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e EXECUTIVE SUMMARY

Primatech, LLC, also known as Primatech Engineers & Consultants (Primatech), has been
contracted by City of Scottsdale (COS) to complete the analysis and design of the Upper
Camelback Wash (UCW) Project. This includes Hydrology and Hydraulics Modeling for the
Proposed (Post-Project) Conditions, preparation of 30%, 60%, 90%, and 100% plans for the UCW

Projects, and other relevant construction/specifications documents.

The existing UCW is an irregular channel that consists of two branches with differently lined
segments. The existing UCW is located within an area bounded by Sweetwater Avenue on the

north, 96" Place on the east, Shea Boulevard on the south, and 90" Street on the west.

The goal of this project is to provide the maximum feasible level of flooding protection using a
context-sensitive design approach. This design approach dictates that an appropriate level of
protection, i.e. the Design Storm Frequency (DSF), to be determined so that the UCW provides
protection for the maximum feasible storm frequency, while maintaining smooth blending into

the existing landscaping and aesthetics.

The proposed improvements along the UCW include the design of approximately two miles of
channel, six offline detention basins and storm drain improvements and eight minor arterial and
collector roadway crossings. The proposed channel types include earthen channel, concrete
channel, and re-vegetated earthen channel. In order to maintain a non-erodible velocity

throughout the earthen channel reaches, drop structures were provided wherever it is necessary.

In addition to the channel improvements, a new paved Multi-Use Path (MUP) is included in the
design. Considerations for the safety of bicycle and pedestrian traffic factored significant into the
development of the MUP alignment relative to the proposed channel. The addition of the MUP
required a realignment of a major portion of the channel, from the beginning of the project at the
Paradise Memorial Gardens (PMG) entrance to Cactus Road. This realignment was designed to

ensure that the channel would fall within the existing right of way and drainage easement.

v — h
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1. INTRODUCTION

The existing Upper camelback Wash (UCW) is an irregular channel that consists of two branches
with differently lined segments. The UCW is located within an area bounded by Sweetwater
Avenue on the north, 96" Place on the east, Shea Boulevard on the south, and 90" Street on the

west.

This report documents the hydrology and hydraulic information and design criteria used for the
completion of the 100% design of the UCW project. This report includes discussions of the main

issues documented in the previous submittal, as well as the proposed solutions.

1.1 Project Authorization
The UCW Project is under a joint partnership agreement between COS and the FCDMC and is
administered by COS. Primatech was authorized to proceed with this project through a Contract

with COS with an effective Notice-to-Proceed (NTP) date of August 21, 2009.

The UCW is a main drainage conveyance system in City of Scottsdale. The project is located in
Township TO3N, Range RO5E and crosses through Sections, 17, 18 and 19 in Maricopa County.
The vicinity map for this project is shown in Figure 1. The watershed area for this project is
approximately 2.8 square miles and is generally bounded by Shea Boulevard on the south, the

|
|
i
|
|
|
|
} . 1.2 Project Description

Central Arizona Project Canal on the north, 90" Street on the west, and 104" Street on the east.

i The section of the UCW within the project area has two branches; the Main branch and the 92"
| Street branch. The upstream end of the Main branch is located approximately 700 feet north of
Sweetwater Avenue and just west of 96™ Street, and it extends south to its confluence with the
92" Street branch, just north of the PMG entrance. The 92" Street branch begins at Poinsettia
Drive to the north and joins the Main branch immediately northwest of PMG, about 1,350 feet

south of Cholla Street.

The watershed is within a fully developed area with a mix of land uses, but it is mostly comprised
of residential subdivisions of varying densities and some areas of open space. The lining of the
existing channels varies greatly, from earthen channels to narrow vertical gabion wall lined

. channel. The watershed is generally sloped from north to south.
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1.3 Stakeholders
Ongoing projects and interested stakeholders in the vicinity of the UCW project that will benefit
from this project include COS (Project Owner); the FCDMC; existing residential developments such
as the Scottsdale Mission Condominiums (SMC); local homeowners; and the Scottsdale public at

large.

1.4 Purpose of the Project
The Existing Condition Upper Camelback Wash Floodplain Map enclosed in Appendix B indicates
that there are 493 houses within the inundation limits that are exposed to the risk of 100-year

flooding damage.

The goal of this project is to provide the maximum feasible level of flood protection to the project
area. To achieve this goal, locations where the wash does not have sufficient capacity to convey
the 100-year floodwaters were identified in the Existing Condition 100-year Floodplain
Delineation Map. The first attempt was to provide the 100-year level of flood protection was
through flood peak reduction/attenuation by maximizing the existing detention basins and/or the
addition of new detention basins on properties owned or purchased by COS. Hydrologic HEC-1
models for various basins scenarios were run, Hydraulic HEC-RAS models for the existing channel
were developed, and the areas with insufficient channel capacity were identified. New cross
sections were then designed to fully contain the flow and provide the required freeboard per the

FCDMC Drainage Design Manual, Volume I, Hydraulics.

1.5 Project Status Summary
This Report and its associated Plan and Profile Sheets furnish the completion of the UCW Project
Design. Additionally, the following are the major project stages that have been accomplished

throughout the project design period:

e 100% Design — Plan and Profile Sheets (Not for Construction) and Drainage Design Report
submitted by Primatech in 2011.

e 90% Design — Plan and Profile Sheets and Drainage Design Report submitted by Primatech
in 2011.

e 60% Design — Plan and Profile Sheets and Drainage Design Report followed by two
supplements submitted by Primatech in 2010/2011.

PRIMATIEECH Kl 10
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e Preliminary Design Report for the entire UCW Project, followed by six supplements,
submitted by Primatech in late 2009/early 2010.

e Hydraulics Report for the Existing Conditions of the UCW, submitted by Primatech in
August 2008.

e Hydrology Report for the Existing Conditions of the UCW, submitted by Primatech in
January 2008.

e 30% Design — Plan and Profile Sheets, prepared by Primatech in 2006
e The 404 Permit for the Cactus Road crossing was acquired.
e Construction of the Cactus Road crossing is complete.

e Construction of the rectangular concrete channel section between 92" Street and the
PMG entrance (Reach 2) is complete.

e Construction of MUP Phase 1 from Shea Blvd to the PMG entrance (Reaches 1 and 2) is
complete.

e Construction of the underpass, overflow spillway and storm drain at 92" Street is
‘ complete.

2. SURVEY, MAPPING AND DATA COLLECTION

2.1 Field Survey
Stantec conducted a 50-foot wide cross sectional survey along the existing wash. Primatech
subcontracted Steele Engineering, LLC to perform supplementary field survey for selected areas
including curb and gutter, sidewalks, curb returns and ramps. All survey data were verified,

compiled and integrated to develop the existing CAD surface for the project area.

2.2 Mapping
One-foot contour maps, georeferenced aerial and a GIS TIN surface for the project area were

provided by the COS’s GIS Department.

2.3 Data Collected

Reference materials gathered from various agencies include the following:

e Previous and existing hydrologic and hydraulic studies, drainage report, ADMP, etc.
. e Aerial photography and topographical maps

1 ¥ L] h
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e  Utility as-built drawings
e Drainage easements and Right-of-Way (ROW) information

e Water and sewer quarter section maps
2.3.1 Previous Hydrologic and Hydraulic Studies
In 1993, COS contracted KVL Consultants (KVL) to prepare a comprehensive hydrologic (HEC-1)

model for the entire city as part of the COS’s Drainage Master Plan. The UCW was included in this

comprehensive model.

In 2003, Stantec was contracted by COS to develop a more detailed HEC-1 model for the UCW
watershed. Stantec reviewed the existing condition model created by KVL for the 100-year, 6-
hour storm event and identified two locations where flow splits needed to be incorporated into
the model. In addition, Stantec performed a 1-D hydraulic model for the same study area using

HEC-RAS.

Primatech was commissioned by COS to further analyze the UCW watershed and prepare more
detailed HEC-1 and HEC-RAS models for the UCW corridor. The FCDMC asked Primatech to correct
. all error/warnings messages present in the HEC-1 model submitted by Stantec. Subsequently,
FCDMC requested an in-depth analysis, re-investigation and adjustment of all parameter values

used in the HEC-1 model to create a more realistic and current model of the existing conditions.

In 2008, Primatech completed a new HEC-1 model for the UCW watershed. Primatech started its
model from scratch to ensure that the model’s parameters, routings, storage basins and
networking would be defined in the proper way. The channel cross-sections and Manning’s “n”
coefficients were chosen to accurately represent the actual field conditions. COS and FCDMC

approved this existing condition HEC-1 Model, which was revised in 2008.

Later, Primatech was asked to perform a hydraulic analysis of the UCW channel in order to study
its hydraulic properties, determine the extent of flooding along the wash, perform a preliminary

damage assessment, and recommend alternatives to mitigate flooding hazards.

Before the end of 2008, Primatech submitted a Hydraulic Report that includes a 100-year
Floodplain Delineation Map for the existing condition. In early 2009 the report was accepted

following the incorporation of the FCDMC revisions and comments.

1 L L | h
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In April 2009, the City and the FCDMC signed an IGA to create a cost—sharing partnership for the
UCW project. Primatech compiled all of the information into a Preliminary Design Report to
provide a basic understanding of the project status and proposed drainage improvements. In
November 2010 the 60% Drainage Design Report with plans and profile sheets were submitted by

Primatech.

3. UTILITIES

3.1 Utility Conflicts/Potholing
Potential utility conflicts were noted based on the received utility as-built maps. All utility conflict
locations within the entire project were identified for potholing. RT Underground LLC was
subcontracted to conduct the potholing work. The spreadsheet results are shown in Appendix A

and are integrated in the Plan and Profile sheets.

Table 1 - Utility Contact Information Summary

Company Utility Type Contact Email/Phone
SRP Irrigation Dick Aaron AMDick@SRPnet.com
COX Communications CATV & Fiber Optics Linda Markum (623) 328-3518
John Rael John.Rael@APS.com
APS Electric & Street Lights
Carol Hall Carol.Hall@APS.com
Qwest Fiber Optics, Telephone Ken Thuell Ken.Thuell@Qwest.com
Southwest Gas Alisha Pothen Alisha.Pothen@SWgas.com
Southwest Gas
Print Shop (AOT)

4. EXISTING DRAINAGE CONDITIONS AND CHARACTERISTICS

4.1 Watershed and Wash Description

The watershed area for this project, as shown in Figure 2, is approximately 2.8 square
miles and generally extends to Shea Boulevard in the south, the Central Arizona

Project Canal in the north, 90" street in the west, and 104" street in the east. The
general slope of the watershed is form north to south. This area is essentially fully developed and

consists of a mix of land uses. It consists primarily of residential areas with various densities and
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some open spaces, which are used as detention/retention basins. There are also a few

commercial locales.

The UCW is a combination of improved channels and natural channels. At the north end of the
project, from north of Sweetwater Avenue to south of Larkspur Drive, the channel has been
improved with a defined alignment and banks, except for a short section immediately south of
Sweetwater Avenue, through the Buffalo Ranch property. From south of the entrance to the LDS
church to south of the Gary Street alignment, the channel is in @ natural state with irregular
banks, meandering alignment and occasional brush in the bed and on the banks. South of Gary
Street, the channel is carried west in a gabion lined U-shape section. This section ends adjacent to
92nd Street, where the 92nd Street channel joins the main wash. The combined flows then go
south along 92nd Street in a slightly improved natural channel. There are three existing
retention/detention basins located along the Main branch of the UCW. In the proposed

improvements these basins will be enlarged and used in the design to alleviate flooding.

. 4.2 Soil Classification and Permissible Velocity
A geotechnical report was prepared by RAM & Associate Inc. in September 2004 for the Cactus
Road and UCW improvements. RAM provided information on two sets of soil samples, one from
each branch of the UCW. The E-series is for the east or Main branch samples, while the W-series
is for the west or the 92nd Street branch samples. The UCW Soil Sample Map showing the test

boring locations is provided in Appendix J.

Primatech evaluated and classified these samples based on the sieve analysis and plasticity test
results provided in Appendix J. The analysis of the test results indicates that the soils in the
project area primarily consist of 1) stiff colloidal sandy clay with fine gravel (CL) and 2) colloidal
alluvial silt (SC). The corresponding soil types listed in Table 6.2 of Section 6.5.3 of the 2010 DDM
Hydraulics indicate that the Maximum Permissible Velocity for both soil types is 5.0 fps.
Accordingly, the proposed design for the earthen channel shall maintain a velocity equal to or less

than 5.0 feet per second.
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Figure 2: Watershed map showing the Main branch and the 92nd Street branch
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4.3 Existing Drainage Facilities
UCW is an urban wash that flows mostly through a highly developed residential area. The UCW
Main and 92™ Street branches are defined channels within the study limits. These channels are
generally in a natural state. However, at some locations, the channels are lined with gravel or
concrete. The 92™ Street Channel runs west of the Main branch and joins it about 1,300 feet

north of the intersection of 92™ Street and Shea Boulevard.

At the north end of the project, which runs from north of Sweetwater Avenue to south of
Larkspur Drive, the Main branch has been improved using a defined alignment and banks,
excluding a short section immediately south of Sweetwater Avenue that runs through the Buffalo
Ranch property. From south of the LDS Church entrance to south of Gary Street, the Main branch
channel is in a natural state with irregular banks, a meandering alignment, and sporadic brush.
South of Gary Street, it turns west and transitions to a gabion-lined U-shape section. This section
ends at the confluence of the two branches. The combined flows then proceed south along 92"

Street.

‘ There are three existing retention/detention basins located along the Main branch: Sweetwater
Basin, Cholla Basin 1, and Cholla Basin 3. These basins will be enlarged and incorporated into the

design to help alleviate flooding.

There are several culvert crossings along the UCW that carry the flow under intersecting streets or
driveways. The existing conditions hydraulic report shows that most of these culverts have

insufficient capacity to pass the 50-year storm event flow, resulting in overtopping.

4.4 Existing Developments
The Upper Camelback Wash runs through an urbanized area. It is bordered by areas with a
mixture of land uses; primarily residential subdivisions of various densities, some sparse areas of
open space, and a few commercial locales. The following are some of the features within the 100-

year floodplain area.

4.4.1 Scottsdale Mission Condominiums
The Scottsdale Mission Condominiums subdivision, located at the southwest corner of 92™ Street

‘ and Cholla Street, has approximately 248 residences that were constructed between 1994 and
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1996. The residences have an average living area of approximately 1,351 square feet. This

subdivision has repeatedly experienced significant flooding.

4.4.2 Mission De Los Arroyos
Mission De Los Arroyos is located at the southeast corner of 92" Street and Cholla Street. The

92" Street branch runs through the center of this apartment complex.

4.4.3 Paradise Memorial Gardens
This cemetery is located on the east side of Reach 2, just north of Shea Boulevard. It occupies an
area of about 37.5 acres and has two main entrance roads, one at Shea Boulevard, and the other

at 92" Street.

4.4.4 LDS Church
The Church of Jesus Christ of Latter-Day Saints (LDS) is located just south of Larkspur Drive and

west of 96" Street. It occupies an area of 3.6 acres.

4.4.5 Buffalo Ranch
Buffalo Ranch is a small residential development located at the southwest corner of Sweetwater
Avenue and the UCW. The developer plans to construct a floodwall along the border separating

the development and the UCW.

4.4.6 Sweetwater Ranch Il
This subdivision, located south of Sweetwater Avenue and west of 96" Street, occupies an area of
about 24 acres. The Main branch passes through this development, and the 100-year floodplain

map currently shows this subdivision as being mostly inundated.

4.5 Right-Of-Way (ROW)
The road and drainage ROW and easement maps were provided by COS. The current and
proposed ROWs have been compiled and incorporated into the 100% Plans. Although no
additional ROWs or drainage easements will be needed for the design provided in this report, a

temporary construction easement (TCE) maybe required in certain areas.

4.5.1 Temporary Construction Easements

There are several areas adjacent to the project construction that will require a legal description

for a Temporary Construction Easement (TCE) as shown in the Civil Plan Sheets. Each TCE is
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located in an area where construction of the proposed drainage improvement is limited within an
existing Drainage and Flood Control Easement (D&FCE) or Drainage Tract. The additional area
required for the TCE is generally limited to 10 feet, unless otherwise requested by the contractor.
All areas within the TCE will be restored to essentially the same quality of, if not better than, the
previous condition. Any adjacent grading will conform to the requirements set forth in the legal
description. Existing drainage patterns will not be adversely affected by the proposed
improvements or construction thereof. The City of Scottsdale will manage all required TCE

permits.

4.6 Existing Flooding
UCW is the primary drainage conveyance corridor for a moderately dense residential area located
in the city of Scottsdale, between Sweetwater Avenue and Shea Boulevard. The possibility of
flooding due to urban sprawl became apparent. The project area has a history of flooding
incidents during rainfall events lesser than the 100-year storm. To evaluate the existing conditions

. flooding, Primatech developed a floodplain delineation map as explained below.
4.6.1 Floodplain Delineation

A floodplain or flood hazard map is a map that shows the land area, which would be
inundated during a 100-year flood—a flood event that has a 1 percent probability of

occurring in any given year.

The floodplain delineation was based on the HEC-RAS model submitted to the City and
FCDMC as a part of the 60% submittal package. This model used the flow rates generated
from HEC-1 model with the NOAA 14 Precipitation information for the 100-year storm

under the existing conditions.

The floodplain map was constructed by two different methods for comparison and
verification purposes as follows:
e Floodplain mapping using manual delineation
The floodplain map was constructed by using the water surface elevation data, extracted from the
results of the HEC-RAS model, to identify the “wetted part” on each cross-section cut line along

the channel. Then it was manually plotted on a contour map by joining the ends of these wetted
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parts taking into account the contours of the land surface between any two cross sections and

extending the water levels to trace the contour lines so as to define the flood hazard zone.

e Floodplain mapping using GIS delineation tools

This method involves post-processing of the HEC-RAS results of the water surface

elevations for flood inundation mapping using ARCGIS V9.2 and HEC-GEORAS V4.0

software. The procedures can be summarized as follows:

e A water surface TIN (Triangulated Irregular Network) was generated from the water
surface elevations imported from HEC-RAS.

e The water surface TIN was intersected with an underlying terrain TIN model obtained
from City of Scottsdale.

e Both the water surface TIN and the terrain TIN were converted to Water Surface Grid
“WSGRID” and Digital Terrain Model Grid “DTMGRID” respectively.

e The DTMGRID was subtracted from the WSGRID resulting in either positive values

. (meaning water surface is higher than the terrain), which mark the flood area, or

negative values, which mark the dry area.

e All cells in the water surface grid that result in positive values after subtraction are

converted to a polygon, which is the final inundation polygon.

The refinement of the resulting inundation map to create a representative and hydraulically
correct output Floodplain map was an iterative process required several iterations between

GIS and HEC-RAS and comparison with the manual delineation.

4.6.2 Preliminary Flood Risk Assessment (Existing Conditions)

| Referring to the Floodplain map of the existing conditions attached as Appendix B, it can be
| seen that the major flooding area under the existing condition is expected to extend along
both branches of the UCW channel. Sheet (overland) flows are also shown at some
locations. The overtopping happens because the capacities of the current channels, as well
as most of the culverts within the project area, are insufficient to handle the 100-year flow.

As a result, overtopping occurs at most culvert crossings.

For the Scottsdale Mission Condominiums (SMC), most of the area is under severe flooding

. as the analysis showed that the water surface elevations for the 100-year storm were
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higher than the finished floor elevations (FFE) of the buildings at several locations. In
addition, there are some locations with potential breakouts within the SMC as shown on

the Floodplain map.

The total number of houses that lie in the flood hazard area, and are therefore subject to
flooding, is 493. The following table summarizes the number of houses along each branch

that are subject to flooding.

Table 2 — Number of structures affected by existing condition flood hazard

Item Main Channel 92" Street Channel
" Effective "Overland flow " Effective "Overland flow
flow area area flow area area
No. of Houses 93 119 30 251
Total 493
‘ * Refer to the different color codes as per the legend in the attached Floodplain Map

5. DESIGN CONCEPT, CRITERIA AND METHODOLOGY

The goal of this project is to provide the maximum feasible level of flooding protection using a
Context-Sensitive Design approach. This design approach dictates that an appropriate level of
protection, i.e. a Design Storm Frequency (DSF), be determined such that the UCW provides
protection for the maximum feasible storm frequency, while maintaining smooth blending into

the existing landscaping and aesthetics.

5.1 Design Storm Frequency (DSF)

Primatech established a process for determining the DSF as follows:

(1) Plotting the existing top of bank and WSE profiles for the 10-, 25-, 50-, and 100-year storm

frequencies for the existing channel.

1 TI= h 2012
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(2) Aline offset 1.5 feet below the lower bank is shown on the same plot. This line represents the

maximum allowable water surface elevation in the existing channels. The distance from this

line to the top of bank represents the freeboard.

(3) The minimum level of protection (initial DSF) is estimated by inspecting the resulting graph

and interpolating between the 1.5 foot offset WSE line and the WSEs of various frequencies.

(4) The design process is first done based on the designated initial DSF in (3) and the context-

sensitive design approach discussed above.

(5) Building a HEC-RAS model for the proposed condition and run it for the various storm

frequencies

(6) A final DSF is determined based on the results of the proposed conditions HEC-RAS model and

the maximum capacity that the channels reaches can carry.

This process resulted in a DSF of 50 years for all of the channel reaches except Reaches R-13 and R-

‘ 14, which would have a 10-year DSF. An exhibit for the UCW project’s DSF is enclosed as Appendix

D.

5.2 Design Criteria

The design of the channels of different reaches, culverts and detention basins follows COS Design

Standards & Policies Manual (2008) and the latest FCDMC Drainage Design Manual, Volume I,

Hydraulics. The following key criteria have been considered in the design:

5.2.1 Channels

O

The drainage channels should be designed to carry the DSF, which has been
determined to be 50-year for all reaches, with the exception of reaches 13 and 14,
which will be designed for a 10-year DSF.

Wherever feasible, earthen channels should be designed with a base Manning’s “n”
value of 0.03.

The maximum velocity for the earthen channel should not exceed 5.0 feet per second.

All channel sections should satisfy the freeboard criteria in the FCDMC Drainage
Design Manual.

The freeboard elevation should be contained within the ROW.

S e R e e T
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O

Drop structures and/or extended banks may be required to satisfy the freeboard and
velocity criteria.

5.2.2 Culverts

o

O

All culverts should be sized to carry, at a minimum, the DSF peak flows.

The allowable headwater elevation should not exceed the roadway pavement
elevation to prevent overtopping.

The minimum pipe size of circular culverts, storm drains and basin bleed-off pipes
should be 18 inches.

A minimum cover of 1 foot, measured from the top of subgrade, should be provided
for all culverts.

Culverts should be designed to provide a minimum velocity of 2.5 feet per second to
ensure self-cleaning during partial depth flow.

Culvert outlet protection should be provided where needed.

5.2.3 Detention Basins

O

All detention basins should be designed such that the stored water is completely
discharged from the basin within 36 hours of the end of the storm event.

The maximum basin side slope is 3:1
The maximum depths of the basins should be determined based upon the adjacent

channel’s bottom elevation to ensure that the draining requirement is met. The depth
should not exceed 8 feet.

5.3 Design Methodology

5.3.1 Channel Reaches & Cross Sections

There are two major channels within the project area, referred to here as the UCW Main branch

and the 92nd Street branch. Each branch was segmented into different reaches, as shown in

Appendix C, and each reach is represented by a typical cross-section as illustrated in the 100%

Plans. The geometry of the typical cross section for each reach was designed to convey the

designated DSF for that reach while taking into account the available easement width and/or any

restrictions that may exist within the reach.
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In light of the Context-Sensitive approach and Hydraulic design criteria, channel linings were kept
earthen wherever feasible. Reaches 3, 4, 10, 11 and 12 were designed with concrete lining due to

ROW restrictions.

5.3.2  Culvert Design
Data from the HEC-RAS model for the existing conditions prepared by Primatech in 2008 shows
that most of the culvert crossings along the UCW have insufficient capacity to handle the 50-year
storm event, which resulted in flows overtopping the streets at crossing locations. The recently
constructed Cactus Road crossing lowered the channel bottom by 4 feet. This resulted in the need
to lower most of the channel reaches and crossing culverts to maintain an appropriate drainage
slope through the Cactus Road underpass. All cross culverts were sized to accommodate the DSF

peak flows with the aid of Culvert Master by Haestad Methods and HY8 by FHWA software.

For culvert outlet protection the USDA method was used to determine the length of the Riprap

apron at the culvert outlet as explained in Section 5.3.5.

' 5.3.3 Detention Basins Design
A total of six sites were identified within the project area as potential detention basin locations
(See Appendix C). These sites were selected due to their proximity to the UCW alignment and the

undeveloped status of the land. These basins are as follows:

(1) Sweetwater Basin (Main branch) — North of Sweetwater Ave and west of 96" Street
(2) Larkspur Basin (Main branch) — South of Larkspur Dr and east of 96" Street

(3) Cholla Basin #1 (Main branch) — South of Cholla Street and east of the Main branch
(4) Cholla Basin #3 (Main branch) — South of Cholla Street and east of the Main branch
(5) Poinsettia Basin (92™ branch) — South of Poinsettia Drive and west of 92™ Street
(6) Cholla Basin #2 (92™ branch) — North of Cholla Street and east of 92" Street

In addition to their aesthetics and recreational provisions, the construction of these basins would

help to lower the channel’s WSE so that adequate freeboard can be obtained.

In order to attenuate the local and overall peak flows, all proposed basins were designed as

. offline basins with the following modeling approach.
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- Offline Detention Basins

Offline detention basins receive flow from a channel only after the flow has reached a set
target discharge or channel water surface elevation. This limits the use of the entire

volume of the detention basins to the storage of hydrographic peaks.

Modeling offline detention basins is performed using diversion cards in HEC-1 such that
all flow above a target flow rate is diverted. The target flow rate was developed based on
the inflow hydrograph, the proposed channel capacity and the available storage volume
of the basin. The diverted flow hydrograph volume was calculated to ensure that the

diverted volume does not exceed the basins’ storage volume.

5.3.4 Drop Structures

To meet the design criteria of the UCW earthen channel reaches, several drop structures were
proposed to control the grades. Total of four drop/drop inlet structures were proposed along the
92nd Street channel while nine drop/drop inlet structures were proposed along the Main Channel
of the UCW. The drop structures heights ranged from 1 to 4 feet. The design of drop structure

alternatives were according to the following procedures:

1. Hydraulic Engineering Circular No. 14, Third Edition, “Hydraulic Design of Energy

Dissipators for Culverts and Channels”, Federal Highway Administration, 2006.
2. The Natural Resources Conservation Service, (NRCS) design procedures
3. The Flood Control District of Maricopa County, Hydraulic Manual, DRAFT, 2009.

The NRCS design procedure was elected and the drop structures have been designed as rock
chutes as per the example shown in Figure 3 below. Detailed analysis and design is attached as

Appendix K.
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Figure 3: Profile along the centerline of Rock Chute drop structure
just DS of Cholla culvert on Main Channel

5.3.5 Outlet Protection and Riprap Sizing

Culverts and stormwater pipes outlets must be adequately protected from scour and
. deterioration caused by a high exit velocity of the water leaving the outlet. To prevent scour at
these outlets, a flow transition structure is needed which will absorb the initial impact of the flow
and dissipate its energy. The most commonly used devise for outlet protection is the lined
ripraped apron. The USDA method was used, with the aid of CulvertSoft V1.0 by ENSOFTEC, INC,
to determine the size (Dso) and the length of the Riprap apron at the culvert outlets. This method
is basically based on empirical design Monographs/Tables that established relations between
culvert diameter/rise, discharge, Riprap size Dsy and minimum length of apron required. The
apron thickness is typically taken as two times the Dsy. Appendix P presents the results of the

outlet protections design.

6. HYDROLOGY
In 2008, Primatech prepared an existing condition hydrologic model for the project area using
HEC-1 version 4.1 with NOAA Atlas 2 rainfall data. However, for the current design criteria, this
model has been updated using the NOAA Atlas 14 precipitation data. Both the existing and

‘ proposed HEC-1 models input data, including time of concentration (T.) were prepared with the
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aid of the DDMSW program V.4.5.6, developed by KVL for the FCDMC, in combination with a GIS
based project watershed map. The proposed condition HEC-1 model was established based on the

existing condition model with the following main changes made to the existing model:

> New/modified detention basins were added to the model at the locations described in

section 5.3.3

> All routings along both branches were updated to reflect the proposed cross sections for

each reach. Refer to Appendix E for the HEC-1 Routing Map.
> Manning’s “n” coefficients were updated to reflect each reach’s lining materials.

» The area north of SMC was modified through the addition of new subbasins and
boundaries as well as existing detention basins and routings. This was done to provide
more representative flow rates and paths. Detailed analysis of the SMC is included in

Appendix L.

. 6.1 Precipitation
The 6-hour NOAA 14 point-rainfall data was used for this project. The rainfall depth, storm
distribution and depth-area reduction factors were produced with the aid of the DDMSW

program. The rainfall data are included in Appendix M.

6.2 Rainfall Losses
The rainfall loss model utilized for this project was the Green and Ampt infiltration equation.
Parameters for the Green-Ampt infiltration loss depend on the soil type and land use. The soil
data for the project area was determined from the NRCS (Natural Resources Conservation

Services) website. The soil map and table of soil data are provided as Appendix J.

6.3 Land Use
The project area is fully developed with a mix of land uses, but it is mostly comprised of
residential subdivisions of varying densities and some areas of open space and commercial
locales. The land use input parameters for the hydrology HEC-1 model were prepared for each

sub-basin using DDMSW program. To closely represent the different types of land use within the

1 - h
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project area, COS land use map, recent aerial photos and field trips were used. A table for the

land use data is presented in Appendix M.

6.4 Unit Hydrograph
The unit hydrograph used in this study was the Clark unit hydrograph. The Clark method requires
three parameters to calculate a unit hydrograph: T, the time of concentration for the basin, R, a
storage coefficient, and a time-area curve. A time-area curve defines the cumulative area of the
watershed contributing runoff to the sub-basin outlet as a function of time (expressed as a
proportion of T¢). The Clark parameters are calculated by MCUHP Program, which is incorporated

within the DDMSW software.

6.5 Channel Routing

Muskingum-Cunge method was used for routing the flow. Physical channel parameters
such as reach length, slope, Manning’s n coefficient and cross section shape were
input into HEC-1 to represent the existing/proposed conditions of the routes. Detailed
information for the existing conditions can be found in the Hydrology Report prepared

by Primatech in 2008.

7. HYDRAULICS

The proposed condition HEC-RAS model was created using HEC-RAS, version 4.1, with the aid of
CAD capabilities to export/import geo-referenced stream lines and cross sections. The major

procedures used to develop the model are summarized below.

»  Proposed cross sections were cut along the construction centerline shown on the 100%
plan sheets, through the different reaches, with each reach having its own individual

typical cross section.

>  Proposed drop structures and road and driveway crossing culverts were modeled at their

corresponding locations.

»  Major flow change locations were identified using the HEC-1 output and entered in the

HEC-RAS “Flow Data” model.
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|
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\
|
‘ »  Stage — Storage curves were developed for all basins, as shown in Appendix G.
7.1 Steady State Flow Model

i The hydraulic analysis and design for the UCW project was achieved primarily with a steady state
| flow simulation using HEC-RAS version 4.1. The geometric layout of the proposed HEC-RAS model
was divided into two major rivers, referred to as UCWMAIN and UCW92ND in addition to a
portion of the tributary river that contributes flow to the UCW Main channel north of the
proposed larkspur basin. The UCWMAIN River was split into Upper, Mid and Lower Reaches. The

UCW92ND River was split into 92ND_STREET, Lower92ND_STREET and BYPASS CULVERT reaches.

Although the HEC-RAS model is intended for the steady state flow analysis, all proposed six basins
were coded in HEC-RAS as storage areas with their corresponding stage-storage information for

clarification purpose only.

The diversion structures were modeled in HEC-RAS as lateral broad crested weirs. Hager’s

Equation was selected for the weir flow computations. The weir coefficients were determined

. automatically by the program.

The 92" street Bypass Culvert which is connected to Cholla Basin #2 outlet was modeled in HEC-
RAS as an 8-foot by 5-foot concrete rectangular channel with a lid. This option was chosen due to

the length of this culvert that is about 465 feet.

Detailed HEC-RAS output is included as Appendix H.

7.2 Unsteady State Flow Model
Two major detention basins, namely, Sweetwater Basin and Larkspur Basin that required unsteady
flow analysis to simulate their proper functions and obtain accurate results on the amount of flow
diverted over their lateral weirs. Two unsteady flow HEC-RAS models were developed to simulate
the basins as offline storage areas. For each model, the basin stage-storage data were entered and
the Inflow Hydrograph obtained from the HEC-1 model was introduced at the upstream end of the
study reach. The diversion structures were modeled in HEC-RAS as lateral broad crested weirs. The
model was run in the mixed flow regime with the flow optimization option engaged to accurately
determine the flow rate leaving the channel to the basin through the lateral weir. The weir

‘ diversion rating curve (DI-DQ), basin’s flow and stage relations and volume were produced.
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Detailed analysis of these two basins is included in Appendix N. Appendix N also provides a detailed
explanation for determining the DI-DQ curves using the Steady Flow Model approach. This
approach was used for all other proposed detention basins given that they are smaller basins and

approximate results of their function would be adequate for the design of these basins.

7.3 Roughness Coefficient (Manning’s n)
Roughness coefficients represent the resistance to flood flows in channels and floodplains. The
use of Manning's formula has been established in the applications of flood-plain management, in

flood insurance studies, and in the design of bridges and highways across floodplains.

The overbank entities such as houses, roads, walls and trees may obstruct the flow and increase
the resistance to the stream. Although these minute details are difficult to be represented in a 1-
D model, such as HEC-RAS model, the Modified Channel Method of estimating the value of
Manning’s coefficient for the floodplains can be adequately used. For the existing channels,
Manning’s coefficients were estimated based on the aerial photos, field reconnaissance trips and
. engineering judgment. The following sections presents the methodologies used to determine

Manning’s coefficient for the existing channels and overbank floodplains.

7.3.1 N-value determination
The determination of the n-values followed the method described in the manual, “Estimated
Manning’s Roughness Coefficients for Stream Channels and Flood Plains in Maricopa County,

Arizona”. This manual was prepared for the District by the U.S. Geological Survey.

The procedure for determining n-value consists of two steps. The first step is to determine a base
value of n for the floodplain’s natural bare soil surface. The second step is to quantify adjustment
factors to the base number. These factors are: degree of irregularity to the channel side slopes,
effects of obstructions in the flow path, vegetation growth in the flow path, variations in the

channel cross-section, and the degree of meandering of the channel bed.

The Modified Channel Method as described in the “Guide for Selecting Manning's Roughness

Coefficients for Natural Channels and FloodPlains”, United States Geological Survey Water-supply

Paper 2339 (WSP2339) by G.J. Arcement, Jr. and V.R. Schneider, USGS, is a modified version of

Cowan’s (1956) procedure that was developed for estimating n values for channels, the following
@

equation can be used to estimate n values for a floodplain:
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n = (Ng +Ny N3 +N3 +ngz).m

where:

Ny = a base value of n for the floodplain’s natural bare soil surface

n, = a correction factor for the effect of surface irregularities on the floodplain
n, = a value for variations in shape and size of the flood-plain cross section
n; = a value for obstructions on the floodplain

n, = a value for vegetation on the floodplain

m = a correction factor for sinuosity of the floodplain

The n-values have been determined from the following sources of data:

= Detailed topographic mapping (with a contour interval of 1 feet) provided
* Field visits by Primatech staff with photographic documentation.
=  Estimated Manning’s Roughness Coefficients for Stream Channels and Flood Plains in

Maricopa County, Arizona.

Intercept of relevant pages from “Estimated Manning’s Roughness Coefficients for Stream
Channels and Flood Plains in Maricopa County, Arizona” as well as the calculation tables for

Manning’s n-values used for this study are attached in Appendix O.

7.3.2 Base Values

Tables R-1 and R-3 of the District manual, as shown in Appendix O, provide base n-values for the
main channels and the over banks. For the main channel, the size of the bed material is used to
determine the base n-value. Field investigation of the project site, for which photographic

documentation is provided, included a determination of the size of the bed material.

From field investigations, it was found that the Upper Camelback Wash bed consists mainly of
firm to loose soil. At some locations, wash consisted of gravel lining. At a location north of the
culvert at 92nd Street and Sweetwater Avenue concrete lining was observed. Based on Table R-1
of the Estimated Manning’s Roughness Coefficients for Stream Channels and Floodplains in

Maricopa County, Arizona, the base value for gravel is 0.024 and firm soil was 0.020.
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7.3.3 Adjustment Factors

The sum of the first four adjustment factors is added to base value and the result multiplied by

the meandering factor.

- Degree of Irreqularity

The degree of irregularity is determined by the sloughing or erosion of the side slopes and can be

rated as smooth, minor, moderate, or severe.

Upper Camelback wash has a well-established channel beds with prominent side slopes. An
adjustment factor of 0.001 was used for the main channels and the over banks to adjust for the

minor irregularities.

- Effects of Obstructions

Obstructions in a river’s flow path, which may include debris deposits, exposed roots, logs, and
bridge piers, are calculated as a percent of the flow path area. The effects may be categorized as

negligible (less than 5% obstruction) to severe (more than 50%).

. The Upper Camelback Wash runs through urban areas, which include houses along the over banks
of some cross-sections. These houses are accounted with the increase in the Manning’s roughness
coefficient assuming that they provide obstruction to the flow. The adjustment factor for
obstructions varied from 0.002 to 0.04. A value of 0.002 was used for negligible obstructions

where 0.04 was used for severe obstructions in the flood way by houses.

- Vegetation

The third adjustment factor accounts for vegetation growth, which may impede flow and is
determined as a ratio of flow depth to the vegetation height. The factor may be small, (i.e., flows
depth at least 3 times the height of vegetation), to large, (i.e., flows depth about equal to the

height of vegetation). Hydraulic radius is also considered when determining this factor.

For Upper camelback wash, values of 0.002 to 0.025 were determined for the channel and up to
0.015 in the over bank areas. At some channel locations, dense grass and weed growth were

observed that could potentially impede the flow of water.

- Cross-section Variations

1 L _F L] h
PRIMATECH e 31

ENGINEERS & CONSULTANTS




Upper Camelback Wash Drainage Improvements
Final Design Report

This adjustment factor accounts for variations in the channel cross-section. The base values are
typically empirical numbers derived utilizing an assumed general cross-section shape such as a
trapezoid. Actual channels will vary from this assumed shape and flow may alternate from one
side of a channel to the other. This alternating may be gradual, for which no adjustment is made;
occasional, in which a small adjustment of 0.001 to 0.005 is made; or frequent, for which an

adjustment to 0.015 is made.

The cross-sections for the upper Camelback wash are taken at close intervals (less than 300 feet).
Therefore, the variations in the channel geometry are minimal. Longer intervals of cross-sections
were taken at locations where the channel was straight and the channel geometry was similar.
Shorter intervals were taken where the channel geometry changed frequently, such as along the
meanders or culvert sections. To account for minor irregularities in the channel, am adjustment

value of 0.001 was chosen for the Upper Camelback wash.

- Meandering

Meandering refers to the overall course of the river/wash as affected by the topography of the
land. The ratio of the meander length to the straight channel length is used to determine this
factor. Minor meandering, less than a 1.2 ratio, has no adjustment. Appreciable meandering, a
ratio of 1.2 to 1.5, has an adjustment of 1.15. Severe meandering with a ratio greater than 1.5

has an adjustment ratio of 1.3.

The upper Camelback wash has minor meanders at most locations that do not require any
adjustment. However at some locations the degree of channel meander varies from appreciable

to severe and the adjustment ratios were chosen accordingly.
Appendix O presents the Manning’s n for the UCW existing channels and overbank floodplain

For the proposed channels, and based on several meetings with COS and FCDMC, Table 3 below
presents the Manning’s coefficients for the different channel linings which were adopted for the

design:
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Table 3 - Design Manning’s Coefficients

Design Manning’s
Channel Lining

Coefficient
Earthen 0.03
Concrete 0.013
Riprap 0.045

’ Average value determined from the NRCS Rock chute design calculations
and was used for all riprap design in this project, in lieu of the method
described in the FCDMC Drainage Design Manual, Volume 2, Hydraulics.

7.4 Expansion and Contraction Coefficients
Generally, expansion and contraction coefficients of 0.1 and 0.3 are used for the HEC-RAS
modeling. At culvert locations, where significant and rapid changes in the flow width occur, 0.3

and 0.5 were used respectively for expansion and contraction coefficients.

8. MAIN CHANNEL DESIGN FEATURES

The two branches were divided into a total of 16 reaches, as shown in Appendix C. This was done
to suit varying design requirements as well as for identification purposes. Each of the reaches has
a typical cross section and lining material, as shown in the typical cross section sheet included in
the Final Plan Sheets. The reaches are named R-1 through R-16, with R-1 at the downstream side
of the project at Shea Boulevard. All proposed channels were designed to meet or exceed the
design criteria such as the velocity and freeboard requirements. The following sections briefly

describe the character and conditions of each reach.

8.1 ReachR-1
Reach R-1 extends from Shea Boulevard north to the 92™ Street culvert. A Multi-Use Path (MUP)
has been constructed on the east side of the existing channel, along with a new 14-foot by 8.5-
foot concrete box underpass that crosses underneath 92" Street. Neither the existing earthen

‘ channel nor the Shea Boulevard crossing is included in this project.
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8.2 ReachR-2
Reach R-2 extends from upstream of the 92" culvert to the PMG entrance. The construction was
completed as part of the UCW Phase one improvement. A Multi-Use Path (MUP) was constructed
along the east and south sides of a recently built concrete-lined rectangular channel. The concrete
channel and a 4-10-foot by 5-foot box culvert at the PMG entrance are capable of conveying the
100-year flow of 1,720 cfs. The existing 3-8-foot by 4-foot box culvert at 92" Street can carry
approximately 1,200 cfs without overtopping 92" Street. A side spillway along the east bank of
the rectangular channel was constructed to divert flows exceeding the 92" street culvert’s
capacity to the new 14-foot by 8.5-foot concrete box underpass. The culvert headwall and the top

of banks of the new channel were elevated to ensure the functionality of the design.

8.3 ReachR-3
Reach R-3 extends from the PMG entrance to the confluence of the two UCW branches. The
existing channel is earthen with an irregular shape and an average bottom width of around 9 feet.
. A new rectangular concrete channel with a bottom width of 43 feet and an average depth of 6.25
feet would connect the PMG culvert to the confluence point. At this location, the UCW Main
channel turns eastward, while the 92" Street channel continues north. An MUP is designed along

the east side of Reach R-3.

8.4 ReachR-4
Reach R-4 extends from the confluence point along the northern edge of PMG to the southeast

corner of La Contessa Subdivision, where the wash turns northeast.

The existing channel has an earthen bottom with vertical walls that are consisted of wire mesh
Gabion units. However, a Shotcrete/Gunite layer was applied to the north bank to sustain the

Gabions adjacent to the La Contessa walls.

Due to the limited available space of approximately 34.5-foot width along this reach and the need
to include a 10-foot MUP along Reach 4, a special design that includes a concrete semi-
trapezoidal section with an average bottom width of 6 feet and total depth of 5 feet was
proposed. In this design, the channel floor is integrated with a 3 feet vertical concrete wall

. standing against the existing Gabion baskets along the north side of the channel bank. The south
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bank slopes at 3:1 to meet a 10-foot wide lower bench (MUP) at 2 feet above the channel bottom.
The typical section ends with a 3-foot vertical concrete retaining wall that rises to match the
existing grade at the PMG property. The property owner has granted a 10-foot construction

easement along the north edge of PMG.

On the other hand and as a part of the improvements in this reach, the COS and PMG owner
agreed that a 6-foot high Concrete Masonry Unit (CMU) wall would be constructed along Reach R-
4, separating the UCW from PMG. Moreover, openings for wildlife crossings will be provided

through the wall. This CMU wall will be designed by the PMG owner’s Architect.

8.5 ReachR-5
Reach R-5 extends northeast to just north of Gary Road. This reach is characterized by a natural
earthen channel with dense vegetation on the channel bed and banks. Although the area has a
62.5-foot drainage easement available, there are two spots where the easements are only 47.5
feet wide. The MUP runs along the entirety of Reach R-5 and crosses the channel at one location
. from the east bank to the west bank along the channel bottom. The proposed channel has a
trapezoidal cross section with 3:1 side slopes, bottom width of 10 feet, and an approximate depth
of 6.2 feet. The channel in this reach has two different lining segments, a ripraped channel
segment and a natural earthen channel segment. At the MUP crossing location, the proposed
channel begins a transition into a Shotcrete-lined section with 2:1 side slopes on both banks.
North of the MUP crossing, the channel has a gradual transition until the east bank is at a 1:1 side

slope and the west bank is at a 3:1 side slope.

A small side channel is proposed at the downstream end of the reach to collect the storm water

from the local community and drain it to the Main channel.

8.6 Reach R-6
This reach is similar to R-5, except that the existing channel has less vegetation. R-6 extends from
the MUP crossing to the Cholla Street culvert. The existing channel is an irregular earthen channel
with a bottom width that varies from 6 feet to 50 feet as it approaches Cholla Street. The
proposed channel cross section is an earthen trapezoidal channel with a bottom width of 10 feet,

‘ a side slope of 3:1 and a depth of about 6.2 feet.
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The proposed MUP runs along the west bank and eventually turns east and merges with the

existing sidewalk on the south side of Cholla Street.

8.7 ReachR-7 &R-8
Reaches R-7 and R-8 represent the Main branch from north of Cholla Street to the downstream
face of the Poinsettia Drive culvert. The existing channel is a natural earthen channel with an
irregular shape and vegetative lining. The proposed channel cross section is an earthen
trapezoidal channel with a bottom width of 15 feet and side slopes of 3:1. The average depth of

reaches R-7 and R-8 are 5.2 feet and 5.7 feet respectively.

Currently, there is a concrete-lined scupper along the west bank, just upstream of the existing
Cholla Street culvert. The new channel design dedicates that the existing scupper be removed and
replaced by a 17-foot long catch basin along the east side of the 94" Way, north of Cholla Street.
This catch basin would intercept the pavement flow and drain it to the proposed Cholla Street

culvert via an 18-inch storm drain pipe.

Just upstream of Cholla Basin #1, a small side channel is proposed to convey the storm water from
the local community to the Main channel at Reach R-7. The proposed MUP runs along the west

bank of Reaches R-7 and R-8.

8.8 ReachR-9
This reach extends from the upstream face of the Poinsettia Drive culvert to the downstream face
of the Cactus Road culvert. The existing channel is a well-defined, earthen trapezoidal channel
with a bottom width that ranges from 10 to 15 feet and 3:1 side slopes. The design of this reach is
similar to Reaches R-7 and R-8, i.e. the typical cross section is an earthen trapezoidal channel with

a bottom width of 15 feet, side slopes of 3:1 and an average depth of 5.8 feet.

Under the existing condition, there is a concrete-lined scupper running along the west bank of
Reach R-9, just upstream of Poinsettia Drive culvert. The new channel design dedicated that the
existing scupper be removed entirely and replaced by a 17-foot curb opening catch basin along
the 94" Way, north of Poinsettia Drive. This catch basin would intercept the pavement flow and

drain to Poinsettia Drive culvert via an 18-inch storm drain pipe.
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The proposed MUP runs along the west bank of the channel and eventually merges with the
existing MUP downstream of Cactus Road Bridge. Two 15-foot maintenance access ramps were
provided for this reach as per COS request, one is located on the west side of the channel and tied
to the proposed MUP just north of Poinsettia Dr., while the second ramp ties to the 94th Way

through a proposed Driveway entrance south of Cactus road.

8.9 ReachR-10
Reach R-10 starts just north of Cactus Road and extends approximately 600 feet to Charter Oak
Road. The existing channel has dense vegetation. The design of this reach includes a close
coordination with the COS Fire Station #8 that has recently been constructed north of Cactus
Road on the east side of the wash. Also to avoid a conflict with an existing property that has
encroached slightly into the drainage easement, a fine realignment of the channel at this location
was performed as well as a new drainage easement was granted by COS. The proposed channel
cross section is a rectangular concrete section with a bottom width of 15 feet and varying depths

. with a maximum of 7.5 feet.

8.10 ReachR-11
This reach extends from the upstream face of the Charter Oak Road culvert to the downstream
face of the culvert crossing the LDS Entrance Road. The reach is approximately 340 feet, and the
existing channel is an irregular earthen channel with vegetative lining. The proposed channel
cross section is a rectangular concrete section with a bottom width of 15 feet and varying depths

with a maximum of 9.6 feet.

8.11 Reach R-12
This reach lies between the LDS Entrance Road and Larkspur Drive. The reach length is
approximately 300 feet, and the existing channel is an irregular earthen channel with vegetative
lining. The proposed channel cross section is a rectangular concrete section with a bottom width

of 15 feet and varying depths with a maximum of 6 feet.

An existing reach, which is identified in the HEC-RAS model as “UCW Tributary”, joins the channel
just upstream of the LDS Entrance Road culvert. At the confluence point, the floor elevation of

. UCW Tributary is about 2 feet higher than the upstream invert elevation of the LDS Entrance Road
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culvert. Owing to the restriction of the drainage easement width at this confluence point, a
junction structure with a stepped floor joint was designed to connect the Tributary to the Main
Channel of UCW just upstream of the LDS Entrance Road culvert. This junction structure would

also function as an energy dissipator for the UCW Tributary’s merging flow.

8.12 Reach R-13
Reach R-13 extends about 765 feet from north of Larkspur Drive to Sweetwater Avenue. This
reach of the Main branch passes through the Sweetwater Ranch Il subdivision. The existing
drainage way can only convey an approximately 2-year flood. The existing earthen channel is
irregular in shape and generally has a very shallow and narrow cross-section with a community
trail that crosses the channel and runs along both banks and along the channel bottom. For this
particular reach, and due to the relatively shallow existing geometry, limitations of the drainage
easement’s width, and inputs from the HOA and residents, the channel was designed to provide a

10-year level of flood protection so as to minimize the disturbance to and alteration of the

‘ existing landscape.

Although the channel in this reach was designed in compliance with all design criteria, including
velocity and freeboard, for a Design Strom Frequency (DSF) of a 10-year, it would still have the
capacity to fully contain the flow of the 50-year storm within its banks, though the freeboard and
velocity requirements would not be met. The proposed channel is an earthen trapezoidal section

with a bottom width of 8 feet, 3:1 side slopes and a total depth of 4.4 feet.

The design also considered the two existing storm drain pipes at the north end of Reach R-13 that
discharge runoff from the Buffalo Ranch subdivision into the channel. Outlet protection was
designed for these pipes. Additionally, a new drop structure, and community trail crossings were

incorporated in the design.

8.13 Reach R-14
Reach R-14 runs along the west side of the proposed Sweetwater Basin, from Sweetwater Avenue
to the northern end of Sweetwater Basin which marks the end of the construction work for the
UCW Main branch. This reach, similar to reach R-13, was designed for the 10-year storm event.

. The proposed channel, which will intercept two offsite drainage channels from subdivisions to the
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west, is designed as an earthen trapezoidal section with a bottom width of 10 feet, 3:1 side slopes
and a depth of 4.3 feet. A side spillway on the west side of the channel and north of Sweetwater

Avenue would divert excess flows into the channel.

A community trail that leads to the local community center is proposed along both the west and
east sides of the proposed Sweetwater Basin and Reach R-14. Additionally, a crossing trail at the
north end of the UCW Main branch improvements was proposed to allow local residents to safely
cross the channel. A rock chute drop structure was designed at the north end of the project to tie

the existing channel to the proposed channel.

8.14 Sweetwater Basin
The existing Sweetwater Basin is located just north of Sweetwater Avenue and was constructed to
meet the 2-hour, 100-year storm retention requirements of the neighboring subdivisions.
Currently, the basin is located to the west side of the existing wash with an existing 20-foot wide

spillway located on the south side of the basin at a height of 2 feet above the basin floor.

For the proposed improvements, the basin was reconfigured and rerouted to the east side of the
proposed channel along Reach 14. The proposed basin was designed as an offline basin and linked
to the proposed channel through an overflow lateral weir to route the peak flows through the
basin and effectively reduce the flow in the proposed channel. The Sweetwater Basin has been
designed to accommodate a 50-year storm peak flow with a total storage capacity of about 3.10
acre-feet and a depth of 5 feet. The basin has an 18” outlet bleeding-off pipe that drains back to

the Main channel.

8.15 Larkspur Basin
The proposed Larkspur Basin is the largest basin in this project with a total storage volume of 6.95
acre-feet at a depth of 6 feet and was designed to handle the peak flow of the 100-year storm
event. The Basin was designed as an offline storage area with a primary diversion structure in the
form of a lateral weir located at the end of the tributary channel just upstream of the Larkspur
Drive and 96" Street culvert. The weir would discharge via 2-8'x3’ concrete box culvert that
eventually discharges to the basin. A secondary diversion structure in the form of a trench drain

with apron was designed to capture the pavement drainage that runs from east to west along
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Larkspur Drive, east of 96" Street. The water intercepted by the trench drain will discharge to the

basin through a 36-inch storm drain pipe. The basin has an 18” outlet bleeding-off pipe that drains

to the existing 66” storm drain pipe along 96" Street.

8.16 Cholla Basin #1
This proposed basin is located at the northeast corner of 94" Street and Cholla Street. The basin is
designed as an offline detention basin with a total capacity of 2.84 acre-feet at maximum depth of
5 feet. This basin was designed to attenuate the 50-year storm peak flow through diversion of the
channel flow over a proposed lateral weir to the basin. By reducing the peak flow in the channel,
Cholla Basin #1 would have localized benefits on the freeboard along Reach R-6, in addition to
minimizing the required culvert size at Cholla Street crossing. The basin has an 18” outlet
bleeding-off pipe that is connected to the drop inlet at the upstream face of Cholla Street crossing

| culvert.

8.17 Cholla Basin #3
. This proposed basin is located at the northeast corner of 94" Street and Gary Road. The basin is
designed as an offline detention basin with a total capacity of 3.51 acre-feet at maximum depth of
5 feet. This basin was designed to attenuate the 50-year storm peak flow through diversion of the
channel flow over a proposed lateral weir to the basin. In addition to its effect on the reduction of
the total flow at the downstream end of the project, Cholla Basin #3 would have localized benefits
on the freeboard along Reaches R-5 and R-6. The basin has an 18” outlet bleeding-off pipe that

drains back to Main channel.

9. 92"° STREET BRANCH FEATURES

9.1 ReachR-15
This reach starts just north of the confluence with the Main branch and extends north to the
southern entrance of the Mission De Los Arroyos apartment complex along the east side of 92™
Street. This reach is divided into northern and southern sections, namely, Reach 15(N) and Reach

15(S). The southern section is a riprap lining trapezoidal channel with 12.5 feet bottom width,
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5.75 feet depth and 3:1 side slope, while the northern section has a bottom width of 11 feet, a

depth of 6 feet and side slopes of 3:1.

According to feedback from the HOA and Residents of Mission De Los Arroyos and La Contessa
communities, Reach 15 (N) was further split into two segments based on the lining type; one

segment is an earthen channel while the second one has a grass lining as shown in the final Plans.

Also, a request from the abovementioned communities to keep most of the trees along both sides

of R-15 intact, a modular concrete block planter was designed around each of those trees.

9.2 ReachR-16
Reach R-16 extends from north of Cholla Street to the upstream end of the project just north of
Poinsettia Drive. The proposed channel cross section for this reach has a trapezoidal cross section
with a bottom width of 16 feet, side slopes of 3:1, and a total depth of 5.5 feet. R 16 was split into
two segments based on the lining type; one segment is an earthen channel while the second one

is a concrete lining channel as shown in the final Plans.

‘ According to Mission De Los Arroyos (MDA) HOA comments, the COS requested that no
improvements shall be carried out along the 92" Street channel within MDA community. Given
that the existing channel capacity within MDA is not to exceed 400 cfs, an integrated drainage
system, including the channel at R-16, Cholla Basin #2 and a bypass concrete box culvert

connected to the basin outlet was designed.

The difference in invert elevations of the upstream face of the existing culvert crossing Cholla
Street east of 92" Street, and the proposed channel at R-16 north of culvert, resulted in a lower )
elevation spot that created an adverse slope towards the upstream of the existing Cholla Street
culvert for a distance of approximately 55 feet and a depth of 1.5 feet. As a result, the flow
entering Reach 16 will eventually pond at the area just north of Cholla Street culvert. An 18-inch

bleed-off pipe, installed at the lowest point, will drain this pool after storm events.

9.3 Cholla Basin #2
This basin is to be constructed on a City-owned, triangular-shaped open space located at the
northeast corner of 92™ Street and Cholla Street. The existing 92™ Street branch channel runs

’ along the northern boundary of the open space to the existing Cholla Street culvert and drains
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through MDA. The proposed basin will function as an offline basin with a total capacity of 3.22
acre-feet at a maximum depth of 7 feet and would provide storage for the 50-year peak flood
flow. An 8'x5’ bypass culvert was proposed at the basin outlet. The bypass culvert travels about
465 feet downstream (south) along 92" Street before it combine with the channel at Reach 15.
This culvert provides a second flow route to insure that the flow through the existing channel
within MDA doesn’t exceed 400 cfs. This resulted in Cholla Basin #2 would also function as an

inline detention basin, which would further reduce the peak flood elevation.

9.4 Poinsettia Basin
This proposed basin, located at the southwest corner of Poinsettia Drive and 94" Street, is
designed to function as an offline basin. Although it has a relatively small volume of about 1.0
acre-feet and a total storage depth of 5 feet, this basin would reduce the peak flow of the
incoming hydrograph, thereby reducing the size of the culvert at the 92" Street crossing, north of
Cholla Basin #2. In addition, it would contribute to the stability of the earthen channel in Reach R-

16.

9.5 Drainage Improvements at Scottsdale Mission Condominiums (SMC)
During the UCW progress meeting held on March 1%, 2010, the FCDMC and COS requested that
the drainage improvements be designed to protect SMC from the 100-year flood, if feasible. If
not, the design should provide the maximum level of flood protection that can be achieved
without causing any structure damage to the residences or significantly impacting the flow in the

92" Street branch.

An existing condition HEC-RAS model for SMC was created using HEC-RAS version 4.1 with the aid
of CAD and GIS import/export capability for geo-referenced stream lines and cross sections data.
This model was used to determine the flow capacity and water surface elevation of the parking
area within SMC and the existing channel. The model’s results show that the 100-year water
surface elevations are 1-2 feet higher than the FFEs of the buildings adjacent to the parking area
within SMC. This means that these buildings are prone to flooding during not only the 100-year

storm, but also smaller storm events.

I Tl . 42
PRIMATIECH Mareti2012

ENGINEERS & CONSULTANTS




Upper Camelback Wash Drainage Improvements
Final Design Report

Primatech explored several alternatives to mitigate the flooding including a new storm drain
system along Cholla Street; a new inlet to SMC at Cholla Street; inverted-crown pavement in the
parking area within SMC; a Concrete Box Culvert (CBC) passing under the parking area within
SMC; a concrete arch pipe passing under the SMC parking area within SMC; modification of the

existing downstream channel south of Gary Road; or some combination of the these alternatives.

Primatech submitted a conceptual design memo for the SMC improvements, attached as
Appendix L, to both the COS and FCDMC for their review. The memo included analysis of
proposed alternatives and their estimated construction costs and presented a recommended
alternative. After careful consideration, the COS and the FCDMC approved the recommended
Alternative, which was the installation of an 8-foot by 4-foot CBC along Cholla Street between 91%
and 92" Streets to capture the 100-year flow of 139 cfs and divert it to the east to discharge into
the proposed bypass culvert. Hydraulic analysis of the approved alternative is included in

Appendix L.

The approved alternative was the most cost-effective solution and required no improvements
within SMC, so there would be no disturbance to the residents. It also had the shortest

construction time; and would have the least impact on the 92" Street branch.

10. LANDSCAPING AND AESTHETICS

Logan Simpson Design Inc. (LSD) was subcontracted by Primatech to prepare a native plant
survey, inventory plans, landscape replanting plans and underground drip irrigation plans for the
UCW improvements, including the six proposed detention basins. Additionally, LSD prepared all
documents, exhibits, graphic boards and presentations necessary for meetings with the City’s

Development Review Board (DRB) and the public.

The landscape design for this project is meant to provide a context-sensitive approach that would
improve the conveyance of the storm water drainage flow throughout the project area and blend
smoothly with the aesthetics surroundings the wash while maintaining, as much as is feasible, the
existing landscape. To achieve this goal, COS has approved limiting the replanting placement to
the outside of the channel prism to ensure the conveyance and maintainability of the channel.

The landscape planting is a palette of plants from COS approved list and blends with the adjacent
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properties using similar species whenever possible. The list of proposed plants is included in the

landscape plans submittal.

LSD has prepared example landscape design graphics for all of the proposed channel linings as
well as for the Sweetwater and Larkspur basins. The graphics show a landscape design for each
type of reach in the project area and the typical level of landscape design in the each of the

basins. The design is shown in both plan and cross section views.

A permanent irrigation system would be installed in the basins and channel as appropriate. The
contractor would be responsible for designing and installing any temporary above- or below-
ground watering system (as agreed to by COS) to support the vegetation for the duration of the
plant establishment period, which is expected to be one year. The specifications would include
language directing the contractor to make any minimal repairs and/or reconnections necessary
for all functioning (off-site) private irrigation systems to provide covering matching the existing

conditions.

. 10.1 Native Plant Inventory
The native plant survey and inventory plans, identify each native plant within the project area and
its salvageability based on COS’s Native Plant Ordinance (NPO) requirements. The survey was
conducted in 2006 and 2007, and survey summary and plan sheets were produced in early 2008.
Due to the extension of the project design period, the survey data has now expired per NPO time
requirements. However, the size and location of most native plant material is not substantially
different than it was as the time of the survey. It is therefore still acceptable for use in the

developing the replanting design and irrigation plans.

LSD recommends that an updated survey and inventory plans be produced by a City-approved
salvage contractor, in accordance with NPO construction requirements, within one year of the
construction start date, once the funding has been determined and the construction schedule

finalized.

LSD recommends that the native plant salvage be conducted simultaneously with the primary
construction activities. It is assumed that all salvaged plants will be replanted within the project
‘ area and that the updated survey plans would be used as the basis for the revegetation for the |

project.
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11. SUMMARY AND CONCLUSION

11.1 Hydrology
The DDMSW program V.4.5.6 by KVL for FCDMC and a GIS-based project watershed map was
used to develop a hydrologic HEC-1 model, based on the NOAA14 rainfall data. The new NOAA14
rainfall depth for the 50-year, 6-hour storm at the project site was determined to be 2.431 inches,
in comparison to the 2.96 inches developed based on the old NOAA2 data. A complete
comparison of the results of the model using the NOAA2 and NOAA14 rainfall data is presented

below in Table 4.

Table 4 - NOAA2 vs. NOAA 14 Rainfall Data Comparison

Method Duration 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year
NOAA 5 MIN 0.390 0.470 0.520 0.610 0.670 0.740
NOAA 10 MIN 0.580 0.710 0.800 0.930 1.030 1.130
NOAA 15 MIN 0.710 0.880 1.000 1.180 1.310 1.450
NOAA 30 MIN 0.940 1.180 1.350 1.590 1.770 1.960
NOAA 1 HOUR 1.140 1.450 1.670 1.970 2.210 2.450
‘ NOAA 2 HOUR 1.230 1.590 1.840 2.190 2470 2.740
NOAA ___3HOUR 1.290 1690 1960 2.340 2.640 2.930
NOAA 6 HOUR 1.400 1.860 2.180 2.620 2.960 3.300]
‘NOAA 12 HOUR 1500 2.060 2.430 2.950 3.350 3.750
NOAA 24 HOUR 1.600 2.250 2.680 3.280 3.740 4.200
NOAA14 5 MIN 0.254 0.342 0.411 0.502 0.573 0.645
NOAA14 10 MIN 0.386 0.521 0.625 0.765 0.872 0.982
NOAA14 15 MIN 0.479 0.646 0.775 0.948 1.081 1.217
NOAA14 30 MIN 0.644 0.870 1.044 1.277 1.455 1.639
NOAA14 1 HOUR 0.797 1.077 1.291 1.580 1.801 2.028
NOAA14 2 HOUR 0.924 1.230 1.464 1.784 2.025 2.276
NOAA14 3 HOUR 1.010 1.320 1.565 1.909 2.182 2.465
NOAA14 6 HOUR 1.197 1.528 1.792 2.152 2.431 2.723)
NOAAT4 —  12HOUR 1343 1696 1.972 2.346 2.632 2.928
NOAA14 24 HOUR 1.583 2.046 2.414 2.926 3.330 3.753

The flow rates at key project locations are presented below in Table 5. Overall, there is a
significant reduction in the flow rates as compared to the flow rates produced by the existing
| condition model prepared by Primatech in 2008, which used NOAA2 data. A printout of the HEC-1
output file is enclosed as Appendix F.
¢ Model Errors and Warnings
The HEC-1 model ran normally to the end with no errors. The only warning message received was
. “EXCESS AT PONDING LESS THAN ZERO FOR PERIOD. EXCESS SET TO ZERO.” This message was

disregarded, as it does not indicate any instability issues in the model.
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Table 5 - Proposed Condition Flow Rates at Key Project Locations

PRIMATECH

ENGINEERS & CONSULTANTS

HEC-RAS HEC-RAS Proposed
RIVER REACH LOCATION HEC-1 ID RIVER Condition Model
STATION |(Design Storm¥*)
Beginning of the projecﬁ; Combise
Upper Reach | north of Sweetwater Basin 10307.11 259
(SWB) 271720
Upper Reach | Flow diverted to SWB SWB 10050 32
Upper Reach Flow remaining in th(_a Hydrograph 10035.78 527
channel after diversion 271721
Flow just downstream (DS) Route
UiRErREacy of Sweetwater Culvert 271730 i e
Flow just upstream (US) of Combine
Upper Reach Larkspur Culvert oot 8173 378
z ]
:t-u Upper Reach Flov_v diverted to Larkspur LBAS 580 60
s Basin
2 .
g Mid Reach Flow Just US of LDS Combine 7812.7 387
Culvert 271760
Mid Reach quw Just DS of Cactus Combine 6648.86 58
Bridge 271780
Mid Reach Flow US of Cholla Basin#1 Combine 4500 541
(CH1) 271810
Mid Reach Flow diverted to CH1 CH1 4250 67
: Flow remaining in the Hydrograph
Hid Eieae channel after diversion 271810 4200 474
Mid Reach Flow US of Cholla Basin#3 Combine 3581 518
(CH3) 271830
Mid Reach Flow Diverted to CH3 CH3 3450 53
. Flow remaining in the Hydrograph
Mid Reach channel after diversion 271831 3400 465
Z .
5 | MidReach | Flow Just DS of CH3 DORIRIRS 3200 473
= 271836
E Just south of the Combine
=] Mid Reach confluence with the 92™ 1623.84 909
St Branch 270390
Entrance Road to PMG Combine
Lower Reach ! 1500 911
US of the PMG culvert 270400
March 2012
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HEC-RAS HEC-RAS Proposed
RIVER REACH LOCATION HEC-1 ID RIVER Condition Model
STATION |(Design Storm¥*)
Combined Flow about 400 .
Lower Reach | feet north of Shea Blvd Carpine 511.5 943
culvert 270440
Lower Reach | Just US of the Shea Bivd Route 1115 933
culvert; “End of Project” 270440 '
North of Poinsettia Drive _
92nd_Street | at the north corner of Comine 33760 563
Poinsettia Basin 270280
92nd._Street EI:S\/;/nDlverted to Poinsettia POIN 33300 62
92nd_Street FLow relmammg in the Hydrograph 33339 501
channe 270281
Just US of the 92" Street i
92nd_Street ) Conghing 32524 538
crossing culvert 270290
[a] Flow Diverted to Cholla 2
ﬁ 92nd_Street Basin CH2 31700 229
o
S | 92nd_Street | F[OW remaining in the Rydragraph  siee0.38 288
270295
Combined flow US of Combine
92nd_Street 31554.29 312
Cholla street culvert 270310
Flow combined back from
Lower the by-pass culvert and Combine
92nd_Street | Mission De Los Arroyos 270324 31060 564
existing channel
Gary Rd. intersection :
iy L(;)"‘éetr ¢ | with 92nd St., US of Combine 30500 567
nd_stree Gary Rd. culvert 270370
NE Corner of 92" Street
Bypass Culvert and Cholla Street CH2STR 50512.70 223
Combined flow from CH2 Combine
Bypass Culvert and Chells Storm Drain oo 50404.04 303

* Reach 13 and 14 Design Storm Frequency are 10-Year storm event, other reaches are 50-Year event

PRIMATECH
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11.2 Hydraulics
The proposed condition steady flow HEC-RAS model was created using HEC-RAS version 4.1, with
the aid of the CAD and GIS capabilities to export/import geo-referenced stream lines and cross
sections data. All cross sections have been checked manually and adjusted to match the design

plan sheets.

The HEC-RAS model was run using mixed flow regime with peak flows corresponding to a DSF of

50 years for all reaches with the exception of Reaches R-13 and R-14, which have peak flows
values corresponding to the 10-year DSF. The flow data was obtained from HEC-1 results at the

corresponding flow nodes.

The results showed that the flow would be contained within the proposed channels’ top banks for
all reaches. The freeboard criteria was met or exceeded in all of the reaches within the
ROWY/drainage easements. The velocity in the earthen reaches is equal to or less than 5 feet/sec,
however at some locations, the velocity would increase upstream of a drop structure due to flow
. acceleration. This issue has been resolved by applying the appropriate lining to the drop

structures and the surrounding channel as shown on the Final plans and presented in Appendix K.

The HEC-RAS output for the water surface profile, cross sections and summary tables are provided

in Appendix H.

12. COST OF CONSTRUCTION

A construction cost estimate was prepared for the UCW drainage improvements project. The
estimate was developed for each branch of the UCW separately in order to allow COS to manage
the construction in concert with what funds are available through the budgeting process. Table 6
shows a summary of the construction and the landscape/irrigation costs. A detailed cost estimate

is included as Appendix I.
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Table 6 — Construction Cost Estimate at the 100% Design Level

CHANNEL SEGMENT COST

Main Channel — Construction $5,030,903.93
92" Street Channel — Construction $2,892,769.18
TOTAL $7,923,673.11
Main Channel - Landscape and Irrigation

Landscape $372,392.25

92nd Street Channel - Landscape and Irrigation
Landscape $129,976.45

TOTAL $502,368.70
GRAND TOTAL $8,426,041.81
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Appendix A

® Utility Conflict/Potholing
Summary Table




Pag’

Quarter
Section Primatech/
Station Location Utility Elev From |Elev from Conflict Map As Built |Stantec |Steel
Larkspur Drive E Potential conflict X
9+91.21 Shea Boulevard S 21" N/A X X X X
10+02.28 Shea Boulevard W 24" N/A X X X X
10+54.61 Shea Boulevard . N/A X
10+58 Shea Boulevard CTVT N/A X
10+59.56 Shea Boulevard T N/A X
About 63.62 feet on left align.to
10+61.97 Shea Boulevard Pole 1371.11 X
11+60.26 Right channel ELVT N/A X
17+63.85 Right channel ELCA N/A X
About 63.62 feet on right
19+65.66 align.to 92nd Street Pole 1376.45 X
19+94.93 92nd Street W 8" 1364 Potential conflict |x X X X
20+34.37 92nd Street S 10" 1362.88 1/4| 1375.58|Stantec [N/A X X X X
20+80.08 92nd Street G X
20+85.95 92nd Street E X
Left bank of hannel next to
21+00 to 26+50 92nd Street G
Left bank of hannel next to
21400 to 26+50 92nd Street E
About 45 feet form align. on
22+17.98 to 23+82.74 |right bank E X
92nd Street and E Desert Cove
23+79.39 Ave W X
92nd Street and E Desert Cove
23+82.74 Ave E X
About 38.8 feet form align. on
23+96.85 right bank Pole 1377.1 X
About 41.2 feet form align. on
24+52.30 left bank ELVT X
About 9.4 feet form align. on
26+00 to 34+00 right bank CATV Potential conflict X
About 39.14 feet form align. on
26+06.40 right bank Pole check elev X
36+24.41 to 40+50 Channel CATV Potential conflict X
42+00 to 46+50 New trail CATV Potential conflict X
43+00 to 45+00 Cholla Basin 3 CATV Potential conflict X
43+00 to 45+00 Cholla Basin 3 T Potential conflict X
43+00 to 45+00 Cholla Basin 3 W Potential conflict X
45+52.31 Channel T Potential conflict X
45+82.63 Channel CATV Potential conflict X
45+98.51 Channel W Potential conflict |x X




Pag’

Next to ROW on the right side

46+00 to 48+80 of alignment CATV N/A X
48+80.65 Cholla Street SD 18" 1385 Potential conflict X
About 29 feet from align. on left
49+44.38 side Pole 1391.08 Potential conflict
49+46.18 Cholla Street E Potential conflict X
49+50 South of Cholla Basin 1 E N/A X
49450 South of Cholla Basin 1 W N/A X
49+52.28 Cholla Street E Potential conflict X
49+52.28 Cholla Street W 8" Potential conflict |x X
50+27.74 Cholla Street and 94th Street |W 8" Potential conflict |x X
51+00 to 62+00 New trail next to 94th Way W 8" X X
61+94.99 Poinsettia E Potential conflict X
61+96.01 Poinsettia T Potential conflict X
61+97.05 Poinsettia E Potential conflict X
61+99.11 Poinsettia CATV Potential conflict X
62+15.44 Poinsettia S 8" 1390.4|As Built Potential conflict |x X
62+59.43 Poinsettia W 12" Potential conflict |x X
63+00 to 74+50 New trail next to 94th Way w 8" Potential conflict |x X
75+97.83 Cactus Road W 8" Potential conflict |x X
76+05.30 Cactus Road E Potential conflict X
76+64.60 Cactus Road CATV Potential conflict X
76+66.92 Cactus Road S 8" (As Built), 24" (1/4) Potential conflict |x X
76+74.61 Cactus Road T Potential conflict X
76+81.07 Cactus Road W 16" 1395.2 Potential conflict |x X
76+83.32 Cactus Road T Potential conflict X
76+88.48 Cactus Road CATV Potential conflict X
80+33.25 to 82+00 On left bank of channel CATV N/A X
80+33.25 to 82+00 On left bank of channel E N/A X
83+60.58 Charter Oak Drive W 6" Potential conflict |x X
29.6 feet from alignment on
83+65+00 to 88+00 right channel T N/A X
90+60 ? Larkspur Drive SD 15" 1412.85 1/4
91+05.26 Larkspur Drive S 8" 1408.51(140 1/4] 1416.29 1/4|Potential conflict |x X
Larkspur Drive (18.75 feet to
91+26.44 align. on right side) Pole 1418.2
91+27.87 Larkspur Drive G Potential conflict X
91+28.86 Larkspur Drive W 6" Potential conflict [x X
91+32.58 Larkspur Drive CATV X
91+34.65 Larkspur Drive T X
105+07.95 Sweetwater Ave T Potential conflict X
105+62.74 Sweetwater Ave S 8" 1414.97 1/4 Potential conflict |x X
105+92.66 Sweetwater Ave W? 10" Potential conflict |x X
105+98.99 Sweetwater Ave E Potential conflict X




Page 3
Left bank of channel next to
0+00 & 6+00 92nd Street CATV Potential conflict X
Left bank of channel next to
0+00 & 6+00 92nd Street E Potential conflict X
Left bank of channel next to
0+00 & 6+00 92nd Street G Potential conflict X
0+50 to 2+11.31 Right bank of channel CATV
1+72.36 Cross the Channel S 10" X
1+81.22 Cross the Channel W
4+19.72 92 nd Street & E Gary Rd G Potential conflict
4+32.27 92 nd Street & E Gary Rd W 8" Potential conflict X
4+46.88 92 nd Street & E Gary Rd CATV Potential conflict X
7+76.11 La Contessa & Channel SD 1377.47
10+50 to 11+ 43.09 Cross the Channel W 6" Potential conflict X
11+00 Culv SD 1381.637
13+13.92 South of Cholla W 6" X
14+50 Cholla Street SD
14+73.33 Cholla Street S 10" 1380.47 As Built X
15+13.54 Cholla Street E
15+18.55 Cholla Street W 8" X
15+18.70 Cholla Street E X
15+24.13 Cholla Street E X
23+32.16 92 nd Street W 12" X
North side of basin Larkspur Basin & 96 Street CATV Potential conflict X
North side of basin Larkspur Basin & 96 Street E Potential conflict X
North side of basin Larkspur Basin & 96 Street G Potential conflict X
North side of basin Larkspur Basin & 96 Street S 18" Potential conflict X
North side of basin Larkspur Basin & 96 Street i Potential conflict X
North side of basin Larkspur Basin & 96 Street W 6" Potential conflict X
West side of basin Larkspur Basin & 96 Street CATV Potential conflict X
West side of basin Larkspur Basin & 96 Street E Potential conflict X
West side of basin Larkspur Basin & 96 Street S 18" Potential conflict X
West side of basin Larkspur Basin & 96 Street T Potential conflict X
West side of basin Larkspur Basin & 96 Street W 12" Potential conflict X
Cactus Road SD 60" 1399.15]As Built Potential conflict X
Cactus Road SD 60" 1399.15|As Built Potential conflict X




Utility Potholing Summary Table

No.of
No. | Name Type Top | Bottom | Northing | Easting Elev. | Pipes Composition Pipe Size |Date/Comments
1 CATV-1 Cable TV 1385.38 | 1384.72 | 942108.62 | 709799.73 | 1387.88 2 PVC 2
2 CATV-11 Cable TV 1374.32| 1373.98 | 941458.09 | 710421.76 | 1381.40 1 PVC 3"
3 CATV-12 Cable TV 1374.54| 1374.12 | 941541.52 | 710425.80 | 1380.96 2 PVC 2"
4 CATV-13 F.O. 1382.25| 1381.41 | 941805.68 | 710380.78 | 1386.25| N/A Slurry N/A
PVC, Direct Bury
5 CATV-15 Cable TV 1415.95| 1415.03 | 946104.34 | 713077.94 | 1419.20 3 Cable 2",1/4"
6 CATV-16 Cable TV 1423.06 | 1422.72 | 947361.00 | 712301.91 | 1427.14 2 PVC 2"
7 CATV-2 Cable TV 1389.89| 1389.55 | 943335.89 | 712223.23 | 1392.89 3 PVC 2"
PVC & Direct Bury
8 CATV-3 Cable TV 1417.89| 1417.64 | 946104.95 | 712751.63 | 1418.56 2 Cable 2", 1/2"
9 CATV-4 F.O. 1424.18 | 1423.84 | 947370.96 | 712302.33 | 1427.01 3 PVC 2"
PVC, Direct Bury
10 CATV-5 Cable TV 1423.38 | 1422.88 | 947448.06 | 712297.86 | 1428.04 2 Cable 4",1"
11 CATV-6 F.0; 1391.03 | 1390.61 | 942825.34 | 710464.24 | 1392.28| N/A Slurry N/A
12 CATV-7 Cable TV 1398.64 | 1398.39 | 943845.28 | 710844.24 | 1399.47 1 PVC 2%
13 CATV-8 Cable TV 1372.41| 1372.16 | 940918.52 | 710422.64 | 1376.66 1 PVC 3"
14 | CATV-8B ? 1373.83| 1373.16 | 940918.52 | 710422.64 | 1376.66 g PVC 6"
15 CATV-9 Cable TV 1376.61| 1376.36 | 941170.28 | 710424.61 | 1378.61 i PVC 2"
Dry hole in an attempt to
locate private line at crossing
16 DRH-5 91th north of Cholla
17 DRH-2 DRY HOLE Dry Hole
Electric line 5' to North of
18 DRH-3 Electric 947442.66 | 712299.46 | 1427.97 Blue Stake Dry Hole
elec line not at b/s marks re
called b/s and was marked
and located 5ft north of
19 DRH-4 Electric/Telephone original b/s marks
center line of 91st north of
cholla unable to locate
20 DRH-6 Private Telephone | 1387.22| 1387.22 | 942140.55 | 709693.54 | 1387.22 private line running e/w




No.of
No. | Name Type Top | Bottom | Northing | Easting Elev. | Pipes Composition Pipe Size |Date/Comments
6/2/11--DRH-4 Larkspur &
21 E-? Electric 1415.94| 1415.03 | 946110.03 | 713079.18 | 1419.19 3 Direct Bury Cable | 1/2"-1/4" |96th St. Northeast corner
22 E-1 Electric 1382.93| 1382.43 | 942087.72 | 711843.20 | 1390.93 2 pPvC 4"
23 E-10 Electric 1377.83| 1377.42 | 941537.92 | 710425.90 | 1380.92 1 PVC 5"
24 E-11 Electric 1385.77| 1382.11 | 941805.64 | 710379.13 [ 1386.27| N/A Slurry N/A
25 E-12 Electric 1386.40| 1385.73 | 942085.63 | 710381.11 | 1388.73 4 PVC 1,25, 2
26 E-13 Electric 1380.70| 1379.03 | 942130.92 | 710398.44 | 1388.53 2 PVC 5 Slurry Backfill
27 E-15 Electric No Blue Stake
28 E-16 Electric 1385.68| 1385.02 | 942797.68 | 710461.97 | 1392.68 3 PVC 5" & 2"
29 E-17 Electric 1393.29| 1392.54 | 943845.28 | 710894.71 | 1399.20 3 PVC 2.5"
30 E-18 Electric 1383.90| 1383.65 | 942156.83 | 709664.33 | 1387.98 1 Direct Bury Cable 2" APS and Private in common
31 E-19 Electric 1382.40| 1381.56 | 942131.95 | 709697.99 | 1386.98 2 PVvC 5"
NO BLUE STAKE MARKINGS
32 E-2 Electric N/E
33 E-20 Electric 1382.09| 1381.51 | 942131.53 | 709739.70 | 1387.18 2 PVC 5
34 E-21 Electric 1386.10| 1385.85 | 942110.45 | 710168.99 | 1389.35 1 PVC 2"
35 E-22 Electric 1385.70| 1384.78 | 942111.00 | 710296.84 | 1388.95 2 PVC 2.5"
36 E-24 Electric 1384.81| 1384.06 | 942144.89 | 710405.10 | 1388.72 8 PVC 2"
37 E-3 Electric 1391.88| 1391.63 | 943349.56 | 712203.59 | 1399.05 1 PVC 2"
38 E-4 Electric 1405.30| 1402.55 | 945088.13 | 712713.52 | 1405.80 NA Slurry NA Slurry backfill @ CL of wash
39 E-5 Electric 1409.86 | 1409.36 | 946115.83 | 712752.73 | 1414.69 2 Direct Bury Cable 1.5"
40 E-6 Electric 1421.33| 1420.50 | 947445.87 | 712297.76 | 1428.00 3 Direct Bury Cable 1,15
41 E-7 Electric 1372.48 | 1372.15 | 940901.66 | 710423.26 | 1376.73 1 PVC 4"
42 E-7B Electric 1370.84| 1367.34 | 940514.28 | 710425.81 | 1370.84| N/A Slurry N/A
43 E-8 Electric 1375.05| 1374.71 | 941186.87 | 710422.71 | 1378.88 1 PVC 4" 16' North of BlueStake
44 E-8B Electric 941175.26 | 710423.37 | 1378.77 Dryhole
45 E-9 Electric 1378.36| 1378.02 | 941455.18 | 710421.85 | 1381.52 1 PVC 3"
46 G-1 Gas 1389.78| 1389.45 | 943413.44 | 712219.22 | 1398.78 1 Plastic 4"
47 G-10 Gas 1382.09 | 1381.84 | 942095.96 | 709710.75 | 1386.84 1 Plastic 2%
Charton OAK Dr. locate gas
48 G-11 Gas 1411.65| 1411.40 | 945343.89 | 712779.56 | 1413.90 1 Plastic 2" line not on plans




No.of
No. [ Name Type Top | Bottom | Northing | Easting Elev. | Pipes Composition Pipe Size |Date/Comments
PLASTIC BLACK GAS MAIN 2"
WEST SIDE OF PIPE
CROSSING NORTH SIDE OF
49 G-2 Gas 1416.58| 1416.33 | 946102.71 | 712750.42 | 1418.58 1 Plastic 2" LARK SPUR
50 G-3 Gas 1380.59| 1380.50 | 941156.35 | 710408.45 | 1382.34 1 Plastic 1"
51 G-4 Gas 1376.64| 1376.47 | 941513.24 | 710432.23 | 1381.55 1 Plastic 1
52 G-5 Gas 1392.60| 1392.26 | 943851.07 | 710906.07 | 1399.51 1 Plastic s
53 G-6 Gas 1384.59| 1384.34 | 942093.81 | 710030.21 | 1388.84 1 Steel 2"
54 G-7 Gas 1415.57 | 1415.32 | 946071.23 | 713085.22 | 1419.16 1 Plastic 24
Gas line running N & S NO
55 G-8 Gas -4.33 -4.58 1 Plastic 2! SURVEY SHOT
56 G-9 Gas 1381.01| 1380.76 | 942108.65 | 709720.25 | 1387.35 1 Plastic 2" 2" Gas not on plans
57 PRV-1 Cable TV 1382.95| 1382.70 | 942156.83 | 709667.04 | 1387.70 Direct Bury Cable 1/4"
Did not attempt to do this
because we could not find
the same private line in
58 PRV-3 Private Telephone 0.00 0.00 another location
59 SD-1 Storm Drain 1394.97| 1391.97 | 943553.16 | 710872.20 | 1394.97 1 Concrete 30"
No evidence of existing
Storm Drain. Location over
60 SD-2 Storm Drain gas line, not pheasible.
61 SD-3 Storm Drain 1413.48| 1409.39 | 946055.32 | 713087.28 | 1418.73 1 Galvanized 66" Large Diag galv storm drain
62 SL-2 Street Light -1.58 -1.67 3 Direct Bury 1/2" & 3/4"
63 SS-08 Sewer 1417.35| 1416.52 | 947410.25 | 712303.69 | 1427.35 1 PVC 10"
64 SS-1 Sewer 1391.92| 1390.92 | 943361.11 | 712207.46 | 1398.42 1 Clay 8"
65 SS-10 Sewer 1379.17| 1378.34 | 942108.06 | 709976.73 | 1388.59 1 PVC 8"
66 SS-11 Sewer 1407.38 | 1406.63 | 946072.66 | 713084.49 | 1419.22 1 PVC 8"
Dryhole. After digging 10'
looked in MH, no line to the
67 SS-2 Sewer 941462.16 | 710422.63 | 1381.47 East.
Sewer lateral that crosses
B7 SS-2B Sewer 1374.46| 1373.71 | 941543.92 | 710425.80 | 1380.96 1 PVC 8" wash north of §5-2
68 SS-3 Sewer 1376.60 | 1375.77 | 941866.00 | 710374.30 | 1386.60 1 PVC 10"




No.of

No. | Name Type Top | Bottom | Northing | Easting Elev. | Pipes Composition Pipe Size |Date/Comments
69 SS-4 Sewer 1411.14| 1410.39 | 946081.00 | 712785.65 | 1417.81 1 PVC 8"
70 SS-5 Sewer 1393.08 | 1392.17 | 943849.30 | 710847.75 | 1399.67 1 Clay 8"

Elevation from MH @
71 SS-6 Sewer 1377.61| 1376.61 | 942099.03 | 710381.81 | 1388.94 1 Clay 12" Intersection
72 SS-7 Sewer 1385.33| 1384.50 | 943004.39 | 710418.06 | 1388.16 ik Clay 8"
73 SS-9 Sewer 1370.13 | 1369.29 | 940904.66 | 710423.30 | 1376.46 1 PVC 10"
74 | SSMH-1 Sewer -6.50 -7.25 1 PVC 8"
75 | SSMH-2 Sewer -10.33 | -11.17 1 ? 8" Upstream SS-8 page C17.
76 T-1 Telephone No Blue Stake
77 T-10 Telephone 1386.11| 1385.70 | 942078.93 | 710377.03 | 1388.61 1 PVC 4"
78 T-11 Telephone 1394.25| 1392.75 | 943853.38 | 710908.26 | 1399.42 2 PVC 4"
79 T-12 Telephone 1383.38| 1382.97 | 942108.39 | 709726.70 | 1387.47 1 PVC 4"
80 T-13 Telephone 1383.37 | 1382.95 | 942108.45 | 709725.22 | 1387.45 1 PVC 4"
81 T-14 Telephone 1417.78 | 1417.62 | 946103.65 | 713078.20 | 1419.28 3 Direct Bury Cable | 1/2" 1/4"
82 T-15 Telephone 1424.49| 1424.07 | 947424.40 | 712302.78 | 1427.49 1 PVC 4" Marked 1800 pair

No Survey and some
83 T-16 Telephone 1384.57 | 1384.32 | 942156.83 | 709664.33 | 1387.98 1 Direct Bury Cable 2" questions in your description
84 T-17 F.O. 1384.33 | 1383.16 | 942146.74 | 709694.51 | 1387.33 1 PVC 4"
85 T-18 Telephone 1383.99| 1383.74 | 942146.14 | 709692.11 | 1387.33 1 Cable 2"
86 T-3 Telephone 1390.42| 1389.75 | 943340.94 | 712226.20 | 1392.92 1 PVC 6"
87 T-4 Telephone 1410.84| 1410.59 | 946112.67 | 712752.90 | 1414.59 1 Direct Bury Cable 1.5"
88 T-5 Telephone 1423.00| 1422.83 | 947355.13 | 712301.84 | 1426.83 1 Direct Bury Cable 1.5"
89 T-6 Telephone 1423.37 | 1422.87 | 947446.88 | 712297.86 | 1428.04 1 PVC 24
90 T-7 NO LINES PER B/S No Blue Stake

90 degree bend, pipe goes
91 T-8 Telephone 1381.01| 1380.59 | 941113.86 | 710409.99 | 1381.67 1 PVC 4" South and East
92 T-9 Telephone 1375.44] 1375.10 | 941535.69 | 710425.20 | 1380.94 1 Direct Bury Cable 2"
93 TS-1 Traffic Signal 1385.51| 1385.17 | 942068.23 | 710373.17 | 1388.51 1 PVC 2.5"

Top even with ground (No
94 W-1 Water 1369.48 | 1368.98 | 940528.57 | 710423.85 | 1369.48 1 Ductile 6" cover on pipe)
95 W-10 Water 1409.02 | 1408.27 | 946103.34 | 712751.13 | 1418.60 1 PVC 8"
96 W-11 Water 1371.30| 1370.46 | 940912.49 | 710422.93 | 1376.63 1 AC 8"
97 W-12 Water 1380.73 | 1379.90 | 941858.01 | 711693.64 | 1384.90 1 DIP 8" 8' off of Blue Stake

Dryhole




No.of
No. | Name Type Top | Bottom | Northing | Easting Elev. | Pipes Composition Pipe Size |Date/Comments
99 W-13 Water 1381.66| 1380.91 | 942146.45 | 710670.78 | 1389.25 1 DIP 8"
Al W-14 Water 1384.74| 1383.91 | 942806.06 | 710472.54 | 1392.74 il AC 8"
A2 W-15 Water 1391.74 | 1390.91 | 943850.29 | 710905.19 | 1399.49 il AC 8"
A3 W-16 1420.13 | 1419.13 | 947440.71 | 712299.50 | 1428.13 1 DIP 10"
A4 W-17 Water 1405.44 | 1404.86 | 945385.33 | 712808.17 | 1414.61 1 DIP 6"
A5 W-18 Water 1415.37| 1414.54 | 946103.03 | 713078.26 | 1419.37 1 AC 8"
A6 W-1B Water 1369.83| 1369.83 | 9<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>