is normally collected from both
overland flow and channelized flow and then conveyed either through or around a development
in the most efficient way so as to minimize significant adverse flood impacts to other properties.
Wash corridors are preserved when they are designated as wetlands or if they provide enhanced
value to the development. Floodplain and floodway impacts are mitigated. In many cases the
natural washes are replaced by manmade conveyances. Jurisdictional wetlands are a special case

where they may be preserved and even enhanced.

The landscape in these areas changes from natural to rural with impeded views of the mountains
and valleys. Wash corridors can improve the viewshed for the development. There can be both
passive and active recreational function with connectivity park nodes depending on the specific
government jurisdiction. Stormwater retention takes up a significant percentage of the open

space requirements. There are extensive impacts to cultural and biological resources.
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Figure 3-15  Tributary Flow — Cluster Development Pattern

The recommended plan guidance for tributary flow areas is to provide a natural corridor for the
SWC. This includes a broader width so that the wash can maintain a dominant discharge
channel, floodway limit, and erosion hazard zone that accounts for some migration. The corridor
is larger than required for a manmade system. Development is clustered to allow for adequate
development density while providing open spaces that can also maintain a natural identity.
Retention requirements are reduced because natural areas are not impacting downstream flow or

quality. Therefore the footprint for retention basins as open space is less.

Viewsheds are still impeded but through preserving the natural function and continuity of the
SWC both panoramic (mountain and valley) and specific (wash) views still occur. The SWC is a
corridor for wildlife and natural vegetation though larger mammals may not be willing to utilize.
Passive and active uses are available in the SWCs as long as specific uses are designated for
various locations. Connectivity for flow, wildlife, open space and recreation are accounted for as
part of the SWC.
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Table 3-9

Tributary Flow with SWC Metrics Evaluation

Metric

Undeveloped Condition

Traditional Development

Clustering Development Pattern

Volume (ac-ft)

No data available scenario not modeled

No data available scenario not modeled

No data available scenario not modeled

Peak Discharge (cfs) No data available scenario not modeled No data available scenario not modeled No data available scenario not modeled
High Uow Medium to Low
Flow Paths/Continuity _g_. . . = . Flow corridor improves continuity and reduces re-
Unmodified Collecting, channelizing and re-routing flow : g
routing and retention
Medium
Low Medium
Flow Depth - Concentrated flows, increased shadowi ith
P Unmodified - wash depths expected 1ft or less TICHERAER SRAOWTEWS Flow concentrated along preserved flow path
decreased flow depths downstream
: Medium Medium o Medum
Velocities Low velocities, minimal shadowing, improved

Low velocities expected

Low velocities with increased shadowing expected

downstream sediment delivery

Storage Preservation

High
Shallow - Large aerial extent

Low
Use of localized retention facilities, retention greater
than natural condition

Medium
Reduced use of localized retention facilities, increased
use of natural storage

Landscape Character

Natural
Natural wash located within the lower bajada of the
piedmont landform

Rural
Large lot residential (0.65 ac/du)

Rural
Moderate-sized suburban lots (0.20 ac/du) laid-out as
clusters between areas of contiguous undisturbed open
spaces and the preserved wash corridor

Viewshed Preservation

High
Wash provides visual interest to outside viewers while
focusing views. Proximity to hills and mountains
increases value of views

Moderate
Channelized wash can focus views towards the
mountains. Rural setting has moderate impact on the
views from the mountains

Moderately-High
The preserved wash and other natural drainage way
help maintain existing views and mitigate change in
setting

Recreation Uses

Unprogrammed
Potential activities include equestrian and hiking within
wash, OHV's, and target shooting.

LOS: 13.1 ac./1000 residents

4.5 areas of active recreation in programmed areas

Non-SWC Passive: 63.0 ac./1000 residents
Active: 2.8 acres/1000 residents
23.2 acres of preserved wash corridor with passive
recreation such as trails combine with other open space
and active recreation co-located in storm water
retention facilities that provide a broad spectrum of
recreation uses

Open Space Resource Integrity

High
Open space intact, connectivity unimpeded

Moderate
Approximately 25.0% of site retained as open space
primarily as a result of storm water conveyance areas
and storm water basins. Channelized wash aids in
preserving continuity, but change in setting and
vegetative cover lowers integrity.

Moderately-High
Preserves approximately 52.3 percent of site. Wash and
other open spaces are highly contiguous and residential
development is integrated into the existing open space
mosaic

Biological Resource Integrity

High
Vegetative cover intact and undisturbed allowing
uninterrupted native wildlife use

Low
Extensive impacts due to removal of riparian vegetation
and displacement of wildlife. Edge condition impacts to
adjacent property

Moderately-High
Preserved wash and other open spaces provide
corridors of vegetative cover for native wildlife.
Biodiversity will likely be impacted by edge effects

Cultural Resource Integrity

High
Remain intact and undisturbed, but vulnerable to
vandalism

Low
Extensive impacts to the site

Moderately-High
Preserved areas reduce likely impacts. Extensive
impacts where development occurs, increased
vandalism potential in preserved areas due to improved
access.

Planning

Rural Residential (RR: 0-2.0 du/ac)

1 unit/acre

121 units/120.7 acres

1.3 units/acre
162 units/120.7 acres




' 3.4.6 Distributary Flow

The distributary flow example (Figure 3-16) is developed for the Sonora Planning Unit
(Figure 1-2) where the landform caused this type of flow characteristic. The selected location is
presently undeveloped, but will be in the future. Up and downstream development will occur to
the upstream boundary with the Sonoran Desert National Monument. Flow paths follow small
washes with breakouts being prevalent. Interflow between sub-basins can occur as does
reconnections of flow paths downstream from where they bifurcate. Many of the bifurcated
washes are small though there are some large washes in the planning unit that have dominant and
minor flow paths. The example shows a large flow path with flow depths less than 1.5 feet and
velocities in the 2 to 2.5 fps range (Figure 3-16). The flow rate is large at approximately 900 cfs
so many of the smaller washes are connected. At lower flow rates the smaller washes would be
separated and separating and reconnecting in the downslope direction. As the flow moves
downslope the flow splits (bifurcates) into two distinct paths with the right path containing more
flow than the left. It can also be seen that there is a tendency for the flow to reconnect. The flow
velocities and large contact area between the flow and the ground provide both natural storage
and infiltration. Lack of man-made obstructions preserve the natural viewshed from the
Maricopa Mountains to Waterman Wash and the Estrella Mountains in the far background. There
are no obstructions to wildlife movement and natural vegetation dominates the landscape.
' Cultural settings are not disturbed. Figure 3-16 is characteristic of distributary flow in a natural
condition. Table 3-10 lists the performance functions associated with distributary flow areas.

When a 100-acre traditional development is constructed in the Sonoran Planning Unit flow
patterns are changed. Upstream flow is blocked and collected by a channel, then rerouted around
the development. A shadow occurs downstream of the development and flow paths are
concentrated causing greater wash depths and velocities. Downstream erosion occurs and natural
dominant bifurcations can be lost unless planned for in advance through regulations by the
permitting jurisdiction(s). In the example, the dominant bifurcation is maintained but is narrower
and flow depths deeper. Basically, flow continuity in the secondary bifurcation is cutoff
(Figure 3-17). Runoff volumes and peak flows are significantly reduced because the
development follows standard stormwater practices where the 100-year 6-hour rainfall event is
retained. Viewsheds, wildlife access and open space are discontinuous and the cultural setting is

changed from natural to rural.
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Table 3-10  Performance Functions Associated with Distributary Flow Areas

34.1.1 Store increases in runoff volume resulting from development
Preserve natural land surface storage and infiltration properties
Maintain adequate baseflow to support native vegetation
3.42.1  Minimize reduction in time of concentration
Provide retention/detention to offset increases in peak discharge
3.43.1 Manage flow split uncertainty by fixing or regulating flow split potential
Maintain sub-basin continuity
Coordinate road alignments with drainage patterns
3.4.7.1 Maintain sediment yield from individual development and the overall watershed
Maintain sediment delivery to Waterman Wash
3.4.8.1  Design to be compatible with the future cultural and physical setting
Design flood hazard mitigation facilities to maintain views toward the mountain preserve areas and
preserve existing views from the mountains to the valley
3.409.1 Accommodate City of Goodyear parks and trails within flood hazard mitigation projects
Accommodate other local parks within flood hazard mitigation projects
Accommodate other local trails
Accommodate the Juan Bautista de Anza National Historic Trail enhancement and interpretation
3.4.10.1 Preserve existing open space value
Maintain BLM-managed lands as public open space
Development should comply with MAG Desert Spaces Environmentally Sensitive Development Areas
Policy and Planning Guidelines
3.4.11.1 Maintain existing ecological integrity of natural vegetation types
Preserve the connectivity and permeability of habitats
Use built structures to create resources for wildlife
3.4.12.1 Protect and interpret historic sites
Protect and interpret prehistoric sites

Through clustering of developed areas and maintaining some flow paths through the
development the downstream distributary flow characteristic is maintained. The shadow effect is
mitigated through strategic placing of open space flow corridors. Downstream flow depths and
velocities are similar to natural conditions though there will be some variation. Providing natural
flow paths through the development will allow for sediment to move downstream and maintain
sediment delivery to Waterman Wash. Reduced stormwater retention will increase the volume of
flow downstream and as it is moving through a more natural landform, natural storage and
infiltration can occur. Figure 3-18 shows the flow patterns and depth of flow for the clustering
of development. The velocity patterns downstream from development can be compared for the
three scenarios (Figure 3-19). There will be some blockage of viewsheds though corridors occur
in the preserved areas. There are open space and wildlife corridor opportunities, though the width
of the preserved areas may not be adequate to accommodate large mammals. If there are large
dominant bifurcations that are preserved as part of the development more opportunities occur for

open space and recreation.
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Table 3-11

Distributary Flow Metrics Evaluation

Metric

Undeveloped Condition

Traditional Development

Clustering Development Pattern

Volume (ac-ft)

162 ac-ft - losses due to natural processes

149 ac-ft - On-site storage impacts

162 ac-ft - balance neutralize effects of developed
land only

Peak Discharge (cfs)

909 cfs - Cumulative flow downstream

641 cfs - Reduced flow due to retention storage

905 cfs - Reduced retention - preserved flowpaths

Medium to High

High L
Flow Paths/Continuity = . ) low ) Flow corridor improves continuity and reduce re-
Unmodified Collecting, channelizing and re-routing flow R .
routing and retention
Low Medium R
Flow Depth Some concentrated flow in 2ft range, reduced
P Unmodified - wash depths < 1ft Concetrated flow > 1.5 ft, shadow areas dry i ’ 8
downstream shading
Medium Medium Medium
Velocities Low velocities 2.0 fps-100year event, no impedence Low velocities - 2.0 fps, increased shadowing and Low velocities - 2.0 fps, decreased shadowing,
or capture of sediment clear water improved downstream sediment delivery
Low Medium

Storage Preservation

High
Shallow - Large aerial extent

Use of localized retention facilities, retention greater
than natural condition

Reduced use of localized retention facilities,
increased use of natural storage
Rural

Landscape Character

Natural
Undisturbed piedmont with flow splits and shallow
overland flows

Rural
Large lot residential (1 ac/du)

Large lot residential (0.5 ac/du) laid-out to allow for
contiguous undisturbed open spaces

Moderately-High

Viewshed Preservation

High
Views uninterrupted by development. Sites
maintained from valley to mountains.

Moderately-Low
Views somewhat impeded due to continuous
development. Suburban or urban settings would
result in greater impacts

Narrowed views from valley to mountains along
preserved natural drainage ways. Undisturbed areas
provide some mitigation for change in setting from
natural to rural

Recreation Uses

Unprogrammed
Potential activities include off-trail hiking, off-
roading, and target shooting.

21.7 ac./1000 residents

Active recreation in programmed areas

103.4 ac./1000 residents

36.4 acres of total open space. Provides active and
preserved open space. Passive recreation such as
trails may occur along fringes of preserved areas.

Open Space Resource Integrity

High
Open space intact, connectivity unimpeded

Moderately-Low
Approximately 19% of site retained open space for

active recreation, storm water basins and other
amenities. Fragmented

Moderately-High
Preserves approximately 31 percent of natural
piedmont with an addition 5.3 ac. active open space
for storm water and other uses. Layout should
integrate development into existing mosaic

Biological Resource Integrity

High
Vegetative cover intact and undisturbed allowing
uninterrupted native wildlife use

Low
Extensive impacts due to removal of native
vegetation and displacement of wildlife. Edge
condition impacts to adjacent property

Moderate
Preserved open space provides corridors for existing
vegetative cover and native wildlife. Biodiversity will
likely be negatively impacted due to edge effects

Moderate

High
Low . z
Cultural Resource Integrity Remain intact and undisturbed, but vulnerable to s X impacts where development occurs, increased
. Extensive impacts to the site " sy
vandalism vandalism potential in preserved areas due to
improved access.
1.2 units/acre

Preserved areas reduce likely impacts. Extensive

Planning

Rural Residential (RR:0-2 du/ac)

0.8 du/ac.

124 lots included over the 100 acres with reduced lot
sizes

81 lots included over 100 acres




Rainbow Valley
Area Drainage Master Plan
Distributary Flow - Undeveloped Conditions

Figure 3-16
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Rainbow Valley
Area Drainage Master Plan
Distributary Flow - ADMP
Development Pattern
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. 3.4.7 Distributary Flow with SWC

This design example is a special case where a SWC is designated in the Sonoran Planning Unit
where distributary flow patterns are prevalent (Figure 1-2). The idea is to preserve the SWC as a
continuity corridor between the Maricopa Mountains and Sonoran Desert National Monument
with Waterman Wash. The SWC provides a natural flow path, cultural and environmental
continuity as well as open space, scenic and recreation opportunities in Rainbow Valley. In a
distributary flow landform there could be many paths with potential for hydrologic continuity as
the flow divides and re-connects, therefore a dominant bifurcation conveyance was selected for
the SWC. Figure 3-20 shows the flow patterns for the specific example. The main flow corridor
divides into major paths. The ADMP chose the right bifurcation as the dominant path for the
SWC. In this case both the width and depth of flows are greater and the maximum velocities are
similar in each leg of the bifurcated wash. Table 3-12 shows the performance functions that are

to be considered when developing the area.

A 100-acre traditional development is superposed on the drainage (Figure 3-21). It is determined
that providing detention storage for off-site flow and metering it through the development will be
less disturbing to adjacent property owners than diverting off-site flow around the development,
because routing flows may create excessive flow and volume of runoff where it does not

Q presently occur, such as east of the development. Off-site downstream discharge is released to
the secondary bifurcation corridor in this example. Other downstream areas including the
primary corridor are in the shadow of the development and do not receive upstream flow.
Though the volume of runoff in the secondary corridor is increased there is a significant overall
reduction in the downstream volume and peak flows. Flow continuity is low and so is storage
preservation when compared to the existing condition. Sediment movement downstream is
significantly reduced as a result of the upstream detention and metering and on-—site retention.
This will cause additional erosion and modifications to downstream flow patterns. The
channelized flow through the development will need stabilization because of the higher
velocities which in turn will remove natural vegetation and make it less desirable as a corridor
for wildlife.
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Table 3-12  Performance Functions Associated with Distributary Flow Areas and
Associated SWCs

3.4.1.1  Store increases in runoff volume resulting from development
Preserve natural land surface storage and infiltration properties
Maintain adequate baseflow to support native vegetation

3.42.1  Minimize reduction in time of concentration
Provide retention/detention to offset increases in peak discharge

34.3.1 Manage flow split uncertainty by fixing or regulating flow split potential
Once concentrated, flows should be conveyed to a suitable outfall (i.e. — SWC)
Coordinate road alignments with drainage patterns

3.4.4.1  Utilize floodway delineation methodology that accounts for and mitigated impacts of lost overbank flood
storage

3.4.5.1 Maintain floodplain storage volume

3.4.6.1 Preserve dominant discharge low flow channel
Limit increases in maximum design tractive sheer stress at design discharge
Design for potential changes in sediment supply resulting from upstream development

34.7.1 Maintain sediment yield from individual development and the overall watershed
Maintain sediment delivery to Waterman Wash

3.4.8.1  Design to be compatible with the future cultural and physical setting
Design flood hazard mitigation to be compatible with the natural Sonoran desert washes within
floodways
Design flood hazard mitigation facilities to maintain views toward the mountain preserve areas and
preserve existing views from the mountains to the valley

3.4.9.1 Accommodate City of Goodyear parks and trails within flood hazard mitigation projects
Accommodate other local parks within flood hazard mitigation projects
Establish appropriate segments of the Maricopa Regional Trail along SWCs (Segments 85, 87/88,
and 91)
Accommodate other local trails

3.4.10.1 Preserve existing open space value
Maintain BLM-managed lands as public open space
Development should comply with MAG Desert Spaces Environmentally Sensitive Development Areas
Policy and Planning Guidelines

3.4.11.1 Maintain existing ecological integrity of natural vegetation types
Protect natural and beneficial functions of washes
Preserve the connectivity and permeability of habitats
Restore or enhance vegetation and natural channels in degraded areas
Use built structures to create resources for wildlife

3.4.12.1 Protect and interpret historic sites
Protect and interpret prehistoric sites

The flow path preservation development pattern (Figure 3-22) emphasizes the preservation of
the dominant leg of the bifurcation and provides a wide corridor for the wash in the same
location as in existing conditions. The SWC landform and flow characteristics are left in the
natural condition and include erosion hazard setbacks and floodplain limits as buffers to
development. Removal of conveyance of the secondary leg concentrates off site runoff and
causes the design flow to be deeper, especially where the wash channel is incised. Water surface
elevations are approximately 0.5 to 1.0 feet higher. However, velocities (Figure 3-23) remain in
the 1.0 to 2.0 fps range in both cases. There is some ponding on the upstream face of the

development because a split to the northeast has been blocked. Smaller manmade flow paths are
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included in the developed areas to provide downstream continuity and flow along the
downstream (north) face of the development though the SWC is the prime conveyance path. On-
site retention occurs only for developed areas and not the SWC which is approximately
29 percent of the 100-acre area. This increases the runoff volume although not to the amount in
the existing conditions. Flow continuity is preserved in the SWC footprint but there is disruption
to the downstream distributary flow patterns where washes are blocked by development.

The SWC maintains its natural characteristics as a viewshed from the mountains to Waterman
Wash. A natural cultural setting is maintained by not imposing engineering features to the
corridor. Strategic perpendicular roadway crossings are an exception. The SWC provides a
wildlife migration corridor, though larger mammals may be reluctant to use it because of the
proximity to development. The width of the SWC is large enough to accommodate passive
recreation with some active recreation on the fringes. The SWC should be used as a passive link

between active recreational nodes.
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Table 3-13

Distributary Flow with SWC Metrics Evaluation

Viewshed Preservation

Wash provides visual interest to outside viewers while
focusing views.

Metric Undeveloped Condition Traditional Development Clustering Development Pattern
Volume (ac-ft) 122 ac-ft - losses due to natural processes 57 ac-ft - On site storage impacts 76 ac-ft - Reduced on-site storage impacts
1088 cfs - Reduced retention, flow concentration
Peak Discharge (cfs) 1099 cfs - Cumulative flow downstream 514 cfs - Reduced due to retention storage T
within preserved flow path
High iow Medium to Low
Flow Paths/Continuity J‘ . . e . Flow corridor improves continuity and reduce re-
Unmodified Collecting, channelizing and re-routing flow . .
routing and retention
High Madium Medium
Flow Depth Unmodified wash depths as high as 4ft along major e . Some concentrated flow in 2ft range along preserved
% . Concentrated flow < 2ft, less than 1ft in shadow areas . . 4
wash, lower in adjacent areas flow path, as high as 4ft in some locations
Medium Medium Medium
Velocities Low velocities 2.0 fps-100year event, no impediments | Low velocities - 2.0 fps, increased shadowing, small Low velocities - 2.0 fps or less, minimal shadowing,
or capture of sediment areas of higher velocities, and clear water improved downstream sediment delivery
High Low Medium
Storage Preservation HIE . Use of localized retention facilities, retention greater | Reduced use of localized retention facilities, increased
Shallow - Large aerial extent o
than natural condition use of natural storage
Rural
Natural Suburban
ST e e Moderate-size n lots (0.17 ac/du) laid-out as
Landscape Character Natural braided wash located within the natural Moderate sized single family residential lots oderate:sized sublrbn lots : ac/du) .a] aut
E clusters between areas of contiguous undisturbed
piedmont (0.25 ac/du) .
open spaces and the preserved wash corridor
" Moderately-Low
High

Channelized wash can focus views towards the

mountains

mountains. Suburban settings impacts views from the

Moderately-High

The preserved wash and other natural drainage way

help maintain existing views and mitigate change in
setting

Recreation Uses

Unprogrammed
Potential activities include equestrian and hiking
within wash, OHV's, and target shooting.

15.7 ac./1000 residents

16.2 areas of active recreation in programmed areas

Non-SWC Passive: 27.5 ac./1000 residents
Active: 6.2 ac/1000 residents
27.6 acres of preserved wash corridor with passive
recreation such as trails combine with other open
space and active recreation co-located in storm water
retention facilities to provide a broad spectrum of
recreation uses

Open Space Resource Integrity

High
Open space intact, connectivity unimpeded

Moderate
25.4 percent of the site is retained as open space,

The channelized wash provides an opportunity for
connecting the majority of open spaces

largely as a result of storm water management needs.

Moderately-High

Preserves approximately 39.3 percent of site. Wash

and other drainage way preservation preserve large

open space areas that are highly contiguous with
adjacent open spaces.

Biological Resource Integrity

High
Vegetative cover intact and undisturbed allowing
uninterrupted native wil<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>