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Memorandum JE Fuller/ Hydrology & Geomorphology, Inc.

DATE: May 8§, 2007

TO: Bing Zhao, PE, PhD/FCDMC

FROM: Jon Fuller, PE

RE: Sun Valley ADMP — Corridor Wall Concept Sketch

CC: Valerie Swick/FCDMC

The concept sketch shown in the Sun Valley ADMP final reports inaccurately depicts
toe-down measured from the base of the flood wall. In fact, toe-down was measured
from the channel invert as shown in the sketch below. A corrected sketch is provided

below.
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1 ABSTRACT / EXECUTIVE SUMMARY

The Sun Valley Area Drainage Master Plan (SVADMP) is a regional flood control master plan developed for
a 180 square mile area in western Maricopa County. The area lies between the White Tank Mountains and the
Hassayampa River mostly within the Town of Buckeye. The mountains drain on to a large sloping alluvial area of
coalescing alluvial fans, or bajada (Figure 1). Alluvial fans are sloping, fan-shaped landforms created over long
periods of time by the deposition of sediment. Alluvial fan landforms are commonly located at the base of mountain

ranges in the arid and semi-arid American Southwest.

Figure 1 Example Of Sun Valley Piedmont In The Wagner Sub-Area

The highly dynamic nature of alluvial fan flooding presents significant challenges for the design of
engineered flood control measures. The designed drainage infrastructure must effectively and efficiently convey 100-
year discharges without creating unwanted sediment deposition or erosion. Further complexity is added as flood

hazards change in type and severity with geographic position on the fan.

Structural and non-structural alternatives were refined and costs estimated as part of the Step 3 Recommended
Alternative development for the Sun Valley Area Drainage Master Plan (SVADMP). This is the final step of a three-
step process to develop a drainage master plan for the Sun Valley area. Four flood control alternative strategies were

identified in Step 1 of the ADMP process. Those four strategies were further refined and evaluated in Step 2. The

refined alternatives included both non-structural and environmentally friendly, structural flood control measures that
are designed to be complementary to the visual character of the study area. Step 3 is a further refinement of the plan
elements and cost estimates of the recommended alternative resulting from the Step 2 evaluation process. Special
attention has been given to maximizing non-structural, floodplain management approaches along the preferred
corridor alignments. Stakeholders and the public have been consulted as to their feedback in an attempt to incorporate
existing and imminent developer plans into the drainage master plan for the Sun Valley area. Concept

implementation and maintenance plans are also provided with the Step 3 Recommended Alternative.

Figure 2 View Of Skyline Fan In The FRS No. 2 & 3 Sub-Area

In order to achieve the refinement of the recommended alternative, the study area which had been divided into
seven geographic sub-areas in Step 2, was further broken up into individual alluvial fan systems. Figure 2 shows an
example of the Skyline Fan System in the FRS No. 2 & 3 sub-area. This report presents the results for the Wagner
sub-area and its five alluvial fan systems; Fan Systems 13, 3, 16, 17/18, & 19. The other sub-areas within the ADMP
study area are presented in separate similar reports. Step 3 of the ADMP concentrated on refinement of the design
and cost estimates of the on-line detention basins at the fan apices as well as the use of walled-levee corridors for the
conveyance of floodwater downstream. Non-structural, floodplain management approaches were incorporated

wherever possible.

Step 3 Recommended Alternative Report — Wagner Wash Sub-area Page 5



SUN VALLEY AREA DRAINAGE MASTER PLAN

The results for the Wagner sub-area include three on-line detention basins, five small earthen dikes, and 13.7
miles of walled-levee corridors. The total right of way area needed for the five Wagner fan systems is 370 acres. The
estimated total cost of the recommended alternative for the Wagner sub-area is $101.5 million. Implementation is
suggested such that the apex detention basins are constructed first for any given fan system. Funding will likely come
through a combination of cost-sharing from public and private sources including possible impact fees associated with

new master planned communities in the area.

2 INTRODUCTION

2.1 Report Organization

The Step 3 Recommended Alternative Report is presented in seven (7) volumes similar to the Step 2 report.
Volume 1 provides an overview of the ADMP, explains the ADMP process, and summarizes the recommended
alternative for each sub-area and the entire study area. Volume 1 also provides a discussion of general area-wide
flood control issues and potential solutions as well as specific issues and potential solutions for the area north of the
Central Arizona Project Canal. The so-called North of CAP sub-area is included in Volume 1 for two reasons: first,
the sub-area is not dominated by large alluvial fans like the piedmont sub-areas in the remainder of the study area;

second, the recommendations for the North of CAP sub-area are predominantly non-structural in nature.
Volumes 2 through 7 present the recommended alternatives for the piedmont sub-areas as follows:
2) CAP (Volume 2),
3) Wagner Wash (this volume),
4) Hassayampa River (Volume 4),
5) White Tank Wash (Volume 5),
6) FRS #1 (Volume 6), and

7) FRS #2 & #3 (Volume 7).

Volumes 2 through 7 also include site specific data, hydraulic analyses, and cost estimates. It is intended that
each Volume of the Step 3 report be able to stand alone so that a reader, such as an interested stakeholder, unfamiliar
with the ADMP, or uninterested in other sub-areas, can understand the overall study as well as the details of an
individual sub-area of particular interest to them. Excessive detail associated with the design calculations are left out
of Volume 1 in order to provide a more digestible document for the reader interested in the Recommended

Alternatives Analysis as a whole.

The advantages of this type of report organization are:
e The reduction of reproducible materials required for interested users or stakeholders.
e It provides a condensed overview of the ADMP process and the Recommended Alternative.

e ]t narrows the focus to a specific sub-area while still providing an overall comprehensive summary of

the Step 3 process and recommended alternative descriptions.

2.2 Project Background

The Sun Valley area, located in western Maricopa County, Arizona, is presently experiencing the first stages
of accelerated urbanization (Figure 3). Future development is anticipated to occur on the largely undisturbed alluvial
fans and piedmont surfaces comprising the western slope of the White Tank Mountains (Figure 4). The upland areas
and adjacent watershed drain to the Hassayampa River to the west and the Buckeye Flood Retarding Structure (FRS)
Numbers 1, 2, & 3 along Interstate 10 to the south.

The purpose of the Sun Valley Area Drainage Master Plan (SVADMP) is to develop a conceptual drainage
plan to serve as a roadmap that jurisdictional authorities and developers can use in planning flood control measures to
mitigate flood hazards up to the 100-year event in the arca. The SVADMP incorporates development plans for the

area and jurisdictional drainage policies to develop a preferred regional flood control solution.
The major objectives of the project include the following:

e Preparation of approximate alluvial fan floodplain delineations, meeting Federal Emergency
Management Agency (FEMA) and Flood Control District of Maricopa County (District) standards,
for those alluvial fans in the study area not previously delineated (presented in six separate Technical

Data Notebooks);
e Plan regional flood hazard mitigation;

e Coordination between the ADMP regional flood control measures and the design of drainage features

within the master planned community developments within the study area;

e Preparation of preliminary design of flood control facilities in areas not within master planned

communities;

e Design flood control solutions to complement the character and preserve the beauty of the natural
desert landscapes of the study area and achieve consistency with the Flood Control District's Policy

Jor the Aesthetic Treatment and Landscaping of Flood Control Projects (FCDMC, 1993).
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Previously, the Phase I Buckeye/Sun Valley Area Drainage Master Study (ADMS), conducted by PBS&J,
documented and analyzed existing conditions and identified drainage and flooding problems in the study area for the
purpose of initial formulation of flood protection alternatives. The Phase II Sun Valley Area Drainage Master Plan
builds on the Phase I findings by employing a 3-step process with the goal of developing a Recommended
Alternative, consisting of both environmentally friendly structural and non-structural measures, to address flood

hazards in the study area. Figure 5 shows a flowchart illustrating the SVADMP alternatives development process.

Public Meetings Public Meeting 1

Jun/ Dec 2004 Mar 2006

Preliminary Proposed

Alternative

Alternative

Evaluation

Evaluation

: PHASE II H PHASE II X
PHASE I ADMS T E b : PHASE IT
ADMP STEP 3
Lov PRELIMINARY A4 PROPOSED v :
' El RECOMMENDED
IDENTIFICATION o NDE
ALTERNATIVES ALTERNATIVES ALTERNATIVE
Fiakshisider Input Stakeholder Inform Stakeholder Invelve Stakeholder Include
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Figure 5 Alternatives Development Process

This report is part of the Phase Il ADMP Step 3 Recommended Alternative process which focuses on further
refinement of the recommendations of the Step 2 Proposed Alternatives Analysis (JEF, 2006b). The purpose of this
study is to present the Step 3 Recommended Alternative for Fan System 3 in support of the SVADMP.

Based on the recommendations resulting from Step 2 process, the conceptual design of regional, whole-fan
solutions were developed. The recommended alternative for the Wagner Wash sub-area was based on the B4-3
Alternative from Step 2. It is composed of three large, on-line detention basins near the alluvial fan apices and
walled-levee corridors downstream to Wagner Wash for five fan systems. Cost estimates are also provided. The
costs include engineering design, major construction items, right-of-way acquisition, major utility relocations,

landscape aesthetic treatment requirements, and maintenance costs for a 50-year design life.

2.3  Authority for Study

The current study was authorized by the Flood Control District of Maricopa County (District) under contract
FCD 2004C049 as part of the scope of services for the SVADMP. The Town of Buckeye, Arizona was an important
project participant. The ADMP was performed by JE Fuller/ Hydrology & Geomorphology, Inc., with subconsultants
C.L. Williams Consulting, Inc., Logan Simpson Design, Inc., AMEC Earth & Environmental, EDAW Inc., and
Richard H. French, Ph.D., P.E.

2.4 Location of Study Area

Figure 3 shows the location of the study area. The study area has a total watershed area of 183 square miles.
Most of the study area is located within the Town of Buckeye. The study area is bounded by the White Tank
Mountains and the Trilby Wash watershed on the east, the Hassayampa River on the west, the Buckeye Flood
Retarding Structures on the south, and Gates Road to the north. The watercourses within the study area are all
tributaries to the Hassayampa River or the Buckeye Flood Retarding Structures, except Fan 2 in the CAP sub-area,

which is a tributary to Trilby Wash. Wagner Wash is a tributary to the Hassayampa River.

3 ADMP PROCESS

3.1 Process Overview

The highly dynamic nature of alluvial fan flooding presents significant challenges for the design of
engineered flood control measures. The designed drainage infrastructure must effectively and efficiently convey 100-
year discharges without creating unwanted sediment aggradation or degradation. Further complexity is added as flood
hazards change in type and severity with geographic position on the fan whether the area of interest is located at the

apex, mid-fan, or near the outfall; and if the flood event is less than the 100-year event.

Known problems associated with alluvial fan flooding include spatial uncertainty of the flow distribution,
lack of containment within the relatively flat topographic relief laterally across the fan, avulsive movement of defined
flow paths, flooding along undefined flow paths, sheet flooding, distributary flow, scour, and landform aggradation.
In addition, steep channel slopes between fan apices and fan toes result in high flow velocities with the energy to
move significant volumes of sediment and debris during large floods. Figure 6 shows an example of widespread
channel avulsion on Fan 36 in the FRS No. 1 sub-area. A large flood in August 1951 created all the bright colored

new channels seen in the aerial photo from 1954. Compare that to the relative absence of large channels visible today.
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Figure 6 Comparison Of Active Fan Area For Fan 36 - 1954 Vs. 2005

The Step 1 Preliminary Alternatives Evaluation (JEF, 2006a) presented the outline for the alternatives to be
analyzed as part of the Step 2 Proposed Alternatives Evaluation (JEF, 2006b) and refined during the Step 3
Recommended Alternatives process. The Step 1 Preliminary Alternatives Evaluation process identified five areas
within each fan starting from upstream to downstream: 1) Apex, 2) Up Fan, 3) Parkway, 4) Down Fan, and 5) Outfall
(see Figure 7). Flooding and drainage characteristics vary for each of these component areas of the alluvial fan
landform. This classification permits the design process to identify potential flood control measures specific to each
of these areas which, in combination, comprise a whole-fan solution. Whole-fan solutions were preferred because
they provide a regional flood control system which acts as a major trunk system for the adjacent watersheds. The
trunk system is designed to convey runoff and sediment inflows from the apex plus that generated from the fan
surface itself. Note that most, but not all, of the alluvial fans considered in this study have all the five component
arcas. However, the overall design considerations are similar for all the fans. Fan Systems 13 and 3 do not cross the

Sun Valley Parkway before entering Wagner Wash.

1 - Alluvial Fan

:
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Sun Valley Parkway ‘

Figure 7 Fan Area Classification

The Step 1 process identified the following design strategies: 1) Conveyance, 2) Storage, 3) Management,
and 4) No Measure. These strategies apply to each of the five areas starting from the apex to the outfall and formed
the basis of the Preliminary Alternatives. Four major alternatives were identified based on these strategies:
Alternative A, Alternative B, Alternative C, and Alternative D. These four alternatives consist of different selections
of strategies for each of the different areas from apex to outfall. Each alternative can be described as a particular set
of strategies applicable to different areas of the fan. Those four alternatives were considered as part of the Step 2
Proposed Alternatives Evaluation process.

The Alternatives A, B, C, and D formulated in the Step 2 process consisted of particular combinations of
detention basins, conveyance corridors, developer-planned drainage improvements, and ‘no measure’ options applied
to different areas of the alluvial fan starting upstream at the apex to the downstream outfall. During the Step 2
process, Alternative B was further subdivided into five similar, but unique alternatives named B1, B2, B3, B4, and
B5. This was done to evaluate: 1) the influence of size and type of the apex basin on the design of the downfan
system; 2) different channel cross-section types; and 3) various channel alignments.

The result of the Step 2 Proposed Alternatives Evaluation was the selection of a preference for large on-line
detention basins (Alternative B1) with leveed downstream corridors. In addition, where multiple alignments were
possible, a greater number of paths was preferred to fewer for connectivity and environmental reasons (Alternative

B4-3). For the Wagner Wash sub-area that means the selection of separate corridor paths for each of six alluvial fan
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apices. Apices 17 and 18 drain to a common corridor into Wagner Wash and were therefore treated as a single “fan
system.” A new corridor was added for Fan 16 rather than combine it with 17 and 18 as shown in Alternative B4-3 in
Step 2. This was done to reflect the more general preference for “multiple corridors” resulting from the Step 2
evaluation process.

In addition to the selection of large, on-line basins with multiple corridors, the Step 2 alternatives evaluation
also identified a number of items for consideration in the refinement of the recommended alterative for Step 3 for the
Wagner Wash sub-area. The recommendations were based on input received during the development of the proposed

alternatives, the team evaluation process, and input from stakeholders and the public.

e There is a need to balance earthwork by project. For Step 3, a project will be considered the apex-to-
outfall system for an individual alluvial fan (or fan complex if hydraulically connected, referred to as ‘fan
system’ in this report).

e Existing channel conveyance should be quantified and incorporated into the recommended alternative
designs. This could result in the elimination of some levee/wall reaches where the existing conveyance is
adequate or natural lateral containment exists on one or more sides of the corridor. This will also
maximize the use of non-structural or nearly non-structural reach management elements.

e The required landscape aesthetic treatment requirements should be included explicitly in the hydrologic
and hydraulic design.

e Incorporate the specific sediment data collected in Step 2 into the design calculations.

e Identify the area benefited using the Stage 3 delineations.

e Refine the design details including riprap sizing calculations and the evaluation of basin inlet structures
(e.g., energy dissipaters, collection dikes/ ditches, off-line basin outlet structures, etc.)

e Refine the hydrologic models to include more HEC-1 subreaches.

e Discretize the quantities and costs by individual fan system (by “project”).

All of these items have been incorporated into the Step 3 refinements as discussed in the remainder of this
report. The refinements and designs of the other sub-areas are presented in separate reports (Volumes 2, and 4-7).

In addition to the recommendations for Step 3 above, a Value Engineering (VE) process was undertaken by
the District external to the ADMP project team at the end of Step 2. The VE process identified the following items
for the refinement of the recommended alternative in the Wagner sub-area which are also addressed in this report:

e Consider the use of floodwalls rather than earthen levees wherever possible
e Design to the higher end of the range of hydraulic constraints for the leveed corridors

e  Optimize the toe-down to grade control relationship

The use of floodwalls was recommended based on the significant cost savings identified in the Step 2 reports.

As will be discussed further in the design discussion (see Section 5), the Step 2 hydraulic design targeted a hydraulic

depth of one foot and a velocity range of 4 to 6 feet per second. The VE suggestion was to design to the higher end of
the velocity range. To accomplish this, the Step 3 design will allow hydraulic depths up to two feet. The toe-down to
grade control relationship is further refined in Step 3 through the use of a sediment transport capacity continuity
approach to the equilibrium slope assessment for the selection of grade control spacing.

During the Step 3 process, it was recognized that with the migration to a concrete floodwall containment
strategy for the levee corridors, the balancing of earthwork objective identified in Step 2 was not feasible. That is, for
many fan systems, the excavation requirements far outweigh the fill needs. Therefore, material disposal from the

detention basin excavation will be necessary for most of the fan systems.

3.2 Scenery Resource Assessment

The scope of work for the ADMP specifically states that the recommended alternative be “environmentally
friendly and blend with the natural landscape of the study area following the District’s Policy for the Aesthetic
Treatment and Landscaping of Flood Control Projects”. An assessment of the scenic resources, including landscape
character, scenic quality, and viewshed sensitivity was undertaken as part of this study (LSD, 2006) utilizing
information and guidelines provided by the Flood Control District. The data from this assessment was used to
identify a range of flood protection methods that would be compatible with the visual character of the settings of the
study area. This data was also used to identify a variety of landscape design themes that could be applied to flood
control projects proposed within the study area. The recommended alternative presented in Sections 4 and 5 directly
incorporates aesthetic features to ensure that the proposed alternative meet these objectives. In addition, the cost
estimates also include the costs associated with the aesthetic and landscaping treatment requirements of the
recommended alternative including structure enhancements, additional right of way requirements, grading design

requirements, and landscape plantings.

3.3 Cultural Resource Assessment

A separate cultural resource assessment overview was provided in An Archeological Resource Overview Of The
Sun Valley ADMP Area Of West - Central Maricopa County, Arizona (SAS, 2005). Archival research was the
principal tool of that investigation, but it has also included some fieldwork. Together they revealed no fewer than 80
cultural resource investigations have previously been completed across the project area. They began in 1882 and are
of six different types. Significantly, 53 of them are prior intensive field surveys that thoroughly examined roughly
8,842 acres, or 11.7 percent, of the area.

The project inventory of resources consisted of 77 individual sites, all but 23 of which have been disturbed or
totally destroyed. They include 17 prehistoric sites, 1 prehistoric-historic site, 58 historic sites, and 1 modern site,
which dates 1981-present. The prehistoric sites date A.D. 400-1450 and represent only one unidentifiable and two

identifiable cultural themes: residential life and natural resource exploitation, that are attributable to both the
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Hohokam and the Patayan Indians. The historic sites date exclusively to the Arizona Territorial (1863-1912) and
Statehood (1912-1952) phases, and represent nine cultural themes: canal irrigation, community growth and
development, farming, homesteading, mining, railway transportation, ranching, roadway transportation, and trash

deposition.

3.3.1 Cultural Resource Impacts In The Wagner Sub-Area

Several archeological research projects have already been completed across the Wagner sub-area. None of the
five fan systems have yet been totally examined for cultural resources. Ten short, separate sections of GLO Road D
and GLO Road E will be totally destroyed by the planned construction of the Fan 3 apex detention basin and various
channel crossings of the Fan System 3, 13, and 16 corridors. Site AZ T:6:56 ASM is located only about 325 feet
south of the Fan 18 channel and about 800 feet east of an associated proposed dike.

All three of the above archeological sites have been discussed by SAS (2005: p. 57, Fig. 11, Table 6).
Accordingly, neither of the two GLO roads has yet been formally recorded. They are simply local historic mining
roads that predate 1915. Arizona T:6:56 ASM is a medium-size scatter of late historic trash. It measures 55 meters

long and 38 meters wide and dates between 1900 and 1940.

3.3.2 Implementation Prerequisites

Absolutely no land disturbance activities associated with the construction of any of the proposed construction
features of this sub-area should be allowed without having first implemented all pertinent archeological compliance
guidelines of the State of Arizona and the United States government. More specifically, five relevant consequences of
this recommendation should be emphasized: 1) an updated site records check should be made of all proposed project
impact areas, 2) an intensive (100%) field survey should be conducted of all proposed project impact areas that have
not been examined for cultural resources in the last 10 years, 3) all project segments of GLO Road D and GLO Road
E should be visited, their physical condition should be evaluated, and, if found undisturbed, they should be formally
recorded as forming two true historic sites, 4) the potential archeological significance of GLO Road D and GLO Road
E should be evaluated using established government criteria, and, as planned, 5) no construction impacts should be

allowed at site AZ T:6:56 ASM.

3.4 Stakeholder and Public Involvement

The District and ADMP project team conducted an extensive stakeholder and public involvement process as
part of the ADMP. Stakeholders included in the process are listed in Table 1. The stakeholder process included
Stakeholder Workgroup meetings as well as numerous individual meetings with stakeholders and the project team.
The project team received input and maintained two-way communication with stakeholders to ensure clear

understanding of the nature of the recommended alternative and study’s progress. Ultimately, the close interaction of

the project team and stakeholders had a significant impact on the nature of the recommended alternative for the

SVADMP including the selection of walled-levee corridors and the location of the preferred corridor alignments.

Table 1 SVADMP Stakeholders

Agencies / Public Entities

Development/ Developers/ Engineers

FCDMC Capitol Pacific Homes/ CVL
Town of Buckeye Sun Valley South (West)) Communities Southwest/ WRG
ADEQ Festival Ranch/ Lyle Anderson/ WRG
ADOT Skyline Wash/ Fisher-Williams / PDC
AZ Game & Fish Elianto/ Lennar/ CVL
ASLD Anthem/ Pulte/ CMX
AWDR Tartesso/ Stardust/ DEA

Bureau of Land Management

Tartesso West/ Stardust/ DEA

Bureau of Reclamation

Spurlock Ranch/ Glen Spurlock /

CAP Sun City Festival/ Pulte/ CVL
Luke Air Force Base SunCor Arizona
MCDOT Trillium West/ Gateway/ DEA
MC Parks Sun Valley/ Vistoso/ Erie & Assoc
NRCS

Palo Verde Power Plant (APS & SRP)

US Fish & Wildlife

Western Power Authority

White Tanks Concerned Citizens
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4 DESCRIPTION OF RECOMMENDED ALTERNATIVE FOR WAGNER SUB-AREA

Flood control alternatives for the SVADMP area included both structural and non-structural solutions. Given
the landscape compatibility assessment, non-structural solutions are generally preferred whenever possible. However,
for the areas impacted by active alluvial fans, the degree, extent, and uncertainties associated with the flood hazards
are considered too extreme to make fully non-structural alternatives feasible. Therefore, for the areas impacted by

large active alluvial fan flooding, structural measures are central to the recommended flood control alternative.

In Step 2, the study area was divided geographically into seven sub-areas to focus the attention of appropriate
structural or non-structural flood control alternatives for the study area.
1) North of CAP (Volume 1)
2) CAP (Volume 2),
3) Wagner Wash (this volume),
4) Hassayampa River (Volume 4),
5) White Tank Wash (Volume 5),
6) FRS #1 (Volume 6), and
7) FRS #2 & #3 (Volume 7).

The sub-areas are based on the outfall locations and the fans discharging to a particular outfall location. For
example, fans that drain to Wagner Wash are included in the Wagner Wash sub-area. The sub-areas also represent the
hydrologic watershed for the particular outfall location. The sub-area boundaries are shown in Figure 8.

This report presents the details of the Step 3 Recommended Alternative for the Wagner Wash sub-area.
Volume 1 provides an overview of the Step 3 Recommended Alternative for the entire study area. Additional details
for the other five alluvial fan sub-areas south of the CAP Canal are presented in separate companion reports (Step 3,

Volumes 2 and 4 — 7). This organization is analogous to that used in the Step 2 presentation.

Within the Wagner sub-area, five “fan systems” were further differentiated. (Figure 9) The five fan systems are
presented in separate sections within the remainder of this report and summarized as a whole at the end of this report.

The five fan systems within the Wagner Wash sub-area are:

e Fan System 13 which controls Fans 13E and 13W
e Fan System 3 which controls Fan 3

e Fan System 16 which controls Fan 16 and 16A

e Fan System 17/18 which addresses Fans 17 and 18
e Fan System 19 which addresses Fan 19

Nevada
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Las vigas
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SVADMP \.{%—_’/\

Study Area

Patton Road

2
el
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B North of CAP

Sun Valley Parkway

/ , CAP ( \
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Figure 8 Sun Valley ADMP Sub-Areas
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Wagner Sub-Area
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Figure 9 Wagner Sub-Area Fan Systems

The recommended alternative for the Wagner Wash sub-area was refined from Alternative B4-3 in Step 2. It is
comprised of three large, on-line detention basins near the alluvial fan apices and walled-levee corridors downstream
to Wagner Wash for the five fan systems. Fan Systems 13, 3, and 16 are comprised of one on-line detention basin
with a downstream walled-levee corridor for each fan system. Fan Systems 17/18 and 19 are comprised of walled-
levee corridors only. The walled-levee corridors provide a path not only for the detention basin outflows, but also
serve as a trunk system to which the downstream tributary watersheds may also deliver storm water. Fan Systems’ 3
and 13 recommended alternatives also include small containment dike to prevent flow breakouts between the fan
system watersheds. Non-structural measures include approximate floodplain delineations of the contained wash

reaches upstream from the detention basins to the White Tank Mountain Regional Park boundary.

Additional details of each component of the recommended alternative and their design are provided in the

following sections.

5 STEP 3 CONCEPT DESIGN APPROACH

The details of the design procedure for the recommended alternative are presented in this section. The
recommended alternative location, typical sections, and planimetric layout for each fan system are presented in
Section 5 and 6 and Appendices A — E. The design approach used a combination of HEC-1 modeling, normal-depth
hydraulics, and GIS through an Excel spreadsheet interface. The conceptual planimetric layout sheets for all elements
of the fan system components are provided in Appendices A — E. Available data and analyses from Step 2 were used
whenever appropriate. Additional modifications and data sources are also described below. This discussion is largely
identical for each sub-area report. However, distinct elements not utilized in a given sub-area (e.g. off-line basins) are

not included if not needed.
5.1 Data Collection

5.1.1 Field Survey Information

Refer to the Flood Control District of Maricopa County (District) for field survey information associated with

the 10-foot topographic mapping used in the current study.

5.1.2 Mapping

The District provided 10-foot contour mapping and DTM data for use in the hydrologic and hydraulic
calculations. That work was done under separate contract for the District in 2000/2001. The flight dates of that
mapping were 12-16-00, 12-17-00, and 12-27-00. A triangulated irregular network (TIN) was developed in ArcGIS
software using the 10-ft mass points and breaklines. The TIN and the contours were used to obtain all the elevation
data used in this study. It was noted in the use of this topographic data that many wash bottoms were incorrectly
shown as ridges rather than valleys. This phenomenon was more prevalent on the relatively low relief downfan areas.

These ridges were removed manually from the cross sections used in the design process as described in Section 5.

5.1.3 Aerial Photographs

The Flood Control District provided aerial photographs for use in the GIS applications. The photo dates are
November 2004.

5.1.4  Existing Culvert Data at Sun Valley Parkway Crossings

The as-builts for the existing culverts at the Sun Valley Parkway were obtained from MCDOT. The as-builts

are included as pdf documents on the disc with this report.
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5.1.5 Sediment Gradations

Sediment gradations used in this study are based on data collected at 38 locations throughout the SVADMP
study area (Location of samples shown on map in Appendix F). A plot of the sediment gradations for all of the
samples collected is also provided in Appendix F. Examination of these data suggested relatively little variation in
sediment sizes across the study area. Therefore, an average sediment gradation was taken from 38 samples for use in
the sediment transport analyses for the recommended alternative for all fan systems including the five in the Wagner

Wash sub-area.
The following values were therefore selected for the sediment gradation parameters:

D50 =0.7 mm D16 =0.17 mm D65 =1.2 mm

D84 =2.7 mm D90 =4 mm

5.2 Process Overview and Summary of Design Criteria

The following sections provide a brief overview of the design procedures for each structure type in the
recommended alternative for the Wagner Wash sub-area. Table 2 shows a summary of the important design criteria
used for the on-line detention basins and walled-levee corridors. These were refined from the Step 2 process based on
the selection of a floodwall corridor containment structure and the input of the external value engineering team. All

structures are designed for the maximum peak flow or volume from the 100-year 6-hour or 24-hour event.

Table 2 Summary Of Design Criteria For Step 3 Recommended Alternatives

Basin Geometry Downstream External Wall
Apex Treatment Criteria Channel Hydraulic Criteria Height
. - . 4 - 5 ft levee height;
-ling: Basir; AugrageZ =gil; floodwall <6 fi/s; < 3 feet

10% outflow D<12ft

3 ft min. freeboard

Additional details on the design associated with each structural element are discussed in the following sections

with additional details also provided in Section 5 and Appendices A — E.

5.3 General Procedure Qutline

The general design procedure was similar to that used in Step 2. The following outline describes that

procedure:

e Identify the fan apex/upstream area location and the preferred channel alignment from the apex to the
outfall. These were derived from Step 2 and additional input received from stakeholders following

the end of Step 2.

e Design an on-line basin near the apex location using the following criterion: Peak Outflow = 10%

Peak Inflow. Start with the Step 2 basin volume and outlet sizes.

e Route flow from on-line basin to Wagner Wash by designing a walled-levee natural channel corridor

along the preferred channel alignment (See section 5.12).

5.4 Hydrology

The design of the walled-levee corridors as well the detention basins are based on the 100-year storm. HEC-1
modeling was used to determine the peak discharges as well as the flow volume passing through the designed
structures. The existing conditions hydrology model was used for the estimation of peak discharges for the design.
The flows computed from the existing conditions model are higher than the future conditions model (JEF, 2006).
Thus, the use of existing conditions discharges represents a more conservative design approach. In addition, the
specific phasing of future development is unknown. As a result, it was deemed prudent to be conservative and use the
existing conditions hydrology to ensure effective continuous functioning of the recommended flood control system as

the area develops.

The HEC-1 models developed for each sub-area in Step 2 were divided into separate models for each fan
system. These models were modified to incorporate the basin and channel features associated with the recommended
alternative for the 100-year 24-hour and 100-year 6-hour storms. For the purpose of the design, the maximum of the
values obtained from the 24-hour and 6-hour results was used to ensure adequate functionality under 6-hour and 24-
hour storm scenarios. This means that the design analyses sometimes use the 6-hour value and vice-versa depending

on whichever is larger.

The procedure to estimate peak flow and flow volume was iterative in nature. The iteration steps can be briefly

described as follows:

° Change in structure dimensions affects the HEC-1 model
° Change in the HEC-1 model affects discharges/volumes
° Change in discharges affects structure dimensions

The HEC-1 models used here were modified from the Step 2 Proposed Alternatives models for the Wagner
sub-area (JEF, 2006). The HEC-1 models were refined to provide design peak flows at more locations than the Step 2
models. Nevertheless, some of the long open channel sections were treated as single routing reaches in HEC-1.
These reaches were divided into approximately 1000-foot reaches for the hydraulic design. The design discharges
and volumes for each 1000-foot reach were estimated using a linear weighting between the upstream and downstream
concentration points modeled in HEC-1. This simplified procedure facilitated refined design of multiple channel

segments without the need for excessive subdivision of the HEC-1 model.
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5.5 Sediment Yield

Sediment contributions from the watershed draining to the on-line detention basins were estimated using a
sediment yield approach. The sediment yield was estimated assuming a 3-year maintenance period plus a single 100-
year event. The MUSLE method as outlined in the Arizona Department of Water Resources’ Design Manual for
Engineering Analysis of Fluvial Systems (1985; hereafter, “ADWR Manual”) and the Albuquerque Metropolitan
Arroyo Flood Control Authority (AMAFCA) Sediment and Erosion Design Guide (AMAFCA, 1994) was used to
compute the average annual sediment yield and the 100-year single event sediment yield for the subbasin(s)
contributing to each on-line detention basin. Each on-line detention basin design sheet in Appendices A — C contains
the MUSLE parameters, calculations, and results for each basin. Peak discharges, runoff volumes, soil, and land use
parameters were estimated from the hydrology data. The 10-foot DTM was used to derive the other watershed
geometries needed for the MUSLE computations. The total sediment volume estimated was added to the required
design volume for each detention basin. The design sediment volumes are provided on the basin design sheets for

each basin in the appendix for each fan system.

5.6 Aesthetic Treatment Requirements

In order to ensure that the proposed flood control structures are compatible with the landscape character of the
study area, incorporation of landscape architectural design as an integral part of the structural design is required. In
1993, the District adopted a “Policy for the Aesthetic Treatment and Landscaping of Flood Control Projects”. This
policy aims at planning and designing flood control projects that are compatible with the visual character of the
adjacent landscape. In addition, the policy aims to integrate recreational opportunities into the planning and design of

flood control facilities.

Utilizing the information from the Scenic Resource Assessment (SRA) (LSD, 2006), incorporation of aesthetic
features in the project components of the Sun Valley ADMP generally followed a four-step approach to achieve
context sensitivity with the visual environment, to the extent possible. The four steps are outlined below and briefly

described.

1. Selection of structure types to maximize context sensitivity

2. Selection of flood protection methods (semi-soft structural method and hard structural method with
aesthetic treatment) that are most compatible with the character of the landscape

3. Application of most appropriate landscape design theme

4. Development of context sensitive landscape design guidelines

5.6.1 Selection of Structure Types

During the development of the recommended alternative, consideration was given to the selection of flood
control structure types that most lend themselves to adaptation of their topographic form to the landforms of the study
arca. The flood storage basins contained in the plan are a structure type that can be designed to mimic the landforms
of the piedmont. The walled-levee corridors that are recommended for stormwater conveyance is a hard structural
solution that will have relatively low visual impact and can be adapted to the existing landforms of the sub-area, while
preserving the natural character of the existing wash corridors. The recommended alternative minimizes the use of
large scale excavated channels and flood retarding structures that have a lower capability to be designed to blend with
the landforms of the sub-area. The recommended alternative also completely avoids the use of heavily armored

(concrete lined) structures that would be completely out of context with the landscape settings of the sub-area.

5.6.2 Flood Protection Methods

The Flood Control District has identified six general flood control methods that are routinely evaluated for
use on flood projects throughout the County. The selection of flood control methods is driven by the engineering
requirements for reducing the risk of flooding and the Scenery Resource Assessment (SRA) prepared for the project
(LSD, 2006). The Wagner sub-area employs the non-structural, semi-soft structural and hard structural with aesthetic
treatment flood protection methods. A brief overview of each is provided below. Detailed descriptions of all the flood
control methods are provided in The Step 3, Volume 1 report prepared for the Sun Valley ADMP. The descriptions
are taken from the Flood Protection Methods, Scenery and Recreation Resource Assessment for Maricopa County

report (FCDMC, 2006).

Non-Structural

The non-structural method of flood protection employs the use of regulatory mechanisms such
as erosion control setback zones and zoning regulations as mechanisms for providing flood
protection. This method is characterized by an absence of structural elements or features for flood
protection. Exceptions may include provision of low standard road facilities for carrying out flood
control monitoring, operations and maintenance activities. Natural drainage features such as rivers,
washes, and arroyos perform the function of storm water conveyance.

Semi-Soft Structural Method

The semi-soft structural method includes construction of large-scale flood control facilities
constructed predominantly of earthen materials. The overall form of the superstructure is designed to
emulate the character of natural landforms found in the surrounding landscape (Character Type).
Structural components such as grade control structures, energy dissipaters, low flow features, inlets
and outlets may be visually evident but their overall form, color, texture and materials usage is
designed to remain visually subordinate to and complement the valued character of the landscape
settings in which they are located through careful placement, materials usage, and landscape
architectural design.
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Hard Structural Method with Aesthetic Treatment

The hard structural method with aesthetic treatment includes construction of large-scale flood
control structures with superstructures that are fully or partially concrete lined. Structural
components are also typically constructed of hardened (concrete) materials. It incorporates landscape
design themes, features and materials that complement the valued character of urban and industrial
landscape settings. Examples of aesthetic treatments include gracefully meandering the overall form
of the superstructure, use of color, textural patterns, rustication techniques, urban art, other
architectural embellishments and landscape plantings to establish visual and cultural context
sensitivity primarily within urban and industrial settings.

The primary approach will be to utilize naturalistic, free form land shapes and informal arrangements of plant
materials reflective of the study area flora in the design of the proposed storage basins within the Wagner sub-area.
The hard structural with aesthetic treatment method, as employed within the sub-area, will preserve a large amount of
the existing natural desert within the walled-levee corridors and, with the architectural treatment proposed for the hard
structural elements, will achieve context sensitivity within the surrounding visual environment. As a component of
both flood control approaches, landscaped buffer zones and berming will be used around and adjacent to
improvements such as basins and corridors to help reduce their visual impact. The setback buffer areas also provide
the opportunity to develop multi-use trails and other recreational facilities in conjunction with maintenance roads
along basin perimeters and channel corridors. The overall approach will be to reduce the hard engineered appearance
of the features to maintain a high level of context sensitivity with the existing and future land use and landscape
character in the Sun Valley ADMP area.

In some situations hard structural components will be required to provide the proper level of flood protection
and meet the long term maintenance needs of the improvements. The structures used in the recommended alternative
include:

e Flood containment walls — Concrete walls at edges of corridors to contain the design flood flows within
the drainage corridor.

e  Drop structures — Structures that are built within the flood corridors, perpendicular to the flow direction
to control the longitudinal slope and flow velocities over an extended period of time.

e Inlet structures — Structures built at the location where the flood flows enter a detention basin and must
withstand and dissipate the energy from high volume and high velocity flows to protect the basin from
major damage.

e Outlet structures — built at the location of the outlet pipe which drains the detention basins at controlled
rates.

The hard structural components while not a dominant visual element of the entire flood control solution, are an
essential part of the long-term success of the system. Through careful design and placement of the structures, the
overall flood control method will be maintained as a semi-soft or hard structural with aesthetic treatment method. The

design of hard structural features will include the use of architectural or design elements on the constructed features to

reduce their visual impacts. Architectural treatments will include the use of integral color concrete, form liners for
texture, use of natural materials, and form modifications to enable the structures to more fully fit the natural contours
and landforms of the study area. The use of integral color and form liners in the construction of concrete features
would help reduce the visual impacts by incorporating the colors and textures of the natural landscape. Special
attention will be paid to use of enhancements in areas of high visibility and public use, such as near intersections,

pedestrian access nodes into corridors or basins that would be multiple use areas for recreation facilities.

An overall landscape theme would be applied to the design of the structural features as well as the landscape
improvements. The SRA (LSD, 2006) report identified the landscape themes most compatible with the character of
the landscape setting of the Sun Valley area. A landscape theme defines the distinctive characteristics of the local
landscape setting and establishes the general framework for designing landscape architectural elements that would be
consistent with that setting. The theme application as incorporated into the design components would include
approaches such as, the selection of colors and textures that can be found in the local landscape, minimizing strong

contrasts to existing landforms and selecting plant material that has been identified for the theme.

The development of comprehensive design guidelines is the final step in achieving context sensitivity. The
design guidelines describe the methods and criteria for designing the project components in multiple locations and
applications so that they are sensitive to the local landscape setting. Detailed design guidelines are provided in each

sub-area report and are refined if needed to reflect the design themes for each sub-area.

A brief discussion of the design approach is included in the discussion of each structural component. The
aesthetic treatments result in additional costs to the project. The cost differential for the required aesthetic treatments

is presented in Section 7, 8-12, & 15.

5.6.3 Landscape Themes

During the Scenery Resource Assessment, a variety of landscape design themes were identified for possible
application to flood control structures based on an analysis of existing, historic, and planned future landscape
character. Landscape design themes are unifying concepts that establish the overall visual design concept and serve as
the basis for establishing design guidelines that govern landform grading, plant palettes, use of color, etc. for flood
control structures in different settings. The themes were developed as a framework to help integrate flood control
components into the existing natural setting and allow flexibility for coordination with the master planned
communities developing in the Sun Valley ADMP area. Because flood control components will occur in multiple
landscape character areas, the two main themes identified were further divided into sub-themes specific to the
landscape character units. Figure 10 shows the recommended alternative located on the existing landscape character
units for the Wagner sub-area. The theme to be used is outlined below and is discussed in more detail in the Scenery

Multi-use Data Collection and Analysis Report (LSD, 2006) prepared for this project. The report also identifies
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several sub-themes appropriate for the Sun Valley ADMP area. Incorporation of sub-theme elements will be

coordinated with the planned communities for consistency with their proposed aesthetic development.

In the Wagner sub-area, only the Natural Sonoran Desert Theme is recommended for use in the development of
flood control facilities of the recommended alternative. The recommended basins are located high on the Bajada and
should the design should be sensitive to this location. The general approach to designing facilities with this theme is
identified below and specific design guidelines are contained within the individual facility sections. As the flood
control facilities move through the different landscape character units in the Sun Valley planning area, the designs
will incorporate specific features of the character units to assure context sensitivity with the adjacent area. The flood
control facilities in the Wagner sub-area cross the Bajada and Valley Plains character units (Figure 10). The

discussion of incorporating theme elements to make the facilities sensitive to those units is included below.

5.6.3.1 Natural Sonoran Desert Theme

The natural Sonoran Desert theme is based on reinforcing the relatively undisturbed, natural landscape of the
Sun Valley ADMP area. Landscaping and revegetation will be accomplished using Sonoran desert native species,
specifically those found in the Sun Valley area. It will also preserve the existing character, help extend it into future
development areas, and provide connectivity to preserved wash corridors and into the White Tank Mountains.

The Natural Sonoran Desert theme should incorporate forms, colors, and textures of the natural desert into
required structural components. Landscape designs should create topography and landforms similar to those found in
the surrounding natural landscape and utilize plants, boulders and ground cover in ways that mimic the natural desert
of the piedmont and valley plains. Figure 12 and Figure 28 show conceptual sketches of the Natural Sonoran Desert
theme applied to a basin and channel respectively. Application of the specific character unit themes will be subtle

variations of the main theme and are not shown because of the conceptual nature of the sketches.

5.6.3.1.1 Natural Sonoran Desert Valley Plains Sub-Theme

In the Valley Plains character unit the landscape design will include much shallower slope and mound grading
to be consistent with the adjacent, very shallow topography of the Valley Plains unit. Use of large landscape
mounding will be minimal to non-existent. Vegetation near the river terrace units will be primarily creosote, to mimic
adjacent creosote flats, along with some introduction of shrubs, perennials, and grasses. Flood control features found
higher in elevation, near the Bajada character unit, will include palo verde and mixed cacti to integrate with the

landscape of the Bajada.
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Figure 10 Wagner Sub-area Recommended Alternative and Landscape Character

5.6.3.1.2  Natural Sonoran Desert Bajada Sub-Theme

In the Bajada character unit, the Natural Sonoran Desert Theme will include landscape contour grading, use of
berms, and low flow washes to mimic the adjacent undulating character of the Bajada landforms. Rock and boulder
features will be used to help relate flood control structures to the more frequent occurrence of rock outcroppings in the
Bajada. Landscape vegetation will include increased use of mixed cacti especially the saguaro as well as higher

density of trees such as palo verde and ironwood.
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The natural Sonoran Desert theme incorporates forms, colors, and textures of natural desert into required
structural components. Landscape designs will create topography similar to the immediate surrounding area of the
character units and will utilize plants, boulders and ground cover in ways that mimic adjacent areas. Applying themes
in this way will result in a drainage corridor that extends from the Hassayampa River to the White Tank Mountains

that has a high level of context sensitivity with the surrounding area over its entire length.

5.6.4 Landscape Theme Plant Palettes

Preliminary plant palettes have been developed for application of each theme. The plant list for the Wagner
sub-area includes only plants for the Natural Sonoran Desert Theme. Table 3 shows the most appropriate plants that
will be used based on the character unit in which the flood control facility occurs. The final plant list developed for a

design will consider the immediate context of the facility.

Table 3 Plant Palettes for Natural Sonoran Desert Theme

Character Units
River VEIRY | ptade | Boothils
Plains
Trees
Cercidium floridum Blue Palo Verde X X X X
Cercidium microphyllum Foothills Palo Verde X X
Chilopsis linearis Desert Willow X X X
Olneya tesota [ronwood X X X X
Prosopis velutina Velvet Mesquite X X X X
Shrubs

Acacia greggii Catclaw Acacia X X X
Ambrosia ambrosioides Giant Bursage X X X
Ambrosia deltoidea Bursage X X X X
Anisacanthus thurberi Desert Honeysuckle X X X X
Bebbia juncea Sweetbush X X
Calliandra eriophylla Fairy Duster X X X
Canotia holacantha Crucifixion Thorn X X X
Celtis pallida Desert Hackberry X X X
Dodonaea viscosa Hopbush X X X
Encelia farinosa Brittlebush X X X X
Ephedra trifurca Mormon Tea X X X
Ericameria laricifolia Turpentine Bush X X X X
Eriogonum fasciculatum Flattop Buckwheat X X
Hymenoclea salsola Burro Brush X X
Hyptis emoryi Desert Lavender X X X
Larrea tridentata Creosote Bush X X
Lotus rigidus Deer Vetch X X X
Lycium fremontii Thornbush X X X

Simmondsia chinensis Jojoba X X X
Trixis californica Trixis X X X
Zizyphus obtusifolia Greythorn X X X
Herbaceous Perennials

Aristida purpurea Purple Threeawn X X

Baileya multiradiata Desert Marigold X X X
Erigeron divergens Fleabane Daisy X X X

Melampodium leucanthum Blackfoot Daisy X X X X
Penstemon parryi Parry’s Penstemon X X X

Penstemon pseudospectabilis Canyon Penstemon X X X

Senna covesii Desert Senna X X X
Sphaeralcea ambigua Globemallow X X X X
Verbena gooddingii Goodding’s Verbena X X X X

Accents

Agave chrysantha Golden-flowered Agave X X
Agave murpheyi Hohokam Agave X X
Asclepias subulata Desert Milkweed X X
Carnegiea gigantea Saguaro X X X
Dasylirion wheeleri Desert Spoon X X
Fougquieria splendens Ocotillo X X X X
Nolina bigelovii Beargrass X X X
Opuntia acanthocarpa Buckhorn Cholla X X X
Opuntia bigelovii Teddybear Cholla X X X
Opuntia engelmannii Desert Prickly Pear X X X
Yucca baccata Banana Yucca X X
Yucca elata Soaptree Yucca X X

5.6.5 Landscape Design Guidelines

brief description of the design approach is included in the discussion of each structural component.

The development of comprehensive design guidelines is the final step in achieving context sensitivity. The
design guidelines are a prescription that identifies the methods and criteria to ensure achievement of the landscape

design themes. The design guidelines are specified in the following sections of this report for each structure type. A
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5.7 On-line Detention Basins

CONVEYANCE CORRIDOR

5.7.1 Design Considerations

The on-line detention basin for each fan system was located just upstream of the fan apex where flows begin to TERRACED INLET STRUCTURE
spread out unpredictably into numerous smaller channels. The basin volume is created entirely through excavation comommg:gg fmgs , .
and designed to be entirely below existing ground. Constant side slopes of 6:1 were assumed to simplify the

hydraulic design of the basins and represent an average condition between the steeper and shallower slopes needed to

produce the aesthetic treatment objectives.

LANDSCAPE BERMING
4 ,,2 MULTI-USE O&M ROAD LOW FLOW CHANNEL
W 7
T‘eng'gacggnlrﬁlt Figure 12 Concept Plan View Of An On-Line Basin
DIRENE The basins were designed to have a peak outflow of approximately 10% of the peak inflow. Ten percent of the

peak flow approximates the 2-year flow. Pipe outlets were designed to drain the basins. The Fan 3 basin, for
example, requires a 3-foot diameter pipe and discharges about 100 cfs during the 100-year event. Sediment yield
from the upstream watershed was estimated using MUSLE according to the approach laid out in the ADWR &
AMAFCA Manuals (1985; 1994). The design basin volume includes space for three average year’s sediment plus one

100-year event volume.

- FOR FAN SYSTEM 3
..  Step 3 Basins
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Figure 13 Concept Profile View Of On-Line Basins With Aesthetic Treatments

Figure 11 shows the concept plan view of the on-line basin for Fan System 3 on an aerial photo of the area with The basins were designed to be no greater than 12 ft in depth including one foot for freeboard. Average side

the existing topography as an example. Figure 12 and Figure 13 show a generic concept basin with the landscape slopes of 6H:1V were used to represent the average of variations between 8H:1V to 4H:1V needed to meet the

aesthetic treatments. landscape aesthetic treatment requirements. One foot of freeboard was applied to accommodate the flow volume as
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well the sediment volume. A stage-storage relationship was calculated from the 10-foot digital terrain model in GIS
based on the irregular top shape and an average side slope of 6H:1V. The stage-discharge relation was computed
using HY8 assuming a circular pipe outlet with a side-tapered inlet, and a pipe slope of 0.005. In addition, the stage-
storage relation was modified to subtract the estimated sediment yield from the design basin volume from the bottom
end of the curve to evaluate the adequacy of the basin design volume. The resulting relationships were entered into
the HEC-1 models using SE-SV-SQ records. The HEC-1 model was then run to estimate the peak volume stored in
the basin (including the design sediment volume). Basin dimensions were then resized as necessary to hold this
maximum volume at peak flow as predicted by HEC-1 such that the resultant peak outflow discharge was about 10
percent of the peak inflow discharge. The process was repeated in an iterative fashion until a satisfactory design was

achieved.

5.7.2 Inlet Design Concepts

Various hydraulic inlet structures were assessed to accommodate discharge into the on-line detention basins.
The inlet structure design objectives include: public safety, hydraulic performance, aesthetics, cost, and maintenance
requirements with an emphasis on blending the facility into the landscape character. Some of the alternatives assessed
may not meet all of the design requirements for a particular fan system. Selection of the inlet design concept for each
specific fan system could vary depending on the inflow discharge, approach depth, and other site constraints.

Given the basin depths and local topographic slope, the vertical drop from the entering channel invert to the
basin bottom ranges from 20 to 60 feet. Erosion protection will be necessary to prevent headcutting and channel
degradation for the fan reaches above the basins during flow events. There are two strategies to reduce the erosion
potential of flows entering the basin. The first is the use of an energy dissipater structure along the drop. The second
is a lined spillway with a stilling basin at the bottom to dissipate the energy immediately below the drop. Some
combination of the two strategies is also a possibility.

Three types of energy dissipaters were considered for this assessment and include: a riprap lined spillway,
stepped drop structure, and a baffle chute. Lined spillways include the use of concrete or roller compacted concrete
(RCC). Stilling basins considered include the USBR Types II, III, IV, and a straight drop basin. The various
structure assessments are discussed in the following sections. It should also be noted that all of these energy
dissipation structures will also require some kind of additional downstream scour protection in the transition from the
structure back to the natural riverbed or soil material. Guidelines for the computation of this additional scour are

provided in Pemberton and Lara (1984).

5.7.2.1 Riprap-lined spillways

Riprap-lined spillways consist of dumped riprap on top of a gravel filter and/or geotextile fabric (see Figure

14). Typical spillway sections are trapezoidal normal to the basin side slope. A cut-off wall would be necessary

upstream of the spillway to promote an even flow distribution down the spillway and to prevent degradation upstream.
A relatively small riprap-lined sloped stilling basin would be required at the bottom of the spillway and would likely
serve as the initial sediment trap for the basin. Riprap-lined spillways can provide sufficient energy dissipation for
relatively low flow depths down the spillway. The suitability of riprap depends on the size, D5, 100-year design unit
discharge, q (cfs/ft), and the spillway slope. One conservative method for designing riprap-lined spillways can be

established with the following relationship (Abt, 1991):

g =0.052D,, "5 %

Using a safety factor of 1.5, the safe maximum slope of 4H:1V, and a Ds, of 18 inches, the maximum unit
discharge that is recommended is approximately 13 cfs/ft. Using this unit discharge for a 40 foot wide channel would
limit the total design discharge to approximately 500 cfs. As shown in this example, this application would be limited
to fans with smaller design discharges or if measures were taken to distribute the flow into a wider spillway. The
riprap depth is usually 2-3 times the Dso. Large diameter riprap availability is limited in Arizona; therefore, a material
source should be identified prior to design. Construction of riprap spillways is fairly straight forward; however,
material and construction inspection would be essential to ensure the quality of the material and stability of the

structure. Rock color, texture, and arrangement could be selected so as to minimize visual impacts of the inlet

spillway.
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5.7.2.2 Stepped drop structures

Stepped drop structures consist of hardened steps that dissipate energy as flow drops down each step (see
Figure 15 & Figure 16). Stepped drop structures are constructed of concrete, RCC, soil cement, or gabions, but can
also be constructed of large boulders (Figure 17). Stepped drop structures promote two energy dissipating flow
conditions: Nappe flow and Skimming flow.

Nappe flow is when the step height, tread width, to critical depth relationship permits a free-falling nappe and
hydraulic jump on each step. Skimming flow occurs when the steps are overcome by flow depth resulting in
recirculating vortices and air entrainment. The relationship at which the flow condition is between the nappe and

skimming flow regimes is shown by the following equation (Chanson, 1994):

Ye _1.057-0465%"
h /

where y. is the critical depth, 4 is the step height, and / is the tread width.
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Figure 16 Stepped Drop Structure — Nappe Flow

If a flow condition was in between flow regimes, an increase in y, would initiate the skimming flow regime.

Steps designed for nappe flow are generally much larger and more costly than steeper sloped steps designed for

skimming flow (Frizell, 2006). Steps large enough to permit nappe flow may be a public safety concern as well.
Given basin side-slopes between 4H:1V and 8H:1V, the flow regime will more than likely be limited to skimming
flow. Well established hydraulic design guidelines for stepped drop structures do not exist. Therefore a stepped drop
structure design would require research and a careful analysis of the structure to ensure stability, flow containment,
and adequate reduction in residual energy at the bottom of the drop. The step height and tread width should be

established to accommodate maintenance, accessibility, and public safety.
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Figure 17 Example of Stepped Boulder Drop Structure
(source: Figure 7.19 from FCDMC, 2003a)

5.7.2.3 Baffle Chute

Baffle chutes have a concrete rectangular or trapezoidal section normal to the basin side slope. The
alternating baffles dissipate energy of flow down the slope of the chute (Figure 18). A channel narrowing transition

may be desirable upstream of the chute to minimize the width of the structure. Baffle chutes are the most effective
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means of dissipating energy down a slope and are used extensively on spillways throughout the world. Hydraulic
design and analysis methods are documented in the USBR Engineering Monograph No. 25 (Peterka, 1984). Baffle
chutes are one of the most cost effective methods for dissipating energy down the basin drop; however, they are not
very aesthetically appealing. Potential modification of the baffles to use natural materials such as very large rock

emplaced in concrete with steel could provide acceptable aesthetic treatment of such structures.

A
AN
JOOH
Ao\ O g
SRR

T

\

Figure 18 Baffle Chute

5.7.2.4 Lined Spillways

As discussed previously, lined spillways include the use of concrete or RCC and must be designed to consider
abrasion due to sediment-laden flow at a very high velocity. Smooth lined spillways have been known to attract

Juvenile activities, such as skateboarding, that may raise public safety concerns.

5.7.2.5 Stilling Basins

Stilling basins should be used in conjunction with lined spillways to dissipate energy at the basin bottom. It is
expected that only hard basins would be practical given the expected velocity and energy of flows at the bottom of the

spillway. Stilling basin types considered include the USBR Types II, III, IV, and a straight drop basin, all made of

formed concrete as shown in Figure 19. Stilling basins are also constructed out of gabions. Stilling basins are very
effective at dissipating energy at the bottom of a spillway and are used extensively throughout the world. Hydraulic
design and analysis methods are documented in the HEC-14 manual (FHWA, 1983).

Stilling basins are a cost effective method for dissipating energy down the basin drop; however, they are not

very aesthetically appealing and may also raise public safety concerns.
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Figure 19 Stilling Basins

5.7.3 Discussion of Inlet Concepts

No non-structural inlet alternatives are recommended given the magnitude of the design discharges. The use
of riprap lined spillways is limited by the design unit discharge. The remaining alternatives are therefore limited to
hard material types with aesthetic treatment. Given the goal of blending the basin inlet structure into the natural

landscape character, various features could be added to hard structures to enhance the appearance such as adding color
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pigments to concrete, texturing techniques, curvilinear designs, and/or integrating boulders into the structure. The
selection and placement of vegetation would also be crucial in softening the appearance of the facilities. Creative
inlet geometry could be considered to accommodate additional landscape character to the basins and allow for softer
structural alternatives.

For example, the inlet drop could be divided into multiple stepped drops of curved tiers or terraces to spread
the flow width to accommodate a riprap spillway and/or allow for more flexibility in landscaping options. Figure 20
depicts a conceptual terraced inlet with integrated landscaping along the facility. As shown in Figure 21, the terrace
lengths increase and/or vary as they go down the drop. If the width of flow down each terrace can be successfully
increased, the unit discharge over each drop would be reduced allowing for the use of a riprap spillway if desired.
Alternately, the terrace steps could be constructed of stepped boulder drops such as those outlined in Chapter 7 of the
District’s Hydraulics Design Manual (FCDMC, 2003). Stepped boulder drops are considered the preferred aesthetic
treatment for drop structures in the ADMP. A notch should be created in each structure to provide a low flow path for
frequent flows to focus regular maintenance in a concentrated area. The use of the terraced inlet concept could allow
for plantings on the intermediate terraces which would help to screen the engineered structures associated with the
drops and stilling basins. The selection of inlet structure alternatives will depend on the inlet channel width, design

discharge, and basin layout.

CONCRETE STRAIGHT DROP BASIN

NATURAL CONTOURS
IN BASIN BOTTOM

STEPPED BOULDER
DROP STRUCTURES

NATIVE VEGETATION
LANDSCAPE CN TERRACES

Figure 20 Conceptual Terraced Inlet Rendering

The following two sections present inlet concepts for Fan Systems 13 and 3 by way of example. Similar
decision making could be applied to each specific on-line basin when design and implementation of each system

move forward following Step 3.
5.7.4 Inlet Concept Example for Fan System 13

5.7.4.1 Example for Fan 13E

A riprap spillway is recommended with a width of 30 feet to match the existing channel width. A concrete
cut-off wall should be constructed at the upper lip of the spillway to provide a sill for even flow distribution down the
spillway. The Ds, required will be 18 inches. Assuming a 26 foot drop and the maximum basin side slope of 4H:1V,
the length of the spillway will be about 100 feet. An additional 10 feet of riprap at the bottom of the spillway on the

basin floor is recommended to minimize the potential for scour hole development. The minimum depth of the riprap
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spillway should be a minimum of 2 times the Ds, for a total of 3 feet. The riprap should be laid on top of a 6 inch

gravel layer on top of a non-woven geotextile fabric.

5.7.4.2 Example for Fan 13W

A riprap spillway is recommended with a width of 45 feet. A concrete cut-off wall should be constructed at
the upper lip of the spillway to provide a sill for even flow distribution down the spillway. The Ds, required will be
18 inches. Assuming a 26 foot drop and the maximum basin side slope of 4H:1V, the length of the spillway will be
100 feet. An additional 10 feet of riprap at the bottom of the spillway on the basin floor is recommended to minimize
the potential for scour hole development. The minimum depth of the riprap spillway should be a minimum of 2 times
the D5, of 18” for a total of 3 feet. The riprap should be laid on top of a 6 inch gravel layer on top of a non-woven

geotextile fabric.

5.7.5 Inlet Concept Example for Fan System 3

Conceptual design for the Fan 3 inlet structure was developed using the menu of alternatives previously
discussed. The detention basin layout for Fan 3 is presented in Figure 11. The existing channel width and 100-yecar
discharge for Fan 3 is shown in Table 4. The computed unit discharge is also shown to determine if a riprap spillway
is a consideration.

Table 4 Design Data For Fan System 3 Basin Inlet
100-year Q (cfs) Channel Width (ft)

Fan Reach Unit Discharge, q (cfs/ft)

3 818 40 20.5

The predominant channel width for Fan System 3 is too narrow to consider a riprap spillway. Therefore, the

depth of each riprap spillway should be a minimum of 2 times the Ds, of 18” for a total of 3 feet. The riprap should
be laid on top of a 6 inch gravel layer on top of a non-woven geotextile fabric.

The use of the terraced inlet concept could allow for plantings on the intermediate terraces which would help
to screen the engineered structures associated with the drops and stilling basins. It should also be noted that the
intermediate riprap drops could be replaced with stepped boulder drops or straight concrete drops similar to the first

terrace if preferred.
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Figure 21 Example Terraced Inlet Concept Profile For Fan System 3, Wagner Sub-Area

5.7.6  Summary of Inlet Design Concepts for Fan Systems in the Wagner Sub-area

Table 5 shows a summary of the inlet design concepts and hydraulic decision parameters for each on-line
detention basin. Note that Fan Systems 17 & 18 and 19 do not have on-line detention basins as components of the

recommended alternative.

Table 5 Summary Of Inlet Design Concepts For Wagner Sub-Area

use of another structural alternative will be necessary and the terraced approach will be considered. An arced 5-foot
straight drop basin will be used on the first terrace to dissipate energy and spread the flow out to a width of at least 70 Upstream Unit Number of
P gy p Q100 Channel ; Inlet Height Selected Number of Steps for
. . . Fan System P Width Discharge ft Inlet T Inlet T d

feet to allow for a riprap spillway on the remaining drops. (cfs) (Ift) (cFs/ft) (ft) nlet Type nlets ?:\1:::

The recommended alternative for Fan System 3 is an arced terrace facility with seven drops of about 5 feet as
shown in Figure 21. The first drop would consist of an arced 5-foot straight drop basin with an arc length of 50 feet at 255 30 8.5 Riprap ~lined

13 26 Lol 2
the top of the drop and an arc length of 70 feet at the bottom end sill. The remaining drops would consist of a riprap spillway
524 45 11.6

spillway with increasing widths ascending down the terraces. A concrete cut-off wall should be constructed at the
upper lip of each spillway to provide a sill for even flow distribution down the spillway. The Ds, required will be 18 3 818 40 205 33 Terraced 1 7
inches. A 20 foot sloped stilling basin is recommended on Terrace 2 to further distribute the flow across the entire
terrace. An additional 10 feet of riprap at the bottom of the spillway on Terraces 3 - 6 and on the basin floor is 16 1008 40 25.2 35 Terraced 1 7
recommended to minimize the potential for scour hole development. Additional terrace width is recommended on
Terraces 2 — 6 to provide room for landscaping to help blend the facility into the natural surroundings. The minimum
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5.7.7  Qutlet Design Concepts

The design concept for the outlets of the on-line detention basins are circular pipes. Reinforced concrete pipes
will drain the detention basins to the downstream walled-levee corridor. Inlets will require trash racks to prevent
clogging. Inlet headwalls will conform to the basin slope. Figure 22 shows an example of what a basin outlet
structure might look like. The outlet pipes will be buried and exit downstream of the detention basin such that the
pipe has sufficient slope to adequately discharge flows and maintain an inlet control hydraulic condition. The

downstream outlet of the pipes will require scour protection. Riprap is proposed to serve this purpose.
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Figure 22 Typical Detail For On-Line Basin Outlet Structure
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5.8 Aesthetic Treatments for Detention Basins

5.8.1 Design Guidelines

The aesthetic treatments for the detention basins include landscape contour grading, slope warping, a buffer
area around the basins, and architectural enhancements to inlet and outlet structures. The detention basins to control
flood flows from the alluvial fans will be areas of disturbance ranging from about 7 acres to about 83 acres. The basin
will be adjusted in final design to best fit the topography of the surrounding landscape of each site. Side slopes will
be warped to create an overall organic form that mimics the topographic form of the surrounding landscape. The side
slopes of the basins will vary from a maximum of 4:1 to a minimum of about 8:1. The slopes of the basins will be
landscaped and seeded using native Sonoran Desert plants. Plant material will be arranged to achieve a natural

appearance. Figure 23 shows an example plan view of a basin with the landscape aesthetic design features.
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Figure 23 Planimetric View Of On-Line Detention Basin With Landscape Design Features

The bottoms of the basins will undulate to mimic the character of the surrounding landscape. The grading will
create a low flow channel from the inlet structure to the outlet of the basin to direct the small flows from frequent
events through a simulated natural wash.

A landscaped buffer area of 50’ around the perimeter of the basins will be provided to create a visual transition
with the surrounding landscape (Figure 24). The buffer area will incorporate landscape berming, vegetative planting

and a meandering multi-purpose O&M road to provide open space access and visual integration with future

development (Figure 25). The buffer will also provide the necessary area required to provide grading for a transition

from the basin to the existing landscape or future development.
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Figure 24 Concept Cross Section Of Basin Buffer Area With Landscape Design Features

The inlet structures for wash flows into the basins present challenges to the aesthetic design of the features
because of the high volume of flows in many of the washes. The natural slope of the existing landscape causes
average slope heights of about 30 feet up to a maximum of about 60 feet at the inlet of the washes into the basins on
the uphill side of the basin. The preferred approach to developing the structural inlet components will be to develop a
series of terraces that allow the flow into the basin to occur over several smaller drops of approximately four to six
feet. Terraces will also be used to visually reduce the apparent height of the back slopes of the basins by limiting the
slope height of any single slope to about 15-20 feet. The inlet structure terraces will range from approximately 10 feet
wide to 30 feet wide. After the first one or two drops the energy of the flow should be dissipated enough to allow
landscaping and revegetation on the terraces to reduce the visual impact of the structures. The landscape could be
subject to some damage during the largest storm events, but once established, should recover similar to the
surrounding native desert. In cases where a hard structural with aesthetic treatment solution approach would best
meet the requirement for flood control, integral color, form liners for texture would be used to reduce visibility of the

feature.
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Figure 25 Plan View Of Landscape Design Features For Basin Buffer Area

In the basins with tall slopes on the uphill side, further detailing will be done during the design phase to analyze
ways to reduce the visual height of the slopes. In the conceptual designs, these basins would have a reduced level of
context sensitivity as compared to the basins that have slopes 35’ high or less. Based on current development trends
and the planned communities that are under way in the Sun Valley area, future adjacent development will include a
substantial number of two-story homes that will reach heights of 25’ or more. The final design of the basins should
include slopes and structures that are generally in scale with the adjacent homes so that the flood control structures
can be as sensitive to the local context as possible. In some situations, close coordination with adjacent development
may allow the slopes above the flood detention level to be used for other purposes, such as permanent park
improvements or other development associated with the planned community, including residences or other structures.

For the purpose of estimating the aesthetic treatment differential cost estimates, the average side slopes of the
basins without aesthetic treatment were increased from 6H:1V to 4H:1V. Although the total storage volume was
assumed unchanged, the land area requirements are less for the steeper side slopes. In addition, the setback area of 50
feet around the perimeter of the detention basins was removed. Finally, additional costs were included for
architectural enhancements to the inlet and outlet structures which are assumed to be 20% of total cost for the inlet

structure and 5% for the outlet structure.

5.8.2  Summary of Detention Basin Design Guidelines for Landscape Aesthetics

The detention basins in the recommended alternative are currently in undisturbed desert areas but most will
eventually be adjacent to different types of residential or mixed-use developments. The development will be of
various character types including low-density desert neighborhoods and moderate-density, production housing and
commercial sites of the various planned area developments. Mature mesquite, palo verde, and ironwood trees and a
variety of cacti including saguaros, are prevalent in the native desert areas. Vegetation varies in species composition
depending on the landscape character unit. The detention basins occur in the Natural/Pastoral Bajada character unit.
The detailed design guidelines below have been developed to help reduce the visual intrusion in the landscape as the
basins are developed in the existing natural desert and also to allow them to become open space amenities for future
residents of the Sun Valley ADMP area.

Perimeter
e Provide a 50-foot landscaped buffer area between the top of the basin and adjacent development.

e Place the operation and maintenance (O&M) road within the buffer area and design to allow for multiple uses
such as walking and biking.

o Avoid cross slopes over 3% and longitudinal slopes over 4%.

o Establish the finish grade of the road surface no higher than 2 inches above the adjacent landscape
areas.

o Construct O&M road with native inert material as the finished surface. Material will be stabilized
with a polymer stabilizing product.
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Design the O&M road to be curvilinear to mimic the organic basin configuration.
Provide ADA accessible grades on all road surfaces.

Construct landscape berming in the buffer area to blend with the natural landforms of the Bajada character
unit.

Minimize disturbance of native vegetation, especially large trees, in the buffer zone to the extent possible.

Supplement the existing vegetation in the buffer zone to provide a landscape setting for the multi-use O&M
road and to blend the vegetation of the basin into the adjacent landscape.

Configuration

Design the configuration of the basins to minimize height of cut slopes.
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