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1 INTRODUCTION

HoskineRyan Consultants, Inc. (HRC), has been contracted by the Flood Control District of Maricopa
County (District) to prepare final design for the White Tanks FRS No. 3 (FRS#3) Outfall Channel project. The
District is in the process of performing rehabilitation to FRS#3, including a new Principal Spillway that discharges
adjacent to the Beardsley Canal. The project provides a channel along the Jackrabbit Trail corridor, to convey the
Principal Spillway flows from FRS#3 to FRS#4. The outfall channel will extend south from the Principal Spillway
of FRS#3 to the existing FRS#4 inlet channel north of McDowell Road, and will lie within the Town of Buckeye
and unincorporated Maricopa County.

The goals of the project include:

e Provide an outfall for the FRS#3 Principal Spillway flows.

e |Intercept and convey the 100-year flood flows reaching the channel to the planned outfall at
FRS#4.

o Reduce the effective FEMA 100-year floodplain along Jackrabbit Trail.

e Accommodate the future widening of Jackrabbit Trail.

o Design the facilities to complement the existing and planned future setting through implementation
of context sensitive planning and design.

e Provide an opportunity to implement trail linkage as part of the Maricopa County Regional Trail
System.

The existing FRS#4 inlet channel is a concrete-lined channel which extends from south of Interstate 10 (I-
10) to north of McDowell Road. North of the existing concrete-lined channel, the existing Jackrabbit Channel and
Wash are a series of unlined channels and ditches of varying dimensions and capacities. Between Missouri
Avenue and the Bethany Home Road alignment, natural drainage patterns continue across the Jackrabbit Trail
alignment from west to east. From the Bethany Home Road alignment north to FRS#3, the predominant land

slope is east towards the Beardsley Canal.
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1.1 Stakeholders

On-going projects and interested stakeholders include the District, the Arizona Department of
Transportation (ADOT), Maricopa County Department of Transportation (MCDOT), the Town of Buckeye, the
Maricopa County Municipal Water Conservation District (MVWD), existing developments such as Jackrabbit Estates
(Arryo Mountain Estates), Beautiful Arizona Estates, Pasqualetti Ranch, and Litchfield Heights, and private
development interests such as DMB White Tanks (Verrado, north of Indian School Road) and SouthWest Value
Partners (north of Missouri Avenue).
1.2 Purpose

The Design Report and 30% Plans for the White Tanks FRS#3 Outfall Channel project (Figure 1) were
completed on June 30, 2009 (Refs. 34, 35) and form the basis for the final design. This Pre-Design Report
documents the re-evaluation of several alternative channel alignments and design approaches that were
highlighted as a part of a Value Analysis conducted by the District.

This report is submitted in conjunction with a Landscape Architecture Pre-Design Report (Ref. 12). The
30% Plans were prepared without the guidance of a landscape architect, therefore it is the intent of the Landscape
Pre-Design to identify methods to incorporate landscape materials, aesthetic structural treatments and trail
connectivity into the project.

Results from this report will be incorporated into the Final Design Plans and Reports, as applicable.
1.3 Value Analysis and Value Engineering Review

A Value Analysis was conducted for the entire project limits. The purpose of the Value Analysis was to
identify alternative design concepts that may have been overlooked in the planning and engineering stages of the
project. Results from the Value Analysis are documented in a separate report (Ref. 40). Many different ideas and
concepts were developed over the three-day Value Analysis session. Members of the Value Analysis team voted

on ideas of merit; a shortlisted group of concepts was further developed, and cost estimates were prepared.

A

B Hoskin- Ryan Consultants, inc.
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These concepts were presented to a panel of District personnel and some were eliminated because they did not
meet the original intent of the project or they appeared unfeasible due to schedule or inter-agency conflicts.

In addition to the Value Analysis Session conducted by the District, Jacobs prepared a Value Engineering
review of the 30% Plans; a copy of the resulting memorandum is included in Appendix G. The main
recommendations from the Value Engineering review include potentially using HDPE pipe within Reach 9, and arch
culverts within Reach 6.

1.4 Authority for Study

A detailed Scope of Work was formulated as a part of the contract and proposal process. The Flood
Control District of Maricopa County’s contract number is FCD 2009C012. The official Notice to Proceed date is
October 22, 2009. The District Project Manager is Gary Wesch, P.E.

1.5  Location of Study

The main area of interest lies along Jackrabbit Trail between FRS#3 and FRS#4, from approximately
Roosevelt Street to Glendale Avenue, and includes the jurisdictions of the Town of Buckeye and unincorporated
Maricopa County. The immediate watershed area contributing to the channel extends west to Tuthill Road, and
north to FRS#3. Additionally, the watershed area includes all areas, which drain into the FRS#3 from the White

Tanks Mountains, east to the Perryville Road alignment and north to McMicken Dam, near the Cactus Road

alignment.

January 2010
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2 DESIGN CONSIDERATIONS

2.1 Introduction

The White Tanks Flood Retarding Structure No. 3 (FRS#3) Outfall Channel will provide an outfall for the
FRS#3 Principal Spillway flows. This conveyance channel will extend south from the Principal Spillway at FRS#3
to the existing FRS#4 inlet channel north of McDowell Road. The District recently constructed a new Principal
Spillway for FRS#3 at the east end of the dam, and has a design for a new emergency spillway at the west end.

The channel alignment will meander, where possible, to maintain a pleasing aesthetic view, and will serve
as a multi-use trail connection. The Design Report and 30% Plans were prepared by Hoskin-Ryan for the District
(Refs. 34, 35). The project was broken into nine reaches, each with its own channel cross-section and right-of-
way requirements. The Final Design phase will use the 30% Design Plans as the basis for design.

The 30% Design was based upon accepting the full discharge from the Principal Spillway located at the east
end of FRS#3. In order to provide flexibility for the dam operations for both FRS#3 and FRS#4, a wasteway was
shown which would allow releases from the Principal Spillway to be directed southward along the west side of the
Beardsley Canal. Prior to the Value Analysis, District staff decided that a single 48-inch gated outlet from the
Principal Spillway could meet these needs (See Appendix B).

The Outfall Channel will be designed to convey 285 cfs that occurs at an elevation head of 1,216 feet (NAVD
88). This is the outflow from a single 48-inch pipe (west pipe) under maximum head from the Probable Maximum
Flood (PMF). The wasteway flows from the east pipe will be for a discharge of 221 cfs through the 48-inch gated
outlet. This flow will occur when the water surface elevation is at the crest elevation of the emergency spillway.

The FRS#4 inlet channel is a concrete-lined channel which extends from south of I-10 to north of
McDowell Road. North of the existing concrete-lined channel, the Jackrabbit Channel is a series of unlined

channels and ditches of varying dimensions and capacities. Between Missouri Avenue and the Bethany Home

s
IS Hoskin« Ryan Consultans e,
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Road alignment, natural drainage patterns continue across the Jackrabbit Trail alignment from west to east. North
of the Bethany Home Road alignment, the predominant land slope is to the east, towards the Beardsley Canal. An
overchute structure just south of Bethany Home Road conveys runoff, which originates on District property,

across the canal.

2.2  FRS#3 Remediation Project

The District has recently completed improvements to the FRS#3 dam as a part of the Phase 1 Dam
Remediation (Ref. 52). The modifications included strengthening of the dam to mitigate for the potential of a
subsidence and fissure zone through the area. Other improvements included the installation of a new Principal
Spillway at the east end of the FRS. The Principal Spillway consists of two 48-inch diameter gated pipe outlets and a
riser tower connected to the western pipe. Currently, these pipes would discharge floodwaters along the west side of
the Beardsley Canal. The floodwater would flow southward until it crosses the Beardsley Canal at an existing
overchute south of Bethany Home Road.

A stockpile of dirt excavated from the FRS#3 North Inlet Channel contains an estimated 500,000 cubic yards
of soil. This material, along with additional excavation from within the channel, will be used for landscape mounding
and screening of the dam. Design of the Phase 2 Dam Remediation Plans (Ref. 53) is complete and the project bid
in early 2010. The Phase 2 plans include structure modifications to the west end of FRS#3 and grading for a new
emergency spillway. The improved emergency spillway will contain the PMF flows and train them toward the
southeast.

EPG prepared Landscape Design Plans (Ref. 53) that included mounding to help conceal the FRS from view
from the future Jackrabbit Parkway and Jackrabbit Trail/Bethany Home Road. These plans might be adapted for use
on the Reach 9 section of the Outfall Channel. The free form shape of the grading will help to break up the straight-

engineered lines of the dam. Variable sideslopes on both sides of the channel in this reach will be evaluated.
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2.3  Jackrabbit Trail and Jackrabbit Parkway

A recent study by MCDOT (Refs. 10, 11) proposed a new highway, referred to as the Jackrabbit Parkway,
which follows an alignment along Perryville Road and then crosses Jackrabbit Trail north of Missouri Avenue. This
parkway will be considered in the Final Design; however, no improvements will be made since the exact alignment
has not been established. In another MCDOT study, the right-of-way width for the Jackrabbit Trail was identified as
130 feet in width; however, Jackrabbit Trail is currently termed as a “Road of Regional Significance” (RRS) by
MCDOT, which means that a right-of-way width of 140 feet is desirable. Planning studies by MCDOT indicate that

the Jackrabbit Parkway will ultimately assume this designation and therefore Jackrabbit Trail will be re-classified.
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A procedural step by the Town of Buckeye is necessary to remove the designation of RRS. Discussions

should be held with the Town of Buckeye and MCDOT to resolve the ultimate requirements.

2.4  Buckeye Park and Ride

The Town of Buckeye plans to solicit proposals to prepare design plans for a new Park and Ride facility.
This 5-acre site will be located on a 6.88-acre parcel (MCR 502-34-017L) on the northwest corner of Jackrabbit
Trail and Palm Lane. Palm Lane, which does not currently exist, will be constructed with the Park and Ride
project. A new culvert crossing will be necessary along with a segment of concrete channel at the outlet. The
District is in the process of forming an Intergovernmental Agreement (IGA) with Buckeye to coordinate the design
and construction of the culvert and channel. Some temporary channel improvements will be necessary at the

upstream end of the culvert.

2.5  Buckeye Sewer Improvement Project

Final Design Plans are complete and construction is underway for a sewer extension within Jackrabbit Trail
from approximately Roosevelt Street to 1,300 feet north of Indian School Road. The new 12- to 15-inch sewer line
will intercept future lateral extensions to the west. Sewer lateral extensions should be designed with each culvert
crossing of the major side streets. A future extension of this line from Indian School Road north to Bethany Home
Road should be considered in the Final Design.
2.6  Operations and Maintenance Road

Where right-of-way will not be too constrained, the Operations and Maintenance (0&M) road will meander
to align with the sideslope contours and will be placed at the top of channel slope on both sides of the channel.
The O&M road will also serve as the Multi-Use Trail for the project and will provide a connection to the Maricopa

Regional Trail, Segment 35 (Ref. 37). Fencing, gates, or removable bollards will be used to limit access to the

January 2010
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channel and yet still maintain the trail use. Decomposed granite, with a stabilizer to reduce erosion and dust, may
be used to help blend to the surroundings.
2.7  Channel Scour and Erosion Protection

The natural slope along the existing Jackrabbit Channel alignment is steep enough to cause flow velocities
in excess of 3 feet per second. Drop structures of 2.5 feet in height were specified in the 30% Design Plans (Refs.
34, 35) providing an overall design bed slope of 0.0010 ft/ft. They are shown as a sloped concrete transition set
at a maximum slope of 20 percent, allowing maintenance vehicles to drive between channel segments. The
District’s O&M personnel have indicated that access ramps are an important feature and that the grade should not
exceed a slope of 6:1. In the 30% Design, a riprap transition was proposed downstream of each grade control
structure, to force a hydraulic jump and slow the flow velocity. The rock riprap may pose a challenge to the

passage of maintenance vehicles.

FIGURE 4 - TYPICAL GRADE CONTROL STRUCTURE LOOKING UPSTREAM IN THE CHANNEL
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FIGURE 5 — CROSS-SECTION THROUGH GRADE CONTROL STRUCTURE

A low flow thalweg (notch) will be provided in the weir crest to allow smaller flows to pass without
affecting the maintenance vehicle path. Additionally, the position of the low flow thalweg along the weir crest may
be varied from structure to structure, allowing the low flows to create a more natural meandering wash appearance
along the length of the channel.

Landscape and aesthetic treatments will be incorporated into the Final Design. Boulders, colored concrete,
aggregate surfaces and form liners will be explored as options to improve the appearance of these structures. The
earthen banks of the channel will be protected from rill erosion with gravel mulch and hydro seeding.

2.8  Side Drainage Inlets

Local washes and drainage from the west enter the current channel along Jackrabbit Trail. This drainage
will be handled in a manner that eliminates erosion and prevents migration outside of District property. The 30%
Design shows the use of concrete spillways to control erosion. Other methods will be explored that can minimize
structures and be compatible with adjacent properties. The spillways will be designed to coincide with the grade
control structures, where possible, to minimize the use of concrete and riprap. Alternative measures will be

explored for a range of design flows.

January 2010

6



0000000000000 00000090000000000000200000000000

R White Tanks FRS No. 3 Outfall Channel Pre-Design Report
FCD 2009C012

2.9  Culvert Crossings

Culverts will be used where the channel alignment crosses roads. District policy does not allow for
funding of the culvert construction to the full build-out length, therefore the culverts will be built to accommodate
the existing roadway or right-of-way widths. Grade control structures will be built at most culvert inlets in order to
reduce the need for grade control structures.

2.10 Reach 6

Within the Litchfield Heights subdivision, several washes collect from watersheds to the west and combine
in a drainage channel on the west side of Jackrabbit Road. This drainage collects behind berms that parallel
Jackrabbit Road and is conveyed south through two concrete box culverts. Future widening of Jackrabbit Trail
may interrupt the channel and culverts. A means to intercept this drainage and convey it within the new channel is
desirable. Additional conveyance capacity should help reduce the existing floodplain in the area.

At approximately Jackrabbit Trail and Minnezona Avenue, two existing earthen channels merge with the
culvert structure. Flowline elevation differences between the three channels require the design of a complex
junction structure. The 30% Design proposed two energy-dissipating structures at this location. Alternatives for
Reach 6 are explored further in Section 6.1 of this report.

211 Reach7

The right-of-way width available within Reach 7 limits the amount of channel meander and bottom width.
According to the 30% Design, an existing screen wall that separates Jackrabbit Estates from Jackrabbit Trail will be
removed. Removal of the theme wall around the project would cause disruption of the existing landscape and irrigation
systems. In places, the right-of-way is not wide enough to accommodate a full maintenance road; therefore, the use of
the local streets within the subdivision was proposed.

In @ meeting with the HOA and Shea Homes (developer of the project), it appears that there is reluctance for the

new channel to be integrated into the development. The HOA appears to prefer to wall the development from the

e
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channel. Other alternatives to reduce the impact on this development should be pursued and are discussed in Section

6.1 of this report.

212

Reach 9
2.12.1 Principal Spillway Channel

Reach 9 lays between the FRS#3 Principal Spillway and the Bethany Home Road alignment. A
coordination meeting with ADWR and NRCS indicated that their approval would not be necessary if there is
no impact to the operation of the dam structure. The design as presented in the 30% Design Plans will
need to meet USACE and FEMA criteria for levee design, CFR 65.10. The 30% Design Plans show an
earth embankment along the south bank. This embankment will need to be designed in accordance with
the USACE’s levee requirements, and therefore a minimum of 3 feet of freeboard should be provided for
the 100-year event. The north bank will not require the same freeboard but should slope toward the
channel. Landscape mounds will be placed in a manner similar to that shown for the FRS#3 rehabilitation
project (Ref. 51) in order to mask the appearance of the dam. Alternative design options for this reach will be
explored, including widening of the berms to remove the restrictions placed on the design by classification
as a dam or levee.
2.12.2 Emergency Spillway

The 30% Design Plans show the channel crosses under the emergency spillway via a concrete box
culvert. The design of this box culvert needs to be integrated into the spillway training dike design which
will be built with the Phase 2 Dam Remediation (Ref. 53). Since the culvert will interrupt the training dikes
which will be built, methods to protect against erosion will need to be explored. The NRCS approved

SITES model for the emergency spillway will need to revised.
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2.12.3 Earth Fissures and Subsidence

A geotechnical investigation performed by AMEC (Ref. 2) as part of the dam remediation project
indicates that there is the potential for subsidence and fissures in the area of FRS#3. If subsidence or
fissuring were to occur, the channel in Reach 9 could be vulnerable. Subsidence risks are discussed
further in the Geotechnical Report for this project (Ref.61). The 30% Design Plans included a contingency
item for the inclusion of a hardened structure into the Outfall Channel project. Reach 9 Alternatives are

discussed further in Section 6.2 of this report.

2.12.4 Principal Spillway Wasteway

The Structures Management Branch required the inclusion of a wasteway for the Principal
Spillway. The wasteway structure currently shown on the 30% Design Plans consists of a spillway and a
gated structure within the Reach 9 channel. Operating conditions for the wasteway might occur if the
downstream outfall channel is not complete, or if FRS#4 is unable to accept additional discharge.

Since preparation of the 30% Design Plans, the Structures Management Branch recommends that
the wasteway is eliminated. Instead, it is proposed to direct the eastern outlet pipe toward the Beardsley
Canal wash and the western pipe to the outfall channel. An evaluation of the impact to the Beardsley Canal

wash downstream of the Principal Outlet is included in Section 4.3 of this report.

N
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3 HYDROLOGY

HEC-1 models were prepared for the existing conditions and “future conditions with project-in-place.” The
existing conditions model was created in December 2009 and was based upon the Loop303/White Tanks ADMPU
Area Hydrologic Analysis (the ADMPU AHA) submitted by HDR on September 4, 2009. The future conditions
model was prepared in June 2009 for the White Tanks FRS No.3 Qutfall Channel 30% Design Report (Refs. 34,
35), and was based upon the ADMPU AHA submitted by HDR on March 9, 2009. HRC reviewed the ADMPU AHA

models and has confirmed that the recent updates do not affect the validity of the models previously prepared.

3.1 Existing Conditions with Project in Place

Existing conditions models for the 10-year and 100-year storm events were created based upon the
“existing conditions with CIP” model (ECIP-MB2.dat) of the ADMPU AHA. Modifications made by HRC include
updates to NOAA 14 precipitation, the stage-storage-discharge curve of FRS3, retention volumes, and routing
channel geometries.

To reflect the precipitation difference between the "mountain terrain" and "range terrain," the watershed of
Major Basin 02 in the ADMPU AHA was divided into two basins. The FRS#3 major basin covers the watershed
area upstream of White Tanks FRS#3, with a 100-year point precipitation of 4.016 inches and a 10-year point
precipitation of 2.572 inches. The Jackrabbit Corridor major basin covers the watershed area downstream of
FRS#3, with a 100-year point precipitation of 3.661 inches and a 10-year point precipitation of 2.353 inches.
Separate HEC-1 models were created for each major basin. HEC-DSS was employed for data transfer between
the two models.

The stage-storage-discharge curve for the “future condition,” which is defined as the condition with the

Principal Spillway open and the gated outlet closed, was used to update the ADMPU AHA model for FRS#3

Hydrology

storage routing. Additional information regarding this update is documented in the White Tanks FRS No.3 Qutfall
Channel 30% Design Report (Refs. 34, 35).

A retention volume of 12.5 acre-feet was applied to the Pasqualetti Mountain Ranch in the ADMPU AHA
model. The Final Plat indicates on-lot retention; however, the current development does not appear to provide on-
lot retention, and does not have room for significant retention storage. It is not clear whether on-lot retention will
be required for future phase, therefore, to be conservative, the retention diversion was removed from the model.

The channel proposed by the Preliminary Design Plans prepared by Gannett-Fleming (Ref. 30) was used
for channel routing in the ADMPU AHA model. Updates were made to reflect the channel geometry proposed by
the 30% Design Report (Refs. 34, 35).

The computed existing conditions discharges along proposed channel are shown in Table 1.

3.2 Future Conditions with Project in Place

A future conditions model for the 10-year storm event was created based upon the “future condition with
CIP” model (Future_CIP_MBO02.dat) of the ADMPU AHA. Modifications made by HRC include updates to land use
types, retention volumes, NOAA 14 precipitation, and routing channel geometries. Additional information regarding
the updates is documented in the White Tanks FRS No.3 Qutfall Channel 30% Design Report (Refs. 34, 35). The

computed future conditions discharges along the proposed channel are shown in Table 1.
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Table 1: HEC-1 Model and Design Discharges

Existing Conditions Future Conditions Design

Reach Concentration 100- 10- Concentration 100- 10- Discharge
Point Year Year Point Year Year

Reach 1 CPW37 1065 346 CPW38 1549 397 1549
Reach 2 CPW36 935 286 CPW37A 648 222 700
Reach 3 CPW36 935 286 CPW36 670 241 700
Reach 4 CPW35 853 294 CPW35 701 302 700
Reach 5 CPW33 792 293 CPW33 795 360 800
Reach 6 CPW33 792 293 CPW33 795 360 800
Reach 7 CPW28A 511 211 CPW28A 664 81 700
Reach 8 CPW28A 522 211 CPW28A 664 81 700
Reach 9 CPW21A 187 54 CPW21A 218 87 285

3.3  Probable Maximum Flood (PMF) for FRS#3

The Natural Resource Conservation Services (NRCS) developed Probable Maximum Flood (PMF)
hydrographs for various Probable Maximum Precipitations (PMP) using TR-20. The TR-20 model prepared by
NRCS was updated by URS for the FRS3 Remediation Project (Refs. 49, 50). The FRS#3 reservoir routing results
for future conditions indicate that the 6-hour local PMP will cause a maximum reservoir elevation of 1216 feet
(NAVD 88), with a corresponding Principal Spillway discharge of 284 cfs. Therefore, the design discharge for

Reach 9 was set at 285 cfs.

‘ January 2010
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4 HYDRAULICS

Soils information collected during the White Tanks FRS No.3 Outfall Channel 30% Design Report (Refs.
34, 35) indicates that a sandy loam covers the project alignment. Based upon guidelines in the District Hydraulics
Manual (Ref. 17), a maximum design velocity of 3 feet per second was selected for the unlined portions of the
channel. Alternatives other than an unlined channel were identified for Reaches 6, 7, and 9 during the Value
Analysis Session held by the District. This report documents the hydraulic analysis for these alternatives.
4.1 Sedimentation and Scour Analysis

Although the non-erosive velocity method was selected as the criteria for the 30% design, it is also
recognized that the equilibrium slope method documented in the District's River Mechanics Manual (Ref. 29) is
potentially applicable. This report documents the equilibrium slope calculations performed using available soil
data.

At each tributary, the sediment yield was calculated using the District's DDMSW program (beta version
4.5.3). The DDMSW program calculates wash load using the Modified Universal Soil Loss Equation (MUSLE)
method and bed load using the Zeller-Fullerton equation, as documented in the District’s River Mechanics Manual
(Ref. 29). The results are provided in Appendix E. Sediment-trapping basins will be designed to capture
sediments conveyed by major tributary washes approaching the channel from the west.

41.1 Soil Data

Alpha Geotechnical and Materials, Inc., geotechnical subconsultant for this project, has collected

60 soil samples along the proposed channel alignment, 5 soil samples at the stockpile, and 12 soil

samples within the sandy bottom of the Jackrabbit Wash (Ref. 61). This information will be used to

determine the equilibrium slope for the channel for both clearwater and sediment laden discharges. The

grain size distribution from the laboratory tests indicates that the soil at the design depth of the channel

-
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generally contains about 30% silt, while the soil sample from the existing wash sandy bottom contains less
than 10% silt (Ref. 61). The equilibrium slope analysis and sediment yield calculations were conducted
using the grain size distribution of the existing wash sandy bottom sample (D84=4.0mm, D50=1.2mm,

and D14=0.2mm), as this is the existing equilibrium state of the wash.

4.1.2 Equilibrium Slope

Per discussion with District staff, the channel was designed based on the permissible velocity of 3
feet per second. Equilibrium slope analysis using the Schoklitsch equation was used to verify the channel
design slope for clearwater flows. For lower discharge flows, sediment will trap behind the FRS, however,
at full discharge, the outlet pipes may carry sediments. The channel or pipe slope from the Principal
Spillway, west along the Reach 9 segment, will be steepened by an additional one foot (from 0.10% to
0.129%) to allow for the potential of future differential subsidence as identified by Geological Consultants,
Inc. (Ref.61). The PMF outflow of 285 cfs from the west Principal Spillway, or the 10-year flow from the
HEC-1 models, whichever is larger, was used for the equilibrium slope analysis for each reach. The

results are provided in Appendix E.

4.2  Channel Hydraulics

The hydraulic performance of alternatives for Reaches 6, 7, and 9 were analyzed using FlowMaster and
Dodson Hydrocalc (Appendix D). The channel, pipes and culverts have been sized properly to convey the design
flows.

In the 30% design, a Manning’s ‘n’ of 0.035 was selected for un-lined earthen channel, and the channel
slope was identified to be 0.1% to achieve a non-erosive velocity of 3 feet per second. One of the landscape
scenarios could potentially lead to a Manning’s ‘n’ of 0.050 when vegetation is fully established. Accordingly, the

channel slope could theoretically be increased to 0.2% for an earthen channel with a non-erosive velocity of 3 feet

January 2010

11



® White Tanks FRS No. 3 Outfall Channel Pre-Design Report
FCD 2009C012

per second. With the increase of channel slope, six of 19 drop structures between Reach 2 and Reach 6 could be
eliminated. However, it is recognized that Manning’s ‘n” will vary with the growth of the landscape vegetation and
its impact on channel hydraulics need further investigation. The channel will be designed for post-construction
and full-growth conditions.

The sensitivity of flow velocities on channel slopes and Manning’s roughness was evaluated for Reaches 2
and 3. A narrow cross-section with a 30-foot channel bottom and 4:1 side slope and a wide cross-section with a
44-foot channel bottom and 6:1 sideslope were selected for analysis. The results indicate that the flow velocity
will fall below 3 fps for a design channel slope of 0.1% with 0.025 <n<0.035 and for a design channel slope of

0.2% with 0.035<n<0.050. The results are included in Appendix E.

4.3  Wasteway Flows to Beardsley Canal and Wash

One of the two Principal Spillway pipes (east pipe) will remain for use as an emergency wasteway. This
wasteway will be used if the operation of FRS#4 does not allow a discharge, if construction of the outfall channel
is incomplete, or if an earth fissure develops. This project maps the inundation effects which could result from a
discharge of 221 cfs from the gated outlet when the water surface elevation in the FRS #3 reservoir reaches the
crest of the emergency spillway, i.e. 1,212 feet (NAVD 88). The potential flood inundation area occurs along the
west side of the Beardsley Canal, southward toward an overchute that is located south of Bethany Home Road.

A steady flow HEC-RAS model was prepared using cross-section geometry obtained from the one-foot
aerial mapping prepared by Cooper Aerial in December 2009 (Appendix H). Cross-sections were located along the
wash every 200 feet except at the Beardsley Canal overchute and where trails cross the wash. Ineffective flow
areas were identified at some cross-sections where water could pond. Due to the density of the vegetation, a
Manning’s ‘n’ roughness coefficient of 0.045 was chosen for the entire wash along the Beardsley Canal. The

results from the HEC-RAS model were used to delineate the floodplain shown in Figure 6.

Hydraulics

The principal spillway inundation area was mapped by JE Fuller using Flo2D, as part of the FRS#3
Emergency Action Plan EAP) study (Ref. 62). The EAP indicates that the flow of 221 cfs would not be contained
within the Beardsley Wash and would overtop Beardsley Canal. To resolve the difference in results, a sample of
the Flo2D grid was compared with the aerial mapping (Appendix J). The 50°x50" square grid used in the Flo2D
model does not provide sufficient precision to represent the Beardsley Wash, whose total width is approximately
50 feet. The Flo2D model underestimated the existing wash capacity and, as a result, overtopping of the
Beardsley Canal was predicted. The HEC-RAS model provides a more accurate model of the wash capacity and

shows that overtopping of the canal will not occur.

January 2010
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9 DESIGN ELEMENTS

The 30% Design Plans were prepared without input from a landscape architect and were based upon the
need for a functional channel system. During the Value Analysis, several design elements were discussed that
could improve the aesthetics and maintenance of the channel and structures. Landscape concepts have been
developed in conjunction with EPG and are further discussed in the Landscape Architecture Pre-Design Report
(Ref. 12).

9.1  Culverts

The 30% Design Plans proposed ADOT concrete box culvert throughout the project in the size range of 2-
10’ x 6" and 3-10" x 6" were proposed in the 30% Design Plans. A minimum height of 6-feet is recommended by
MCDOT due to maintenance access.

These structures have gained popular support from municipalities

throughout the country and are universally used.

CON/SPAN Unit
Precast
Wingwall

Precast Headwall

Footing
BEBO Unit

Precast
Wingwall

Atftached

Precast Headwall Wall Anchors

Footing

Attached
Wall Anchors

FIGURE 7 — CON-SPAN AND BEBO PRE-CAST CULVERT OPTIONS
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During the Value Analysis, the use of a pre-manufactured culvert system was proposed. The use of these
may have some benefits over a cast-in-place culvert system. The road network in this area is fragmented and
there are houses that may only have one paved point of access. Prolonged shutdowns of roads could be a
significant challenge. Pre-cast units have an advantage because they are manufactured off-site and can reduce
road closure times. Installation takes less time and there is no concrete cure time to be concerned about.

Pre-cast arch units available from Contech present an alternative that can create a more aesthetic structure
economically (Appendix A). The two pre-cast units presented here are the Con-Span and the BEBO unit. Product
information from Contech is provided in Appendix A. Initial price quotes from Contech (Appendix A) show a price
of $670/LF for (1) 16'x6" Con/Span Precast Arch Culvert installed versus $1121/LF presented in the 30% Design
for a (2) 8'x6’ CBC, and $754/LF for (1) 24'x6" Con/Span Precast Arch Culvert installed versus $1604/LF
presented in the 30% Design for a (3) 8'x6’ CBC. Pre-cast wingwalls are an option and since they are made to
order, formliners and colored concrete can be specified.

5.2  Pipe Options

The design discharge for the outfall
channel within Reach 9 will be reduced to
285cfs from its original 560 cfs. With a lower
design discharge, a pipe option for Reach 9,
including underneath the emergency spillway,
may be more economically feasible. Since
Reach 9 lies within a subsidence and fissure risk
zone (Ref. 2), there is the potential for long-term

differential settlement.

FIGURE 8 - HDPE WELDED SEAM PIPE
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At the Value Analysis workshop, the use of a welded seam HDPE pipe was suggested. Contech has a
product called DuroMaxx that has a steel ribbed reinforcement that minimizes pipe deflection. Duromaxx is
available in sizes up to 72-inches in diameter. The estimated installed price for 72-inch diameter Duromaxx pipe is
$186/LF. A competing product is Weholite, a profile wall pipe. Product information for both can be found in
Appendix A.

9.3  Grade Control Structures

The 30% Design shows nineteen (19) grade control structures within Reach 2 to Reach 6. The 0&M
Division at the District has indicated a desire to be able to drive along the length of the channel. The 30% Design
Plans show the use of a sloped concrete grade control structure with a downslope face of 5:1 and a vertical grade
change of 2.5 feet. Each grade control structure also has a 30-foot long riprap section to help reduce the flow

velocity and to contain the hydraulic jump that will occur. Loose rock riprap of sufficient size to withstand the flow

velocities expected will be difficult to traverse with vehicles and may require frequent maintenance.

FIGURE 9 — ARMORFLEX USED FOR SPILLWAY AND GRADE CONTROL STRUCTURE
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An alternative product from Contech that might be usable in this application is called ArmorFlex. This
articulated concrete block is tied together with cables to provide a uniform drivable surface. This product could be
used in conjunction with the concrete grade control, or it could also be used for the grade control and side
drainage spillways. This block is available to order with an integral colored concrete. Block can be open or closed
cell and should use a filter fabric below an aggregate base. Cost of ArmorFlex installed is estimated at $9.04/SF

compared to 3-feet of rock riprap at $7.77/SF and concrete spillway at $12.41/SF.
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FIGURE 11 — ARMORFLEX INSTALLATION CROSS-SECTION
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5.4  Retaining Walls

Where the right-of-way is narrower than desirable to meet the landscape and aesthetic goals of the project,
the use of retaining walls may be necessary and is referred to as a “Restricted Channel” (Ref. 12). In addition, in
certain locations such as at Jackrabbit Estates or Pasqualetti Mountain Ranch, an O&M road will not fit within the
available right-of-way. In order to allow for a channel with variable sideslopes and meander, retaining walls should
be considered. Retaining walls should be kept below 2.0-feet in order to avoid the need for fall protection. The
30% Design considered the use of formed cast-in-place concrete retaining walls. Gabion basket retaining walls
were discussed at the Value Analysis meeting, however, the O&M Division indicated that they cause maintenance

problems and can be subject to vandalism.

FIGURE 12 - TERRACED KEYSTONE WALL SYSTEM

N
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FIGURE 13 — STRAIGHT-FACED AND TRI-PLANE VARIANTS OF KEYSTONE BLOCK SYSTEM

An alternative that was discussed was the use of a dry stack gravity wall system such as Keystone. These
types of products allow for significant height of retaining wall with a variety of stone and color finishes.

Another alternative would be to use a colored gunite concrete laid at a 1:1 slope. The surface could be
kept rough and the aggregate exposed, and the need for wire mesh could possibly be avoided using a “Fibermesh”
mixture of cement and fiberglass. A variable texture can be introduced with a coarse mix design, and it could be
scalloped to look like the layers of caliche in the area if done with skill. The relative cost of these alternatives was

estimated as follows:

Formed cast-in-place concrete retaining wall = $132/LF

Keystone Block = $56/LF

Pneumatically-placed mortar (gunite) = $34/LF

Gabion basket (3x3) = $37/LF

ts
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9.9 Landscape Integration
Based upon the channel corridor’s land context, the landscape design theme for this project is Desert
Sonoran. This theme lends itself to a low maintenance low water use landscape that will fit with the natural desert.
It is the team’s desire to create a conveyance channel that mimics that found within a natural wash system.
Natural washes tend to meander, erode, have soft banks and have predominant vegetation along the low flow
wash banks. Overbank areas are typically less densely vegetated and differ in plant species. Further discussion of
landforms and concepts are provided in the Landscape Architecture Pre-Design Report prepared by EPG (Ref.
12).
Four different channel concepts are discussed in the LA Pre-Design Report as follows:
e Natural Form Channel
e Meandered Trapezoidal Channel
e Restricted Open Channel

e Hardened Channel

January 2010
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5.5.1 Natural Form Channel velocities. The 30% Design was based upon the use of an ‘n’ value of 0.035 and resulted in nineteen (19)

This would consist of a meandered low-flow channel located within a shallow floodplain area with grade control structures with a bed slope of 0.0010 ft/ft. By increasing the ‘n’ value to 0.050, the same
flat-sloped overbank areas. The entire floodplain would be accommodated within the right-of-way using a velocity can be held with a bed slope of 0.0020 ft/ft. This beds slope helps to eliminate six (6) grade
depressed trapezoidal section. The low-flow channel would be approximately one foot in depth with control structures. The optimum bed slope will be evaluated for a range of flow conditions from a low ‘n’
erodible banks and would be allowed to erode and meander within the overbank areas. As would be value after completion of construction, to a fully-grown in condition. The channel hydraulics will be
typical of many desert washes, vegetation would follow the thread of the low-flow, and thus the fully- assessed for a range of flows given the various stages of vegetative growth and the varying soils and
grown channel Manning’s n value would need to be designed to be high enough to allow the freeboard locations of caliche as identified by geological Consultants, Inc. and Alpha Geotechnical.

requirements to be maintained after the vegetation becomes mature.
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5.5.2 Meandered Trapezoidal Channel

The meandered open channel concept is based upon the 30% Design Plans configuration. The
channel consists of a uniform bottom width trapezoidal channel section that meanders within a straight
right-of-way and thus results in either variable sideslopes or in the top of bank location. The vegetation
within this concept is located along the top of bank outside of the freeboard zone and within a landscape

setback, where available. A low flow could still be incorporated into this concept.
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5.5.3 Restricted Open Channel

With the Restricted Open Channel concept, the right-of-way width is considered less than optimum
(Reaches 2, 3, 4 & 7) which makes the incorporation of meanders and landscape setbacks more difficult.
This can be countered to some extent with the inclusion of retaining walls that would vary in location
(alternating sides of channel), and in length. Retaining walls would occur more predominantly
downstream of grade control structures where the channel depth increases and causes a “pinching-in" of
the channel. Retaining wall options are discussed further in Section 5.4 of this report.

Retaining wall with aesthetic treatment

r— Upstream —— Native desert hydroseed with quardrail for walls >2-ft in height
Swale and decomposed granite
Retaining wall muich
<2-ft without Enhanced low-flow channel
/ guardrail : salvaged sand with landscape
/ boulder edging

/ =t
/

| Side Slope
, _ SideSlope ) 10 I _ with Retaining
1 (Varied) " Low-Flow * Embankment 1
(Varied)
L District Right-of-Way B
FRS#3 Outfall Channel
~— Retaining Embankment
Ealesd Low:Fow /\ with Aesthetic Treatment

\ Locate to preserve trees in place
\ and create channel meander

— 100-Year high flow lings

— Aesthetic Treatment
on Side Inlet
Tie into treatment for embankments

Future Jackrabbit Trail J'
Right-of-Way
Aesthetic Drop Structure Varied Side Slope
with same treatment 411081
as Side Inlets /

and Embankments

77" Access within

FIGURE 16 — RESTRICTED OPEN CHANNEL el Bottom
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“\—— D&M Access Ramp
above 100-year and 1' Freeboard
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9.5.4 Hardened Channel

A hardened channel would not typically fit into the context of a Sonoran Natural Desert theme,
however, its use is considered for Reach 7 through the Jackrabbit Estates. Here, the right-of-way is
restricted by several factors including street knuckles, depth of channel, and existing landscape and
perimeter walls to the subdivision.

Preliminary discussion with the Jackrabbit Estates HOA indicates a reluctance to assume
landscape maintenance responsibilities for a Natural Sonoran Desert theme. If the existing perimeter walls
and landscape could remain intact and the channel built within the narrow confines of the existing lots,
then the remainder of the open space could be walled from the subdivision and used for vegetative

screening. The Jackrabbit Estates HOA may be more willing to maintain the landscape if it is similar to

that which exists today.

FIGURE 17 — HARDENED CHANNEL

5
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6 REACH EVALUATION

Prior to the commencement of the Final Design, a Value Analysis session was held to review the 30%
Design Plans (Refs. 34, 35). Many different design concepts were discussed during this session and additional
alternatives were conceived for Reaches 6, 7 and 9. Each of these Alternatives is discussed below:
6.1  Reaches 6 and 7
Reach 6 extends from an outfall on the west side of Jackrabbit Trail, near Sells Road, north to Camelback
Road. The 30% Design Plans show that the channel within Reach 6 lies on the east side of Jackrabbit Trail within
a property referred to as Missionary Wings. Reach 7 extends from Camelback Road, north through the Jackrabbit
Estates subdivision on the east side of Jackrabbit Trail to the Missouri Road alignment.
Because of discussions at the Value Analysis session and PAAC 1 meeting several other alternatives were
evaluated as discussed herein.
6.1.1 Alternative 6/7A
Alternative 6/7A is the plan presented in the Design Report and 30% Plans (Refs. 34, 35).
6.1.2 Alternative 6/7B
Alternative 6/7B represents the 30% Design Alternative within these two reaches with the addition
of a cross-drainage culvert north of Meadowbrook Avenue. This culvert will alleviate siltation upstream of
Meadowbrook Avenue and the cost was added to the Baseline Alternative. Additional retaining walls may
be necessary within Reach 7 (Jackrabbit Estates) in order to provide additional channel meander and to
allow for continuous maintenance road. The Restricted Open Channel landscape concept is discussed in

further detail in the Landscape Architecture Pre-Design Report (Ref. 12).

A
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Reach Evaluation

6.1.3 Alternative 6/7C

Alternative 6/7C consists of a closed conduit along the full length of Reach 6 and 7 to replace the
open channel through Jackrabbit Estates and avoid the need for right-of-way acquisition through the
Missionary Wings property. This alternative would still require side drainage inlets along the west side of
Jackrabbit Trail.
6.1.4 Alternative 6/7D

Alternative 6D consists of construction of an open channel on vacant land located on the west side
of Jackrabbit Trail and a culvert through Litchfield Heights to replace existing undersized culverts across
Minnezona Avenue and Meadowbrook Avenue. Within Reach 7, this alternative would be the same as
Alternative 7B.
6.1.5 Alternative 6/7E

Alternative 6E would be the same as Alternative 6B. Within Reach 7, the open channel shown in
Alternative 7A would be replaced with an underground conduit.
6.1.6 Alternative 6/7F

Alternative 6F would be the same as Alternative 6B. Within Reach 7, the earthen channel would be
replaced with a concrete-lined channel with minimum freeboard requirements. The Restricted Open
Channel landscape concept is discussed in further detail in the Landscape Architecture Pre-Design Report

(Ref. 12).
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6.2 Reach9

Reach 9 extends from the Principal Spillway in a southwesterly direction toward the emergency spillway,
and then south across the emergency spillway to Bethany Home Road. The design discharge for this reach has
decreased from the PMF flow of 560 cfs to 285 cfs. The Principal Spillway consists of two 48-inch diameter
gated pipes which currently outlet to a channel along the west side of the Beardsley Canal. One of the two pipes
(west pipe) will be directed into the Outfall Channel, thus allowing flexibility to discharge from FRS#3 to either
location. Aesthetic berming for Reach 9 is illustrated in the LA Pre-Design Report (Ref. 12). The location of this
berming will be refined during the Final Design stage to ensure that flow from the emergency spillway is not
impeded. In addition, assessment of the emergency spillway flows may necessitate extention of the left training
dike and re-evaluation of the NRCS approved SITES model. Reference will be made to the EAP inundation map
during the Final Design (Ref. 62).

6.2.1 Alternative 9A

Alternative 9A represents the 30% Design Alternative which includes an earthen channel and raised

embankment, wasteway spillway and gates to the Beardsley Canal wash, and allowance for a hardened

channel lining, and concrete box culverts underneath the emergency spillway. Alternative 9A is no longer

under consideration.

6.2.2 Alternative 9B

Alternative 9B is the revised Baseline Alternative and consists of the same earthen channel as

Alternative 9A except that it will be designed to handle a flow of 285 cfs and will be connected to the

westerly Principal Spillway pipe. Subsidence monitoring replaces the hardened channel, and the culvert

size underneath the emergency spillway will be reduced in size. The existing east pipe of the Principal

Spillway would act as a wasteway and discharge to the Beardsley Canal wash.

A
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6.2.3 Alternative 9C

Alternative 9C follows the same alignment as Alternative 9B except that a single pressure pipe
connects to the westerly outlet pipe and outlets near Bethany Home Road, south of the emergency
spillway. Alternative 9C is no longer under consideration due to concerns about its effect on the
operational characteristics of the dam and the delays that could result from reviews through ADWR and
NRCS.
6.2.4 Alternative 9D

Alternative 9D consists of a sedimentation basin at the outlet from the Principal Spillway and two
72-inch diameter HDPE pipes that would drain southwesterly along the same alignment as Alternative 9B.
The existing east pipe of the Principal Spillway would act as a wasteway and discharge to the Beardsley
Canal wash.
6.2.5 Alternative 9E

Alternative 9E consists of an organic shaped detention basin downstream of the Principal Spillway,
and then a conduit under the emergency spillway. This alternative is similar to that produced for the Phase
Il Remediation Plans and the landscape grading plans prepared by EPG (Ref. 53). The existing east pipe of
the Principal Spillway would act as a wasteway and discharge to the Beardsley Canal wash.
6.2.6 Alternative 9F

Alternative 9F consists of a single pipe across the dam along the Jackrabbit Trail alignment. The
Principal Spillway would remain and be used as a wasteway option. Due to concerns about a jack and
bore process under the dam, and agency reviews and delays, this alternative was eliminated.
6.2.7 Alternative 9G

Alternative 9G consists of a single pipe or pipes around the west end of the dam. The Principal
Spillway would remain and used as a wasteway option. Due to concerns about agency reviews and

delays, this alternative was eliminated.
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Reach Evaluation
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6.3  Cost Comparison

Cost estimates and quantity summaries for the 30% Design were prepared for the project by reach and by
plan sheet in the 30% Design Report (Refs. 34, 35). The unit prices used in the 30% Design Report were used for
the comparison of alternatives within this report. Following completion of the 30% Design Plans and Report,
several decisions were made that affect the basis of comparison. In order to make sure that the Alternatives
presented in this report were evaluated relative to the same level of protection and cost, a Baseline Alternative was

developed. The Baseline Alternative is the 30% Design adjusted as follows:

o Channel within Reach 9 sized for ' Principal Spillway flow (285 cfs)

o (Culvert across emergency spillway reduced to single barrel box culvert from double barrel culvert
o Wasteway eliminated, outlet structure modification added

e Hardened Channel allowance removed

e Earthwork for Reach 9 is unchanged

e The cost of aesthetic berming in Reach 9 was not included

o Culvert across Jackrabbit Trail at Minnezona added

e All unit prices and contingencies remain the same as the 30% Design

e QOperations and Maintenance costs are not included

o Additonal costs due to hard dig into caliche layer are not included

Since the 30% Design Report was prepared, land prices may have declined and could result in an overall
decrease in project cost. The land unit prices presented in the 30% Design and those estimated for 2010 are

compared in Table 2.

A
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Table 2: Land Cost Comparison

Reach Evaluation

Category 30% Design Report 2010 Estimated Values

Values
Platted Parcel $205,000 per acre $60,000 per acre
Unplatted Parcel $152,500 per acre $40,000 per acre
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Table 3: Reach Evaluation Cost Comparison, 30% Design Report Cost Estimates

Reach Evaluation

Table 4: Reach Evaluation Cost Comparison, 2010 Land Cost Estimates

Reach Alternative Reach Cost* Difference from Baseline Least Cost Reach Alternative Reach Cost* Difference from Baseline Least Cost
6 Alt 6A (30% Design) $3,913,070 ($328,866) 6 Alt 6A (30% Design) $2,778,893 ($328,866)
Alt 6B (Baseline) $4,241,936 $0 Alt 6B (Baseline) $3,107,759 $0
Alt 6C $4,104,888 ($137,048) Alt 6C $4,104,888 $997,129
Alt 6D $3,611,941 ($629,995) ik Alt 6D $2,968,441 ($139,318) =
Alt 6E $4,241,936 $0 Alt 6E $3,107,759 $0
Alt 6F $4,241,936 $0 Alt 6F $3,107,759 $0
i Alt 7A (30% Design) $1,172,339 $0 i Alt 7A (30% Design) $1,172,339 $0
Alt 7B (Baseline) $1,172,339 $0 e Alt 7B (Baseline) $1,172,339 $0 Fr
Alt 7C $3,652,382 $2,480,043 Alt 7C $3,652,382 $2,480,043
Alt 7D $1,172,339 $0 Alt 7D $1,172,339 $0
Alt 7E $5,646,173 $4,473,834 Alt 7E $5,646,173 $4,473,834
Alt 7F $2,849,023 $1,676,684 Alt 7F $2,849,023 $1,676,684
9 Alt 9A (30% Design) $4,223,440 $1,625,398 9 Alt 9A (30% Design) $4,223,440 $1,625,398
Alt 9B (Baseline) $2,598,042 $0 Alt 9B (Baseline) $2,598,042 $0
Alt 9D $2,414,391 ($183,651) I Alt 9D $2,414,391 ($183,651) ik
Alt 9E $2,924,342 $326,300 Alt 9E $2,924 342 $326,300

* Using land costs from the 30% Design Report (Ref. 34) see Table 2.

Using the unit land prices presented in Table 2, a reach-by-reach comparison was prepared for each

alternative as presented in Table 3 and Table 4. A comparison of Table 3 costs indicates that a combination of

Alternatives 6D, 7B, and 9D result in the best cost solution. Using the 2010 unit land prices, as presented in Table

4, the lowest cost solution remains the same, however, the gap narrows.

For each of the Alternatives presented, changes in design concepts associated with the use of different

landscape treatments, aesthetic berming, retaining walls, and preservation of existing landscape features are not

included in the comparative cost estimates. These design costs will be accounted for with the 60% submittal.

A
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* Using 2010 land costs estimates provided by the District, See Table 2.
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7 CONCLUSIONS AND RECOMMENDATIONS

This Pre-Design Report accompanies the Landscape Architecture Pre-Design Report (Ref. 12). The
purpose of the LA Pre-Design Report is to present concepts for the integration of aesthetic treatments and a
connection to the Maricopa Trail. This report provides an evaluation of these concepts and re-evaluates
alternatives for Reaches 6, 7 and 9 in response to ideas generated from the Value Analysis meeting.

Final Design is ongoing, and decisions reached from this Pre-Design Report will be integrated into the 60%
Design Plans and 30% Landscape Design Plans.

Reach 6

The Baseline cost increased over that from the 30% Design due to the inclusion of an additional culvert
across Jackrabbit Trial north of Minnezona Avenue. The addition of a means to intercept drainage from the north
and west is recommended. This will help to reduce the 100-year floodplain within the Litchfield Heights
subdivision.

Alternatives 6C and 6D both reduce the overall project cost due to a reduction in the right-of-way
acquisition costs. Use of a collection channel on the west side of Jackrabbit Trail is preferred over the Baseline
Alternative because it will provide for collection of street drainage and incoming silts. The three-channel
convergence upstream of Sells Drive would be avoided, and future MCDOT widening of Jackrabbit Trail on the
west side would be accommodated.

Right-of-way acquisition has commenced for all land parcels identified on the 30% Design Plans. Due to

project goals for construction commencement and the completion of land acquisition prior to the end of the fiscal

year, the Baseline Alternative is recommended.

S
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Conclusions and Recommendations

Reach 7

Within Reach 7, the least cost solution is the Baseline Alternative presented in the 30% Design Plans. This
alternative would require the removal of existing landscape improvements along the frontage of Jackrabbit Estates.
Construction of a new perimeter wall to the east of the channel is not included since Jackrabbit Estates was
compensated as part of the District's land acquisition settlement. In addition, it is desirable to keep the O&M road

within the District’s right-of-way, therefore, additional retaining walls are recommended along the length of Reach

g6 '\T”TM’\*L & Wi o
u Al 6] L or

/

Within Reach 9, the least cost alternative is 9D This alternative lncluded (2) 72-inch diameter HDPE pipes

7. Alternative 7B is recommended.

Reach 9

from the Principal Spillway, across the emergency spillway and across Bethany Home Road to Reach 8. This
alternative avoids the need to build a FEMA certified levee embankment across the fissure risk zone. Because of
the long-term risk of subsidence, it is recommended to increase the fall along the pipe’s length by 1.0 foot to
accommodate future potential differential subsidence. Monitoring of long-term movement will require periodic
measurements to the pipe invert at benchmark manhole locations.

A comparison of the costs for pipe and channel alternatives show that they are similar and would not be a
reason for selection of one alternative over another. O&M costs, safety concerns and FEMA levee certification
should be overriding decision factors.

Summary Cost

Implementation of Alternatives 6D, 7B, and 9D’v would result in a total project cost of approximately
$21,400,771 compared to the Baseline cost of $22,214,417[”(’/assuming the land costs do not decrease).
Implementation of Landscape Design Elements as discussed in Section 5 and the LA Pre-Design Report is

recommended following receipt of the Geotechnical Investigation and further review with District staff.
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Precast Details

— Footing Width
as required

~— Keyway

DESIGN SPECIFICATIONS

AASHTO:
Standard Specifications for Highway Bridges - Section 16.8
LRFD Bridge Design Specifications - Section 12.14

MANUFACTURING SPECIFICATIONS
ASTM C1504

BEBO AP,

CONISPAN" —
BRIDGE SYSTEMS Arch Systems

<
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Cut-off Wall

Base Slab

Precast Headwall =%
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Strip Footing

Precast Wingwall

Footing for

Significant Economic Advantages are

Gained from Precast Wingwalls through:

* Narrower Footings
* Thinner Walls
* Reduced Excavation

Footing Details

Multi Cell Pier Footing
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BRIDGE SYSTEVIS

STANDARD CON/SPAN® BRIDGE UNITS

WATERWAY AREA (FT) WEIGHT (TONS/FT.)

SPAN (FEET) SPAN (FEET)

16 | 20 | 24 36 | 42 24 | 28 36

- * * . . .

« |- ARCH LAY LENGTHS (Nominal)

55| 65| ¢

85| 95 205| +

= — 12':24' SPAN & LAY LENGTH

231 ] 28'-42' SPAN 6 LAY LENGTH

FY7] 48'-60’ SPAN 4’ LAY LENGTH

wln|n|s|n|n]|s|S
NI IR IR b

*174" Joints between Precast Concrete Units

&

2.69

&

2.81

&

*

8

.

=
R

L

o e o o o e =

00000000000 000000000000000C00000000000000008°
A

Backfill Requirements

Backfill is a key component of any buried structure.
Please refer to the precast element specifications for detailed requirements.

[- Finished Grade

Limits of Critical Backfiil
Zone B

To Roadway Base /
Finish Grade or 20" min

CON/SPAN® Arch

Fill Height

Limits of Cnitical Backfill

BEBO® Arch

In-situ material must be sufficiently stable to allow support of the precast units.

. Zone A: Embankment or overfill matenial shall be properly graded and compacted, per project
specifications.

. Zone B: Structural backfill material per CON/SPAN ®or BEBO® specifications. (Generally, a well-graded
angular sand or gravel placed in 8" lifts and compacted to 95% of the maximum dry densily, per
AASHTO T-99 specification.)

. Zone C: Roadway base and surface materials, per project specifications.

|\ Hoskin«Ryan Consultants, ic.

eative engineering solutions
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CON/SPAN®
Bridge Systems

The CON/SPAN® Bridge System offers fully engineered and
precast modular component systems for bridges, culverts and
underground structures. The precast arch system, complete
with headwalls and wingwalls, delivers fast installation and is
accompanied by extensive technical support

*  Over 6,000 installations since 1983

* Complete precast system

*  Outstanding span to rise ratio for wide, low crossings

*  Spans from 12 feet to 60 feet

* Evaluated, approved and used by more state DOTs than
any other bridge system on the market today

*  Meets standard AASHTO and AASHTO LRFD
specifications

CON/SPAN Unit
Precast

Wingwall
Precast Headwall

Footing -

Attached
Wall Anchors

CON|SPAN"
BRIDGE SYSTEMS
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DuroMaxx Environmental Benefits

DuroMaxx consumes 35% less of the natural resources required to produce AASHTO M294
pipe. Steel reinforcing ribs in the profile wall provide the structural integrity for the pipe. These
ribs are made out of steel with recycled content levels ranging from 55-80%. DuroMaxx pipe
is eligible for LEED credits in a variety of the U.S. Green Building Council’s categories for
sustainable sites, water efficiency and landscaping, and materials and resources.

CONTECH Construction Products Inc. provides site solutions
for the civil engineering industry. CONTECH's portfolio
includes bridges, drainage, retaining walls, sanitary sewer,
stormwater, erosion control and soil stabilization products.

For more information, call one of CONTECH’s
Regional Offices located in the following cities:

Ohio (Corporate Office) 513-645-7000
California (San Bernardino) 909-885-8800
Colorado (Denver) 303-431-8999
Florida (Tampa) 727-544-8811
Georgia (Atlanta) 770-409-0814
Indiana (Indianapolis) 317-842-7766
Kansas (Kansas City) 9213-906-9200
Maryland. (Baltimore) 410-740-8490
Oregon (Portland) 503-258-3180
Texas (Dallas) 972-590-2000

Visit our web site: www.contech-cpi.com

800.338.1122

DuroMaxx is supported by Plastream technology.

duromaxxbro 10M  3/09 MC -~
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STEEL REINFORCING BAND

st it DuroMaxx™ — The Next Generation of Drainage Pipe
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High Strength Steel Ribs

It's the ideal combination of materials that makes DuroMaxx an
exceptional pipe. Steel reinforcing ribs provide the strength. High-
Density Polyethylene Resin (HDPE) provides the durability. The
combination of materials results in an extraordinarily strong and
durable pipe. CONTECH design engineers also provide DuroMaxx
with a smooth inner wall for outstanding hydraulics. DuroMaxx
provides the properties you can count on for long term service

and performance in the most demanding environments. Finally, a

drainage product that is engineered for service and long life.

DuroMaxx steel rib profile wall construction will not creep or
buckle. The builtin capacity of the high strength steel eliminates
concerns that have long plagued open profile wall pipe. Today,
it is possible to design with confidence to meet the structural
demands of the most difficult storm drain projects, ensuring
long-term performance.

All flexible pipes must be designed to have adequate pipe stiffness
to resist handling, installation and construction loads. The required
stiffness must be sufficient to minimize deflection, ensuring a
successful installation. Published pipe stiffness levels are measured
at 73°F in a laboratory. The actual or apparent field pipe stiffness
due to the effects of sunlight and a modest 80" temperature will
produce results that are very different in the field — where it counts
with a pipe wall temperature in excess of 110" This results in a loss
of pipe stiffness greater than 30% for a non-reinforced open profile
polyethylene pipe. Steel-reinforced DuroMaxx pipe loses less than
1% of its stiffness under the same conditions.

Effective Pipe Stiffness vs. Temperature*

g 100 \\\ DuroMaxx
£ 80 e

& 60 ~—

; 40 HDPE M-204 %

S 2

[}

. 0 T T 1 T T T T

73 8 9 100 110 120 130 140
Pipe Wall Temperature - Degrees F

“The information in this groph is an average sifiness loss observed over
several diomeers of one AASHTO M294 HOPE profile wall product

™~
B Hoskin- Ryan Gonsultants, ie.

High Stress Rated Resins

Predictable service life demands predictable material properties.
CONTECH engineers have designed DuroMaxx with high
quality siress rated materials that provide predictable engineering
properties. DuroMaxx will not experience the dreaded cracking
and delamination that has undermined HDPE pipe supplier
credibility. CONTECH's decision to manufacture DuroMaxx

using stress rated resins was a choice made to support the
professional engineer and to avoid further negative experiences
for the contractor. Shouldn’t you demand similar Hydrostatic
Design Basis (HDB) stress rated materials from your supplier?

Low Head Water Tight Joints

The integrated bell and spigot DuroMaxx design achieves
a level of performance that sets it apart from conventional

storm drain products. The DuroMaxx joint is designed to meet

the highest standards of performance for storm drains for (

the added assurance often required but not cost effectively
available to the engineer. DuroMaxx bell and spigots are
designed to achieve 15 psi when tested in the laboratory in
accordance with ASTM D3212. DuroMaxx Water Tight (WT)

sefs a new industry standard for joint performance.

16 1gths sr Joint
DuroMaxx pipe is manufactured in standard lengths of 20 feet with
bell and spigot joints — resulting in fewer joints to assemble on

site and faster installation rates for the contractor. If your project
requires custom lengths, DuroMaxx can be provided in plain end or

with bell and spigot joints.

Applications

DuroMaxx drainage pipe is ideally suited for the collection and
removal of gravity flow stormwater from residential develop-
ments, industrial sites and urban projects. Anywhere the need to
move water exists, DuroMaxx meets that need.

DuroMaxx can also be produced as perforated pipe for subsoil
drainage applications. Used to collect and transfer subsurface water
through ground seepage into the pipeline, DuroMaxx perforated
pipe can eliminate the need for open drainage channels.

Detention systems are used to regulate stormwater flow through
main pipelines by acfing as a buffer during peak loads.
DuroMaxx systems are designed to contain the water and slowly
release it into the main system over a period of time. These
systems are offen custom made to water tight specifications in
order fo suit the project requirements. DuroMaxx systems can
incorporate a wide range of fittings such as bends, risers, bulk
headed ends and inlet/outlet pipes. The systems can be custom
manvufactured to individual lengths in sizes and configurations
that can be economically transported and assembled on site.
The light weight and ease of handling of the sections, even large
diameters, allows easy placement and installation of pipe and

other structures on site.

DuroMaxx is an engineered polyethylene
steel composite pipe with a rib profile outer
wall and a smooth internal surface. Suitable
for drainage and detention applications,
DuroMaxx is extruded using virgin high-
density polyethylene, which is embedded
with ribs of high yield steel. This composite
structure creates a pipe with exceptional
strength and a relatively low material mass,
that is manufactured in accordance with
and meets ASTM F2562 for steel reinforced

thermoplastic ribbed pipe.

Applications and Savings

Savings

Higher flow rates are achieved with a smooth polyethylene water
way wall thereby providing the engineer with the design option
to reduce the pipeline diameter, saving money overall.

DuroMaxx pipe is light weight which means it can be easily and
quickly handled and installed, often eliminating the need to use
heavy construction equipment. As the two main cost drivers to
install water conveyance products are manpower and machinery,
DuroMaxx provides the opportunity to save in both, resulting in
less overall spending. The longer lengths and easy joint assembly
are just some of the DuroMaxx installation advantages. For the
nationally accepted installation standard, reference the ASTM

D2321 or contact your local CONTECH representative for the

DuroMaxx installation guide.

DuroMaxx pipe is compatible with a full range of fabricated
fittings such as elbows, tees, wyes, slope junctions and reducers.
Both standard and custom fittings can be readily fabricated from
sections of the pipe.

January 2010
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ENGINEERS ESTIMATE Page 1 of 1

Date: 12/8/09 Quote: 1

Client: Hoskin/Ryan Territory:

Contact: Paul Hoskin

PROJECT: FRS NO.3 Outfall Channel Reply to:  John Bacigalupi
602-377-5347

This estimate is a comparison of CON/SPAN equivalents to Cast in Place Box Culvert structures- (CBC)

Iltem No. Approx. Description Unit Price]  Unit Unit Total
Quantity
1 825 CON/SPAN Precast Arch Culvert-16' x 6' $504.00 LF $415,800.00
Precast-16' span x 6' rise replaces (2)8'x6' CBC
1A 825 Foundations and Installation of Precast $166.00 LF $136,950.00
Includes excavation/foundations/erection
1Total 1 Total Installed Cost of Precast Option 1 $670.00 LF $552,750.00
2 63 CON/SPAN Precast Arch Culvert-24' x 6' $567.00 LF $35,721.00
Precast -24' span x 6' rise replaces (3)8'x6' CBC
2A 63 Foundations and Installation of Precast $187.00 LF $11,781.00
Includes excavation/foundations/erection
2T 1 Total Installed Cost of Precast Option 2 $754.00 LF $47,502.00
Unless documentation of tax exempt status is provided, tax will be added to invoiced price. (tax not inc[uded) TOTAL
Notes
1. Installation of precast is by others
2. Design is included
3. Quantities above based on estimated quantites. Buyer must verify quantity at unit price above at time of order.
4. On site consultation is provided during installation
5. Prices are F.O.B. plant, freight allowed to jobsite with purchaser to unload at a truck accessible delivery point.

PAYMENT TERMS ARE 1/2%-10, NET 30 DAYS FROM DATE OF INVOICE UNLESS MATERIAL IS OTHERWISE NOTED AS NONSTANDARD ABOVE. IF NONSTANDARD, PAYMENT

TERMS ARE 1/3 AT ORDER ACCEPTANCE AND PRIOR TO START OF PRODUCTION, 2/3 NET 30 DAYS FROM DATE OF INVOICE. THIS OFFER IS SUBJECT TO CREDIT APPROVAL.
PRICES QUOTED APPLY ONLY TO THE REFERENCED PROJECT AND ARE IN EFFECT FOR 30 DAYS FROM THE DATE OF THIS QUOTATION. SELLER RESERVES THE RIGHT TO ADJUST
PRICES AFTER 30 DAYS FROM THE DATE OF QUOTATION BUT THE CONTECH COS REMAIN APPLICABLE. PRICES ARE BASED ON ESTIMATED QUANTITIES SHOWN. IF A DIFFERENT
QUANTITY IS PURCHASED, CONTECH RESERVES THE RIGHT TO ADJUST PRICES. THIS QUOTATION CONTAINS THE ENTIRE AGREEMENT WITH RESPECT TO THE PURCHASE AND
SALE OF THE PRODUCTS DESCRIBED AND SUPERSEDES ALL PREVIOUS COMMUNICATIONS. BUYER'S SIGNATURE BELOW, DIRECTION TO MANUFACTURE, OR ACCEPTANCE OF
DELIVERY OF GOODS DESCRIBED ABOVE, SHALL BE DEEMED AN ACCEPTANCE OF THE CONTECH COS. SELLER EXPRESSLY REJECTS ANY OTHER TERMS AND CONDITIONS
PRICES ARE F.0.B.ORIGIN WITH FREIGHT ALLOWED TO THE JOBSITE WITH UNLOADING BY OTHERS AT A TRUCK ACCESSIBLE LOCATION

ACCEPTANCE CONTECH CONSTRUCTION PRODUCTS INC.

WE HEREBY ORDER THE DESCRIBED MATERIAL SUBJECT TO THE TERMS AND CONDITIONS OF THIS
QUOTATION AND IN THE CONTECH CONDITIONS OF SALE INCLUDED HEREWITH AND VIEWABLE AT

www.contech-cpi.com/cos By " gohn Jaclga.lu,ol

Company:
By:
Title: Date: Title: District Manager

“ January 2010
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The
lightweight
pipe that
takes a

heavier
load

Weholite® pipe is large diameter, profile wall pipe made from high-density
polyethylene (HDPE) resin. Designed for gravity and low-pressure applications,
Weholite’s raw material properties have been combined with patented
structural wall technology to create a lightweight engineered pipe with
superior loading capacity. It is used to-convey liquids or air, under ground
or above ground, in low-pressure applications.

Lighter. Stronger. Chemical Resistant.

Weholite pipe is much lighter than similarly sized concrete pipe. Combine
this with longer manufacturing lengths and Weholite allows you to
achieve savings in labour and equipment.

Weholite HDPE pipe will not corrode, tuberculate or support biological
growth, making it the material of choice in harsh chemical environments.
It is inert to salt water and the chemicals likely to be present in sanitary
sewage effluent.

Like all HDPE pipe, Weholite has a smooth ID that maintains its flow capability
over time. The low Manning’s roughness factor of 0.01 remains constant,
even after years of use.

Easier to Transport. Easier to Install.
Leak Proof.

Weholite pipe is much easier to handle and install than heavier, rigid
concrete or metallic pipe. This means potential cost savings during the
construction process. It is structurally designed to withstand an impact,
especially in cold weather installations when other pipes are prone to
cracks and breaks

Webholite pipe is usually joined by a thermal fusion process (extrusion
welding) to form a joint that is as strong as the pipe itself. Extrusion
welding eliminates potential leak points every 8-20 feet commonly found
with concrete, PVC and ductile iron pipe. Since fused joints are self-
restraining, costly thrust restraints or thrust blocks may not required.

<4
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Weholite

27
St

Extrusion welded Weholite pipe is leak proof. The properties of HDPE pipe
and the thermal fusion method of joining produces a continuous pipeline,
eliminating the risk of leakage caused by shifting unstable soils. A
continuous Weholite pipeline eliminates the joint infiltration and exfiltration
problems experienced with other pipe materials

Cost Effective. Permanent.

Weholite pipe offers distinct chemical and physical advantages over concrete
or iron pipe. It can be bent to a radius 200 times the nominal pipe diameter
to eliminate many fittings required for directional changes in piping systems
made from other materials. In addition, the flexibility of Weholite pipe
makes it well suited for dynamic soils and areas prone to earthquakes.

Weholite is cost effective in both the short and long term. The fact that
it is lightweight makes it easier to transport and install. The fact that it
is leak proof and fatigue resistant means years of maintenance free use.
The Plastics Pipe Institute conservatively estimates the service life for
HDPE pipe to be 50-100 years,

Weholite

Appendix A — Product Literature

Weholite
Advantages

4

® ¢ ¢ ¢ ¢ ¢ ¢ o

Lightweight
Impact Resistant
Corrosion Resistant
Chemical Resistant
Fatigue Resistant
Leak Proof

Flexible

Long Life

Environmentally
Friendly

3
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Item Dimensions
Size Class Spec Avg. OD Avg. ID*
\ (inch) (inch) (inch)
66 160 F894 724 66.0
66 250 F894 73.8 66.0
The Weholite Structure 7 R A
72 160 F894 791 72.0
72 250 F894 80.5 72.0
Weholite pipe is manufactured with a unique profile design that takes 8 100 F894 84.4 78.0
advantage of structural shape efficiencies to provide a product that is 78 160 F894 85.8 78.0
suitable for a wide range of loading conditions. The structure is the 78 250 F894 86.5 78.0
optimal solution when comparing performance versus weight. 84 100 F894 90.3 84.0
84 160 F894 91.8 84.0
. . 84 250 F894 93.2 84.0
Material Properties 90 160 F894 97.8 90.0
90 250 F894 99.2 90.0
Weholite Pipe is C i d Chemical Resistant
eholite Pipe is Corrosion an emical Resistan % 400 F894 100.6 90.0
Weholite pipe will not corrode, tuberculate or support
biological growth. It is the material of choice in harsh 9 160 F894 104.5 96.0
chemical environments. Weholite has a smooth ID and
maintains its flow capability over time - 9% 250 F894 105.9 96.0
Mannings n Factor remains 0.010, even after years of 96 400 F894 107.4 96.0
use :
108 160 F894 117.2 108.0
Weholite Pipe is Flexible and Fatigue Resistant L = e o8 108.0
Weholite can be bent to a radius 200 times the nominal o i DR a4 e
pipe diameter. This can eliminate many fittings required 120 160 F894 129.9 120.0
for directional changes compared to piping systems
made from other materials. In addition, the flexibility 120 250 F894 1313 120.0
of Weholite makes it well suited for dynamic soils and
areas prone to earthquake 120 400 F894 134.2 120.0
132 160 F894** 141.6 132.0
Webholite Pipe is Lightweight and Impact Resistant Standard Inventory Product
*Minimum ID is 1% less than Average ID
Weholite is much easier to handle and install than **Pipe complies entirely with ASTM F894 with the exception of the nominal OD value.

heavier, rigid metallic or concrete pipe, allowing for cost
advantages in the construction process. Structurally, it
is better suited to withstand an impact than other pipe
materials, especially in cold weather installations when

other pipes like PVC are prone to cracks and breaks. Note: This dimensional table for Weholite pipe contains a range of

product sizes and stiffness classes. The specification associated with each

£ of these items is ASTM F894. Pipe sizes 48" and smaller are available in
Webholite Pipe Abrasion resistance § lower stiffness classes that do not comply with the minimum waterway
Webholite pipes show superior abrasion-resistant 2 wall thickness requirement of ASTM F894. If the analysis using our online
qualities compared to traditional pipeline materials. This tools indicates that one of these lower stiffness items is suitable, the
is proven by the fact that HDPE pipes have been the : & standard that will be indicated on all documentation is NONF894. The
gresclacg::e for the mining industry during many shbor f ipsas S s items comply in all respects with ASTM F894 except the waterway wall

Weholite 7
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ARMORFLEX® INSTALLATION

ArmorFlex arrives on-site as a
system of fa assembled
is plac

textile which

entional co

ARMORTEC

Erosion Confrol Solufions
A CONTECH COMPANY

’

ARMOSRFELEX®
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eqguipment.

Mats are supplied on 42
trailers, up to 1600 squa
per truck.

Mats can be handled with a

spreader bar which is provided

by Armortec with the initial

load =
D00 ;--°A°i-;‘ A

Permanent anchorage can

be achieved by connecting

the mat cables to patented

anchors such as "Helix” or

" Duckbill”

¥ Mats subject to wave attack
should be blinded with a
sand/gravel mixture. Above
normal waterline mats may be
topsoiled and seeded to give
a "green” effect.

Proper toe trench requires a
minimum of 2 rows of block e
buried below predicated soll ,”
depth. Y
TRAGRILEX S

: % ‘s GROUND ANCHCR
Mats subject to wave attack | >
are required to have a . Y
bedding layer of crushed tﬁ"‘
stone or gravel. ;

GEDTEXTLE

OTHER ARMORTEC
ARMORLOC - A-JACKS COASTAL
A-JACKS STREAMBANK & SCOUR
ARMORTEC MULTI-PRODUCT
ARMORFLEX HAND PLACED + ARMORFLEX OS
ARMORWEDGE

EARTH STABILIZATION

N
S Hoskin+Ryan Consultants, inc

BACKFILL &
VEGETATION

® BROCHURES

v

Ay AR
-

AUTHORIZED AGENT

»

.

ARTICULATING CONCRETE BLOCK
REVETMENT SYSTEM

APPLICATIONS

CHANNEL LINING - RIVERBANK PROTECTION
DRAINAGE DITCH LINING = PIPELINE PROTECTION
BOAT RAMPS - RESERVOIRSLOPE PROTECTION
LAKE SHORELINE PROTECTION
BRIDGE ABUTMENT PROTECTION
DIKES AND LEVY PROTECTION
DAM CRESTS AND SPILLWAYS
WEIRS AND OVERFLOW CHANNELS

ANAFTEMALR
CWrivi vy

$§ OLUTIOCNS 1 NC

C ONTR O
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ble, interlocking matrix of concrete blocks of uniform size, shape < N I T e O e K S P E e T T e AT O NS

nrnected by a series of cables which pass longitudinally through

i ductsineach block. Armorflex is installed over site specific fiter fabric

rface, Armorklex revetment systems combine the favorable aspects

arkets and meshes, such as porosity, flexibility, vegetation

=t and habitat enhancement with nonerodible, self-weight and
zrceresistance of a rigid lining.

proven to be an aesthetic and functional alternative to MINIMUM PHYSICAL REQUIREMENTS

rap, gabions, structural concrete and other heavy-duty,
rection systems. ArmorFlex is easy to install, therefore, can

-verall project costs. More specifically, when compared to
costs have been reduced because Armorflex is a AVE. OF  INDIVIDUAL AVEOF INDIVIDUAL | AVE.OF  INOIVIDUAL
; 3UNITS UNIT 3 UNITS UNIT 3 UNITS UNIT
| saves on subsequent maintenance expenses. 3.0
FEATURES & BENEFITS *Unit weight and densty values may vary due to availability of local

materials.

SERASBILL I TY

ta Pl = Honal b

BANS SPIELWAYS “AND HIGH VELOCITY CHANNELS

PERFORMANCE -" A ArmarFlex unique Tapere:
COST-EFFECTIVE . - 2 S ~';ffffff]fT

EE X I BALITY

i VEGETATION
e R R [ 5 ) el L Lo PERMEABILITY
EASY 10 INSTALL

o ) umeny

ArmorFlex T-Series

e e 5 o i e T R D . W E

Since 1980, Armortec has iniiated and participated in a wide range of
research projects to evaluate the performance of Armorflex, including
the following:

Tetratech model tests - California, U.S.A.

Wave Attack Tests, Report No. M1210 - Delft Hydraulics Laboratory,
1982

“Large-Scale model study of ArmorFlex slope protection”
Tekmarine, Inc., May, 1984

"Design for Reinforced Grass Waterways,” - CIRIA Report 116, 1987

"Minimizing Embankment Damage During Overtopping Flows,
FHWA Report-RD-88-181 prepared by Simens, U and Associates, Inc,
November 1988

"Hydraulic Stabiiity of Articulated Concrete Block Revetment

Systams During Overtopping Flow,” FHWA Report-RD-89-199 ARMORTEC
prepared by Simons, U and Associates, Inc., Juty 1989 ;%} ﬁ??o;@; gj "is olutl O”;’i

ArmorFlex Overtopping Test, prepared by Ayers Associates, Inc. eonEeconrR “
wi |delft hydraulics

"~ January 2010
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ArmorFlex® .0

CABLE

\

T0P VIEW TOP VIEW

Open Cell Block

Close Cell Block
CABLE y

FLOW

. Pn—

/ \

Tﬁ% l_ 05&? et ﬁl
‘E — (L H

. ‘ I SIDE VIEW

L

S

TOP VIEW

Tapered Series

BACKFILL WITH 4000 P51
GROUT CON

CONCRETE OR

— APPROVED EQUAL

/
r . 2UNTMIN = — AREA OF COVERAGE
i A I <

SITE PECIFIC
—_GEOTBMILE

Top of Slope - Standard Detail

A

IS Hoskin+ Ryan Consultants, mnc.

crealive engineering s

END VIEW

4°MAN DRAINAGE
MECKUM 2 ANGULAR
RUSHED STONETYP)

APMORSLEX T8 PRREC
ARTECULATED CONCRETE BLOCK (TYP)

Tapered Series - Cross Section

ArmorFlex Unit Specification

Block Qass | Cel 1 W m (sq 1) s

Congete Oplen/(losed Nominal Dimensions | Gross Area/ | Blodk Weight

Ibs/sq. ft.

Open 130 (116 |475 [098 3136

32.37

ArmorFlex® cont. (o0

e FEVETRGENT CABLE

FEVETMINT CARLE SLIVE

/~ REVETMENT WASHER

Typléal Mat

Appendix A — Product Literature

REVETMENT CABLE REVETVENT
/ WASHER

fwmwmﬂémwmwm - MW&V

REVETMENT
CABLE SLEEVE

A-Jacks® .

A-Jacks Unit

A-Jucks Unit Spedfication

AJACKS | L(IN) T(IN)/H(IN) VOL(FT)

A-24 A : 0.5

AJ-48 48 : . 449
A-72 72 . 15.14

AJ-96 96 . 3587
A-12 120 . 70.69

Open 130 (116 |6.00 4552

45-3

Open 174 155 |475 6271

3540

Open 174 [155 |6.00 81-94

46-53

Open 174 155 |850 120-138

68-78

Open 174 |B6 |475 |2 90-106

3541

Open 174 |B6 |80 173-21

67-78

Closed 130 |16 |475 |oO. 3945

4045

Closed 130 |16 |[600 |0 5361

54-62

Closed 174 [155 |475 78-89

43-50

Closed 174 |155 |600 94-108

53-61

Closed 174 155 (B30 |1 145-167

6298

Closed 174 |B6 108-126

4249

Closed 174 |B6 |850 209-M43

81-%4

High Velodty Application Block Classes

4071 Open 174 [155 6271

3540

0T Open 174 (155 |6 B81-94

46-53

nT Open 174 155 |8 120-138

68-78

ArmorWedge® (. ..o

120000

Side View - Typical Block

ArmorWedge Unit Specification

UNIT DIMENSION | UNIT SYSTEM | UNIT COVERAGE | COMPRESSVE | MAXIMUM
WEIGHT | WEIGHT | (SF) STRENGTH ABSORPTION
(LBS) (LBS) (PS1) (LBS/FT?)

40-52 36-40 1.1875 4000 12

January 2010
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Appendix B — FRS No. 3 Outlet Design Capacity Memorandum

Flood Control District
of Maricopa County

PROJECT MEMORANDUM

Date: November 16, 2009

To: Gary Wesch, P.E.
Project Manager
e W o P o
From: Michael Greenslade, P.E. ~ '/ Z /f LA
Project Manager ]

Subject: White Tanks FRS No. 3 Outlet Design Capacity

In your e-mail of November 3, 2009 you requested clarification regarding the design outlet capacity
for White Tanks FRS No. 3. You indicated that your meeting notes reference a capacity of 230 cfs
which corresponds to the capacity when the reservoir water surface elevation 1s at the crest of the
auxihary (emergency) spillway. In order to clearly understand the channel capacity needed for
discharges through the principal spillway the design and the operational procedures for the interim
and future conditions must be understood. For reference in this discussion, the discharge rating
curve for the principal spillway and gated outlet (T'able 14-2) from the White Tanks No. 3 Phase 1
design i1s attached.

The principal spiltway consists of two 48” pipes of which one is connected to a stand alone gated
outlet and the other 1s connected to an NRCS riser which includes a bypass gated outlet. With the
NRCS mser currently capped (interim condition), the 48” pipe connected to the NRCS riser can be
utilized via the bypass gated outlet. The capping of the NRCS riser was done so that uncontrolled
flows through the principal spillway would not occur until outlet channels had been constructed and
uncontrolled flows could be safely discharged (ultimate future condition). The ultimate future
condition is defined as follows:

® The overall rehabilitation of White Tanks FRS No. 3 and White Tanks FRS No. 4 is

completed,
e The outlet channel from White Tanks No. 3 to White Tanks No. 4 has been constructed,
® The outlet channel from White T'anks No. 4 has been constructed, and

® The earth fissure risk at White Tanks No. 3 has either been reduced due to additional
studies or mitigated through design.

While the 30% design for the outlet channel assumed a capacity utilizing both the 48” pipes with the
principal spillway uncapped (537 cfs) a review of the original design intent and preferred operational
procedures indicates that a capacity significantly less is needed. Future operation in the ultimate
future condition defined above assumes the principal spillway (right 48” pipe) is uncapped and
connected to the outlet channel. The stand alone gated outlet (left 48” pipe) should not be

January 2010
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White Tanks FRS No. 3 Outlet Design Capacity
November 16, 2009
Page 2 of 2

connected to the outlet channel and therefore its capacity ignored for the outlet channel design. The

purpose for not connecting the stand alone gated outlet to the outlet channel 1s that operationally
this outlet will only be utilized if there is a condition where the outlet channel should not be utilized
as discussed below:

e Following construction of the White Tanks FRS No. 3 outlet channel and under certain
flooding conditions there may be a need to prohibit flows from White Tanks FRS No. 3 to
the outlet channel prior to construction completion of the White Tanks FRS No. 4 outlet
channel. Under these flooding conditions, the stand alone gated outlet would only be
utihized after implementation of the District’'s emergency action plan (EAP).

e A condition where the stand alone gated outlet might be utilized in the ultimate future
condition 1s one where a hazard exists within the earth fissure risk zone such that discharges
into the outlet channel would create a dam safety concern to White Tanks FRS No. 3 and
discharges should be directed away trom the earth fissure risk zone. Under this condition,
the stand alone gated outlet would only be utilized after implementation of the District’s

EAP.
Recommendations

Based on the planned operational procedures and ulumate future condition the outlet channel
should be designed for the discharge associated with the principal spillway uncapped. Under this
condition, 2 maximum discharge of 284 cfs will occur when the water surface elevation is at its
maximum (PMF elevation) which 1s 1,216 feet NAVD 88).

The design for any structure to accommodate the stand alone gated outlet should be for a maximum
discharge of 253 cfs that will occur during operation of this structure at a maximum water surface
elevation discussed above. Typically, the stand alone gated outlet will not be operated until spillway
flows have ceased but to ensure the outlet channel design capacity 1s not exceeded the maximum
discharge should be utilized for design.

Furthermore, the design of the conveyance system through the emergency spillway should be such
that failure will not occur during spillway flows and the calculated scour resulting from those flows.
The analysis should include modifications to the final approved SITES models to account for the
conveyance system.

A
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live engineering

Elevation (feet)

(NAVD 88)
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I'ABLE 14-2

Outlet Works Discharge Rating Curve

Future Condition

(Principal Spillway Open)
Discharge (cfs)
[ |

Gated Principal
Outlet | Spillway'
(48-inch) | (48-inch) Combined
‘i
|
1 [ {
6
| [ 181 )
|
|
‘ o1
1 218 ']
' '
( ‘ 64 }
|
[ ) 70) (
|
53 \ 84

60) ‘ 290 yS()

Interim Condition & Future Condition
(Principal Spillway Closed)

Discharge (cfs)

Gated i
Principal ;
Spillway

Gated Outlet | Bypass outlet

(48-inch) | (48-inch) | Combined

150 3000
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FIGURE 32 — SCHEMATIC MAP FOR JACKRABBIT CORRIDOR HEC-1 MODEL,
EXISTING CONDITION WITH PROJECT IN PLACE
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