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CANDIDATE ASSESSMENT REPORT
. TOLLESON - SPRR AND VAN BUREN STREET AT 91°" AVENUE

Executive Summary

Project Requested by: City of Tolleson
9555 West Van Buren Street
Tolleson, Arizona 85353
Business Phone: (602) 936-7111

Recommended Projects:

The District has defined that the purpose of the Candidate Assessment Report process is to
analyze existing information and develop project data to serve as a planning tool for evaluation
of projects, proposed by both outside agencies and the District, for inclusion into the Capital
Improvement Program (CIP). The City of Tolleson submitted two project requests to the District.
The following are brief descriptions of the project requests submitted by the City of Tolleson:

“Van Buren Street Drainage” - Evaluation of intersection flooding along Van Buren Street in
the Vicinity of 95" and 96" Avenues.

. “Southern Pacific Railroad Tracks Drainage Improvements” — Evaluation of potential flood
. control improvements to protect property owners located within the current FEMA floodplain
that extends along the north side of the Southern Pacific Railroad (SPRR) tracks between
91% and 99" Avenues. The railroad tracts that extend through the project study area were
previously operated by the Southern Pacific Railroad; however, the tracts currently appear
to be operated jointly by the Union Pacific and Southern Pacific Railroad (i.e. UP/SPRR).

For purposes of this CAR, the two project requests submitted by the City of Tolleson are
addressed as one project. In addition, the scope of the Tolleson CAR was expanded to also
include evaluation of drainage issues associated with 91% Avenue, between the |-10 Freeway
and the UP/SPRR tracks

Problem Identification and Background:

Two features that play a significant role in defining the drainage patterns in the study area are
the RID Canal and the Union Pacific Southern Pacific Railroad (UP/SPRR). The RID Canal and
the UP/SPRR embankments are primarily elevated within the study area. Roadways that cross
these features typically rise to meet the elevated grade of the canal and railroad embankments.
The railroad, canal, and roadway embankments collect storm water and form both ponding
areas and relatively shallow floodplains. The floodplains associated with the canal, roadway,
and railroad embankments in the Tolleson area have been delineated and documented in a
report titled “Floodplain Delineation of the Tolleson Area” (Dibble & Associates, April 1999). In
addition, the City of Tolleson has reported that street and intersection flooding occurs at specific
locations along Van Buren Street and 91% Avenue.

However, this CAR primarily focuses on the portion of the floodplain associated with the railroad
‘ embankment between 83™ and 99" Avenues. This portion of the floodplain conveys a 100-year
event of 944 to 978 cfs and negatively impacts approximately 30 acres of existing residential
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and industrial developments, within the City of Tolleson (Dibble & Associates, April 1999). This
CAR also addresses the street and intersection flooding along both Van Buren Street and 91°
Avenue.

Major Features & Any Limitations:

Within the Tolleson study area, there are no continuous man-made or natural watercourses.
The major watercourses that are closest to the study area are the Salt and Agua Fria Rivers,
which are approximately 3 miles from the study area. Hence, a major limitation is that there is
not a continuous watercourse where drainage alternatives can outlet, within the study area.

The results of the recent floodplain delineation study (Dibble & Associates, April 1999) indicates
that most of the storm water generated within the study area is currently conveyed to the Agua
Fria River in a mostly unimproved floodplain along the north side of the UP/SPRR embankment.
However, the capacity of the this floodplain to convey flow to the Agua Fria River is limited by
existing developments that now contain the existing floodplain. In addition, a proposed golf

course/drainage corridor within the City of Avondale is currently under design. This golf
course/drainage corridor will extend one mile east from the Agua Fria River along north side of
the UP/SPRR tracks. The proposed golf course/drainage corridor has a storm water design
capacity of approximately 940 cfs, which corresponds to the computed 100 year peak flow rate
for existing conditions.

Estimated Initial Cost:

The following is a brief description and a list of the conceptual cost estimates for each of
the Alternatives and sub-alternatives evaluated and described in this CAR:

Alternative 1-A: Grass Lined Channel Systems $10,968,000
Alternative 1-B: Hard Lined Channel Systems $11,377,000
Alternative 1-C: Reduced Channel Sizes & Larger Retention Basins $11,360,000

Alternative 1-D: Including the Retention Basin at the Proposed Park Site  $10,882,000

Alternative 2-A: Grass Lined Channel Systems $6,820,000
Alternative 2-B: Hard lined Channel Systems $6,940,000
Alternative 2-C: Reduced Channel Sizes & Larger Retention Basins $7,477,000

Alternative 2-D: Including the Retention Basin at the Proposed Park Site ~ $6,700,000

Alternative 3: Do Nothing/Let Future Development Implement Facilities $0
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Listing of Probable Partners:

City of Tolleson City of Avondale

9555 West Van Buren Street 1211 South Fourth Street
Tolleson, Arizona 85353 Avondale, Arizona 85323
Business Phone: (602) 936-7111 Business Phone: (602) 932-1909
Salt River Project Union Pacific Railroad

Water Engineering 1416 Dodge Street

Mail Station PAB106 Omaha, NE 68179

Phoenix, AZ 85072 Business Phone: (402) 997-3623

Business Phone: (602) 236-2902

Flood Control District of Maricopa County
2801 West Durango Street

Phoenix, AZ 85009

Business Phone (602) 506-1501

Preferred Alternative & Brief Discussion of Other Alternatives:

The preferred or recommended alternative, Alternative 1-D, is an “environmentally friendly” or
“Kinder and Gentler” (i.e. K&G) solution for the flooding issues in the study or project area. This
alternative is intended to establish a regional drainage system that future development can link
into, thereby, fostering a positive environment for the citizens within the City of Tolleson and for
future development. An added benefit is that the City of Avondale also benefits from the
regional drainage facilities proposed in Alternative 1-D.

The major components of the preferred alternative, Alternative 1-D, are:

. A channel along east side of 91% Avenue from Van Buren Street to UP/SPRR.

« A 60-inch storm drain system along Van Buren Street from 95" Avenue to 99" Avenue.
. A channel along 99" Avenue from Van Buren Street to the UP/SPRR.

. A greenbelt system including drainage improvements, optional recreational facilities, and
optional light rail facilities, along the north side of the UP/SPRR from 83 Avenue to a
proposed golf course facility in the City of Avondale. The proposed golf course facility is
currently under design by a private developer and will extend one mile east from Agua Fria
River. The proposed golf course facilities have a storm water design capacity of 940 cfs,
which corresponds to the existing 100-year event per the recent floodplain delineation study
(Dibble & Associates, April 1999).

. Five (5) detention basins along UP/SPRR.

. Retention facilities at the proposed park site located at the southwest corner of 86" Avenue
and Van Buren Street.

The preferred or recommended alternative is Alternative 1-D. However, Alternative 1, as a
whole, includes several variations with optional components. In general, these optional
components include: grass lined or hard lined channel systems at various locations, larger or
smaller detention facilities, a retention basin facility at a proposed park site located at the
southwest corner of 86" Avenue and Van Buren Street, and a joint-use retention basin facility
within the City-owned Cowden Park.
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Alternative 2 offers an option to reduce flooding area at a minimum construction cost by using
storm drains, basins and channels at critical locations. The major components of the alternative
are:

. A channel along the east side of 91% Avenue from Van Buren Street to the UP/SPRR.
« A 42-inch storm drain system along Van Buren Street to the City-owned Cowden Park.
. A new joint-use retention basin facility within the City-owned Cowden Park.

. A channel along the UP/SPRR from 91% Avenue to the proposed golf course in the City of
Avondale.

. Three (3) detention basins along UP/SPRR.

Similar to Alternative 1, Alternative 2, as a whole, includes several variations with optional
components. In general, these optional components include: grass lined or hard lined channel
systems at various locations, larger or smaller detention facilities, a retention basin facility at a
proposed park site located at the southwest corner of 86" Avenue and Van Buren Street, and a
joint-use retention basin facility within City-owned Cowden Park.

Alternative 3 is a “do nothing alternative” that involves allowing future development to
implement future drainage improvements that may positively impact the specific study areas
addressed in this CAR. Recent development along the UP/SPRR embankment floodplain has
involved construction of retention basins and/or channel systems to remove the proposed
development from the FEMA floodplain.

Brief Recommendations:

It is important to note that the three alternatives described in this CAR are not mutually
exclusive. That is, components of the three alternatives can be interchanged to build a unique
regional drainage plan for the Tolleson area.
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1. INTRODUCTION / PROJECT BACKGROUND

1.1. Project Name / Title

Primatech, LLC was contracted by the Flood Control District of Maricopa County
(District) to prepare the Candidate Assessment Report (CAR) for the Tolleson —
Southern Pacific Railroad (SPRR) and Van Buren Street at 91 Avenue Drainage
Improvement Project. The District’s official project name and number is as follows:
Tolleson — SPRR and Van Buren Street at 91° Avenue FCD 98-23: PCN# 565-01-01.
It is important to note that the railroad tracts that extend through the project study area
were previously operated by the Southern Pacific Railroad; however, the tracts now
appear to be jointly operated by the Union Pacific and Southern Pacific Railroad (i.e.
UP/SPRR).

1.2. Project Origination and Purpose

The District has defined that the purpose of the Candidate Assessment Report process
is to analyze existing information and develop project data to serve as a planning tool for
evaluation of projects, proposed by both outside agencies and the District, for inclusion
into the Capital Improvement Program (CIP). Basic goals of the CAR process include
identifying alternatives and evaluating funding requirements for potential projects.

The City of Tolleson submitted two project requests to the District. The following are
brief descriptions of the project requests submitted by the City of Tolleson:

“Van Buren Street Drainage” - Evaluation of intersection floodlng along Van Buren
Street in the Vicinity of 95" and 96" Avenues.

« “Southern Pacific Railroad Tracks Drainage Improvements” — Evaluation of potential
flood control improvements to protect property owners located within the current
FEMA floodplain that extends along the north side of the Southern Pacific Railroad
(SPRR) tracks between 91% and 99" Avenues. The railroad tracts that extend
through the project study area were previously operated by the Southern Pacific
Railroad; however, the tracts currently appear to be operated jointly by the Union
Pacific and Southern Pacific Railroad (i.e. UP/SPRR).

For purposes of this CAR, the two project requests submitted by the City of Tolleson will
be addressed as one project. In addition, the scope of the Tolleson CAR was expanded
to also include evaluation of drainage issues associated with 91% Avenue, between the I-
10 Freeway and the UPRR tracks

The Tolleson CAR was conducted essentially prior to the commencement of the
Durango Area Drainage Master Plan (ADMP). As a result, this study includes evaluation
of conceptual regional drainage plans the Tolleson area. Therefore, it is anticipated that
the conceptual regional drainage alternatives developed as part of this study will be
considered by the project team preparing the Durango ADMP.

1.3. Location and General Description of the Project Area

The Tolleson project area is located south of Interstate 10 (I-10). It is in Township 1
North, Range 1 East, Sections 3, 4, 9, and 10, Arizona (see Figure 1-1 Vicinity Map and
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Figure 1-2 Project Area Map). The City of Tolleson comprises six square miles and is
bound on the north, east, and south by the City of Phoenix. To its west, Tolleson abuts
the City of Avondale, with Goodyear and Litchfield Park nearby. It lies 10 miles due west
of downtown Phoenix and 13 miles west of Sky Harbor International Airport. The majority
of Tolleson is situated between two major transportation corridors: 1-10 and the UPRR.

As indicated in the City of Tolleson General Plan (Appendix E-6), it is anticipated that
warehousing, distribution centers, and light industry will continue to locate near the
railroad corridor. In addition, the current railroad alignment connects many of the greater
Phoenix area cities, including Goodyear, Avondale, Tolleson, downtown Phoenix,
Tempe and Mesa. The City of Tolleson has considered the feasibility of a passenger rail
system.

The residential population of the City of Tolleson numbers approximately 4,500. The
increasing urbanization and fast-growing populations of the western valley cities are
expected to impact Tolleson. Projections by the Maricopa County Association of
Governments foretells a quadrupling of the southwest metropolitan area’s population
over the next 25 years.

The Tolleson study area has the following geographic and climatic characteristics:

e The study area is at an average elevation of 1,025 feet.

e The study area has a general slope to the southwest of approximately 0.3%.

e The average annual rainfall within the study area is approximately seven (7) inches.

e The temperature ranges from 30°F to 70°F in the winter months, and from 80°F to
115°F in the summer months.

e Storm water originating within the study area drains to two major tributaries of the
Gila River, the Agua Fria River and Salt River, which are located to the west and to
the south of the Tolleson study area, respectively. The Agua Fria River is located
approximately 2.5 miles west of Tolleson; while, the Salt River is located
approximately three miles south of the Tolleson study area.

e The study area is bound on the north by the I-10 Freeway and corresponding
channel system, which is located along the north side of the freeway alignment. The
channel system collects and conveys storm water to the Agua Fria River.

e The Roosevelt Irrigation District (RID) Canal extends across the City of Tolleson from
north to west, as indicated in Figure 1-1. The canal system embankment generally
collects and directs storm water away from the study area.

e The RID Canal system conveys irrigation water to the City of Buckeye; whereas, the
SRP irrigation system services the agriculture land in Tolleson. SRP irrigation
facilities, including irrigation ditches and underground pipe systems, extend along
most of the major streets and roads within the City of Tolleson.

e As indicated in Figure 1-1, the SP/UPRR embankment extends across the City of
Tolleson from east to west. The railroad embankment generally collects and directs
storm water to the west along the north side of the embankment.
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1.4. Drainage Problem Identification

Two features that play a significant role in defining the drainage patterns in the study
area are the RID Canal and the Union Pacific Southern Pacific Railroad (UP/SPRR). The
RID Canal and the UP/SPRR embankments are primarily elevated within the study area.
Roadways that cross these features typically rise to meet the elevated grade of the canal
and railroad embankments. The railroad, canal, and roadway embankments collect
storm water and form both ponding areas and relatively shallow floodplains. The
floodplains associated with the canal, roadway, and railroad embankments in the
Tolleson area have been delineated and documented in a report titled “Floodplain
Delineation of the Tolleson Area” (Dibble & Associates, April 1999).

One exception to the drainage pattern described above occurs at the intersection of Van
Buren Street and the RID Canal (see Photographs 1 and 2 — Appendix A). Van Buren
Street crosses the RID Canal with a continuous slope from east to west. Hence, it is
anticipated that Van Buren Street directly conveys storm water across the RID Canal,
during major rainfall events.

This CAR primarily focuses on the portion of the floodplain associated with the railroad
embankment between 83™ and 99" Avenues. This portion of the floodplain conveys a
100-year event of 944 to 978 cfs and negatively impacts approximately 30 acres of
existing residential and industrial developments, within the City of Tolleson (Dibble &
Associates, April 1999). This CAR also addresses the street and intersection flooding
along both Van Buren Street and 91%' Avenue, as reported by the City of Tolleson
(Appendix E-2).

1.4.1. Drainage Along 91° Avenue

The study area of 91%' Avenue is generally from I-10 to the UP/SPRR. The historic
drainage patterns in the vicinity of 91%' Avenue are generally in the northeast to
southwest direction. Since the construction of I-10 in the middle 1980’s, 91% Avenue
crosses over I-10 via a bridge or overpass. Drainage facilities associated with the 1-10
freeway include a major drainage channel that extends along the north side of the
freeway from approximately 35" Avenue to the Agua Fria River. This drainage channel
has a depth of approximately 15 feet, a topwidth of approximately 85 feet, and side
slopes of approximately 2:1. This channel defines the northern limit of the Tolleson study
area.

North of Van Buren Street

North of Van Buren Street, 91 Avenue has two drive lanes with a flat crown and is
higher than the surrounding area, causing a north/south division in the watershed. There
is no curb on either side of 91%* Avenue, except for small sections of vertical curb in front
of a small commercial center at the northwest corner of the intersection with Van Buren
Street. Flows generated on and west of 91% Avenue continue to the southwest into the
connecting streets. Flows generated east of 91% Avenue are collected by an SRP
earthen irrigation ditch along the east side of 91% Avenue.
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The tributary drainage areas that contribute to the existing conditions include the Tolsun
Farms residential development. Tolsun Farms has been developed with fairly large
irrigated lots. As such, the bermed lots will prevent runoff from the lots during medium
storm events. Christa Way and Lillian Lane, which are the two longest east-west streets
in the development and provide access to 91% Avenue, rise to meet the grade of 91°
Avenue. However, at both Taylor Street and Lillian Lane, there are two small grates
approximately 2’x2’ in size attached to a 12-inch RCP pipe that directly drains storm
water from the development into an SRP earthen irrigation ditch along the east side of
91° Avenue. A small concrete ditch attached to the earthen ditch is located north of
Lillian Lane and extends into the residential development. This concrete ditch with a
cross-section area of about 6 square feet can also drain small amount of storm water
from Tolsun Farms.

The SRP earthen irrigation ditch along the east side of 91%' Avenue has a top width of
approximately 12 feet with a side slope of 1:2 (H:V) and a freeboard of 0.5 to 1 foot (see
Photographs 3 and 4). Historically, the SRP irrigation ditch intercepts storm water
conveyed or overflowing into it. However, according to the staff of the City of Tolleson,
SRP has indicated a willingness to separate the storm water from the irrigation water
and to discontinue accepting storm water into the irrigation ditches. Additionally, the City
of Tolleson expressed a desire to underground the irrigation ditch along 91° Avenue.

South of Van Buren Street

South of Van Buren Street, 91% Avenue has four drive lanes with a center lane. There is
vertical curb at the west side of the roadway (see Photographs 5 and 6). Flows to 91%
Avenue south of Van Buren Street come from four areas: flow from 91% Avenue north of
Van Buren Street, flow from Van Buren Street east of 91 Avenue, flow from the farm .
land east of 91% Avenue between Van Buren Street and the UP/SPRR tracks, and the
flow generated on the roadway. There is one grate inlet at both of the northeast and
northwest corners of the intersection of 91 Avenue with Van Buren Street (see
Photographs 7 and 8), which drain the storm water to the nearby irrigation system
according to the staff of the City. No as-built or other plan is available for the two catch
basins. Due to the insufficient conveyance capacity of the roadway, the majority of flows
will leave the 91% Avenue roadway and flow to the west within the connecting streets.
The remainder will flow west from 91% Avenue and the UP/SPRR.

1.4.2. Drainage at Van Buren Street

Van Buren Street is the main street through the center of the City. It was the primary
east-west artery from the state capitol in Phoenix before the construction of the interstate
freeway network. Van Buren Street has four drive lanes with a center lane within the
project area (see Photographs 9 and 10). According to the As-built dated November,
1974, the typical cross-section of Van Buren Street has a pavement of 36 feet for each
side and a normal crown with a cross slope of 1.5%. There are vertical curbs on both
sides of the street between 96" Avenue and 83" Avenue.

East of 91° Avenue

In addition to the split flow from the ponding area east of the RID Canal, as stated in the
beginning of the Section 1.4, other major flows that accumulate in Van Buren Street east
of 91 Avenue include runoff from the residential developments of the Villa del Verde
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and Tolsun Farms. Retention basins have been observed along Van Buren Street south
of Villa Rica Subdivision, between Villa del Verde and Tolsun Farms. According to a
Final Drainage Study Report for the Villa Rica Subdivision, the retention basins are able
to retain on-site and half-street off-site flows greater than the 100-year, 6-hour storm
event required by Maricopa County (Reference 11).

There is no existing storm drain along VVan Buren Street. The storm water exceeding the
conveyance capacity of the street may split to the farmland south of the street.

West of 915t Avenue

The proposal of the City of Tolleson for Van Buren Street Drainage (Reference 4)
provides a description of the ponding in the intersections of 95" and 96" Avenues with
Van Buren Street during a storm. Runoff that accumulates in the intersections may come
from upstream of Van Buren Street (east section), from 91% Avenue, and from the
subdivisions north of the street. Lack of existing storm drains along the street and
inadequate roadway slope cause inadequate conveyance capacity and ponding in the
street. A dry well was observed at a low point of the intersection of 95" Avenue with Van
Buren Street (Photographs 11 and 12). The City of Tolleson staff indicates that this dry
well does not drain efficiently.

Pedestrian and traffic safety are issues when ponding occurs within the intersections.
There are two schools located within one-half mile of these intersections. One school is
located immediately across the street at 95" Avenue. School children utilize the
sidewalks and crosswalks at these two intersections several times each day (Reference
4).

1.4.3. Floodplain along Southern Pacific Railroad

The drainage issues at the UP/SPRR are the floodplain and ponding along the north
side of the railroad tracks, which travel from east to west through Tolleson. The
floodplain extends nearly one-quarter mile north from the tracks in this area (see
attached FIRM Maps and Appendix E-5 for the recent Floodplain Delineation Maps).

The 100-year floodplain that has been identified on the current FEMA Flood Insurance
Rate maps and recent Flood Control District of Maricopa County floodplain delineation
maps is caused by lack of drainage through the railroad embankment and/or lack of
conveyance along the north side of the railroad tracks.

1.5. Federal Emergency Management Agency

FEMA data for the Tolleson area can be found on FEMA Flood Insurance Rate Maps
Panel Number 0413C2105 D, Effective Date: April 15, 1988; and Panel Number
0413C2085 E, Map Revised: September 4, 1991. The floodplain north of the UP/SPRR
is designated as Zone A0, which denotes areas of 100-year shallow flooding. The
average depth of inundation in this area is two feet. The floodplain east of the RID Canal
is designated as Zone A, which denotes areas of 100-year flood; base flood elevations
and flood hazard factors not determined.
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1.6. Previous Hydrology and Floodplain Delineation Studies

An area master drainage plan that includes the project area, titled Durango Area Master
Drainage Plan, is in development and has not been completed at this time. The
Durango Area Master Drainage Plan will represent the first regional plan that
encompasses the CAR study area. However, digital topographic maps from the
Maryvale Area Drainage Master Study were reviewed and used in the study of this CAR.

Existing data from the following two major reports of the floodplain delineation of the
Tolleson area were reviewed in this project.

¢ Floodplain Delineation of the Tolleson Area, Hydrology Report, FCD Contract #95-
26, prepared for the Flood Control District of Maricopa County by Dibble &
Associates Consulting Engineers, May 14, 1999

e Floodplain Delineation of the Tolleson Area, Final Report and Technical Data
Notebook, FCD Contract #95-26, prepared for the Flood Control District of Maricopa
County by Dibble & Associates Consulting Engineers, May 1999.

The purpose of the “Floodplain Delineation of the Tolleson Area” was to prepare the
hydrology and hydraulics to delineate areas of flooding due to conveyance and ponding
behind the RID Canal and the UP/SPRR between 35" Avenue and El Mirage Road in
the cities of Phoenix and Tolleson, Arizona.

Final Report

The Final Report of the “Floodplain Delineation of the Tolleson Area” documents the
methodology and the hydrologic and hydraulic models used in the hydrology
development and floodplain elevation determination. It revises and updates information
on the existence and severity of flood hazards for the ponding areas upstream of the
RID Canal and the UP/SPRR in west-central Maricopa County, Arizona.

Floodplain areas were delineated using the HEC-1 and HEC-RAS computer models.
Ponding areas upstream of the UP/SPRR and RID Canal were modeled using HEC-1
routing subroutines. Hydrographs generated in the HEC-1 model were routed through
ponding areas. Storage-elevation relationships for each ponding area were estimated
using the District digital terrain model (DTM). Outflow from ponding areas was modeled
using an irregular weir program and surveyed profiles of weirs that contained the
ponding areas. Where outflow from the ponding areas is not controlled by weir flow,
water surface elevations were modeled using the HEC-RAS model. Riverine-type flow
between adjacent ponding areas was also modeled using HEC-RAS. Flow between
ponding areas consists of low velocity discharge, urban sheet flow, and ineffective flow.
Therefore, no floodways were delineated in the flood-prone areas modeled using HEC-
RAS. Topographic data for HEC-RAS modeling was obtained from the District DTM
(Reference 2).

Two types of flood-prone areas were identified for the Tolleson Area: 1) ponding
reaches, and 2) riverine-like floodplain reaches. The RID Canal and the UP/SPRR grade
are two main obstructions causing ponding within the study area. The RID Canal flows
pass under |-10 one-quarter mile east of 91 Avenue and run into the study area, then
turn to the southeast along an irregular alignment until they run east from about 59"
Avenue to 35" Avenue. The UP/SPRR crosses the study area along an east-west
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alignment from |-17 to the Agua Fria River. Ponding area reaches mapped for this study
is the area upstream of the UP/SPRR between 69" Avenue and the Agua Fria River.

Within the project area of the Tolleson CAR, overflow over the RID Canal at a location
approximately 600 feet south of Van Buren Street was identified in the Final Report with
an overflow rate of 417 cfs. Two overflow locations along the UP/SPRR between 83"
Avenue and 107" Avenue were identified in this report. One overflow location is the
northwest corner of 84" Avenue and the UP/SPRR with an overflow rate of 239 cfs.
Another overflow location is the northeast corner of 99" Avenue and the UP/SPRR with
an overflow rate of 358 cfs.

Figure 1-3 shows the floodplain area delineated in the study within the Tolleson CAR
project area compared with the FEMA Floodplain. There is no floodplain along the RID
Canal is delineated in the Final Report since the 100-year flood depth is less than one
foot. There are three types of flood zones identified in the area along the UP/SPRR in
the Final Report: Zone AE, Zone AH, and Zone X. According to the FEMA definition,
both Zone AE and Zone AH are special flood hazard areas inundated by 100-year flood.
The base flood elevations have been determined (see Appendix E-4: Excerpts from
Floodplain Delineation of the Tolleson Area — Final Report and Technical Data
Notebook, for the flood elevations). Zone AH usually denotes areas of ponding with flood
depths of 1 to 3 feet. There are small areas are within Flood area Zone X, which by
FEMA definition are areas of 500-year flood; areas of 100-year flood with average
depths of less than 1 foot or with drainage areas less than 1 square mile; and areas
protected by levees from 100-year flood.

Hydrology Report

The Hydrology Report specifically described the hydrologic modeling procedures. It
updated 53 square miles of watershed hydrology. The primary purpose of the hydrologic
analysis was to provide runoff data for delineation of flood hazard areas upstream from
the UP/SPRR and the RID Canal. Runoff was computed for the 100-year, 24-hour storm.
The hydrology model was extended in the downstream direction beyond the UP/SPRR
and RID Canal to provide a complete model to the Salt River or Gila River on the south
and the Agua Fria River on the west. Hydrology for the Tolleson area was developed
using the U.S. Army Corps of Engineers, HEC-1 Flood Hydrograph Package (HEC-1)
computer program. The computer program Drainage Design Menu System (DDMS)
developed by the Flood Control District of Maricopa County was used in the study. The
Hydrology Report presented the resultant 100-year, 24-hour peak runoff generated in
each sub-area and peak flow at each concentration point (see Appendix E-3: Excerpts
from Floodplain Delineation of the Tolleson Area — Hydrology Report, for the Peak
Discharge Summary Table).

Based on the Hydrology Report and the digital HEC-1 output file of the hydrologic
modeling, an existing drainage pattern has been depicted for the Tolleson area in Figure
1-4, which shows the local runoff for each sub-area, the 100-year peak flow for each
major concentration point and the peak flow routing along the streets or splitting to other
directions.
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1.7. Summary of Existing Flooding Condition

1.7.1. Floodplain along the UP/SPRR

Storm water runoff in the study area generally flows toward the southwest, following the
natural topography of the watershed. The UP/SPRR embankment creates an obstruction
to the southerly component of the natural runoff pattern. This obstruction diverts the
runoff to the west parallel to the UP/SPRR embankment. North-south aligned roadways,
irrigation ditches, and other topographic features interrupt the diverted westerly
component of flow along the embankments and create ponding areas, so as to cause a
serious flooding hazard in the project area.

Within each sub-basin upstream of the UP/SPRR, the depth of floodwater ponding
behind the UP/SPRR is affected by several factors. The ponding depth is affected by the
elevation of the UP/SPRR embankment on the south, the elevation of a roadway (or
other type of) embankment to the west, the volume of floodwater delivered to the
ponding area and the rate of overflow from each embankment. The floodplain widths are
determined by the high water elevations. In the project area, it extends nearly one-
quarter mile north from the tracks. Approximately 31 acres of existing residential area
and some small industrial developments (see Photographs 13 and 14) are within the
100-year floodplain defined by the recent floodplain delineation study in the Tolleson
area. One of the largest warehouse developments in Tolleson, Albertson’s, has
excavated huge retention basins south of it and embanked the building pad to excluded
it from the floodplain.

According to the Hydrology Report of the Floodplain Delineation, the estimated 100-year
peak flows along the floodplain north of the UP/SPRR are 978 cfs at 83" Avenue, 744
cfs at 87" Avenue, 776 cfs at 91% Avenue, and 839 cfs at 99" Avenue (see Figure 1-4).

1.7.2. Impact of the Floodplain behind RID Canal

Although the RID Canal crossing through the northeast corner of the city prevents runoff
from flowing into the high-density residential area north of Van Buren Street, it forms
shallow floodplain east of the canal. A portion of the runoff that collected east of the
canal will cross the canal and flow west via the roadway of Van Buren Street at the
crossing. There is no grade breaks on the roadway in this section of Van Buren Street
according to a field observation conducted during this study. Part of the runoff may
continue along Van Buren Street or turn south on 91 Avenue and contribute to flooding
at the downstream streets. After crossing Van Buren Street, the RID Canal turns east at
a location approximately 600 feet south of Van Buren Street and one-quarter mile west
of 83™ Avenue (see Photographs 33 and 34). According to the updated HEC-1 results of
the Hydrology Report for the floodplain delineation, a majority of the runoff concentrated
at the canal bend will spill over the canal with a peak flow rate of 417 cfs during a 100-
year storm. This portion of runoff will finally contribute to the floodplain behind the
UP/SPRR embankment.

1.7.3. Drainage Along 91° Avenue

According to the Hydrology Report, a peak flow of 620 cfs during a 100-year event will
concentrate at the intersection of 91% Avenue and Van Buren Street (see Photograph
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15). Of this peak flow, 310 cfs will travel west along Van Buren Street and 169 cfs will
turn south on 91 Avenue. Due to inadequate conveyance capacity of 915 Avenue
between Van Buren Street and the UP/SPRR, the majority of the flows that travel to 91°
Avenue leave the roadway and flow west through connecting streets, which may cause
flooding problems in these streets.

1.7.4. Ponding in Van Buren Street

The area that suffers a local flooding problem is located at the intersections of 95"
Avenue and 96" Avenue with Van Buren Street. The estimated 100-year peak flow at
these intersections is up to 400 cfs, which is far beyond the street conveyance capacity
of Van Buren Street. The 100-year peak flow will cross the street crown and travel south
into the adjacent streets. Since the Van Buren Street roadway is essentially uphill from
the intersection with 96" Avenue, the storm water at the north gutter line may pond to a
depth of one to two feet (Reference 4).
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2. PROJECT INFORMATION / PROJECT CONSTRAINTS

2.1. Data Acquisition

The project team conducted an initial field reconnaissance visit to the project area with
the staff of the Flood Control District of Maricopa County on March 20, 1999. Several
additional site-specific field visits by individual members of the project team were
conducted during March to June 1999. These field investigations and photographs taken
at the site provided first-hand information for the drainage problem identification.
Appendix A-1 is a Photographic Log of the Project Site prepared for the CAR.

In addition, various agencies were contacted for information, data, maps, as-builts,
plans, published reports, and manuals during the study. The documentation obtained
from the following sources are listed in Appendix A-2.

. Flood Control District of Maricopa County
« Maricopa County Department of Transportation
. Maricopa County Assessors Office
. City of Tolleson
. City of Avondale
» City of Phoenix
' « Arizona Department of Water Resources
« Arizona Department of Transportation
+ Roosevelt Irrigation District
. Salt River Project, Water
. Salt River Project, Power
. US West

- Southwest Gas Corporation

2.2. Jurisdictional Limits

The project area is located in the jurisdictional limit of the City of Tolleson, except for a
number of county islands. According to the City Limit of Tolleson, Sheets 1 and 2, dated
1993 and 1990, along 91% Avenue, from Roosevelt Street to UP/SPRR, there are three
county islands (see Figures 2-1 and 2-2):

. The east half of right-of-way of 91°' Avenue of +2.7 acres, between Van Buren Street
and £370 feet north of UP/SPRR.

. A 2388 strip located east of 91% Avenue, 147 feet north of Van Buren Street.

« A small area of 0.91 acres is located west of 91% Avenue, 291 feet south of
. Roosevelt Street.

Candidate Assessment Report - Tolleson - SPRR and Van Buren Street at 91st Avenue 14




SEE SHEET O
33,__”__ 60’ %‘\ N
MCDOWELL I
e i p—
\I-‘IO ........................ 'P‘A‘P‘AGB'
i | RO- RABEE 1 ’°'7 \so. R/W OF 1-10 £/+
! . % s0. R/w 0F CaANAL 4 [in
| | . ) i e : ~
g / , )R
---@z‘_"X@@@_l?é?%_. 5 RODSEVELT.. ST 1l alfiec ... et S oy e
& ;/ 4 / D\
: + 2 M |
o , 83— —fo - : 291’ 131.75°
> o A :
i : wil! L ; LJJ il
| >t B
: < AT 3
h ,/;*' // / ) ‘/ ”
L33 ?.‘\ . /& 733 7 453.45 . e;
VAN BUREN | - ol i ST. - |
F A ] FHEL - 83",—-1( e [ ; P— ,
Py ./ / / _,/ o /,/ . J 33’ ,/ > 55
TR B A L T G P O ; o
, . s ,f’ 5 ; d P 4 C " TOLLESON HAS S
b e i A % L v W2 OF 81 ST AVE. m
o , : 33 | 55¢
b 7 s E " - .1§°, ' s
o F P A K A S T RS- 43180 e
— | wo..Row P 1000 A A seorr i sste -
w | oF s.P.R.R.T .8+ SOUTHERN | 40— == L+ | pACIFIC _R.R. 2
w R oy Lemo mrrnrrn:!nnnn..“n,“.,, |?|1|,“1;Il|\!r£ saenas3saazcii=sansd w
X ; ¢ ’ \ 3 . ' ?. o i
) | g . \\\\" \ ) 1 33—~ . / i i / wn
2 D y ) Vo ’”
w M Nso. o , N w
Y o £ =7 7 P 4
' Sl n D R > Ay Ry L e 50" v
= // ,/ ‘v/ - : iy i A . ) +|
7 7 v st i . % 2
NO. R/W AT ‘ i 3 - -—
OF S.P.R.R. ! . N S v 7 50°'w
I S0 “3730" 4. ; S | 2590’4 o}
aemeees 1 l‘ f i s
BUCKEYE (S.R.85) P! [+ 1. RD. T\ g0 @
33 | 83’ . 33 B3 =
J | — “— 50’ o
: { : l 3
(A f : ; 2
: of 1 2 | o
: | : : o
| ; | =
DURANGOD  ST. ! | ! £
--------------------- L e et | Lot 5
! | ! >
: | : =
i falt — O
L : -+ ! wn :
: o @g@ : =X ~
N~ : o ! (o] o
o : i : S
o | )‘ ; 2
LOWER BUCKEYE , : RD. .
J
RD | ANNEXATION| REV
SEE SHEET 0 D | *&FE Date | BY
i 237-ns | DEC. 27. 1984] x0O
‘ 312-N5 JAPRIL 12. 1991 R.N.
I it THIS CITY LIMIT SHEET IS TO BE USED T/N- R/E 317 | o, 25, 1991] c.L.
AS A GUIDE ONLY! MARICOPA COUNTY WILL e
NOT BE RESPONSIBLE FOR ERRORS OR 325ns | AUG. 27. 1993 C-L.
OMISSIONS THAT MIGHT OCCUR. TOLLESON i
- INCORPORATED AREA




=

; 5
X@- Al 1]_!6851. ):_

Mc DOWELL RD

405

45s ss's

SEE SH O

~ 148 . f —— 2405 §

3w

SEE SHII

AVE

Sl st

} i < o B9 '.'
E\/ 33" CgsnBTE T e — —F 2607 +
35 cBt . —"’._‘ F 2640= G/ 40'N 5
528 19 40 2/
38
SUCKEYE RO (SR.85)
| :
1
EE K
s = 14 -
e
purange, St—18
L o' i
. >
:? 1 <>( 3{ <
. © £ =
= b fod) o)
M r~
o 03_1_ ! !\+
YE &/’/ SEE SHO ORD || LAST EFF || Rev]!
LO. BY BUCKE NO ||ANNEX DATE || BY
206 [[DEC.8,81 |lJL
TO LLE SON 237-Nd| DEC 27,84 |{ kDO
282NS]| 2-11-88 KDO
N TIN-RIE RE T
This city limit sheet is to be used as a GUIDE ONLY' S05NS 8-24-% i
Maricopa County will not be responsible for errors
or omissions that might nccur. __J

SEESHO

Figure 2-2 City Limit of Tolleson, Sheet 2 -

A



Other county islands within the City of Tolleson are not in the project area; however, they
. may be of interest for this project. These areas are:

. A 2607’x150’ strip located between Harrison Street and the UP/SPRR, from 95"
Avenue to 99" Avenue with an area of =9 acres.

« A part of the 33 foot right-of-way of Van Buren Street on both sides, 83 feet east of
99" Avenue (no adequate length information available about this area).

. The areas on both sides of the UP/SPRR between 83™ Avenue and 75" Avenue.

2.3. Existing Drainage Structures & Roadway Facilities

There are very limited existing drainage structures in the project area. Adequate
retention basins can be found only in the residential subdivision, and industrial and
commercial sites developed in recent years. The warehouse development of Albertson’s
has excavated huge retention basins of approximately 60 acre-feet in volume on the
south side of the development and embanked the building pad to exclude it from the
floodplain. Large retention basins have been observed along Van Buren Street south of
the Villa Rica Subdivision. The total provided retention volume is 4.79 acre-feet
according to a Final Drainage Study Report for the Villa Rica Subdivision. The retention
basins are able to retain on-site and half-street off-site flows greater than the 100-year,
6-hour event (Reference 11).

Historically, the SRP irrigation ditches in the area intercepted and conveyed part of the
storm water that topped the banks or was conveyed through minor storm drains to the
ditches. However, according to staff of the City of Tolleson, SRP has indicated a

‘ willingness to separate the storm water from the irrigation water and to discontinue
accepting storm water into the irrigation ditches.

Van Buren Street has two traffic lanes on each side of the street and a center lane with a
total pavement width of 72 feet and typical cross slope of 1.5% in the project area.
Vertical curbs are found on both sides of Van Buren Street from 83™ Avenue to 96"
Avenue. There is a storm dry well installed at the intersection of 96™ Avenue and Van
Buren Street but, according to the staff of the City of Tolleson, it does not drain
efficiently.

Ninety First Avenue, from 1-10 to Van Buren Street, has only one lane on each side of
the roadway and no center lane. From Van Buren Street to the UP/SPRR, 91% Avenue
has two lanes on each side of the roadway and a center lane. There is no curb on the
east side of 91% Avenue, while vertical curbs were found on the west side from Van
Buren Street to the UP/SPRR and in front of a small commercial center at the northwest
corner of Van Buren Street and 91 Avenue. The storm water conveyance capacity is
very limited. There are two grate inlets at the northeast corner and northwest corner of
the intersection of 91% Avenue with Van Buren Street, which drain the storm water to the
nearby irrigation system. There is also a small grate inlet noticed in 83 Avenue north of
Washington Street. No as-built plans are available for these inlets.

Only two hydraulic structures were identified within the study limits along the UP/SPRR.
First, there is a 24-inch RCP culvert with a headwall located just east of Evergreen
Vegetable, Inc. west of 91°% Avenue. This culvert is partially blocked with sediment, but
appears to adequately convey small nuisance flows under the UP/SPRR. Second, there
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are 2-24" CSP under a railroad spur located west of 83 Avenue. No as-built plans for
any of the culverts were available, as noted in the Data Collection, Reference 3.

While the open channel portions of the RID Canal appear to have some available
freeboard and excess capacity during normal flow conditions, most of the roadway
crossings (culverts and bridges) do not (see Photograph 16). Many roadways and
laterals cross the RID Canal with less than 0.5 foot of freeboard. The capacity available
in the canal above the normal flow is minimal.

2.4. Irrigation Facilities

The RID Canal passes under I-10 near 91 Avenue and runs into the study area, then
turns to the southeast along an irregular alignment until it runs east from about 59"
Avenue to 35" Avenue as shown in the Roosevelt Irrigation District Map.

While the RID Canal conveys irrigation water to the town of Buckeye, an SRP irrigation
system services the agriculture land in the City of Tolleson, which features irrigation
ditches and underground irrigation facilities along most of the major streets and roads of
Tolleson (see Figure 2-3,for approximate location of RID Canal and SRP lIrrigation
System and Photographs 3, 4, 17, 18 and 22).

2.5. Existing and Future Land Use

The City of Tolleson determined in its General Plan developed in 1996 that the key to
Tolleson’s unique character is the retention of its compact land use pattern. The City’s
early development centered on commercial activity along Van Buren Street with
residential neighborhoods to the north and south. Homes are located within one-half mile
of the Van Buren central business core. Schools, parks, recreation facilities, and
government offices are also contained within this approximate one-half square mile of
compact urban form west of 91%' Avenue.

Existing land uses as of 1995 are shown in the Figure 2-4. As the City expanded, new
residential areas developed to the east within the one-half mile radius of Van Buren
Street. Major industrial employment centers located one-half mile to two miles south,
east, and west of the Van Buren central business core. Many large parcels of land are
currently in agricultural use or undeveloped. While residential land uses increased in
area approximately 3% over the past 15 years, the largest growth in land use was in
industrial and commercial areas. Industrial and commercial uses, including warehouse,
distribution, manufacturing, retail, restaurants, and lodging, more than doubled during
the same period. The commercial uses are located on McDowell Road between 83" and
91% Avenues, and along Van Buren Street between 91% and 96" Avenues. A variety of
industrial uses, including automotive, agri-related, and manufacturing businesses, now
occupy most of Tolleson’s eastern square mile, bound by Van Buren Street, 75"
Avenue, Buckeye Road, and 83 Avenue. Tolleson’s western section between 107" and
99" Avenues is approaching 50% occupancy by industrial users, predominantly Smiths,
Albertson’s, and Power Packaging (Snapple). Lisanti is located at 104™ Avenue and Van
Buren Street near the first of four warehouses/distribution buildings by the Mack
Company.

The City of Tolleson guides its land uses through a City of Tolleson Zoning Map (Figure
2-5) generated in August 1997 and Zoning Ordinance of the City of Tolleson developed
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Figure 2-4 City of Tolleson Existing Land Use Map -1995
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in 1987. Tolleson is continuing to enhance its sense of community through protection of

' existing neighborhoods and maintenance of its compact land use form in new
developments. With incentives and buffering techniques, new residential areas will
locate close to existing municipal services, schools, and recreational facilities.
Commercial businesses, which provide for neighborhood needs, will expand the central
business core. Tourist-related commercial uses and industrial employment centers will
orient to the major transportation corridors in Tolleson.

Other larger areas zoned for commercial use include the southeast corner of 91%
Avenue and Van Buren Street, the northwest and southwest corners of 83" Avenue and
Van Buren Street, the southwest corner of I-10 and 83 Avenue, the south side of
McDowell Road east of 91% Avenue, the southeast corner of McDowell Road and gg
Avenue, and the east side of 99th Avenue south of I-10 to Van Buren Street.

Remaining undeveloped parcels, in both the eastern and western square miles south of
Van Buren Street, are primarily proposed and zoned for industrial development. Other
major industrial uses are located along the UP/SPRR between 99" Avenue and 83"
Avenue. These include Borden Creamette, Bay State Milling, and Sun Land Beef. North
of the railroad, between 86" and 83™ Avenues, is the Mission Business Park.
Price/Costco and Stone Container are major tenants of the Mission Business Park.
Remaining properties south of the railroad are proposed and zoned for industrial and
commercial usage.

Almost one-half mile north of Van Buren Street, between 99" and 95" Avenues,
industrial use has begun with the Rickett-Coleman Company located on Roosevelt, east
of 99" Avenue. Over 70 acres are available for industrial development between the 1-10
freeway and Pierce Street in this area. Additionally, land on the south side of McDowell

‘ Road, running west approximately three-quarters of a mile from 91% Avenue, is zoned
for industrial use. Parker-Hanniflin Fuel Products Division is located on McDowell Road
about one-half mile west of 83" Avenue. Land on the west side of 83" Avenue, between
I-10 and Van Buren Street to the Tolsun Farms Subdivision, is also zoned for industrial
usage. A future land use map is shown in Figure 2-6. It is the goal of City of Tolleson to
maintain Tolleson’s sense of community through the continuation of compact land use
patterns with quality development and buffering.

2.6. Right-of-Way

No right-of-way map is available for the project area from either the City of Tolleson or
City of Phoenix. The right-of-way information prepared for this project is based on the
Assessor's Map from the Maricopa County Assessor's Office and some other
information such as the City Limit Sheets of Tolleson.

Figure 2-7 shows the right-of-way of 91* Avenue. North of Van Buren, the existing right-
of-way of 91% Avenue is 33 feet wide on the west side and varies between 33 feet and
55 feet on the east side, both measured from the section line. South of Van Buren
Street, the existing right-of-way of 91 Avenue varies from 47.8 feet to 39.97 feet on the
west side, and is 55 feet on the east side except for a section from Harrison Street to the
UP/SPRR, which is 65 feet on the east side.

The existing right-of-way of Van Buren Street varies on both sides from 33 feet to 55 feet
in the project area (see Figure 2-8 for detailed information of the right-of-way).
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Figure 2-6 City of Tolleson Future Land Use Map
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The existing right-of-way of 99" Avenue is 55 feet wide on the east side from Van Buren
Street to Harrison Street, and 65 feet wide on the east side from Harrison Street to the
‘ UP/SPRR as shown in Figure 2-9.

Figures 2-10 and 2-11 show the right-of-way of the UP/SPRR in the Tolleson area from
107" Avenue to 83 Avenue. From 107" Avenue to 99" Avenue, the typical existing
right-of-way of the UP/SPRR is 50 feet on each side of the alignment line of the tracks.
From 99" Avenue to 95" Avenue, the typical existing right-of-way is 50 feet on south
side and 49.5 feet on north side. From 95" Avenue to 91% Avenue, the typical existing
right-of-way of the UP/SPRR is 50 feet on each side. From 95" Avenue to 83 Avenue,
the typical existing right-of-way of the UP/SPRR is 72 feet in total width. The right-of-way
of the UP/SPRR varies at some local locations where spur tracks exist.
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2.7. Existing Utilities

Existing major utilities within the major drainage corridors of the evaluated alternatives in
the studied area are shown in Utility Maps. The drainage corridors include 91% Avenue
and 99" Avenue, from Van Buren Street to the UP/SPRR, Van Buren Street from 91
Avenue to 99" Avenue, and the UP/SPRR from 83™ Avenue to 99" Avenue. The public
and private utility locations were obtained from quarter-section maps and as-builts
provided as follows:

¢ Roosevelt Irrigation District — Irrigation Map

e Salt River Project — As-built Irrigation Facilities
e City of Tolleson — Water and Sewer

e Southwest Gas Corporation - Natural Gas Lines

e Salt River Project - Electric Power

e U.S. West Communications — Telephone

2.8. Groundwater

Groundwater information for the project area is based on the Arizona Department of
Water Resources Hydrologic Map, Series Report Number 12, 1984. No updated report
was available at the project time.

‘ The groundwater depths in the Tolleson area range from 54 feet on the south to 102 feet
' on the north. The groundwater level rose above 50 feet in most of the Tolleson area from
1976 to 1983 caused by relatively abundant rainfall during the years and reduction of the

groundwater uses.

Two numbers representing the groundwater quality are presented in the report. One is
the specific conductance in micromhos per centimeter at 25°, which is an indication of
the dissolved-solids concentration in water; and the second is the fluoride concentration
in milligrams per liter. In the Tolleson area a sample from only one well north of Tolleson
was collected and tested for quality. The specific conductance for the well was 1600
micromhos per centimeter at 25°, and the fluoride concentration was 0.4 milligrams per
liter. Both numbers are relatively small compared to that of the wells in the surrounding
area.

According to the staff of the City of Tolleson, the groundwater level in the Tolleson area
is typically at a depth of approximately 90 feet, but varies from depths of 70 to 100 feet.
This is consistent with the ADWR report of 1984.

The City of Tolleson’s General Plan (1996) indicates that has been concern over
Tolleson’s water quality being impacted by contamination of underground water found in
the western area of Phoenix. The underground plume of chemical contaminants, such as
PCE and TCE, appears to be flowing in a westerly direction. The City of Phoenix is
limiting its groundwater usage and using SRP water and Central Arizona Project water
from the Colorado River as a result. The Central Arizona Project water is not available to
Tolleson as it lies wholly within the Salt River Project water franchise area. Tolleson is
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currently monitoring its wells and negotiating with the City of Phoenix for delivery of
treated SRP water to Tolleson.

2.9. Environmental Observations

The project team conducted an initial field reconnaissance visit to the project area on
March 20, 1999. Additional site visits were conducted by members of the project team
between March and June of 1999. In addition, “environmental concerns or issues” were
a topic of discussion with the City of Tolleson staff. Two environmental issues were
identified:

o Existing storm water systems at the intersection of 92st Avenue and Van Buren
Street outlet into existing SRP irrigation facilities. Future improvements in this area
may need to remove storm drain connections to irrigation facilties.

e City of Tolleson staff indicated that there may be a 0.5 acre area with contaminated
soil in the vicinity of the northeast corner of 99" Avenue and Harrison Street.

Further investigation of these environmental issues is recommended.

2.10. Traffic Accident Reports

To evaluate the potential hazards to public safety posed by the existing drainage
condition adjacent to the roadways, traffic accident data was obtained from City of
Tolleson. Within the Tolleson area, there were approximately 570 accidents that
occurred within the last 5 years, excluding those that occurred on the I-10 freeway.
Since no specific locations and causes were given, the accident data was deemed
inconclusive. i

2.11. Section 404 Permitting

Construction activities that impact waters of the United States, as defined in Section 404
of the Clean Water Act, will typically require a Section 404 Permit and a Section 401
Water Quality Certification. The U.S. Army Corps of Engineers (Corps) administers the
Section 404 program in Arizona and the Arizona Department of Environmental Quality
(ADEQ) administers the Section 401 program. Within the project area, there are no
existing major washes or drainage channel systems. The only waterways that may
potentially be Section 404 jurisdictional areas are irrigation tailwater ditches associated
with the SRP irrigation system. This irrigation system is comprised of earthen ditches,
concrete ditches, and underground pipes.

3. FUTURE TOLLESON PROJECTS & ONGOING PRIVATE DEVELOPMENT

3.1. Future Transportation Plan

BRW Inc. prepared the Southwest Valley Transportation Study — Final Report and
Appendix A in April 1997 for the Maricopa County Department of Transportation. In this
final report, the number of lanes for major streets in the southwest valley has been
proposed for the five-year projects and the year 2001, for the ten-year projects and the
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year 2006, and for the 25-year projects and the year 2020. These projects were
proposed based on an estimation of Average Daily Traffic for the proposed years. The
proposed five-year project in the Tolleson area that includes a four-lane expansion plan
for 915 Avenue, from McDowell Road to Van Buren Street, is shown in Figure 3-1. See
Appendix E-7 for Excerpts from Southwest Valley Transportation Study — Final Report
and Appendix A for other proposed plans in the vicinity of the project area.

As indicated in the General Plan, the City of Tolleson intends to establish 91%! Avenue as
the “Tolleson Downtown Center/Visitor Information” exit. Where as, the City intends to
specify or designate 83" and 99" Avenues as truck routes, as indicated in the General
Plan. The City of Tolleson also plans to acquire right-of-way from the UP/SPRR and
others to complete Harrison Street between 83 Avenue and 99" Avenue, install a
continuous right-turn lane westbound onto Harrison Street from 83 Avenue, and install
a continuous right-turn lane northbound onto 99" Avenue from Harrison Street. The
intention of these improvements is to facilitate industrial traffic.

3.2.  Future 91°' Avenue Improvements

According to staff and the General Plan of the City of Tolleson, Tolleson is evaluating the
following alternatives for future 91! Avenue improvements:

e Add one center lane and resurface the existing roadway from 1-10 to Van Buren
Street, adding turning bays, curbs and gutters, screening walls, and sidewalks
enhanced with landscaping (additional to existing trees) instead of widening it to four
lanes.

e Install landscaped traffic calming devices on 91 Avenue (e.g., center medians, stop
signs, and pedestrian crossing safety islands and crosswalks) at five locations: 1)
just south of I-10 at Christa Way, 2) at McKinley/Lillian, 3) at Taylor Street, 4) at Van
Buren Street, and 5) just north of Harrison Street (see Figure 3-2).

e Underground the SRP irrigation canal along the 91% Avenue to eliminate pedestrian
and traffic hazards.

3.3. Future Van Buren Street Improvements

In the General Plan, the City of Tolleson has explored a beautification alternative for Van
Buren Street. That is to reinstall trees and landscaped center medians between 91% and
99" Avenues with parking and turning bays as needed; and continue landscaped
median/parking east to 83 Avenue. Figure 3-3 is from the General Plan of Tolleson,
which illustrates an example of the landscaped median.

Candidate Assessment Report - Tolleson - SPRR and Van Buren Street at 91st Avenue 32




e x
|
' I
Legend
[ ] 8tLanes (2008) 8 Lanes
(Widened)
E 6 Lanes (2006)
6 Lanes
=== 4 Lanes (2006) =23 (Widened)
School Road === 2 Lanes (2006) 4 Lanes
—-— - . | (Widened)
Conmerwrove e )
o E Railroad
................ ; N R e e e e @ New 6-Lane

. ® Study Area Boundary Freeway
. 5
i
i E Q New Freeway-to-

: — ’ Freeway Interchange
Y
Th as Road
g 22 793d_ n

Ton o o, e, S SR TR i
| i
i !7" S - S — '
; 2D SRR S ] ! ;
| o B - -

: s a4 =@ |
| i gl : ’ |
? 4 \x\\\ ‘
| : e |
| : b |
[ ; .F
I : Van Buren Street |
l Y ] T TR i
) ................................. ||
[ T |
| . %

‘I ~90sevey Cang)
! Union i S "Zl’j
Pacific RR W S
% \\]‘
MC85
|
. = =
e = e 3
3 = 2 a £
£ c @ = >
® ® p= <
> g g
< 3
o & s
[ =
m !
R |
Lower Buckeye Road f

Figure 3-1 Future Transportation Projects

Southwest Valley Transportation Study Wt it

4&:\;@(}/ Telleson Study Area: Five-Year Projects and Year 2001 Proposed Number of Lanes

Partners for Strategic Action




McDOWELL  RD

83RD-99TH AVE/HARRISON ST. e ‘/

U C 100 1-10 PROPOSED
T GATEWAY

PROPOSED TRUCK
ROUTE LOOP

. CONTINUQUS RIGHT

TURN LANES . w
3: <
VAN BUREN ST. —
9|ST AVE., DOWNTOWN - &= |
ATEWAY =
CATEWAY S HArRISON ST. @
® TRAFFIC CALMING DEVICES et

Figure 3-2 Future 91° Avenue Improvement

(Source: City of Tolleson, General Plan)

CONCEPTUAL VANA_ BUREN ST. LANDSCAPED/PARKING MEDIAN

NOTE: PARKING AREAS TO COMPLY WITH AMERICAN DISABILITIES ACT, 8 8
PROVIDE FOR ADEQUATE PROPERTY ACCESS, & BE SIGNED TO
PROHIBIT PARKING OF OVERSIZED VEHICLES.

DECORATIVE SURFACING

‘ Figure 3-3 Future Van Buren Street Improvement

(Source: City of Tolleson, General Plan)




3.4. Future Passenger Rail Service

The UP/SPRR alignment connects many of the greater Phoenix area cities, some with
former passenger depots. As indicated the City’s General Plan, the City of Tolleson has
considered as one of their strategies for its future to explore multi-use features of the
railroad with Southern Pacific via an intergovernmental agreement among cities such as
Goodyear, Avondale, Phoenix, Tempe, and Mesa. The multi-use features, including
establishments of a winter season passenger rail service, would allow Tolleson and
these cities to share in the economic benefits of tourism, transportation, and business
development.

3.5. Proposed Park

The City of Tolleson owns a proposed park site south of Van Buren Street at 86"
Avenue. It contains approximately 8.6 acres and is currently undeveloped. It is desired
that a community fishing lake, picnic, and playground park be constructed at this site.

3.6. Water and Sewer Lines under Construction

Along the alignment of 94" Avenue from Van Buren Street to Buckeye Road, there are
water and sewer lines under construction at the project time. The water line has a
diameter of 12 inches and the sewer line varies in size from 12 inches to 18 inches.

3.7. Ongoing Private Development

‘ During the last 15 years, the properties along the UP/SPRR and I-10 corridors have
been developing with major businesses, primarily warehousing and light industry. The
ongoing warehousing and industry development includes Freightliner at the northwest
corner of 95" Avenue and Roosevelt Street, Phoenix Newspapers at the northeast
corner of 91 Avenue and the UP/SPRR, and OPUS at the northwest corner of the 87"
Avenue and the UP/SPRR. Although there are currently some vacant properties along
the two prominent employment corridors, their prime locations ensure their future
development. It is expected that more warehousing, distribution, and light industry will
locate near the UP/SPRR corridor, taking advantage of its freight service. Other types of
business development may also be suitable, resulting from their proximity to major
transportation routes.

The City of Tolleson plans to encourage development of a golf course/hotel/restaurant
facility along the freeway by providing incentives, such as surplus treated effluent. These
freeway locations include 83™ or 91 Avenues.

In the City of Avondale, there is a proposed golf course development, which is located
along the north side of the railroad tracks and extends one mile from Agua Fria River.
The proposed golf course is 75 feet off the centerline of Buckeye Road and has a storm
water design capacity of 941 cfs, according to staff of the City of Avondale.
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4. IMPROVEMENT ALTERNATIVES

4.1. Evaluation Criteria & Primary Project Constraints

The following evaluation criteria has been used to evaluate and develop the alternatives:
. Potential benefits to the citizens with the City of Tolleson and adjacent communities
» Project feasibility and the limits of the benefited area

« Impact on FEMA floodplain areas

« Capital improvement costs

. The potential for construction phasing

. Environmental Concerns and permitting requirements

« Maintenance requirements, both short and long term

. “Public Involvement” requirements

. Inter-agency Involvement

. Consistency with historical drainage paths

Within the Tolleson study area, there are no continuous man-made or natural
watercourses. The major watercourses that are closest to the study area are the Salt
and Agua Fria Rivers, which are approximately 3 miles from the study area. Hence, a
major limitation is that there is not a continuous watercourse where drainage alternatives
can outlet, within the study area.

The results of the recent floodplain delineation study (Dibble & Associates, April 1999)
indicates that most of the storm water generated within the study area is currently
conveyed to the Agua Fria River in a mostly unimproved floodplain along the north side
of the UP/SPRR embankment. However, the capacity of the this floodplain to convey
flow to the Agua Fria River is limited by existing developments that now contain the
existing floodplain. In addition, a proposed golf course/drainage corridor within the City
of Avondale is currently under design. This golf course/drainage corridor will extend one
mile east from the Agua Fria River along north side of the UP/SPRR tracks. The
proposed golf course/drainage corridor has a storm water design capacity of
approximately 940 cfs, which corresponds to the computed 100 year peak flow rate for
existing conditions.

4.2. Development of Improvement Alternatives

Several improvement alternatives have been developed to resolve or mitigate the
flooding and drainage issues within the study area, through frequent coordination with
the Flood Control District of Maricopa County and the City of Tolleson. In addition, a
coordination meeting was also conducted with the City of Avondale to discuss any
constraints or limits along the proposed downstream drainage routes. Alternatives have
been developed to consider the future development in the Tolleson area, the potential
benefits to the citizens, as well as the environmental concerns.
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Four major drainage corridors have been studied as part of this project:
. 1) along 91° Avenue from Van Buren Street to the UP/SPRR;
2) along 99" Avenue from Van Buren Street to the UP/SPRR;
3) along Van Buren Street;
4) along north side of the UP/SPRR tracks.

The two principal alternatives developed for the Tolleson area involve a major drainage
corridor along the UP/SPRR tracks. Under existing conditions, storm water overtops the
railroad embankment at several locations and flows south to the Salt River. The
proposed UP/SPRR drainage corridor facilities are intended to prevent overtopping of
the existing railroad by storm water. That is, the proposed drainage facilities along the
railroad are intended to collect, convey, and/or retain the full 100-year flow event. To
prevent a negative impact to the downstream floodplain, it is proposed that the storm
water that currently overtops the railroad embankment be compensated for with a
system of retention or detention basins in the vicinity of the UP/SPRR drainage corridor.
Several possible detention or retention basin locations have been evaluated in this

study:
1) at the northeast corner of the 83 Avenue and UP/SPRR;
2) atthe northeast corner of the 91% Avenue and UP/SPRR;
3) at the northeast corner of the 99" Avenue and UP/SPRR;
4) at the northeast corner of the 107" Avenue and UP/SPRR;
' ' 5) at the northeast corner of the 1 15" Avenue and UP/SPRR;
6) at Cowden Park
7) ata park site at the southwest corner of the 86™ Avenue and Van Buren Street.

Different alternatives or combinations have been considered for these corridors. These
alternatives include:

« Channel or underground conduit along 91%' Avenue from Van Buren to UP/SPRR.

« Channel or underground conduit along Van Buren Street from 94™ Avenue to the
west or southwest along the roads until it drains into the Agua Fria River.

« Storm drain system in Van Buren Street running from 95" Avenue to 96" Avenue
then turning south along a small road west of the Tolleson Plaza and draining into a
proposed retention basin at the site of the City-owned Cowden Park.

« Storm drain system in Van Buren Street connecting a channel in 99" Avenue. This
storm drain is proposed in Van Buren Street from 95" Avenue to 99™ Avenue, with
the channel starting from the intersection of 99" Avenue with Van Buren Street and
along 99" Avenue to the south until it joins a channel behind the UP/SPRR tracks.

« Channel behind the UP/SPRR, from 91% Avenue all the way west along the tracks
until it connects a proposed golf course in the City of Avondale, which extends one
mile east from the Agua Fria River. This channel may combine detention basins at

‘ appropriate locations along the UP/SPRR track.
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. Channel starting from the intersection of 915 Avenue with the UP/SPRR, proceeding
north and then turning west along the Jackson Street alignment, at the intersection of
95" Avenue and Jackson Street, and running south until it drains into the Salt River.

. Greenbelt facilities, adjacent to the UP/SPRR tracks, that include the drainage
channel system, optional light rail facilities, and open-space/recreational areas. The
channel systen may start at 83" Avenue and extend westward along the UP/SPRR
to the proposed golf course in the City of Avondale. The channel system may include
“dual use” detention basins at appropriate locations along the UP/SPRR track.

. Channel behind the UP/SPRR from 91% Avenue to a detention basin at the northeast
corner of 107" Avenue and the UP/SPRR. There is another detention basin
proposed for this alternative which is located at the northeast corner of 99" Avenue
and Harrison Street.

After an initial feasibility evaluation, two alternatives have been selected, together with
the “do nothing” alternative, for further evaluation. The HEC-1 model developed by
Dibble and Associates and provided by Flood Control District has been modified in this
project to compute design peak flows and size retention/detention basins for the different
alternative options, and the results are presented with the alternatives.

4.3. Alternative 1— Full Cost/”Kinder and Gentler” Solution

The Alternative 1 is the “environmentally friendly” or “Kinder and Gentler” (i.e. K&G)
solution for the flooding issues in the study area. This alternative is intended to establish
a regional drainage system that future development can link into, thereby, fostering a
positive environment for future development within the City of Tolleson. A secondary
benefit is that the City of Avondale also benefits from the regional drainage facilities
proposed in Alternative 1.

Under existing conditions, storm water overtops the railroad embankment at several
locations and flows south to the Salt River. Alternative 1 intends to prevent overtopping
of the existing railroad. That is, the proposed drainage facilities along the railroad are
intended to collect, convey, and/or retain the full 100-year flow event. To prevent a
negative impact to the downstream floodplain, it is proposed that the storm water that
currently overtops the railroad be compensated for with a system of retention or
detention basins in the vicinity of the UP/SPRR drainage corridor.

Schematic diagrams for Alternative 1 are shown in Figures 4-1 to 4-3. These figures also
present the hydrology results obtained with the modified HEC-1 models for these
options.
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. 4.3.1. Components

The major components of the preferred alternative are:

« A channel (2600 LF) along east side of 91® Avenue from Van Buren Street to
UP/SPRR.

« A B0-inch storm drain system (2600 LF) along Van Buren Street from 95" Avenue to
99" Avenue.

« A channel (2600 LF) along 99" Avenue from Van Buren Street to the UP/SPRR.

. A greenbelt system including drainage improvements, optional recreational facilities,
and optional light rail facilities, along the north side of the UP/SPRR from 83"
Avenue to a proposed golf course facility in the City of Avondale. The proposed golf
course facility is currently under design by a private developer and will extend one
mile east from Agua Fria River. The proposed golf course facilities have a storm
water design capacity of 940 cfs, which corresponds to the existing 100-year event
per the recent floodplain delineation study (Dibble & Associates, April 1999). The
total length of the channel is approximately 25,100 feet.

- Five (5) detention basins along UP/SPRR.

Optional retention facilities at the proposed park site located at the southwest corner of
86" Avenue and Van Buren Street.

‘ This alternative is proposed with the following options: grass lined and hard lined
channel options, larger detention basin option, and a retention basin option at a
proposed park site located at the southwest corner of 86™ Avenue and Van Buren
Street. In addition, inter-government agreements with the Cities of Goodyear, Avondale,
Phoenix, Tempe and Mesa will need to be established to fully implement the passenger
or light rail concept.

4.3.2. Effectiveness

« This alternative will solve the flooding issues at the streets connecting 91° Avenue
south of Van Buren Street, and at the intersections of 95" and 96" Avenues with Van
Buren Street.

- This alternative will eliminate a portion of the floodplain along the UP/SPRR defined
in the recent floodplain delineation study for the Tolleson area (Dibble & Associates,
April 1999). This portion of the floodplain extends from 83™ Avenue to the proposed
golf course in the City of Avondale. The proposed golf course extends one mile from
Agua Fria River. Alternative 1 removes a total of approximately 260 acres from
current floodplains, within the City of Tolleson.

The majority of the storm water collected by the storm drain and channel system will
be conveyed to the Agua Fria River along the original drainage routes.

« The channel along 99" Avenue is proposed to have the capacity to convey all of the
peak flow collected at the intersection with Van Buren Street, so as to protect future
‘ development along 99" Avenue.
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. This alternative provides the option for future development to link to a regional
drainage system within the City of Tolleson and the City of Avondale.

. The proposed retention and detention basins provide optional location sites for
additional recreational facilities.

4.3.3. Options and Construction Cost

Following options are evaluated with this alternative: grass lined and hard lined channel
options, larger detention basin option and a retention basin option at a proposed park
site at the southwest corner of 86" Avenue and Van Buren Street.

Alternative 1 includes several variations with optional components. In general, these
optional components include: grass lined or hard lined channel systems at various
locations, larger or smaller detention facilities, a retention basin facility at a proposed
park site located at the southwest corner of 86" Avenue and Van Buren Street, and a
joint-use retention basin facility within the City-owned Cowden Park. The variations of
Alternative 1 are numbered as Alternatives 1-A, 1-B, 1-C and 1-D.

Grass Lining / Alternative 1-A

Alternative 1-A represents the basis for all of the variations of Alternative 1. That is,
Alternatives 1-B through 1-D are variations of Alternative 1-A. This option includes grass
lined channels for all of the major drainage corridors and five (5) park-like detention
basins along the UP/SPRR embankment. Alternative 1-A is shown schematically in
Figure 4-1.

Alternative 1-A has three major drainage corridors. The following is a brief description of
the proposed channel systems within these corridors:

o Along the 91% Avenue drainage corridor, the typical configuration for the proposed
channel has a depth of 3 feet, a bottom width of 16 feet, and a top width of 46 feet.
For the design capacity of 170 cfs, the high water depth is 2.1 feet and the velocity in
the channel is 3.1 ft/sec.

e Along the 99™ Avenue drainage corridor, the typical configuration for the proposed
channel has a depth of 4 feet, a bottom width of 26 feet, and a top width of 46 feet.
For the design capacity 500 cfs, the high water depth is 3 feet and the velocity in the
channel is 4 ft/sec.

e Along the UP/SPRR drainage corridor, the proposed facilities include a grass lined
channel system and right-of-way for a future passenger rail system. A conceptual
typical cross-section for this option is shown in Figure 4-4. The typical width of the
greenbelt is approximately 150 feet from the north right-of-way of the UP/SPRR
right-of -way. Along the UP/SPRR drainage corridor, the typical configuration for the
proposed channel has a depth of 5.5 feet, a bottom width of 24 feet, and a top width
of 79 feet. For the design flow of approximately 950 cfs, the high water depth is 4.5
feet and the velocity in the channel is 4.6 ft/sec.
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. The grass lined detention basin will incorporate recreational facilities. Following are the
specific volume and locations required to reduce peak flow in the channel:

. 53 acre-ft at the northeast corner of 83™ Avenue and the UP/SPRR
. 2 acre-ft at the northeast corner of 91% Avenue and the UP/SPRR

. 120 acre-ft at the northeast corner of 99" Avenue and the UP/SPRR
« 40 acre-ft at the northeast corner of 107" Avenue and the UP/SPRR
. 39 acre-ft at the northeast corner of 115" Avenue and the UP/SPRR

An initial cost estimate for each component of this alternative is listed in the Appendix C-
1. The total estimated cost for this alternative is $10,968,000.

Hard Lining / Alternative 1-B

This option proposes concrete lining on channels along 91%' Avenue and 99" Avenue,
and soil cement lining on the channel along the UP/SPRR. The goal of this option is to
reduce land acquisition costs via a more efficient channel system. The same grass lined
detention basins proposed in Alternative 1-A are required with this option. Alternatives 1-
A and 1-B have identical schematic diagrams; therefore, Figure 4-1 is the schematic
diagrams for both Alternatives 1-A and 1-B.

Alternative 1-B has three major drainage corridors. Following is a brief description of the
‘ proposed channel systems within these corridors:

e Along the 91% Avenue drainage corridor, the typical configuration for the proposed
concrete lined channel has a depth of 3.5 feet, a bottom width of 12 feet, a side slope
of 1:1, and a top width of 19 feet. For the design capacity of 170 cfs, the high water
depth is 2.5 feet and the velocity in the channel is 5.2 ft/sec.

e Along the 99" Avenue drainage corridor, the typical configuration for the proposed
concrete lined channel has a depth of 5.3 feet, a bottom width of 12 feet, and a top
width of 23 feet. For the design capacity 500 cfs, the high water depth is 4.3 feet and
the velocity in the channel is 7 ft/sec.

e Along the UP/SPRR drainage corridor, the proposed facilities include a soil cement
lined channel system and right-of-way for a future passenger rail system. Along the
UP/SPRR drainage corridor, the typical configuration for the proposed channel has a
depth of 5 feet, a bottom width of 30 feet, a side slope of 1:1, and a top width of 40
feet. For the design flow of approximately 950 cfs, the high water depth is 4 feet and
the velocity in the channel is 7 ft/sec.

An initial estimated cost for each component of this alternative is listed in the Appendix
C-1. The total estimated cost for this alternative is $11,377,000, which is $409,000
higher than that for a grass lining option.

Larger Detention Basins / Alternative 1-C

This option is based on the grass lined channel option — Alternative 1-A. The schematic
. diagram for Alternative 1-C is shown in Figure 4-2. The goal of this option is to reduce
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channel sizes by using larger detention basins. With this option, the peak flow in the

. channel along the UP/SPRR is reduced by about 150 cfs via using larger detention basin
along the UP/SPRR drainage corridor. The following is the volume and locations of the
detention basins required for this option:

. 88 acre-ft at north east corner of 83™ Avenue and UP/SPRR;
« 7 acre-ft at north east corner of 91% Avenue and UP/SPRR;

« 124 acre-ft at north east corner of 99" Avenue and UP/SPRR;
. 78 acre-ft at north east corner of 107" Avenue and UP/SPRR;
. 27 acre-ft at north east corner of 115" Avenue and UP/SPRR.

The grass lined earthen channel along the UP/SPRR will be 5.1 feet in depth. The
typical cross-section of this channel has a bottom width of 24 feet, a top width of 75 feet ,
and sideslopes of 5:1 (H:V). For a design flow of 800 cfs, the high water depth is 4.1 feet
and the velocity in the channel is 4.4 ft/sec.

An initial estimated cost for each component of this alternative is listed in the Appendix
C-1. The total estimated construction cost for this alternative is $11,360,000, which is
$392,000 higher than that with smaller detention basins and a larger channel.

Retention Basin at Proposed Park Site / Alternative 1-D

Based on Alternative 1-A, this option utilizes the City owned park site at the southwest
corner of 86" Avenue and Van Buren Street to reduce the storm water flows to the

‘ UP/SPRR drainage corridor. Sized to intercept all of the overflow over the RID Canal at
the bend 600 feet south of Van Buren Street, the retention basin is proposed to be 46
acre-feet in volume. The schematic diagram for Alternative 1-D is shown in Figure 4-3.
This allows the detention basins along the UP/SPRR corridor to be reduced to:

« 53 acre-ft at north east corner of 83" Avenue and UP/SPRR;
« 0 acre-ft at north east corner of 91% Avenue and UP/SPRR;

. 85 acre-ft at north east corner of 99" Avenue and UP/SPRR;
. 38 acre-ft at north east corner of 107" Avenue and UP/SPRR;
« 38 acre-ft at north east corner of 115" Avenue and UP/SPRR.

An initial estimated cost for each component of this alternative is listed in the Appendix
C-1. The total estimated construction cost for this alternative is $10,882,000, which is
$86,000 lower than that without the retention basin at the park site.

4.3.4. Estimated Maintenance

Irrigation water and regular maintenance work will be needed to maintain the grass lining
and landscaping. In addition, there may be maintenance and repair work required after

severe storm events. It is anticipated that the City of Tolleson will accept the
maintenance responsibility for all of the landscaping and grass lining with the City’s
limits.
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4.4. Alternative 2 — Cost Effective Solution

‘ Alternative 2 offers an option to reduce flooding area at a minimum construction cost by
using storm drains, basins and channels at critical locations. Under existing conditions,
storm water overtops the railroad embankment at several locations and flows south to
the Salt River. Similar to Alternative 1, Alternative 2 also intends to prevent overtopping
of the existing railroad. That is, the proposed drainage facilities along the railroad are
intended to collect, convey, and/or retain the full 100-year flow event. To prevent a
negative impact to the downstream floodplain, it is proposed that the storm water that
currently overtops the railroad be compensated for with a system of retention or
detention basins in the vicinity of the UP/SPRR drainage corridor.

4.4.1. Components

The major components of the alternative are:

« A channel of 2600 feet in length along the east side of 91% Avenue from Van Buren
Street to the UP/SPRR.

« A 42-inch storm drain of 1,700 feet in length conveying storm water ponding at the
intersections of 95" and 96" Avenue with Van Buren Street to the city-owned
Cowden Park.

« A retention basin of 19 acre-feet in volume at the City owned Cowden Park.

« A channel with a total length of 19,800 feet along the UP/SPRR from 91 Avenue to
the proposed golf course in the City of Avondale.

‘ ' 3 Detention basins along UP/SPRR.

4.4.2. Effectiveness

. This alternative will solve the flooding issues at the streets connecting 91% Avenue
south of Van Buren Street, and at the intersections of 95" and 96" Avenues with Van
Buren Street.

. This alternative will eliminate a portion of the floodplain along the UP/SPRR defined
by the recent Floodplain Delineation of the Tolleson Area. This portion starts from
91% Avenue extending to the proposed golf course in the City of Avondale. This golf
course extends one mile from Agua Fria River. The portion of the eliminated
floodplain within the city limit of Tolleson occupies an area of approximately 170
acres.

. The majority of the storm water collected by the storm drain and channel system will
be conveyed to the Agua Fria River along the original drainage routes.

4.4.3. Options and Construction Cost

This alternative is proposed with the following options: grass lined and hard lined
channel options, larger detention basin option, and a retention basin option at a
proposed park site located at the southwest corner of 86™ Avenue and Van Buren
Street. The variations of Alternative 2 are numbered as Alternatives 2-A, 2-B, 2-C and
. 2-D. Schematic diagrams for Alternative 2 are shown in Figures 4-5 to 4-7. These
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figures also present the hydrology results obtained with the modified HEC-1 models for
‘ these options.

Grass Lining / Alternative 2-A

This option proposes grass lined channels with a side slope of 5:1 (H:V), and three (3)
park-like detention basins along the UP/SPRR corridor.

Alternative 2-A has two major drainage corridors. The following is a brief description of
the proposed channel systems within these corridors:

e Along the 91° Avenue drainage corridor, the typical configuration for the proposed
channel has a depth of 3 feet, a bottom width of 16 feet, and a top width of 46 feet.
For the design capacity of 170 cfs, the high water depth is 2.1 feet and the velocity in
the channel is 3.1 ft/sec. '

e Along the UP/SPRR drainage corridor, the proposed facilities are similar to
Alternative 1-A and include a grass lined channel system The typical width of the
greenbelt is approximately 150 feet from the north right-of-way of the UP/SPRR
right-of -way. Along the UP/SPRR drainage corridor, the typical configuration for the
proposed channel has a depth of approximately 5.5 feet, a bottom width of 24 feet,
and a top width of 79 feet. For the design flow of approximately 950 cfs, the high
water depth is 4.5 feet and the velocity in the channel is 4.6 ft/sec.

Park incorporated grass lined detention basins are required with following specific
volume and locations to reduce peak flow in the channel:

. . 35 acre-ft at north east corner of 99" Avenue and UP/SPRR;
. 38 acre-ft at north east corner of 107" Avenue and UP/SPRR;
. 43 acre-ft at north east corner of 115" Avenue and UP/SPRR.

An initial estimated cost for each component of this alternative is listed in the Appendix
C-2. The total estimated cost for this alternative is $6,820,000.

Hard Lining / Alternative 2-B

This option proposes concrete lining on channel along 91t Avenue, and soil cement
lining on channel along the UP/SPRR. Same grass lined detention basins as proposed
in Alternative 2-A are required with this option. This option is taken as the baseline
option and the following options for Alternative 2 will be developed and evaluated based
on this option.

Along 91% Avenue, the concrete lined channel can be 3.5 feet in depth with a bottom
width of 12 feet, a top width of 19 feet and a bank slope of 1:1 (H:V). For a design flow of
170 cfs, the high water depth is 2.5 feet and the velocity in the channel is 5.2 ft/sec.
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An initial estimated cost for each component of this alternative is listed in the Appendix
C-2. The total estimated cost for this alternative is $6,940,000, which is $120,000 higher
than that for a grass lining option.

Larger Detention Basins / Alternative 2-C

This option is based on the hard lined channel option — the Alternative 2-B. With this
option, the peak flow in the channel along the UP/SPRR is reduced by about 150 cfs via
using larger detention basin along the UP/SPRR. Following is the volume and locations
of the detention basins required for this option:

. 55 acre-ft at north east corner of 99" Avenue and UP/SPRR;
. 73 acre-ft at north east corner of 107" Avenue and UP/SPRR;
. 52 acre-ft at north east corner of 115" Avenue and UP/SPRR.

The soil cement lined channel along the UP/SPRR will be 5 feet in depth. The typical
cross-section of this channel has a bottom width of 24 feet and a top width of 34 feet
with a bank slope of 1:1 (H:V). For a design flow of 800 cfs, the high water depth is 4
feet, and the velocity in the channel is 7.2 ft/sec.

An initial estimated cost for each component of this alternative is listed in the Appendix
C-2. The total estimated construction cost for this alternative is $7,477,000, which is
$537,000 higher than that for Alternative 2-B with smaller detention basins and a larger
channel.

Retention Basin at Proposed Park Site / Alternative 2-D

Based on Alternative 2-B, this option utilize the City owned park site at the southwest
corner of 86" Avenue and Van Buren Street to reduce the storm water flows to the
UP/SPRR so as to reduce the retention basin along the UP/SPRR and the cost.

Sized to intercept all of the overflow over the RID Canal at the bent 600 feet south of
Van Buren Street, the retention basin is proposed to be 46 acre-feet in volume. The
detention basins along the UP/SPRR can be reduced to:

« 14 acre-ft at north east corner of 99" Avenue and UP/SPRR;
. 33 acre-ft at north east corner of 107" Avenue and UP/SPRR;
« 41 acre-ft at north east corner of 115" Avenue and UP/SPRR.

An initial estimated cost for each component of this alternative is listed in the Appendix
C-2. The total estimated construction cost for this alternative is $6,700,000, which is
$240,000 lower than that without the retention basin at the park site.
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4.4.4. Estimated Maintenance

There may be maintenance and repairing work after severe storm event as the common
situation of any other drainage system. City of Tolleson may accept the maintenance
cost and responsibility in the City of Tolleson area.

4.5. Alternative 3 - Do Nothing

Alternative 3 is a “do nothing alternative” that involves allowing future development to
implement future drainage improvements that may positively impact the specific study
areas addressed in this CAR. Recent development along the UP/SPRR embankment
floodplain has involved construction of retention basins and/or channel systems to
remove the proposed development from the FEMA floodplain.

The possible development types and roadway improvements that may relieve some of
the drainage concerns are:

« Industry development along the UP/SPRR - as completed by the warehouse
development of Albertson’s: New development along the UP/SPRR should be
required to provide adequate retention basins and adequate pad elevations to
ensure that they are out of the floodplain. These drainage facilities should be
connected eventually to allow storm water to drain gradually downstream along the
UP/SPRR to the Agua Fria River.

. Fishing lake and park construction — along with the development of the City park
located ‘south of Van Buren Street at 86™ Avenue: A retention basin can be
constructed incorporating with the fishing lake, picnic, and playground park concept,
as presented in the General Plan of City of Tolleson. This retention basin should be
proposed to intercept the overflow from the RID Canal at the bend located
approximately 600 feet south of Van Buren Street.

. 91° Avenue Improvement — a storm drain system may be constructed at the time of
the proposed 91% Avenue Improvements north of Van Buren Street.

. Golf course and range development — possible future golf course and range
development can be designed to include storm water drainage and retention.

« Other new residential, commercial and industry development —adequate retention
should be required for the new residential, commercial, and industrial development to
retain the on-site and half-street off-site flow, thereby reducing storm water
impacting existing downstream developments.

5. PREFERRED ALTERNATIVE

The preferred or recommended alternative, Alternative 1-D, is a variation of the
“environmentally friendly” or “Kinder and Gentler” (i.e. K&G) solution for the flooding
issues in the study or project area. As shown in Figure 5-1, Alternative 1-D is intended
to establish a regional drainage system that future development can link into, thereby,
fostering a positive environment for the citizens within the City of Tolleson and for future
development. An added benefit is that the City of Avondale also benefits from the
regional drainage facilities proposed in Alternative 1-D.
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The major components of the preferred alternative, Alternative 1-D, are:
. A channel along east side of 91* Avenue from Van Buren Street to UP/SPRR.

. A B0-inch storm drain system along Van Buren Street from 95" Avenue to 99"
Avenue.

. A channel along 99" Avenue from Van Buren Street to the UP/SPRR.

. A greenbelt system including drainage improvements, optional recreational facilities,
and optional light rail facilities, along the north side of the UP/SPRR from 83"
Avenue to a proposed golf course facility in the City of Avondale. The proposed golf
course facility is currently under design by a private developer and will extend one
mile east from Agua Fria River. The proposed golf course facilities have a storm
water design capacity of 940 cfs, which corresponds to the existing 100-year event
per the recent floodplain delineation study (Dibble & Associates, April 1999).

. Five (5) detention basins along UP/SPRR.

. Retention facilities at the proposed park site located at the southwest corner of 8e"
Avenue and Van Buren Street.

Even though Alternative 1-D is the preferred or recommended alternative, it is important
to note that the three alternatives described in this CAR are not mutually exclusive. That
is, components of the three alternatives can be interchanged to build a unique regional
drainage plan for the Tolleson area.

5.1. Recommended Construction Phases

This section presents a three-phased construction plan recommended in this project as
shown in Figure 5-2. This plan is based on the existing and future development situation
in the City of Tolleson. It is proposed only for the drainage facilities and the necessary
grass liner, not for the light rail and extra landscape. The construction time of a light rail
system is not determinable at this project time.

The following components are scheduled for Phase 1 of the construction:
. Channel along 91% Avenue from Van Buren Street to the UP/SPRR;

. Retention facilities at the proposed park site located at the southwest corner of g™
Avenue and Van Buren Street.

. Channel along the UP/SPRR from 91% Avenue to the proposed golf course one mile
east of the Agua Fria River.

The following components are scheduled for Phase 2 of the construction:
. The storm drain in Van Buren Street from 95™ Avenue to 99" Avenue.
. Channel along 99" Avenue from Van Buren Street to the UP/SPRR.
The following component is scheduled for Phase 3 of the construction:

. Channel along the UP/SPRR from 83 Avenue to 91% Avenue.

. The time period for each phase will depend on budget availability.
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5.2. Preliminary Design Focus Effort

A Design Concept Report is recommend, since the design provided in this report is very
preliminary. A comprehensive drainage report needs to be prepared in the DCR phase.
A site survey is necessary along the drainage corridor to provide more accurate
topographic and utility information for the DCR.

5.3. Participating Agencies

It is anticipated that, in addition to the Flood Control District of Maricopa County, the
following agencies would participate in the Tolleson — UP/SPRR & Van Buren Street at
91% Avenue Drainage Improvement Project. The roles of each the agencies will be
defined in an Inter-agency Agreement developed by the participating agencies.

Flood Control District of Maricopa County
2801 West Durango Street

Phoenix, AZ 85009

Business Phone (602) 506-1501

City of Tolleson

9555 West Van Buren Street
Tolleson, Arizona 85353
Business Phone: (602) 936-7111

City of Avondale

1211 South Fourth Street
Avondale, Arizona 85323
Business Phone: (602) 932-1909

Salt River Project

Water Engineering

Mail Station PAB106

Phoenix, AZ 85072

Business Phone: (602) 236-2902

Union Pacific Railroad

1416 Dodge Street

Omaha, NE 68179

Business Phone: (402) 997-3623
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Appendix A-1: Data Collection List

The following agencies were contacted for information, data, maps, as-builts, plans,
published reports, and manuals during the study:

Flood Control District of Maricopa County
Maricopa County Department of Transportation
Maricopa County Assessors Office

City of Tolleson

City of Avondale

City of Phoenix

Arizona Department of Water Resources
Arizona Department of Transportation
Roosevelt Irrigation District

Salt River Project, Water

Salt River Project, Power

US West

Southwest Gas Corporation

The following documentation was acquired from the above sources for use in evaluating

this site:

1. Floodplain Delineation of the Tolleson Area, Hydrology Report, prepared for Flood
Control District of Maricopa County, by Dibble & Associates, April 24, 1999.

2. Floodplain Delineation of the Tolleson Area, Final Report and Technical Data
Notebook, prepared for Flood Control District of Maricopa County, by Dibble &
Associates, April 1999.

3. Floodplain Delineation of the Tolleson Area, Field Reconnaissance Report, prepared
for the Flood Control District of Maricopa County, by Dibble & Associates and JE
Fuller/Hydrology & Geomorphology, Revised October 1997.

4. Van Buren Street Drainage, Proposal for Flood Control District of Maricopa County
CIP Project for Fiscal Year 95/96, City of Tolleson, October 7, 1994.

5. Southern Pacific Railroad Tracks Drainage Improvements, Proposal for Flood
Control District of Maricopa County CIP Project for Fiscal Year 95/96, City of
Tolleson, October 7, 1994.

6. U.S. Department of Housing and Urban Development, Federal Administration, Flood

Insurance Study - City of Tolleson, Maricopa County, Arizona, August 1978.



10.

11.
12.
13.

14.

15.

16.

17
18.
19.
20.

21.

22,

23,

24.

25.

Flood Control District of Maricopa County, Maryvale Area Drainage Master Study,
topographic maps, Sheets 206, 207, 220, 221, 233, 234, 235, 236, 247, 248, 249,
and 250, undated.

Maricopa County Assessor Maps, Book 101, Maps 4, 7, 8, 9, 10, 11 (4 sheets), Book
102, Maps 46 (2 sheets), 48 (4 sheets), 49, 50, 51, 52, and 53 (3 sheets).

Phoenix Engineering Department Storm Drain Map, G-3, (North of Tolleson Area),
Undated.

City of Phoenix, Water & Wastewater Department, Sewer Quarter-section Maps, 9-5,
9-8, 10-5 and 10-8, dated from 1991 to 1998.

City of Tolleson, Water Map, revised August 8, 1994.
City of Tolleson, Sewer Map, revised November 1, 1994.

Maryvale Aerial Photographs, Numbers 526, 527, 528, 529, 553, 554, 555, 556, 565,
566, 567 and 568, dated April 21, 1994.

FEMA Flood Insurance Rate Maps Panel Number 0413C2105 D, Effective Date:
April 15, 1988 and Panel Number 0413C2085 E, Map Revised: September 4, 1991.

Irrigation Facility Map, Roosevelt Irrigation District, Maricopa County, Arizona,
Revised 1976, Correct to May 1984.

Irrigation Facility Plans, As Built, Salt River Project, Water Engineering, Phoenix,
Arizona, Grand Canal, Lateral 21.0, 22.0, 23.0, Drain, Dated: varied.

Land Use Map — 1995, for City of Tolleson, GIS file.
Land Use Map — Future, for City of Tolleson, GIS file.
City of Tolleson, General Plan — 1996.

Map of Registered Wells in Township 1 N, Range 1 E, from Arizona Department of
Water Resources, dated April 30, 1999.

Department of Water Resources Hydrologic Map Series Report Number 12 — Maps
Showing Groundwater Conditions in the West Salt River, East Salt River, Lake
Pleasant, Carefree and Fountain Hills Sub-basins of the Phoenix Active
Management Area, Maricopa, Pinal and Yavapai Counties, Arizona — 1983, State of
Arizona Department of Water Resources, Phoenix, Arizona, July, 1986.

Initial Design Concept Report — 91%' Avenue — Interstate 10 to Van Buren Avenue,
City of Tolleson, prepared by Willdan Associates, Phoenix, Arizona, May, 1994.

Southwest Valley Transportation Study, Maricopa County, Department of
Transportation, Final Report and Appendix A, Supplementary Tables, prepared by
BRW, Inc., April 1997.

City of Tolleson, 91% Avenue Conceptual Drainage Report, prepared by Willdan
Associates, Phoenix, Arizona, April 1994.

U.S. Department of Housing and Urban Development, Federal Administration, Flood
Insurance Study — City of Tolleson, Maricopa County, Arizona, August, 1978.




26.

27.
28.

29.

30.

31.

32.

33.

Z &H Engineering, Inc., Final Drainage Study Report for the Villa Rica Residential
Subdivision, Tolleson, Arizona, January, 1995.

City of Tolleson, Zoning Map, August, 1997.

City of Tolleson, Zoning Ordinance of the City of Tolleson, prepared for Tolleson City
Council, July 1987.

Salt River Project, Power, Salt River Project Overhead and Underground Electrical
Facilities, Sheet AA-10-1, 2, 3,4, 7, 8,9, 12, 13, 14, 16, AA-09-1, 2, 3, 4, 5, 6, 8, 12,
13, 14, 15, 16, AA-04-1, 4,5, 6, 8, 9, 10, 11, 14, 15, 16, AA-03- 1, 2, 3, 4, 5, 6, 8,
10, 11, 12, 13, 14, 15, Date: Varied.

Maricopa County Department of Transportation, City of Tolleson — Van Buren Street
Paving, 99" Avenue to 91% Avenue, As Built, June 30, 1978.

Arizona Department of Transportation, Ehrenberg — Phoenix Highway, 95" Avenue —
79" Avenue Section, Maricopa County, Project No. I-10-2(40), As-Built, Sheet 29,
33, 42, 43, 44, July 29, 1986.

US West, Buried Facility Map, T1N, R1E, Section 9, Sheet 10-5, 6, 7, 8, 11-5, 6, 7,8,
Date: Varied.

Southwest Gas Corporation, Gas Distribution Maps, SW1/4 SEC 3 T1N — R1E, 10-
6, 10-7, 11-5, 11-6, 11-7, 11-8, dated varies from 1998 to 1999.

. Flood Control District of Maricopa County, City Limit Sheets of Tolleson, Sheet 1 and
Sheet 2, dated Aug. 1993 and Aug. 1990.
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Photograph 1: Van Buren Street crossing the RID Canal with a consistent grade from east
to west (looking northeast).
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Photograph 2: Flow blocked along east bank of the RID Canal may split west via Van
Buren Street (looking north).
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Avenue has a top width

Photograph 3: SRP erthen irrigation ditch along the east side of 9
of +12 feet and a freeboard of 0.5 to 1 foot (looking north).

. Photograph 4: SRP earthen irrigation ditch along the east side of 91" Avenue with a side
slope of 1:2 (H:V) (looking northwest). Historically, the SRP irrigation ditch intercepts

storm water overflowing into it.
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Photograph 5: South of Van Buren Street, 91* Avenue has four drive lanes with a center
lane. Curb can only be found at the west side of the roadway (looking south).

. Photograph 6: 91% Avenue south of SPRR (looking north). Curb can only be found at the
west side of the roadway.




Photograph 7: Grate inlet at the northwest corner of the intersection of 91" Avenue with
Van Buren Street.

I Photograph 8: Grate inlet at the northeast corner of the intersection of 91" Avenue with
Van Buren Street.
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Photograph 9: Van Buren Street east of 91* Avenue (looking east).

Photograph 10: Van Buren Street west of 91" Avenue (looking west).




Photograph 12: The dry well at a low point of the intersection of 95" Avenue and Van Buren
Street.




Photograph 13: Floodplain along SPRR tracks west of 9 1 Avenue (looking west). It extends
nearly one-quarter mile north from the tracks. Some small industrial developments are within

' the 100-year floodplain.
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Photograph 14: Floodplain along SPRR tracks west of 91" Avenue (looking northwest). Most
. of the existing residential area south of Washington Street is within the 100-year floodplain.
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Photograph 16: RID Canal at 83™ Avenue (looking west).
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Photograph 17: Concrete irrigation ditch along south side of Van Buren Street west of 96"
Avenue (looking east).

Photograph 18: Earthen ditch along south side of Harrison Street between 99" and 95"
Avenue (looking east).
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Photograph 19: Local ponding at the southeast corner of 95" Avenue and Jackson Street

' (looking south).

‘ Photograph 20: Local ponding at the southwest corner of the 95™ Avenue and Harrison Street
(looking south).




Photograph 21: Impact of ponding at the intersection of 96" Avenue with Van Buren Street
on the pavement (looking west).

Photograph 22: Water ponding in the earthen ditch along the south side of Van Buren Street
(looking east). South of the earthen ditch there is a concrete irrigation ditch.



Photograph 23: Ill-maintained earthen ditch at intersection of 95" Avenue and
Harrison Street (looking north).

Photograph 24: Clogged culvert crossing SPRR at 95™ Avenue.




Photograph 25: Small industrial development within the proposed drainage corridor at northwest
corner of 91% Avenue and SPRR (looking west).

i
Photograph 26: Small industrial development within the proposed drainage corridor at northeast
| corner of 95" Avenue and SPRR (looking east).




Photograph 27: City-owned Cowden Park located south of Van Buren Street and west of 96™
Avenue, a potential retention basin site (looking south).

Photograph 28: 96" Avenue south of Van Buren Street (looking west).




Photograph 29: Irrigation Structure at the southeast corner of 91" Avenue and Van Buren Street
(looking west).

‘ Photograph 30: Intersection of 91" Avenue with SPRR (looking east).




Photograph 32: Intersection of 99" Avenue with SPRR (looking west).




Photograph 33: RID Canal approximately 600 feet south of Van Buren Street and one-quarter mile west of
83™ Avenue.

Photograph 34: Ponding location behind the bend of the RID Canal.
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Table
Rating Table for Irregular Channel

Project Description

Project File d:\1prj\mfc019\hec-ras\alternat.fm2
Worksheet Van Buren Street Capacity

Flow Element Irregular Channel

Method Manning's Formula

Solve For Discharge

Constant Data
Channel Slope 0.001150 ft/ft

Input Data
Minimum Maximum Increment
Water Surface Elevation 10.00 10.20 0.01 ft
Rating Table
Water Surface
Elevation Witd. Mannings Discharge Velocity
(ft) Coefficient (cfs) (ft/s)
‘ 10.00 0.015 18.69 1.27
10.01 0.015 19.39 1.27
10.02 0.015 20.15 1.26
10.03 0.015 20.99 1.26
10.04 0.015 21.89 1.26
10.05 0.015 22.87 1.26
10.06 0.015 23.91 1.26
10.07 0.015 2540 1.28
10.08 0.015 26.93 1.30
10.09 0.015 28.50 1.33
10.10 0.015 30.13 1.35
10.11 0.015 32.10 1.38
10.12 0.015 34.13 1.42
10.13 0.015 36.20 1.45
10.14 0.015 38.32 1.48
10.15 0.015 40.49 1.52
10.16 0.015 42.70 1.55
10.17 0.015 44.96 1.58
10.18 0.015 47.27 1.61
10.19 0.015 49.62 1.64
10.20 0.015 52.02 1.67

07/06/99 FlowMaster v5.15

06:29:03 PM Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 Page 1 of 1




Cross Section
Cross Section for Irregular Channel

Project Description

Project File d:\prj\mfc019\hec-ras\alternat.fm2
Worksheet Van Buren Street Capacity

Flow Element Irregular Channel

Method Manning's Formula

Solve For Discharge

Section Data

Witd. Mannings Coefficient 0.015

Channel Slope

0.001150 ft/ft

Water Surface Elevation 10.20 ft

Discharge

52.02 cfs

10.2

10.1

"l q

10.0

9.9

A N

9.8

e X

Elevation (ft)

9.7

9.6

9.5

-10.0

05:02:35 PM

0.0 10.0 20.0 30.0 40.0 50.0 60.0
Station (ft)

Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1668

70.0

80.0

90.0

FlowMaster v5.15
Page 1 of 1



Table
Rating Table for Circular Channel

Project Description

Project File d:\1prj\mfc019\hec-ras\alternat.fm2
Worksheet Storm Drain in Van Buren Street
Flow Element Circular Channel

Method Manning's Formula

Solve For Full Flow Diameter

Constant Data

Mannings Coefficient 0.013

Channel Slope 0.001150 fi/ft
Input Data

Minimum Maximum Increment
Discharge 40.00 100.00 10.00 cfs
Rating Table

Discharge Depth Diameter Velocity

07/06/99
05:11:48 PM Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708

(cfs) (in) (in) (ft/s)
40.00 446 44.58 3.69
50.00 48.5 48.47 3.90
60.00 51.9 51.90 4.08
70.00 55.0 54.99 4.24
80.00 57.8 57.82 4.39
90.00 60.4 60.43 452

100.00 62.9 62.86 4.64

(203) 755-1666

FlowMaster v5.15
Page 1 of 1




Table
Rating Table for Rectangular Channel

Project Description

Project File d:\1prj\mfc019\hec-ras\alternat.fm2
Worksheet Culvert Crossing 91st Avenue
Flow Element Rectangular Channel

Method A Manning's Formula

Solve For Channel Depth

Constant Data

Mannings Coefficient 0.013

Channel Slope 0.002000 ft/ft
Bottom Width 60.00 ft
Input Data

Minimum Maximum Increment
Discharge 1,000.00 1,800.00 100.00 cfs
Rating Table

Discharge Depth Velocity

07/06/99
05:22:09 PM Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708

(cfs) (ft) (ft/s)
1,000.00 2.09 7.98
1,100.00 2.21 8.28
1,200.00 2.34 8.56
1,300.00 2.45 8.83
1,400.00 2.57 9.08
1,500.00 268 9.32
1,600.00 2.79 9.55
1,700.00 2.90 9.77
1,800.00 3.00 9.99

(203) 755-1666

FlowMaster v5.15
Page 1 of 1
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HEC-RAS Plan: Channel River: SPRR Reach: Typical
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HEC-RAS Plan: Albertsons River: SPRR Channel Reach: Albertsons
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HEC-RAS Plan: Channel-Min River: Green Reach: R1
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HEC-RAS Plan: Albert-Min River. SPRR Channel Reach: Albertsons
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APPENDIX B-2: Hydraulic Computations for
Alternative 2




Table
Rating Table for Irregular Channel

Project Description

Project File d:\1prj\mfc019\hec-ras\alternat.fm2
Worksheet Van Buren Street Capacity

Flow Element Irregular Channel

Method Manning's Formula

Solve For Discharge

Constant Data
Channel Slope 0.001150 ft/ft

Input Data
Minimum Maximum Increment
Water Surface Elevation 10.00 10.20 0.01ft
Rating Table
Water Surface
Elevation Witd. Mannings Discharge Velocity
(ft) Coefficient (cfs) (ft/s)
‘ 10.00 0.015 18.69 1.27
10.01 0.015 19.39 1.27
10.02 0.015 20.15 1.26
10.03 0.015 20.99 1.26
10.04 0.015 21.89 1.26
10.05 0.015 22.87 1.26
10.06 0.015 23.91 1.26
10.07 0.015 25.40 1.28
10.08 0.015 26.93 1.30
10.09 0.015 28.50 1.33
10.10 0.015 30.13 1.35
10.11 0.015 32.10 1.38
10.12 0.015 34.13 1.42
10.13 0.015 36.20 1.45
10.14 0.015 38.32 1.48
10.15 0.015 40.49 1.52
10.16 0.015 42.70 1.55
10.17 0.015 44.96 1.58
10.18 0.015 47.27 1.61
10.19 0.015 49.62 1.64
10.20 0.015 52.02 1.67

07/06/99 FlowMaster v5.15

06:29:03 PM Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 Page 1 of 1
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Cross Section
Cross Section for Irregular Channel

Project Description

Project File d:\1prj\mfc019\hec-ras\alternat.fm2
Worksheet Van Buren Street Capacity

Flow Element Irregular Channel

Method Manning's Formula

Solve For Discharge

Section Data
Witd. Mannings Coefficient 0.015

Channel Slope 0.001150 ft/ft

Water Surface Elevation 10.20 ft

Dischage 52.02 cfs
10.2 24
10.1

Pt i
[ N

9.8 yd \\
. N

Elevation (ft)
y

7 \
9.6 /
9.5
-10.0 0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0
Station (ft)
07/06/99
05:02:35 PM

FlowMaster v5.15
Page 1 of 1

Haestad Methods, Inc. 37 Bs load Waterbury, CT 08708 (203) 755-1686




Table
Rating Table for Circular Channel

Project Description

Project File d:\1prj\mfc019\hec-ras\alternat.fm2
Worksheet Storm Drain from Van Buren - Cowden Park
Flow Element Circular Channel

Method Manning's Formula

Solve For Full Flow Diameter

Constant Data
Mannings Coefficient 0.013

Channel Slope 0.003000 ft/ft
Input Data
Minimum Maximum Increment
Discharge 30.00 80.00 10.00 cfs
Rating Table
Discharge Depth Diameter Velocity
(cfs) (in) (in) (ft/s)
30.00 334 33.44 4.92
40.00 37.2 37.25 5.29
50.00 40.5 40.50 5.59
60.00 43.4 43.36 5.85
70.00 45.9 45.94 6.08
80.00 48.3 48.30 6.29
55 42

07/06/99 FlowMaster v5.15
05.05:15 PM Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 08708 (203) 755-1668 Page 1 0of 1



Table
Rating Table for Rectangular Channel

Project Description

Project File d:\1prj\mfc019\hec-ras\alternat.fm2
Worksheet Culvert Crossing 91st Avenue Alter-2
Flow Element Rectangular Channel

Method Manning's Formula

Solve For Channel Depth

Constant Data
Mannings Coefficient 0.013

Channel Slope 0.002000 ft/ft
Bottom Width 40.00 ft
Input Data
Minimum Maximum Increment
Discharge 1,000.00 1,800.00 100.00 cfs
Rating Table
. Discharge Depth Velocity
(cfs) (ft) (ft/s)

1,000.00 2.73 9.16

1,100.00 2.90 9.49

1,200.00 3.06 9.80

1,300.00 3.22 10.09

1,400.00 3.38 10.37

1,500.00 3.53 10.63

1,600.00 3.68 10.88

1,700.00 3.82 11.12

1,800.00 3.96 11.35

07/06/99 FlowMaster v5.15

06:35:25 PM Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 Page 1 of 1
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HEC-RAS Plan: Soil Cement River: SPRR Flood Contr Reach: typical

950.00

1008.00

1011.88

1012.69

0.001999

131.48

7.23 37.76| 0.68

1500.00|  1008.00/  1013.09 1014.19)  0.001994 8.39 178.70 40.18 0.70

950.00|  1000.00]  1003.88|  1003.03|  1004.69| 0.002000 7.23 131.44 37.76 068

| 1500.00]  1000.00[  1005.09|  1004.06|  1006.18|  0.002001 8.40 178.48 070

40.17




Elevation (ft)

1006

1004

1002

Alternative 2 91Ave Soil Cement Channel
Downstream section of R1 RS =1

1000--

998

Station (ft)

| Ws Q1=170 cfs |

Legend

T SR
- WS Q2=290 cfs

——ee

Ground

)
Bank Sta




HEC-RAS Plan: 91th Ave River: Green Reach: R1
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HEC-RAS Plan: Cement min River: SPRR Flood Contr Reach: typical
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APPENDIX C
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APPENDIX C-1: Conceptual Cost Estimates for
Alternative 1




PRIMATIECH

ENGINEERS & CONSULTANTS

Project: Tolleson SPRR and Van Buren Street at 91st Avenue CAR
Alternative 1-A: Conceptual Cost Estimate Project No. FCD 98-23
ID # Item/Description Quantity| Units Unit Cost| Amount
1 Channel along SPRR (Not Including Light Rail) 25,100 LF
23900 LF Grass Lining Channel - BW=24', TW=79', 5:1(H:V), D=5.5'
(including 1' free board) 23,900 LF
Grass Channel Lining 54 ACRE $1,600.00 $86,909
landscape and Irrigation 54 AC $15,000.00 $814,773
Earthwork/Channel Excavation 255,287 CcY $3.50 $893,506
Concrete Box Culvert: 5-10'x4'x85 @ 83st Ave 425 CY $350.00 $148,750
Concrete Box Culvert: 5-10'x4'x85 @ 91st Ave 425 CY $350.00 $148,750
Concrete Box Culvert: 5-10'x4'x85 @ 99th Ave 425 CY $350.00 $148,750
Concrete Box Culvert: 5-10'x4'x85 @ 107th Ave 425 CY $350.00 $148,750
Concrete Box Culvert: 5-10'x4'x85 @ 115th Ave 425 CY $350.00 $148,750
Concrete Box Culvert: 5-10'x4'x60 @ 87th Ave 300 CcY $350.00 $105,000
Concrete Box Culvert: 5-10'x4'x60 @ 95th Ave 300 CcY $350.00 $105,000
Concrete Box Culvert: 5-10'x4'x60 @ Marshall Ave 300 CcY $351.00 $105,300
1200 LF Concrete Lining Channel @ Albertsons - BW=20', TW=40.4',
2:1(H:V), D=5.1" (including 1' free board) 1,200 LF
Concrete Channel Lining 5,733 sY $40.00 $229,333
Earthwork/Channel Excavation 8,633 CcY $3.50 $29,867
Safety Rail 1,200 LF $12.00 $14,400
Land Acquisition Cost 58 AC $30,000.00 $1,728,650
Sub-Total 25,100 LF $193.49 $4,856,488
2 Storm Drain in Van Buren Street 2,600 LF
60" RGRCP 2,600 LF $220.00 $572,000
Sub-Total $572,000
3 Channel along 91st Avenue 2,600 LF
Grass Channel Lining - Trap Channel BW=16', TW=46', 5:1(H:V), D=3
(including 1' free board) 33 ACRE $1,600.00 $5,348
Earthwork/Channel Excavation 8,956 CY $3.50 $31,344
landscape and Irrigation 3.3 AC $10,000.00 $33,000
Land Acquisition Cost 33 AC $30,000.00 $99,000
Sub-Total 2,600 LF $64.88 $168,692
4 Channel aong 99th Avenue 2,600 LF
Grass Channel Lining - Trap Channel BW=26', TW=66", 5:1(H:V), D=4'
(including 1' free board) 4.5 ACRE $1,600.00 $7,258




PRIMATECH

ENGINEERS & CONSULTANTS

Project: Tolleson SPRR and Van Buren Street at 91st Avenue CAR
Alternative 1-A: Conceptual Cost Estimate Project No. FCD 98-23
ID # Item/Description Quantity| Units Unit Cost| Amount
Earthwork/Channel Excavation 15,407 CY $3.50 $53,926
landscape and Irrigation 4.5 AC $10,000.00 $45,000
Land Acquisition Cost 4.5 AC $30,000.00 $135,000
Sub-Total 2,600 LF $92.76 $241,184
5 Retention Basin at 83rd Ave and SPRR 53 AC-FT
Earthwork/Excavation 85,507 CcY $3.00 $256,520
landscape and Irrigation 55 AC $11,600.00 $63,800
Land Acquisition Cost 55 AC $30,000.00 $165,000
Sub-Total $485,320
6 Retention Basin at 91st Ave and SPRR 2 AC-FT
Earthwork/Excavation 3,227 CcY $3.00 $9,680
landscape and Irrigation 1.0 AC $11,600.00 $11,600
Land Acquisition Cost 1.0 AC $30,000.00 $30,000
Sub-Total $51,280
7 Retention Basin at 99th Ave and SPRR 120 AC-FT
Earthwork/Excavation 193,600 cY $3.00 $580,800
landscape and Irrigation 10.0 AC $11,600.00 $116,000
Land Acquisition Cost 10.0 AC $30,000.00 $300,000
Sub-Total $996,800
8 Retention Basin at 107th Ave and SPRR 40 AC-FT
Earthwork/Excavation 64,533 cY $3.00 $193,600
landscape and Irrigation 4.2 AC $11,600.00 $48,720
Land Acquisition Cost 4.2 AC $30,000.00 $126,000
Sub-Total $368,320
9 Retention Basin at 115th Ave and SPRR 39 AC-FT
Earthwork/Excavation 62,920 cY $3.00 $188,760
landscape and Irrigation 4.1 AC $11,600.00 $47,560
Land Acquisition Cost 4.1 AC $30,000.00 $123,000
Sub-Total $359,320
10 Light Rail From 83rd Ave to 107th Ave 17,200 LF
Land Acquisition Cost 22.5 AC $30,000.00 $675,207
Sub-Total $675,207
Sub-Total: Tolleson Drainage Improvement Alternative 1-A $8,774,610
Engineering and *- tingencies 25% $2,193,653

7/26/99



PRIMATIEECH
ENGINEERS & CONSULTANTS
Project: Tolleson SPRR and Van Buren Street at 91st Avenue CAR
Alternative 1-A: Conceptual Cost Estimate Project No. FCD 98-23
ID # Item/Description Quantity| Units Unit Cost| Amount
Total: Tolleson Drainage Improvement Alternative 1-A $10,968,263

7/26/99




PRIMATIECH

ENGINEERS & CONSULTANTS

Project: Tolleson SPRR and Van Buren Street at 91st Avenue CAR
Alternative 1-B: Conceptual Cost Estimate Project No. FCD 98-23
ID # Item/Description Quantity| Units Unit Cost| Amount
1 Channel along SPRR (Not Including Light Rail) 25,100 LF
Soil Cement Channel Lining - Trap Channel BW=30', TW=40'", 1:1(H:V),
D=5, (including 1' free board) 133,867 cY $12.00 $1,606,400
Earthwork/Channel Excavation 296,552 CcY $3.50 $1,037,931
Concrete Box Culvert: 5-10'x4'x85 @ 83st Ave 425 cY $350.00 $148,750
Concrete Box Culvert: 4-10'x4'x85 @ 91st Ave 340 CcY $350.00 $119,000
Concrete Box Culvert: 4-10'x4'x85 @ 99th Ave 340 CcY $350.00 $119,000
Concrete Box Culvert: 4-10'x4'x85 @ 107th Ave 340 CcY $350.00 $119,000
Concrete Box Culvert: 4-10'x4'x85 @ 115th Ave 340 CcY $350.00 $119,000
Concrete Box Culvert: 4-10'x4'x60 @ 87th Ave 240 CcY $350.00 $84,000
Concrete Box Culvert: 4-10'x4'x60 @ 95th Ave 240 CcY $350.00 $84,000
Concrete Box Culvert: 4-10'x4'x60 @ Marshall Ave 240 CcY $351.00 $84,240
Safety Rail 25,100 LF $12.00 $301,200
Land Acquisition Cost 38 ACRE $30,000.00 $1,140,909
Sub-Total 25,100 LF $197.75 $4,963,430
2 Storm Drain in Van Buren Street 2,600 LF
60" RGRCP 2,600 LF $220.00 $572,000
Sub-Total $572,000
3 Channel along 91st Avenue 2,600 LF
Concrete Channel Lining - Trap Channel BW=12', TW=19', 1:1(H:V),
D=3.5', (including 1' free board) 6,356 SY $30.00 $190,667
Earthwork/Channel Excavation 7,896 CcY $3.50 $27,637
Land Acquisition Cost 1.7 ACRE $30,000.00 $51,928
Sub-Total 2,600 LF $103.94 $270,232
4 Channel aong 99th Avenue 2,600 LF
Concrete Channel Lining - Trap Channel BW=12', TW=23', 1:1(H:V),
D=5.3', (including 1' free board) 7,800 SY $30.00 $234,000
Earthwork/Channel Excavation 10,207 CY $3.50 $35,726
Safety Rail 2,600 LF $12.00 $31,200
Land Acquisition Cost 2.0 AC $30,000.00 $59,091
Sub-Total 2,600 LF $138.47 $360,017
5 Retention Basin at 83rd Ave and SPRR 53 AC-FT
Earthwork/Excavation 85,507 CcY $3.00 $256,520
landscape and Irrigation 5.5 AC $11,600.00 $63,800

7/26/99



PRIMATIECH

ENGINEERS & CONSULTANTS

Project: Tolleson SPRR and Van Buren Street at 91st Avenue CAR
Alternative 1-B: Conceptual Cost Estimate Project No. FCD 98-23
ID # Item/Description Quantity| Units Unit Cost| Amount
Land Acquisition Cost 55 AC $30,000.00 $165,000
Sub-Total $485,320
6 Retention Basin at 91st Ave and SPRR 2 AC-FT
Earthwork/Excavation 3,227 cY $3.00 $9,680
landscape and Irrigation 1.0 AC $11,600.00 $11,600
Land Acquisition Cost 1.0 AC $30,000.00 $30,000
Sub-Total $51,280
7 Retention Basin at 99th Ave and SPRR 120 AC-FT
Earthwork/Excavation 193,600 CcY $3.00 $580,800
landscape and Irrigation 10.0 AC $11,600.00 $116,000
Land Acquisition Cost 10.0 AC $30,000.00 $300,000
Sub-Total $996,800
8 Retention Basin at 107th Ave and SPRR 40 AC-FT
Earthwork/Excavation 64,533 CcY $3.00 $193,600
landscape and Irrigation 4.2 AC $11,600.00 $48,720
Land Acquisition Cost 4.2 AC $30,000.00 $126,000
Sub-Total $368,320
9 Retention Basin at 115th Ave and SPRR 39 AC-FT
Earthwork/Excavation 62,920 CcY $3.00 $188,760
landscape and Irrigation 4.1 AC $11,600.00 $47,560
Land Acquisition Cost 4.1 AC $30,000.00 $123,000
Sub-Total $359,320
10 Light Rail From 83rd Ave to 107th Ave 17,200 LF
Land Acquisition Cost 22.5 AC $30,000.00 $675,207
Sub-Total $675,207
Sub-Total: Tolleson Drainage Improvement Alternative 1-B $9,101,926
Engineering and Contingencies 25% $2,275,481
Total: Tolleson Drainage Improvement Alternative 1-B $11,377,407

7/26/99



PRIMATIEECH
ENGINEERS & CONSULTANTS
Project: Tolleson SPRR and Van Buren Street at 91st Avenue CAR
Alternative 1-C: Conceptual Cost Estimate Project No. FCD 98-23
ID # Item/Description Quantity| Units Unit Cost| Amount
1 Channel along SPRR (Not Including Light Rail) 25,100 LF
23900 LF Grass Lining Channel - BW=24' TW=75", 5:1(H:V), D=5.1"
(including 1' free board) 23,900 LF
Grass Channel Lining 52 ACRE $1,600.00 $83,398
landscape and Irrigation 52 AC $15,000.00 $781,853
Earthwork/Channel Excavation 245,373 CcY $3.50 $858,807
Concrete Box Culvert: 5-10'x4'x85 @ 83st Ave 425 CY $350.00 $148,750
Concrete Box Culvert: 4-10'x4'x85 @ 91st Ave 340 CcY $350.00 $119,000
Concrete Box Culvert: 4-10'x4'x85 @ 99th Ave 340 CcY $350.00 $119,000
Concrete Box Culvert: 4-10'x4'x85 @ 107th Ave 340 CcY $350.00 $119,000
Concrete Box Culvert: 4-10'x4'x85 @ 115th Ave 340 CcY $350.00 $119,000
Concrete Box Culvert: 4-10'x4'x60 @ 87th Ave 240 CcY $350.00 $84,000
Concrete Box Culvert: 4-10'x4'x60 @ 95th Ave 240 cY $350.00 $84,000
Concrete Box Culvert: 4-10'x4'x60 @ Marshall Ave 240 CcY $351.00 $84,240
1200 LF Concrete Lining Channel @ Albertsons - BW=20', TW=39.3,
2:1(H:V), D=4.8' (including 1' free board) 1,200 LF
Concrete Channel Lining 5,533 SY $40.00 $221,333
Earthwork/Channel Excavation 8,133 CY $3.50 $28,467
Safety Rail 1,200 LF $12.00 $14,400
Land Acquisition Cost 58 AC $30,000.00 $1,728,650
Sub-Total 25,100 LF $183.02 $4,593,898
2 Storm Drain in Van Buren Street 2,600 LF
60" RGRCP 2,600 LF $220.00 $572,000
Sub-Total $572,000
3 Channel along 91st Avenue 2,600 LF
Grass Channel Lining - Trap Channel BW=16', TW=46', 5:1(H.V), D=3'
(including 1' free board) - 3.3 ACRE $1,600.00 $5,348
Earthwork/Channel Excavation 8,956 CcY $3.50 $31,344
landscape and Irrigation 3.3 AC $10,000.00 $33,000
Land Acquisition Cost 3.3 AC $30,000.00 $99,000
Sub-Total 2,600 LF $64.88 $168,692
4 Channel aong 99th Avenue 2,600 LF
Grass Channel Lining - Trap Channel BW=26', TW=66', 5:1(H:V), D=4'
(including 1' free board) 4.5 ACRE $1,600.00 $7,258

7/26/99



PRIMATIECH

ENGINEERS & CONSULTANTS

Project: Tolleson SPRR and Van Buren Street at 91st Avenue CAR
Alternative 1-C: Conceptual Cost Estimate Project No. FCD 98-23
ID # Item/Description Quantity| Units Unit Cost| Amount
Earthwork/Channel Excavation 15,407 CcYy $3.50 $53,926
landscape and Irrigation 4.5 AC $10,000.00 $45,000
Land Acquisition Cost 4.5 AC $30,000.00 $135,000
Sub-Total 2,600 LF $92.76 $241,184
5 Retention Basin at 83rd Ave and SPRR 88 AC-FT
Earthwork/Excavation 141,973 CY $3.00 $425,920
landscape and Irrigation 8.0 AC $11,600.00 $92,800
Land Acquisition Cost 8.0 AC $30,000.00 $240,000
Sub-Total $758,720
6 Retention Basin at 91st Ave and SPRR 7 AC-FT
Earthwork/Excavation 11,293 CcY $3.00 $33,880
landscape and Irrigation 2.0 AC $11,600.00 $23,200
Land Acquisition Cost 2.0 AC $30,000.00 $60,000
Sub-Total $117,080
7 Retention Basin at 99th Ave and SPRR 124 AC-FT
Earthwork/Excavation 200,053 CY $3.00 $600,160
landscape and Irrigation 10.0 AC $11,600.00 $116,000
Land Acquisition Cost 10.0 AC $30,000.00 $300,000
Sub-Total $1,016,160
8 Retention Basin at 107th Ave and SPRR 78 AC-FT
Earthwork/Excavation 125,840 CcY $3.00 $377,520
landscape and Irrigation 7.0 AC $11,600.00 $81,200
Land Acquisition Cost 7.0 AC $30,000.00 $210,000
Sub-Total $668,720
9 Retention Basin at 115th Ave and SPRR 27 AC-FT
Earthwork/Excavation 43,560 CYy $3.00 $130,680
landscape and Irrigation 3.5 AC $11,600.00 $40,600
Land Acquisition Cost 35 AC $30,000.00 $105,000
Sub-Total $276,280
10 Light Rail From 83rd Ave to 107th Ave 17,200 LF
Land Acquisition Cost 22.5 AC $30,000.00 $675,207
Sub-Total $675,207
Sub-Total: Tolleson Drainage Improvement Alternative 1-C $9,087,940
Engineering and Contingencies 25% $2,271,985

7126199



7126199

PRIMATECH
ENGINEERS & CONSULTANTS
Project: Tolleson SPRR and Van Buren Street at 91st Avenue CAR
Alternative 1-C: Conceptual Cost Estimate Project No. FCD 98-23
ID# Item/Description Quantity| Units Unit Cost| Amount
Total: Tolleson Drainage Improvement Alternative 1-C $11,359,925




— 7/26/99
PRIMATIECH
ENGINEERS & CONSULTANTS
Project: Tolleson SPRR and Van Buren Street at 91st Avenue CAR
Alternative 1-D: Conceptual Cost Estimate Project No. FCD 98-24
ID # Item/Description Quantity| Units Unit Cost| Amount Jurisdiction
1 Channel along SPRR (Not Including Light Rail) 25,100 LF 68% in Tolleson
23900 LF Grass Lining Channel - BW=24', TW=79', 5:1(H:V), D=5.5'
(including 1' free board) 23,900 LF 66% in Tolleson
Grass Channel Lining 54 ACRE $1,600.00 $86,909]| 66% in Tolleson
landscape and Irrigation 54 AC $15,000.00 $814,773| 66% in Tolleson
Earthwork/Channel Excavation 255,287 CY $3.50 $893,506| 66% in Tolleson
Concrete Box Culvert: 5-10'x4'x85 @ 83st Ave 425 CcY $350.00 $148,750 Tolleson
Concrete Box Culvert: 5-10'x4'x85 @ 91st Ave 425 cY $350.00 $148,750 Tolleson
Concrete Box Culvert: 5-10'x4'x85 @ 99th Ave 425 CcY $350.00 $148,750 Tolleson
Concrete Box Culvert: 5-10'x4'x85 @ 107th Ave 425 CY $350.00 $148,750| 50% in Tolleson
Concrete Box Culvert: 5-10'x4'x85 @ 115th Ave 425 CcY $350.00 $148,750|out of Tolleson
Concrete Box Culvert: 5-10'x4'x60 @ 87th Ave 300 CcY $350.00 $105,000 Tolleson
Concrete Box Culvert: 5-10'x4'x60 @ 95th Ave 300 CcY $350.00 $105,000 Tolleson
Concrete Box Culvert: 5-10'x4'x60 @ Marshall Ave 300 CcY $351.00 $105,300]|out of Tolleson
1200 LF Concrete Lining Channel @ Albertsons - BW=20', TW=40.4',
2:1(H:V), D=5.1" (including 1' free board) 1,200 LF Tolleson
Concrete Channel Lining 5,733 sY $40.00 $229,333 Tolleson
Earthwork/Channel Excavation 8,533 cY $3.50 $29,867 Tolleson
Safety Rail 1,200 LF $12.00 $14,400 Tolleson
Land Acquisition Cost 58 AC $30,000.00 $1,728,650| 68% in Tolleson
Sub-Total 25,100 LF $193.49 $4,856,488
2 Storm Drain in Van Buren Street 2,600 LF
60" RGRCP 2,600 LF $220.00 $572,000
Sub-Total $572,000 Tolleson
3 Channel along 91st Avenue 2,600 LF
Grass Channel Lining - Trap Channel BW=16', TW=486', 5:1(H:V), D=3'
(including 1' free board) 3.3 ACRE $1,600.00 $5,348
Earthwork/Channel Excavation 8,956 CcY $3.50 $31,344
landscape and Irrigation 33 AC $10,000.00 $33,000
Land Acquisition Cost 3.3 AC $30,000.00 $99,000
Sub-Total 2,600 LF $64.88 $168,692 Tolleson
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7/26/99

Project: Tolleson SPRR and Van Buren Street at 91st Avenue CAR
Alternative 1-D: Conceptual Cost Estimate Project No. FCD 98-24
ID # Item/Description Quantity| Units Unit Cost| Amount Jurisdiction
4 Channel aong 99th Avenue 2,600 LF
Grass Channel Lining - Trap Channel BW=26', TW=66"', 5:1(H:V), D=4'
(including 1' free board) 4.5 ACRE $1,600.00 $7,258
Earthwork/Channel Excavation 15,407 (03 $3.50 $53,926
landscape and Irrigation 4.5 AC $10,000.00 $45,000
Land Acquisition Cost 45 AC $30,000.00 $135,000
Sub-Total 2,600 LF $92.76 $241,184 Tolleson
5 Retention Basin at Park Site at 86th Ave and Van Buren 46 AC-FT
Earthwork/Excavation 74,213 CY $3.00 $222,640
landscape and Irrigation 7.0 AC $11,600.00 $81,200
Land Acquisition Cost (City Owned) 7.0 AC $0.00 $0
Sub-Total $303,840 Tolleson
6 Retention Basin at 83rd Ave and SPRR 53 AC-FT
Earthwork/Excavation 85,507 CcY $3.00 $256,520
landscape and Irrigation 5.5 AC $11,600.00 $63,800
Land Acquisition Cost 5.5 AC $30,000.00 $165,000
Sub-Total $485,320 Tolleson
7 Retention Basin at 99th Ave and SPRR 85 AC-FT
Earthwork/Excavation 137,133 CY $3.00 $411,400
landscape and Irrigation 7.0 AC $11,600.00 $81,200
Land Acquisition Cost 7.0 AC $30,000.00 $210,000
Sub-Total $702,600 Tolleson
8 Retention Basin at 107th Ave and SPRR 38 AC-FT
Earthwork/Excavation 61,307 cYy $3.00 $183,920
landscape and Irrigation 4.0 AC $11,600.00 $46,400
Land Acquisition Cost 4.0 AC $30,000.00 $120,000
Sub-Total $350,320 Tolleson
9 Retention Basin at 115th Ave and SPRR 38 AC-FT
Earthwork/Excavation 61,307 CcYy $3.00 $183,920
landscape and Irrigation 4.0 AC $11,600.00 $46,400
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Project: Tolleson SPRR and Van Buren Street at 91st Avenue CAR
Alternative 1-D: Conceptual Cost Estimate Project No. FCD 98-24
ID # Item/Description Quantity| Units Unit Cost| Amount Jurisdiction
Land Acquisition Cost 4.0 AC $30,000.00 $120,000
Sub-Total $350,320| out of Tolleson
10 Light Rail From 83rd Ave to 107th Ave 17,200 LF
Land Acquisition Cost 225 AC $30,000.00 $675,207
Sub-Total $675,207 Tolleson
Sub-Total: Tolleson Drainage Improvement Alternative 1-D $8,705,970
Engineering and Contingencies 25% $2,176,493
Total: Tolleson Drainage Improvement Alternative 1-D $10,882,463
Sub-Total of Alternative 1-D in City of Tolleson $6,863,693.61 Tolleson
Engineering and Contingencies 25% $1,715,923
Total: Alternative 1-D in City of Tolleson $8,579,617 Tolleson
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PRIMATIZECIHH
ENGINEERS & CONSULTANTS
Project: Tolleson SPRR and Van Buren Street at 91st Avenue CAR
Alternative 2-A: Conceptual Cost Estimate Project No. FCD 98-23
ID # Item/Description Quantity| Units Unit Cost| Amount
1 Channel along SPRR 19,800 LF
23900 LF Grass Lining Channel - BW=24', TW=79', 5:1(H.V), D=5.5'
(including 1' free board) 18,600 LF
Grass Channel Lining 42 ACRE $1,600.00 $67,636
landscape and Irrigation 42 AC $15,000.00 $634,091
Earthwork/Channel Excavation 198,676 CcY $3.50 $695,364
Concrete Box Culvert: 3-10'x4'x85 @ 91st Ave 255 CY $350.00 $89,250
Concrete Box Culvert: 5-10'x4'x85 @ 99th Ave 425 CcY $350.00 $148,750
Concrete Box Culvert: 5-10'x4'x85 @ 107th Ave 425 CcY $350.00 $148,750
Concrete Box Culvert: 5-10'x4'x85 @ 115th Ave 425 cY $350.00 $148,750
Concrete Box Culvert: 5-10'x4'x60 @ 95th Ave 300 CcY $350.00 $105,000
Concrete Box Culvert: 5-10'x4'x60 @ Marshall Ave 300 CcY $351.00 $105,300
1200 LF Concrete Lining Channel @ Albertsons - BW=30', TW=51', 2:1(H:V),
D=5.2' (including 1' free board) 1,200 LF
Concrete Channel Lining 7,067 SY $40.00 $282,667
Earthwork/Channel Excavation 11,333 cY $3.50 $39,667
Safety Rail 1,200 LF $12.00 $14,400
Land Acquisition Cost 45 AC $30,000.00 $1,363,636
Sub-Total 19,800 LF $194.10 $3,843,261
2 Storm Drain in Van Buren Street 1,600 LF
42" RGRCP 1,600 LF $150.00 $240,000
Sub-Total $240,000
3 Channel along 91st Avenue 2,600 LF
Grass Channel Lining - Trap Channel BW=16', TW=46', 5:1(H:V), D=3'
(including 1' free board) 3.3 ACRE $1,600.00 $5,348
Earthwork/Channel Excavation 8,956 CcY $3.50 $31,344
landscape and Irrigation 3.3 AC $10,000.00 $33,000
Land Acquisition Cost 3.3 AC $30,000.00 $99,000
Sub-Total 2,600 LF $64.88 $168,692
4 Retention Basin at Cowden Park 19 AC-FT
Earthwork/Excavation 30,653 CY $3.00 $91,960
landscape and Irrigation 6.0 AC $11,600.00 $69,600
Land Acquisition Cost (City Owned) 6.0 AC $0.00 $0
Sub-Total $161,560
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PRIMATIECH
ENGINEERS & CONSULTANTS
Project: Tolleson SPRR and Van Buren Street at 91st Avenue CAR
Alternative 2-A: Conceptual Cost Estimate Project No. FCD 98-23
ID # Item/Description Quantity| Units Unit Cost| Amount
5 Retention Basin at 99th Ave and SPRR 35 AC-FT
Earthwork/Excavation 56,467 CcYy $3.00 $169,400
landscape and Irrigation 4.0 AC $11,600.00 $46,400
Land Acquisition Cost 40 AC $30,000.00 $120,000
Sub-Total $335,800
6 Retention Basin at 107th Ave and SPRR 38 AC-FT
Earthwork/Excavation 61,307 CYy $3.00 $183,920
landscape and Irrigation 4.0 AC $11,600.00 $46,400
Land Acquisition Cost 4.0 AC $30,000.00 $120,000
Sub-Total $350,320
7 Retention Basin at 115th Ave and SPRR 43 AC-FT
Earthwork/Excavation 69,373 CcYy $3.00 $208,120
landscape and Irrigation 45 AC $3,000.00 $13,500
Land Acquisition Cost 4.5 AC $30,000.00 $135,000
Sub-Total $356,620
Sub-Total: Tolleson Drainage Improvement Alternative 2-A $5,456,253
Engineering and Contingencies 25% $1,364,063
Total: Tolleson Drainage Improvement Alternative 2-A $6,820,317
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ENGINEERS & CONSULTANTS
Project: Tolleson SPRR and Van Buren Street at 91st Avenue CAR
Alternative 2-B: Conceptual Cost Estimate Project No. FCD 98-23
ID # Item/Description Quantity| Units Unit Cost| Amount
1 Channel along SPRR 19,800 LF
Soil Cement Channel Lining - Trap Channel BW=30', TW=40", 1:1(H:V), D=5,
(including 1' free board) 105,600 CY $12.00 $1,267,200
Earthwork/Channel Excavation 233,933 CY $3.50 $818,767
Concrete Box Culvert: 3-10'x4'x85 @ 91st Ave 255 CcY $350.00 $89,250
Concrete Box Culvert: 4-10'x4'x85 @ 99th Ave 340 CcY $350.00 $119,000
Concrete Box Culvert: 4-10'x4'x85 @ 107th Ave 340 CcY $350.00 $119,000
Concrete Box Culvert: 4-10'x4'x85 @ 115th Ave 340 cY $350.00 $119,000
Concrete Box Culvert: 4-10'x4'x60 @ 95th Ave 240 cY $350.00 $84,000
Concrete Box Culvert: 4-10'x4'x60 @ Marshall Ave 240 CcYy $350.00 $84,000
Safety Rail 19,800 LF $12.00 $237,600
Land Acquisition Cost 30 ACRE $30,000.00 $900,000
Sub-Total 19,800 LF $193.83 $3,837,817
2 Storm Drain in Van Buren Street 1,600 LF
42" RGRCP 1,600 LF $150.00 $240,000
Sub-Total $240,000
3 Channel along 91st Avenue 2,600 LF
Concrete Channel Lining - Trap Channel BW=12', TW=19', 1:1(H:V), D=3.5',
(including 1' free board) 6,356 SY $30.00 $190,667
Earthwork/Channel Excavation 7,896 CcY $3.50 $27,637
Land Acquisition Cost 1.7 ACRE $30,000.00 $51,928
Sub-Total 2,600 LF $103.94 $270,232
4 Retention Basin at Cowden Park 19 AC-FT
Earthwork/Excavation 30,653 CcY $3.00 $91,960
landscape and Irrigation 6.0 AC $11,600.00 $69,600
Land Acquisition Cost (City Owned) 6.0 AC $0.00 $0
Sub-Total $161,560
5 Retention Basin at 99th Ave and SPRR 35 AC-FT
Earthwork/Excavation 56,467 CcY $3.00 $169,400
landscape and Irrigation 4.0 AC $11,600.00 $46,400
Land Acquisition Cost 4.0 AC $30,000.00 $120,000
Sub-Total $335,800
6 Retention Basin at 107th Ave and SPRR 38 AC-FT
Earthwork/Excavation 61,307 CcY $3.00 $183,920
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Project: Tolleson SPRR and Van Buren Street at 91st Avenue CAR
Alternative 2-B: Conceptual Cost Estimate Project No. FCD 98-23
ID # Item/Description Quantity| Units Unit Cost| Amount
landscape and Irrigation 4.0 AC $11,600.00 $46,400
Land Acquisition Cost 4.0 AC $30,000.00 $120,000
Sub-Total $350,320
7 Retention Basin at 115th Ave and SPRR 43 AC-FT
Earthwork/Excavation 69,373 CY $3.00 $208,120
landscape and Irrigation 4.5 AC $3,000.00 $13,500
Land Acquisition Cost 45 AC $30,000.00 $135,000
Sub-Total $356,620
Sub-Total: Tolleson Drainage Improvement Alternative 2-B $5,552,349
Engineering and Contingencies 25% $1,388,087

Total: Tolleson Drainage Improvement Alternative 2-B

$6,940,436
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Project: Tolleson SPRR and Van Buren Street at 91st Avenue CAR
Alternative 2-C: Conceptual Cost Estimate Project No. FCD 98-23
ID # Item/Description Quantity| Units Unit Cost| Amount
1 Channel along SPRR 19,800 LF
Soil Cement Channel Lining - Trap Channel BW=24', TW=34', 1:1(H:V), D=5',
(including 1' free board) 105,600 CcY $12.00 $1,267,200
Earthwork/Channel Excavation 211,933 CcY $3.50 $741,767
Concrete Box Culvert: 3-10'x4'x85 @ 91st Ave 255 cY $350.00 $89,250
Concrete Box Culvert: 4-10'x4'x85 @ 99th Ave 340 CcY $350.00 $119,000
Concrete Box Culvert: 4-10'x4'x85 @ 107th Ave 340 CcY $350.00 $119,000
Concrete Box Culvert: 4-10'x4'x85 @ 115th Ave 340 4 $350.00 $119,000
Concrete Box Culvert: 4-10'x4'x60 @ 95th Ave 240 cY $350.00 $84,000
Concrete Box Culvert: 4-10'x4'x60 @ Marshall Ave 240 CY $350.00 $84,000
Safety Rail 19,800 LF $12.00 $237,600
Land Acquisition Cost 30 ACRE $30,000.00 $900,000
Sub-Total 19,800 LF $189.94 $3,760,817
2 Storm Drain in Van Buren Street 1,600 LF
42" RGRCP 1,600 LF $150.00 $240,000
Sub-Total $240,000
3 Channel along 91st Avenue 2,600 LF
Concrete Channel Lining - Trap Channel BW=12', TW=19', 1:1(H:V), D=3.5,
(including 1' free board) 6,356 SY $30.00 $190,667
Earthwork/Channel Excavation 7,896 CcY $3.50 $27,637
Land Acquisition Cost 1.7 ACRE $30,000.00 $51,928
Sub-Total 2,600 LF $103.94 $270,232
4 Retention Basin at Cowden Park 19 AC-FT
Earthwork/Excavation 30,653 CY $3.00 $91,960
landscape and Irrigation 6.0 AC $11,600.00 $69,600
Land Acquisition Cost (City Owned) 6.0 AC $0.00 $0
Sub-Total $161,560
5 Retention Basin at 99th Ave and SPRR 55 AC-FT
Earthwork/Excavation 88,733 CcY $3.00 $266,200
landscape and Irrigation 5.5 AC $11,600.00 $63,800
Land Acquisition Cost 5.5 AC $30,000.00 $165,000
Sub-Total $495,000
6 Retention Basin at 107th Ave and SPRR 73 AC-FT
Earthwork/Excavation 117,773 CcY $3.00 $353,320
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Project: Tolleson SPRR and Van Buren Street at 91st Avenue CAR
Alternative 2-C: Conceptual Cost Estimate Project No. FCD 98-23
ID # Item/Description Quantity| Units Unit Cost| Amount
landscape and Irrigation 6.5 AC $11,600.00 $75,400
Land Acquisition Cost 6.5 AC $30,000.00 $195,000
Sub-Total $623,720
7 Retention Basin at 115th Ave and SPRR 52 AC-FT
Earthwork/Excavation 83,893 cY $3.00 $251,680
landscape and Irrigation 5.4 AC $3,000.00 $16,200
Land Acquisition Cost 5.4 AC $30,000.00 $162,000
Sub-Total $429,880
Sub-Total: Tolleson Drainage Improvement Alternative 2-C $5,981,209
Engineering and Contingencies 25% $1,495,302

Total: Tolleson Drainage Improvement Alternative 2-C

$7,476,511
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Project: Tolleson SPRR and Van Buren Street at 91st Avenue CAR
Alternative 2-D: Conceptual Cost Estimate Project No. FCD 98-23
ID # Item/Description Quantity| Units Unit Cost| Amount
1 Channel along SPRR 19,800 LF
Soil Cement Channel Lining - Trap Channel BW=30', TW=40', 1:1(H:V), D=5',
(including 1' free board) 105,600 CcY $12.00 $1,267,200
Earthwork/Channel Excavation 233,933 CY $3.50 $818,767
Concrete Box Culvert: 3-10'x4'x85 @ 91st Ave 255 CY $350.00 $89,250
Concrete Box Culvert: 4-10'x4'x85 @ 99th Ave 340 CcY $350.00 $119,000
Concrete Box Culvert: 4-10'x4'x85 @ 107th Ave 340 CcY $350.00 $119,000
Concrete Box Culvert: 4-10'x4'x85 @ 115th Ave 340 CcY $350.00 $119,000
Concrete Box Culvert: 4-10'x4'x60 @ 95th Ave 240 CcY $350.00 $84,000
Concrete Box Culvert: 4-10'x4'x60 @ Marshall Ave 240 CcY $350.00 $84,000
Safety Rail 19,800 LF $12.00 $237,600
Land Acquisition Cost 30 ACRE $30,000.00 $900,000
Sub-Total 19,800 LF $193.83 $3,837,817
2 Storm Drain in Van Buren Street 1,600 LF
42" RGRCP 1,600 LF $150.00 $240,000
Sub-Total $240,000
3 Channel along 91st Avenue 2,600 LF
Concrete Channel Lining - Trap Channel BW=12', TW=19', 1:1(H:V), D=3.5',
(including 1' free board) 6,356 SY $30.00 $190,667
Earthwork/Channel Excavation 7,896 CcY $3.50 $27,637
Land Acquisition Cost 1.7 ACRE $30,000.00 $51,928
Sub-Total 2,600 LF $103.94 $270,232
4 Retention Basin at Cowden Park 19 AC-FT
Earthwork/Excavation 30,653 CY $3.00 $91,960
landscape and Irrigation 6.0 AC $11,600.00 $69,600
Land Acquisition Cost (City Owned) 6.0 AC $0.00 $0
Sub-Total $161,560
5 Retention Basin at Park Site at 86th Ave and Van Buren 46 AC-FT
Earthwork/Excavation 74,213 cY $3.00 $222,640
landscape and Irrigation 7.0 AC $11,600.00 $81,200
Land Acquisition Cost (City Owned) 7.0 AC $0.00 $0
Sub-Total $303,840
6 Retention Basin at 99th Ave and SPRR 14 AC-FT
Earthwork/Excavation 22,587 CcY $3.00 $67,760
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Project: Tolleson SPRR and Van Buren Street at 91st Avenue CAR
Alternative 2-D: Conceptual Cost Estimate Project No. FCD 98-23
ID# Item/Description Quantity| Units Unit Cost| Amount
landscape and Irrigation 3.0 AC $11,600.00 $34,800
Land Acquisition Cost 3.0 AC $30,000.00 $90,000
Sub-Total $192,560
7 Retention Basin at 107th Ave and SPRR 33 AC-FT
Earthwork/Excavation 53,240 CY $3.00 $159,720
landscape and Irrigation 3.8 AC $11,600.00 $44,080
Land Acquisition Cost 3.8 AC $30,000.00 $114,000
Sub-Total $317,800
8 Retention Basin at 115th Ave and SPRR 41 AC-FT
Earthwork/Excavation 66,147 CcY $3.00 $198,440
landscape and Irrigation 4.3 AC $3,000.00 $12,900
Land Acquisition Cost 4.3 AC $30,000.00 $129,000
Sub-Total $340,340
Sub-Total: Tolleson Drainage Improvement Alternative 2-D $5,360,309
Engineering and Contingencies 25% $1,340,077
Total: Tolleson Drainage Improvement Alternative 2-D $6,700,386
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EXHIBIT “A”
CONTRACT FCD 98 -23

CANDIDATE ASSESSMENT REPORT
Tolleson — SPRR and Van Buren Street at 91*. Avenue

Drainage Improvement Project
PCN #565-01-01

Scope of Work
1.0 PROJECT DESCRIPTION

1.0.1 General Work Description

This Candidate Assessment Report(s) (CAR) will be used to verify existing information on a
specific project need, develop additional information for the evaluation of a proposed project,

"develop proposed alternatives and options, and identify estimated costs and schedules suitable
for determining programming the Capital Improvement Program (CIP) project.

The report will provide a complete background, which will include the identification of previous
storm events causing flooding inTolleson, within SPRR and Van Buren Street at 91°. Avenue.

Roads affected by the drainage are 91*. Avenue from I-10 to the SPRR, one-half mile east and
west of 91°'. Avenue along Van Buren Street, and east and west of 91* Avenue along the SPRR.

The report will review existing data from the “Floodplain Delineation of the Tolleson Area”,
‘ Project FCD 95-26, Hydrology report, prepared for the Flood Control District of Maricopa
County by Dibble & Associates Consulting Engineers, December 9, 1998 and the “Floodplain
Delineation of the Tolleson Area (DRAFT) Final Report and Technical Data Notebook,
prepared for the Flood Control District of Maricopa County FCD Contract #95 — 26, December
8, 1998 by Dibble & Associates and applicable topographic photos from the Maryvale ADMS.

Rights-of-way will be identified in the report examining agency responsibilities for acquisition
and maintenance.

The report is to provide the identification of drainage improvements, minimize erosion, and
protect future development along the SPRR and Van Buren Street at 91%. Avenue, and review

of existing development and residential properties.

The study will identify nuisance drainage, vegetation, wildlife habitat, water quality, equestrian
and bicycle trails, and reduction of street drainage.

The report will identify concepts for the mitigation and its feasibility of basin structures, open
space concepts, channelizaton recommendations, 404 and 401 implications, residential and
commercial relocation cost, and verify benefits served to the community, quality of life,
recreational uses, groundwater enhancements, environmental quality and flood protection.

The report will guide the funding requirements and verify the estimates of the City of Tolleson
and financial responsibilities of each jurisdiction involved.

The report will provide several alternative scenarios including a preferred alternative including
. basins, cost benefits, benefited areas, and open space amenities for recreation and wildlife.
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1.0.2 Background and Project Overview:

The City of Tolleson originated the project request in a proposal for inclusion into the Capital
Improvement Project Prioritization process of the Flood Control District of Maricopa County,
with a project title of “Van Buren Street Drainage” and “Southern Pacific Railroad Tracks

Drainage Improvements” both as separate projects.

For purposes of this (CAR), Candidate Assessment Report, the title will incorporate the two
projects into one and address the drainage problems and flood protection project
recommendations as one project. The project was submitted on several occasions from October
6, 1994 to the present. The original proposal submitted did not contain sufficient information to
effectually consider the project for the Capital Improvement Program.

(\ The City of Tolleson’s goal was to eliminate the FEMA designated 100 year floodplain and @
' substantial local flooding along 91* Avenus. Their intent was to provide flood protection
basically for the benefit of the urbanized area, identified on the current FIRM maps, along the
SPRR which runs through the City of Tolleson. The estimated area to be protected is 120 acres,

of which 100 acres are developed and 20 acres undeveloped.

The total area is within the jurisdiction of the City of Tolleson. The roadway along 91*. Avenue
to the north is within the Maricopa County Department of Transportation responsibility for
approximately one-quarter of a mile. -

The City identified the benefited communities as' an area containing residential dwelling, mobile
homes, industrial and commercial buildings, railroad property, water production facility,
roadway property, and approximately two and one-half miles of residential streets.

Project funding was determined by the City without pre-design concepts somewhere in the
range of $1 to $2 million dollars not including environmental permitting or mitigation. The City
of Tolleson stated they did not have funding available to support the project but provide
funding for the operation and maintenance of the facilities thatare constructed.

District participation would normally be estimated at 50% of the estimated project cost. No
cost estimates were indicated for land transaction, aesthetic costs, or permits for 404 or 401 of

the Clean Water Act.

1.2 Purpose: The purpose of the CAR will basically be to review and analyze existing information, and
where necessary compile and develop project data. Data compiled for this project is intended to serve
as a planning tool and decision making tool for the evaluation of several alternatives and also for the
feasibility of this project as submitted by the City of Tolleson for possible inclusion into the Capital

Improvement Program (CIP) program.

1.3 Scope of Work and Work Assignment: A scope of work will be assigned (work assignment) to the

Consultant that describes the general project tasks, needs, and where known any work effort details.
iate to the

The Consultant will be responsible to furnish the District with a definitive scope appropri
needs of the general work assignment given for the project for review and approval of the District

prior to the notice to proceed.




1.4 Scoping Outline: The Consultant will provide in the CAR report, a scoping outline, which is a brief

written CAR narrative describing the findings of the assessment not to exceed three pages. The

‘ scoping outline will identify findings associated with list of tasks and general information, and will
serve as an executive summary of the CAR work assignment. The Scoping Outline will include the

following:

| Project requested by:
| Recommended Project:  Title/Name and Date Presented
Problem Identification and Background:
Major Features & Any limitations:
Estimated Initial Cost:
Alternatives:
No cost - other contributions, etc.
Low cost - Soft/Hard $
Full cost - Soft/Hard $
Value Engineering Recommendations:
Future Land Uses/Present Uses:
Listing of Probable Partners
Preferred Alternative & Brief Discussion of Other Alternative(s):
Brief Recommendation:
Attachments: Maps, Drawings, City Limit Maps, Letters, etc.:

1.5 Tasks: Work Assignment: The Consultant will complete the following tasks for the CAR work

assignment:
‘ 1.5.1 Project (CAR) Name/Title: Tolleson — SPRR and Van Buren Street at 91*. Avenue PCN #565
—01-01. The Consultant will review the request made by the City of Tolleson, City Manager,
9555 West Van Buren Street, Tolleson, Az., 85353. Phone: 936 — 7111 {fax - (602) 994-7117}
Contact: Manuel O. Dominguez. PR F o ' Ly
- 5 . § i :‘ ¢ / o £ £ s .

1.52 General Description: The Consultant shall provide a description of the following items in the

CAR report.

1.5.2.1 The Consultant will describe the SPRR and Van Buren Street at 91°. Street corridor and
drainage area.

1.52.2 The Consultant will describe structures, channels or existing facilities within the corridor or
adjacent to the corridor that has significant interest in the project.

1.5.2.3 The Consultant will describe the effects of existing drainage features and development
within the project area.

153 Location of the Project (CAR) Area: The Consultant shall describe the proposed CAR area
with reference to adjoining District facilities, public or private facilities, development,
structures, public and private lands, municipalities, recreation areas, major transportation
corridors, major transportation generators, and similar features which characterize the CAR.

1.5.3.1 The Consultant will describe limits of the project area location using a general legal
description, which would include the Township, Range and Section of the project. A Site
Map may be provided [if available] by the District, County, or Agency jointly cooperating in
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the project but will not serve to be the final product in describing the limits of the project or
other surrounding areas of influence. The District will provide all available county, town,
or city limits drawings or FEMA mapping for the project study area.

1.5.4 Project Information. The Consultant will provide the following information within the
specific project area, and maintenance areas.

1.54.1

1.5.4.2

1.54.3

1.5.4.4

1.5.4.5

1.5.4.6

1.5.4.7

1.54.8

1.54.9

1.5.4.10

1.5.4.11

1.5.4.12

1.54.13

1.5.4.14

The Consultant will describe existing drainage structures of developers and agencies
applicable to the project. Photos of structures and if available, damages and history of flood
events will be provided to the District in the report. = '

The Consultant will review the project area regarding on-and off-site flows and level of
protection provided by each development and anticipated maintenance.

The Consultant will review and identify existing and future development.

The Consultant will contact the City of Tolleson, and other applicable agencies for review of
available hydrologic and hydraulic information in support of this assessment and provide a
list to the District of what information has been reviewed and retained as part of this

project.

The Consultant will identify drainage complaints and roadway flooding problems within the
project area and will identify property and agencies affected by the flooding problems.

The Consultant will prepare conceptual desfgn recommendations and cost overview for two
design approaches that would include: Hard Channel Lining Design, Culverts, and
Soft/Environmentally Sensitive Channel Lining, for each alternative, including the

preferred alternative.

The Consultant will identify the benefited areas for the recommended approach.

The Consultant will review and identify all other associated studies related to the (CAR)
project. :

The Consultant will identify District vs. City of Tolleson land ownership’s within the project
area and identify maintenance responsibilities within rights-of-way.

The Consultant will identify and research utility locations and utility corridors, evaluate
relocation costs, and use GIS data from the City and the District, where available.

The Consultant will review available Arizona Department of Transportation drawings
regarding the Interstate 10 and corridor drainage information and basins where

applicable.
The Consultant will research structure ownership or facility ownership.

The Consultant will review bordering development plans, recreational sites, and other
amenities where applicable.

The Consultant will record and contact the City ofT olleson, Maricopa County Department
of Transportation, and Arizona Department of Transportation for traffic incidents and

7




complaints.

1.5.4.15 The Consultant will use the District GIS data and other available GIS data for the CAR,

to be provided by the District and the City of Tolleson, where available.

1.5.4.16 The District will provide recent bid tabs.

1.5.4.17 The Consultant will conduct site visits to take photographs to document existing

1.5.5

1.5.6

1.5.7

1.5.8

1.5.9

1.5.10

1.5.11

1.5.12

1.5.13

conditions and to aid in the completion of other tasks.

Reason for Improvement: The Consultant shall describe the genéral reasons for the CAR
improvement and include recommendations for opportunity in recreational enhancements,
ground water recharge, water quality, and those that may benefit the surrounding

communities.

Drainage Information: The Consultant shall briefly identify and summarize the 100-year peak
flows for channels or structures and/or other affected areas within the project area, based on
available reports and studies. The District will provide the HEC 1 model for the study area (if

available).

Environmental: The Consultant shall document any visually apparent environmental site
conditions that will need to be evaluated for study.

Photography and Presentation Material: The Consultant will furnish the District (Power
Point) presentation material for the CAR. Material may include available mapping and aerial
photography. The Consultant will prepare and make a presentation that will identify the
Recommended Alternative. Calculations are not expected nor is detailed design level
accuracy expected, however, planning study information produced by the Consultant will be
provided to the District for cost estimating and fiscal planning.

Feasibility of the Project: The Consultant will examine the feasibility of other study
recommendations that may be included as part of the viable alternative recommended.

Joint Project Potential Activities: Where appropriate, the Consultant will identify potential
participating agencies with the District.

Land Use: The Consultant will prepare a description of the existing land use identifying the
approximate percentage of affected land in the area bordering the project. This may include
areas adjacent to commercial development, major roads, active farming, residential, and
other uses. Larger enterprises affected by this project shall be identified by name and

described.

Rights-of-way: Other than property previously identified by the District, any additional
rights-of-way identified as required acquisition for the project shall be provided to the District
by the Consultant. Descriptions of rights-of-way will include the identity of the owners, the
delineated property, and the estimated acreage. The District will make available property

ownership information where available.

Alternatives: Two alternatives will be prepared by the Consultant for the proposed CAR in
addition to the "No Action" Alternative. Within each alternative, one or two options may be
proposed for smaller improvement features such as alternative retention basin locations,

8




structures, or other items as may be recommended.

1.5.13.1 "No Action" Alternative: This alternative is simply defined as a no-further action

alternative.

1.5.13.2 "Low Cost" Alternative: This alternative shall include added improvements and new

structures and combinations of both. Drainage review may be handled in a more
temporary manner. For example, detention basins may be provided in lieu of storm
drains. Justification must be written to include several phased installation periods.

1.5.13.3 Full Cost Alternative: The Full Improvement Alternative shall list all items planned to be

part of the CAR. The full improvement shall include all additional items such as generic
land values, real estate relocation costs and severance costs, further potential
environmental evaluation, further archeological review, and important estimated costs.

1.5.13.4 Preferred Alternative: The Consultant will identify a Preferred Alternative statement in

the opening section of the final CAR report. The alternative statement shall indicate the
potential jurisdictions, agencies or other parties that may be involved.

1.5.14 Evaluation Criteria: The Consultant shall select the preferred alternative from the following

1.5.15

1.5.16

1.5.17

1.5.18

criteria. The criteria is not limited to the list below, but as a minimum, shall contain the
following:

Potential Benefits to the Citizens
Project Feasibility and Benefited Area
Capital Improvement Costs
Scheduling

Environmental Concerns

Estimated Maintenance (short and long range)
Public Involvement Needs
Inter-agency Involvement

Flood Protection Level

Budget Evaluation

Floodprone Area(s) Eliminated

Preliminary Design Focus Effort: The Consultant will furnish a preliminary design estimate
of Labor Hours and Direct Costs required for a professional services provider to prepare a
future Design Concept Report (DCR). The District understands that this report is an estimate
only but would like the Consultant to indicate whether or not a DCR is necessary for the next

project effort.

Cost Analysis: The Consultant shall prepare an outline of estimated costs extended
throughout the CAR for each alternative.

Report Outline: The Consultant will submit a proposed report outline.

Report Format: The recommended report format shall be on 8%-inch by 11-inch paper with
report foldouts no larger than 11 inches by 17 inches. Sheets larger than 11 inches by 17
inches shall be placed in map pockets, and desirable rights-of-way maps 1linches x 36 inches

shall be placed in appropriately sized map pockets.




1.5.19

1.5.20

1.5.21

1.5.22

1.5.23

1.5.24

1.5.25

1.5.26

1.5.27

Decision Paper: The Consultant will prepare and discuss with all related agencies a decision
paper for the selection of the preferred alternative plan.

Public Involvement: The Consultant will recommend Public Involvement requirements for
the project at end of the CAR study, and report on the City of Scottsdale’s existing comments
of previous public input and the City recommendations (ifany). &

Electronic Media: The District requires that the Consultant prepare and submit all final
reports on electronic disk in MS Word 6.0 format, readable 3.5” diskettes. All spreadsheets
should be in MS Excel 5.0 format and presentation slides in MS Power Point 7.0.

Quality Review:  All (CAR) reports shall be checked by a Professional Engineer in the state
of Arizona, other than the originator and indicate such review on the report.

Deliverables: The Consultant is to provide five (5) copies of the draft CAR report for
District review. The Consultant will incorporate review comments into a final report and
provide eight (8) copies to the District. The report shall show the findings for this scope of
work. All data collected under this scope of work shall be listed and made available upon

submitting the CAR to the District relevant to this project.

Preparation Time: The Consultant will anticipate the CAR report data preparation time

to evaluate the CAR project in 4 weeks.
’/A

Alternative Review: The Consultant will review and analyze all the alternatives with the
District within 2 weeks of the project alternative selection.

S
Draft Submittal: The Consultant will submit a draft CAR Report for the SPRR and Van

Buren Street at 91", Avenue Candidate Assessment Report within 2 to 4 weeks after the
alternative review.

Final Submittal: The Consultant will submit the final CAR Report for the SPRR and
Van Buren Street at 91%. Avenue Candidate Assessment Report within two weeks followin:
the draft report submittal. -
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APPENDIX E

Excerpts from Selected Reports




APPENDIX E-1: Proposal of City of

Tolleson Southern Pacific Railroad Tracks

Drainage Improvements




City of Tolleson
Proposal for
Flood Control District of Maricopa County
CIP Project for Fiscal Year 95/96
October 7, 1994

Southern Pacific Railroad Tracks Drainage Improvements - A pre-design study is
needed to determine the best method by which to eliminate the floodplain and
ponding located adjacent to and caused by the railroad tracks which run through
Tolleson. Because the area is so flat, the floodplain extends nearly 1/4 mile
north from the tracks. The area that requires protection at this time is the heavily
developed area located between 99th and 91st Avenues.

The project area is located immediately north (upstream) of the Southern Pacific
Railroad tracks which are elevated above the surrounding terrain by several feet
as they extend east-west through the center of Tolleson. The elevation of the
tracks causes a 100-year floodplain to exist which has been identified on the
current FIRM maps. The floodplain also extends completely through the center

of the City.

The area most affected by the lack of drainage immediately upstream of the
railroad tracks is the residential and commercial area located between 91st
Avenue and 95th Avenue. This area has been in existence since before the City
was incorporated in 1929 and suffers on a regular basis due to the lack of
drainage through the railroad embankment. The northernmost extent of the
affected area would essentially match the floodplain limits as shown on the FIRM

map.

It is estimated that 100 residential dwellings, 30 mobile homes, and 12 industrial
or commercial buildings would be protected by drainage improvements in the
area. Included in the area is one of the City's principal water production
facilities, which would also receive increased protection from flooding.

It is further estimated that approximately two miles of streets would be protected
from deterioration due to regular flooding. Adding significance to this protection
is the fact that the City is currently in the middle of a four-year program to
reconstruct its residential streets, many of which are located in this proposed

project area.

The total area that would receive increased flood protection from this project is
120 acres. It is important to note that many of the residents living in the project
area have low to moderate income levels.




Hydrologic/Hydraulic Significance:

The project area is located at the downstream end of an almost flat watershed
which slopes from the Interstate 10 right-of-way to the south approximately 1.25
miles to the location of the railroad tracks. The construction of 1-10 in the 1980's
isolated this portion of the watershed from the effects of any runoff from the area
north of 1-10. However, the extent to which the floodplain at the tracks has been
affected by that construction has not yet been determined. -The intervening
watershed contributes runoff which collects upstream of the tracks and causes

serious drainage problems in the project area.

Since a drainage study has not been conducted to quantify the amount of runoff,
especially since the 1-10 construction, the first element of this project is an
analysis to determine the exact watershed conditions and amount of runoff, the
areas directly affected, and the method by which the runoff can be dissipated.

The existing floodplain upstream of the tracks is primarily one of ponding rather
than riverine. However, the floodplain does drain to the west along the north
side of the tracks. This downstream method of conveyance, therefore, strictly
speaking, does exist, but it does not completely drain the area in question, thus
leaving behind local ponds that must dissipate through evaporation or
percolation. This relatively slow method of dissipation no doubt leads to vector
problems associated with stagnant water.

Total Area Protected:

Based on the FIRM map, the total area to be protected by this project through
removal from the 100-year floodplain is 120 acres. Of that total, 100 acres are
currently developed and 20 acres are undeveloped or vacant land. None of the
undeveloped or vacant land is platted. All of this area lies within the jurisdiction
of the City of Tolleson. There do not appear to be any environmentally sensitive
lands lying within the area to be protected by implementation of this project.

Master Plan Element:

The City of Tolleson currently does not have an adopted drainage master plan.
However, the City utilizes drainage criteria for new development that requires
on-site retention of the 100-year, 6-hour duration storm event, thus preventing
new development from contributing to existing drainage problems within the City.

The City has earlier this year requested that the Flood Control District accelerate
its schedule for the Area Drainage Master Study that has been planned for the
Tolleson area. When that study is complete, it is very likely that this project will
be one of those recommended for implementation as a part of the ADMP.

Level of Protection:
The level of protection for the area benefited by this project will essentially

include the area currently lying within the 100-year floodplain as shown on the




FIRM map. Therefore, if the implemented solution for this project allows the
virtual elimination of the 100-year floodplain, then that is the level of protection
that will be afforded. Secondary levels of protection will also be realized ff, in
solving this problem, better conveyance of runoff that reaches the floodplain
area is developed. In this way, many of the homes with lots lying close to or
below the elevations of adjacent streets will benefit from protection since, even
though they are not located within the floodplain, they will not'be a part of the
conveyance system for runoff to reach the floodplain in the future.

o

In assessing the environmental benefits, it is assumed that the solution to this
problem is to convey the runoff that reaches this area to the west in a surface
conveyance along the north side of the railroad tracks. If so, then the water that
once ponded upstream of the tracks would then move to the west and south
where it will eventually find its way into the Salt/Gila River. Vegetation and
wildlife habitat along the way would benefit from the additional runoff that would
help to support riparian habitat. Recreational uses that would normally be
associated with riparian areas would also benefit.

Groundwater enhancement, if defined as recharge, would not be an issue in this
case, since the groundwater in the Tolleson area is already plentiful, with normal
depths to groundwater being on the order of 100 feet. However, groundwater
quality could benefit from this project. Much of the runoff that reaches the
project area comes from streets and other paved surfaces. This runoff is
relatively high in hydrocarbon and heavy metal contamination. If the runoff is not
allowed to percolate into the groundwater table, but is encouraged to move
through a downstream vegetative and riparian area, then these contaminants
would be largely prevented from reaching the groundwater table and would be
diluted and treated in downstream reaches such as the Salt/Gila River.

The environmental impact due to the construction of this project would depend
on the nature of the project to be implemented. However, a surface conveyance
such as a shallow channel would not create much of an environmental impact,
especially since the area along its potential route has been either adjacent to
railroad track right-of-way or under cultivation for over 100 years.

Total Project Cost:

Pre-design studies have not yet been completed to provide a concept for the
project. Therefore, it is difficult to estimate the project cost. However, should a
combination of shallow channels and culverts be required as the solution, that

project could cost in the range of $1 million to $2 million.

The costs associated with environmental permitting or mitigation should be
relatively small, since the potential solution would be simple to construct and
would be located within areas that have already been developed or cleared in




some way. The aesthetic and public acceptance costs would likewise be small,
again since the project is located in an area that is primarily commercial and
industrial and those residents who live within the project area would welcome a
solution to their drainage problems.

Operation and maintenance costs would tend to be small for-this project since
the likely solution will involve a shallow channel with some culverts for
conveyance under streets. Furthermore, the runoff is not expected to be a large
amount nor flowing at high velocities. Therefore, maintenance following storm
events should not be significant.

The City of Tolleson would be responsible for the operation and maintenance of
this project once constructed.

Agency Priority:

A solution to this drainage problem has been a high priority with the City for a
long time. Recently, City staff has considered the problem and, realizing that the
potential solution involved adjacent jurisdictions as well as FEMA, the railroad
and unincorporated areas of the County, felt that the project would best be
studied and implemented by the Flood Control District.

e o :

While the City of Tolleson does not have funds currently available to help
support this project, the City can contribute in-kind with staff support where
possible and future operation and maintenance of facilities that are constructed.

Furthermore, the City of Tolleson is growing rapidly especially with large
commercial and industrial projects that will significantly increase the City's and
County's assessed valuation during the next several years. Finally, the Flood
Control District apparently has not expended any significant funds on projects

within the City of Tolleson.




APPENDIX E-2: Proposai of City of Tolleson

Van Buren Street Drainage Improvements




City of Tolleson
Proposal for
Flood Control District of Maricopa County
CIP Project for Fiscal Year 95/96
October 7, 1994

Van Buren Street Drainage - A pre-design study is needed to determine the best
method by which to eliminate ponding of runoff within two street intersections in

the central part of the City.

The goal of this project is to remove runoff that accumulates in the intersections
of 95th and 96th Avenues with Van Buren Street, which is caused by an
inadequate slope to the west on the north side of Van Buren Street. From the
standpoint that the ponding in the intersections is a traffic safety hazard, the
developed area to be protected by this project would essentially include all of the
central portion of Tolleson, an area of 600 acres.

The pedestrians who need to cross the streets at these intersections during
periods of large amounts of ponding are forced to cross outside of the
established crosswalks, thus placing themselves in danger with the adjacent
traffic. Furthermore, there are two school campuses located within one-half mile
of these intersections (one is located immediately across the street). Thus,
many of the school children utilize the sidewalks and crosswalks at these two

intersections at least 2 or 3 times each day.

Van Buren Street is the main street through the center of the City. The ponding
at these intersections will ultimately cause the deterioration of the pavement due
to saturation of the base, thus shortening the life of that portion of the street.

c .

The watershed which contributes to the ponding at these intersections begins at
I-10 on the north and slopes very little to the south and west through the older
residential portion of the City on the north side of Van Buren Street. The
contributing watershed is approximately 300 acres in size. Apparently, a
drainage analysis has not been conducted to quantify the watershed conditions
nor to determine the amount of runoff that reaches these intersections. The
crown of Van Buren Street prevents the runoff from crossing the street and
continuing to flow to the south. Therefore, the only way for the water to drain is
in the north gutter line of Van Buren Street to the west past an undeveloped
frontage and within Maricopa County right-of-way. Since that route is essentially
uphill from these intersections, the water ponds to a depth of one to two feet

before any additional runoff can flow to the west.




Total Area Protected:

The area receiving direct protection through the implementation of this project
consists of the intersections and the adjacent commercial parcels including their
parking lots which are sometimes inundated. In a larger sense, any pedestrian
or driver who must use these intersections during periods of ponding would be
protected by this project.

The City of Tolleson currently does not have an adopted drainage master plan.
However, the City utilizes drainage criteria for new development that requires
on-site retention of the 100-year, 6-hour duration storm event, thus preventing
new development from contributing to existing drainage problems within the City.

The City has earlier this year requested that the Flood Control District accelerate
its schedule for the Area Drainage Master Study that has been planned for the
Tolleson area. When that study is complete, it is very likely that this project will
be one of those recommended for implementation as a part of the ADMP.

Level of Protection: .
By providing positive and complete drainage of these two intersections, the level

of protection to the adjacent properties and pedestrians could be in excess of
the 100-year storm event.

o e
Groundwater quality would be enhanced through this project since the runoff,
which contains a certain amount of hydrocarbons and heavy metals from paved
areas, would be moved quickly out of the area rather than be allowed to pond
and accumulate additional contamination. Since these ponded areas drain
through percolation, some of that contamination may be finding its way into the
relatively shallow groundwater.

If the solution is to convey the runoff under Van Buren Street to the City-owned
Cowden Park to the south where it could be retained, then the beneficial
filtration afforded by the turf could mitigate the amount of contamination that

might reach the groundwater.

Vegetation within the park would benefit due to the additional source of water
that would be available during times of runoff. Also, during the times when the
runoff is being retained within the park, wildlife would benefit from the pond
which is easier for them to access compared to a street intersection.

The environmental impact due to the construction of this project would be
minimal since the construction would occur within developed areas and primarily

within street rights-of-way.




Total Project Cost:

Pre-design studies have not yet been completed to provide a concept for the
project. Therefore, it is difficult to estimate the project cost. A likely solution
would be to construct catch basins in the intersections, tie them together with
underground pipe storm drains and extend a buried pipe storm drain to the south
to daylight in Cowden Park. A project of that scope would probably cost less

than $1 million.

The costs associated with environmental permitting or mitigation should be
relatively small, since the potential solution would be simple to construct and
would be located within areas that have already been developed or cleared in
some way. The aesthetic and public acceptance costs would likewise be small,
again since the project is located in an area that includes primarily commercial,
residential and school uses. Those residents who live adjacent to the project
area and the users of the facilities in the area would welcome a solution to these

drainage problems.

ti inte S:
Operation and maintenance costs would tend to be small for this project since
the likely solution will involve a simple catch basin, storm drain and retention
basin concept. Furthermore, the runoff is not expected to be a large amount nor
flowing at high velocities. Therefore, maintenance following storm events should

not be significant.

The City of Tolleson would be responsible for the operation and maintenance of
this project once constructed.

Agency Priority:

A solution to this drainage problem has been a high priority with the City for a
long time. Recently, City staff has considered the problem and, realizing that the
condition results from inadequate drainage along County right-of-way, felt that
the project would best be studied and implemented by the Flood Control District
and, earlier this year, requested the Flood Control District to accelerate the

ADMS for this area to help identify solutions to problems such as this.

Level of Local Participation:

While the City of Tolleson does not have funds currently available to help
support this project, the City can contribute in-kind with staff support where
possible and future operation and maintenance of facilities that are constructed.

Furthermore, the City of Tolleson is growing rapidly especially with large
commercial and industrial projects that will significantly increase the City's and
County's assessed valuation during the next several years. Finally, the Flood
Control District apparently has not expended any significant funds on projects

within the City of Tolleson.
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FLOODPLAIN DELINEATION OF
THE TOLLESON AREA

HYDROLOGY REPORT

L INTRODUCTION

A. General

This hydrology report is prepared for the Flood Control District of Maricopa County as part of
the Floodplain Delineation of the Tolleson Area. The purpose of the project is to prepare
hydrology and hydraulics to delineate areas of flooding due to conveyance and ponding behind
the Roosevelt Irrigation District Main Canal and the Southern Pacific Railroad between 35"
Avenue and El Mirage Road in the cities of Phoenix and Tolleson, Arizona. This report
documents the development of project hydrology. A companion report documents the

delineation of the conveyance and ponding areas.

B. Scope of Study

The project consists of approximately 15 total linear miles of floodplain delineation. Six miles
of delineation are performed along the Southern Pacific Railroad (SPRR) from east of 83
Avenue to El Mirage Road, and approximately 9 miles of delineation are performed along the
Roosevelt Irrigation District (RID) Main Canal from 35" Avenue to Interstate 10. A HEC-RAS
hydraulic model is developed for 2 linear miles north of the SPRR and RID Canal from 67"
Avenue to 83 Avenue and for approximately 6 miles along the north side of the SPRR from 75"
Avenue to El Mirage Road. The project includes field survey work, hydraulic analysis, and the

updating of 53 square miles of watershed hydrology. The Study Area is shown on ngure 1.

64 Previous Studies and Reports

The City of Tolleson, west of 75" Avenue was first studied in 1978 by Harris-Toups Associates
as part of the Flood Insurance Study, City of Tolleson, Maricopa County, Arizona. Hydrology
was developed for the area using Soil Conservation Service methods for the 100 year flood.
Ponding limits were identified for the 100-year, 24-hour storm and flood hazard zones were

identified. Interstate 10 was not constructed at the time of the study. The report indicates that at
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the time ADOT was delaying construction of Interstate 10. Therefore, the study did not account

for the impacts of Interstate 10.

The Flood Control District of Maricopa County (FCDMC) prepared new hydrology based on
methodology contained in the Drainage Design Manual for Maricopa County, Arizona, Volume
I, Hydrology. The new hydrology accounts for the flow diversions created by construction of
Interstate 10. Development of the hydrology was based on USGS mapping and field
reconnaissance. The FCDMC hydrology is updated as part of this study based on March 1994

detailed mapping prepared at 1"=200" scale with a 2 foot contour interval.

D. Watershed Description

The approximate watershed limits are Interstate 10 on the north, the Salt River on the south,
Interstate 17 on the east and the Agua Fria River on the west. The direction of runoff is generally
from the northeast to the southwest. The watershed is characterized by a large amount of
agricultural land with increasing amounts of residential and industrial development taking place.
As a result, overland flow is the predominant flow condition. The north watershed boundary was

created by the construction of Interstate 10. The interstate intercepts runoff from the north and

diverts it to the Agua Fria River.

Two features that play a significant role in defining the drainage patterns in the watershed are the
Roosevelt Irrigation District Main Canal (RID Canal) and the Southern Pacific Railroad (SPRR).
The RID Canal and the SPRR are elevated through the watershed. Roadways that cross both
features typically rise to meet the elevated grades and proceed over the top. The elevated railroad
and canal with the crossing roadways form ponding “cells.” Runoff reaching the elevated canal
or railroad ponds until it either overtops the railroad or canal, or until it overtops the sag portion
of the crossing roadways. Overtopping flows are then directed westerly along the railroad or

canal, or are directed southerly over the railroad or canal, or a combination of the two.

Other features that define the flow pattern are roads and local irrigation ditches. Low flows

accumulate along roadways and ditches, converging at road intersections at the northeast corner
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supplemented with field investigations. The drainage subareas are shown on Figure 2 and on the

foldout Exhibit 1 (Sub-basin Boundaries) contained in a folder at the back of the report.

C. Rainfall
Point precipitation rainfall values are taken from NOAA Atlas II, Volume VIIL. The PREFRE

program included with the DDMS was used in conjunction with the precipitation isopluvial maps

contained in the DDM1. The 100-year twenty-four hour point precipitation value is 3.99 inches.

Point precipitation values are reduced based on contributing drainage area using depth-area
reduction factors from DDM1. A table of depth-area rainfall values is input into the HEC-1
model. The HEC-1 model computes runoff hydrographs for each rainfall value provided in the
table. The model then interpolates between the hydrographs to obtain the appropriate hydrograph
based on the total watershed area contributing runoff to the point of interest. The SCS Type II
rainfall distribution is used for the twenty-four hour duration storm. The precipitation frequency

values and the PREFRE output data are contained in the Appendix.

D. Rainfall Losses

Rainfall losses are modeled using the Green and Ampt infiltration equation. The rainfall loss
parameters are developed using guidance provided in DDMI. The Green and Ampt infiltration
equation parameters are based on logarithmic area-averaging of the map unit hydraulic
conductivities (XKSAT) for the mapped soils in each subbasin, and the selection of capillary
suction (PSIF) and soil moisture deficit OTHETA) based on the calculated subbasin value of
XKSAT. The bare ground XKSAT values for each subbasin are then adjusted for vegetation

cover. The calculation of these parameters was accomplished using the MCUHP2 module of the

DDMS model.

Soil types within the watershed were determined from the SCS Soil Survey of Maricopa County,
Central Part, September 1977. The Flood Control District of Maricopa County input the soils

data into their ARC/INFO Geographic Information System (GIS) and provided the area of each
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soil type within each subbasin for input into the DDMS. Soil types are shown on Figure 3 for
the watershed area. Appendix B of DDM | contains XKSAT values for all soil Map Unit

Numbers contained in the Soil Survey.

Land use information was originally obtained from the Salt River Project and updated by the
Flood Control District based on field observations and Landiscor aerial photographs. The land
use was then input into the District’s GIS system to generate the area of each land use type within
each subbasin for input into the DDMS. The soil loss parameters are adjusted based on the
effective impervious area and the percent of vegetative cover. Current land use is shown on

Figure 4 for the watershed area. Representative values used for each land use classification are

shown in Table 1.

TABLE 1 - LAND USE PARAMETER DEFAULT VALUES

Land Use Soil Vegetation Impervious Initial Mean Roughness
Condition Cover Area Abstraction Mann. n Category
(DTHETA) (%) (%) (in.) Kn
Crops Saturated 80 0 .50 0.10 Hi
Stockyards Normal 10 0 .50 0.10 Hi
Citrus Normal 80 0 .70 0.10 Hi
River Normal 90 0 20 0.20 Max
Vacant (Desert) Dry 15 0 35 0.02 Min
Freeway/Canal Normal 10 10 .20 0.01 Min
Low Dens. Res Normal 50 15 .20 0.05 . Low
Med Dens. Res Normal 50 30 215 0.05 Low
High Dens. Res Normal 60 40 .15 0.05 Low
Mobile Home Normal 50 50 .10 0.05 Low
Gen. Industrial Normal 70 55 .10 0.03 Min
Light Industrial Normal 60 55 .10 0.03 Min
Power Station Normal 60 55 20 0.03 Min
Railroad Normal 10 25 .10 0.03 Min
Med. Intens. Comm Normal 75 90 15 0.02 Min
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% ‘ Land Use Sail Vegetation Impervious [nitial Mean Roughness
| Condition Cover Area Abstraction | Mann. n Category
(DTHETA) (%) (%) (in.) Kn

Comm Warehouse Normal 75 90 .05 0.02 Min
Low Intens. Comm Normal 80 90 .15 0.02 Min
School Normal 75 40 .20 0.02 Min
Religious Normal 75 65 .15 0.02 Min
Public Facilities Normal 75 65 .15 0.02 Min
Park Normal 90 0 .20 0.10 Hi

Appendix.

TABLE 2 - SUBBASIN INPUT PARAMETERS

The subbasin parameters input into the HEC-1 model are summarized in Table 2. The detailed

breakdown of loss parameter data generated by the DDMS for each subbasin is contained in the

’ SUBBASIN AREA 1A DTHETA PSIF XKSAT RTIMP LAG
sq.miles in. adj. % mins.
SUBAA 0.496 0.450 0.070 4.70 0.440 0 130.0§
SUBVD 0.696 0.150 0.160 9.70 0.060 38 36.5
SUBWD 0.367 0.210 0.190 6.80 0.190 9 43.1
SUBAB 0.459 0.360 0.120 5.60 0.310 5 69.7
SUBAC 0.457 0.440 0.050 5.30 0.350 1 75.9
SUBAD 0.463 0.490 0.030 5.20 0.360 0 74.5
SUBBA 0.345 0.390 0.100 5.10 0.350 5 82.1
SUBBB 0.245 0.460 0.070 7.60 0.130 0 62.2
SUBBC 0.612 0.470 0.070 5.10 0.360 0 99.7
SUBCA 0.974 0.490 0.000 8.80 0.090 0 91.0§
SUBCB 0.740 0.490 0.010 9.70 0.070 1 71.6
SUBCC 0.980 0.380 0.140 6.20 0.210 5 56.3
SUBDA 0.330 0.410 0.110 6.80 0.170 3 51.6
SUBDC 0.837 0.470 0.040 6.00 0.260 1 63.7
SUBDD 0.126 0.500 0.060 4.65 0.430 0 36.4
SUBEA 1.317 0.500 0.020 5.30 0.340 0 86.9
SUBEB 0.139 0.500 0.000 6.20 0.250 0 42.8
SUBEC 0.109 0.210 0.250 4.50 0.510 20 72.3
SUBED 0.477 0.500 0.000 5.70 0.300 0 84.3
SUBEE 1.470 0.390 0.130 5.10 0.340 13 78.2
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‘ SUBBASIN  AREA [A DTHETA PSIF XKSAT  RTIMP LAG
sq.miles in. adj. o mins.

SUBWC 0.470 0.150 0.160 9.70 0.060 45 32.9

SUBWB 0.674 0.160 0.150 9.70 0.060 36 37.2

SUBXA 0.248 0.120 0.150 9.70 0.060 45 23.6

SUBIB 0.464 0.500 0.000 8.40 0.110 0 73.6

SUBUE 0.070 0.350 0.090 10.10 0.040 9] . 17.3

E. Unit Hydrograph

The Agricultural S-graph is used to develop the unit hydrograph for all subbasins in the
watershed. Guidance is provided in DDM1 for application of the Agricultural S-graph. The
MCUHP2 module of the DDMS is used to develop the unit hydrographs for each subbasin for

input into the HEC-1 model. The S-graph procedure requires computation of the subbasin lag.

The equation used to compute lag is:

L xL 0.38
LAG =24 K (—5“-]
. SO.S

Where Lag = lag time, hrs
L = length of longest flow path, miles
L., = length along L to a point opposite of the centroid, miles
S = flow path slope, ft/mile
K, = resistance coefficient

MCUHP2 computes the resistance coefficient, K,, for each subbasin based on K, values assigned
to each land use type within the study area. The K, values and roughness category used for each
land use type is shown in Table 1. The parameters used to compute lag time and the resulting

lag times used in the HEC-1 model are summarized in Table 3.

r
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SUBBASIN S-Graph Kn L Lca Slope Lag
Tvpe miles miles fymile min
SUBRF Agricultural 0.0680 1.21 0.68 11.60 57.1
SUBRG Agricultural 0.0970 0.56 0.28 14.30 41.7
SUBRH Agricultural 0.1000 0.64 0.32 15.60 46.8
SUBRI Agricultural 0.0790 0.57 0.19 19.30 27.9
SUBRJ Agricultural 0.0450 0.72 0.42 5.60 '29.7
SUBSA Agricultural 0.0470 0.83 0.30 9.60 26.0
SUBSB Agricultural 0.0870 0.53 0.27 15.10 35.7
SUBSC Agricultural 0.0840 1.32 0.68 15.20 69.2
SUBSD Agricultural 0.0910 0.57 0.34 12.30 43.6
SUBSE Agricultural 0.0420 0.34 0.17 26.50 11.0
SUBSF Agricultural 0.0970 0.87 0.44 9.20 63.6
SUBSG Agricultural 0.0770 0.60 0.30 5.00 42.6
SUBSH Agricultural 0.0990 0.45 0.23 11.10 38.1
SUBTA Agricultural 0.0970 0.76 0.37 10.50 55.2
SUBTB Agricultural 0.0620 1.97 0.79 10.20 67.9
SUBUA Agricultural 0.0490 1.21 0.57 14.90 36.7
SUBUB Agricultural 0.0480 0.80 0.40 16.20 30.3
SUBUC Agricultural 0.0440 1.02 0.51 12.70 30.5
SUBUD Agricultural 0.0600 1.25 0.63 20.00 44.7
SUBVA Agricultural 0.0290 1.06 0.53 8.50 22.3
SUBVB Agricultural 0.0670 1.10 0.55 11.80 49.9
SUBVC Agricultural 0.0280 1.06 0.53 8.50 21.6
SUBWA |Agricultural 0.0250 1.10 0.55 9.10 19.6
SUBWC  |Agricultural 0.0370 1.17 0.59 6.00 32.9
SUBWB  |Agricultural 0.0480 1.17 0.58 12.00 37.2
SUBXA Agricultural 0.0410 0.76 0.38 10.50 23.6
SUBIB Agricultural 0.1000 1.13 0.57 14.20 73.6
SUBUE Agricultural 0.0660 0.34 0.17 26.50 17.3

E. Channel Routing

Channel Routing is modeled using the normal depth routing option within HEC-1. The normal
depth option uses an 8-point cross-section which is representative of the routing reach. Outflows
are computed for normal depth using Manning’s equation. Storage is cross-sectional area times
reach length. Storage and outflow values are computed for 20 evenly spach stages beginning at
the lowest point on the cross-section to a specified maximum stage. The cross-section is
extended vertically at each end to the maximum stage. Three typical cross-sections were

developed to depict the types of overland routing that occur within the Tolleson area. The
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channel types used are shown on Figure 5. The type A channel section is used for sheet flow
conditions as would occur through agricultural fields or open space with no defined channel
section. The type B channel section is used for flow along roadways. The section includes a
raised roadway section and grader ditches on each side with the sides extended in each direction
to include runoff extending beyond the right-of-way into adjacent fields or open space. The type
C channel section is used for flow along an embankment as would occur for flows traversing the
SPRR or RID Canal. All routing within the HEC-1 model was classified as type A,B,orC. A

summary of the routing parameters used for each channel routing operation in the HEC-1 file is

contained in the Appendix.

Runoff drains generally in a southwesterly direction. As overland flow reaches major
intersections there is sometimes a flow split with a portion of the flow draining south and a
portion draining west along the intersecting roads. At some point along the roads, the flow may
overtop and proceed along the original southwesterly flow direction. This flow condition is
modeled by using the divert option within HEC-1. At intersections where diverts occur, the
percentage of flow going each direction is specified. It is recognized that in reality not all the
runoff will reach the intersection and not all the runoff will be diverted the entire distance to the
next concentration point. However, the HEC-1 model is limited to modeling each hydrograph at
a specific concentration point. The modeling of flow splits and subsequent flow routing along

sub-basin boundaries is representative of the broad, overland nature of the true flow conditions.

The actual flow split ratios at intersections are determined by estimating the overland flow angle
of approach to the intersection and determining the percentage of the flow that would encounter a
north-south street and an east-west street of the specified length. The approach angle is

estimated based on the resultant of the slopes of each street according to the equation

Slope
Angle = arctan | —— 2=
Slope,_,
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The flow ratio (FR) is computed according to the following equation:

Where:

FR, = Flow ratio for flow going to the south, across the east - west street.
L.., L, = East - west and north - south street lengths, respectively (ft)
S..a» Sy = East - west and north - south street slopes, respectively (ft/ft)

The derivation of flow split values is summarized in Table 4.

TABLE 4 - FLOW SPLIT ANALYSIS

Subarea E-W Street (ft) N-S Street (ft) Flow Ratio Flow Angle
Designation | Length | Delta¥ | Length | Delta¥ | To South | To West (deg)
. 8]} 5280 8 2640 6.2 0.76 0.24 57
UA 5280 7 2640 6.59 0.79 0.21 62
TB 5280 9.6 2640 6.91 0.74 0.26 55
SC 2640 5 2640 4.2 0.46 0.54 40
SA 3960 8.9 2640 3.98 0.50 0.50 34
RF 5280 6 2640 5.9 0.80 0.20 63
RD 2640 2.7 3960 3.9 0.39 0.61 44
QC 5280 7.4 2640 6.8 0.79 0.21 61
NB 2640 7.07 5280 15.02 0.35 0.65 47
JD 2640 1.7 2640 2.9 0.63 0.37 60§
PB 5280 6.65 2640 7.3 0.81 0.19 66
JC 5280 11.4 5280 13.5 0.54 0.46 50
PA 5280 13.29 2640 15.53 0.82 0.18 67
MD 2640 6.6 2640 1.8 0.21 0.79 15
JB 5280 9.08 5280 16.35 0.64 0.36 61
OE 5280 7.4 2640 8.73 0.83 0.17 67
oD 5280 6.47 2640 7.3 0.82 0.18 66
MC 5280 7.9 5280 12.3 0.61 0.39 57
MF 5280 12.1 5280 10.87 0.47 0.53 42
Notes: Flow split is at the southwest corner of the drainage area.
Flow angle is measured counter-clockwise from the east-west street.

Delta Y is the elevation difference corresponding to the specified street length.

?
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G. Storage Routing

Ponding behind the RID Canal and the SPRR is modeled using Modified Puls storage routing to
determine peak discharge attenuation and ponding elevations. The HEC-1 input for storage
routing requires a stage-storage-discharge relationship. The stage-storage relationships were
developed using Eagle Point software with the three dimensional mapping files for each ponding
area. The Eagle Point output consists of total cumulative storage volume at a range of elevations

from the lowest elevation in the ponding area to a point above the overflow elevation.

The stage-discharge relationships were developed using a weir equation to analyze flow over the
SPRR, RID canal, or approach roadways. Profiles for weir sections used for floodplain mapping
were obtained from field surveyed profiles with elevation shots taken at approximately 100 foot
intervals. Profiles for weir sections used only for storage routing to determine peak discharge
attenuation were taken from the three dimensional mapping. In many cases break lines along the
weir sections were used from the DTM file. The stage-storage-discharge data used for storage

routing is contained in the Appendix.

H: HEC-RAS Analysis

The preliminary HEC-1 modeling results indicated that the ponding areas typically did not extend
upstream to the next adjacent ponding area. HEC-1 routing further indicated that during the 100-
year event, significant peak flows pass between adjacent ponding areas that would not be
depicted by mapping only the ponding limits. Therefore, detailed mapping of the riverine and

sheet flow between adjacent ponding areas was performed using the HEC-RAS model.

Initial HEC-RAS modeling results did not fully support the following assumptions made for the
preliminary HEC-1 modeling at several of the ponding areas along the SPRR and RID:

o Flow over the north-south drainage divides at the SPRR and RID ponding areas occurs as
weir flow. Flow over the north-south weir was found to be submerged, or controlled by
backwater, at several of the ponding areas modeled by detailed methods.

e  Flow between adjacent ponding areas is contained by the SPRR and RID embankments.
HEC-RAS profiles indicated that overflow to the south occurs at several points between a
few of the ponding areas modeled by detailed methods.
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‘ The HEC-1 modeling was coordinated with the HEC-RAS analysis in the following ways:

First, weir calculations were used to establish the stage-storage-discharge relationships for each
ponding area to be modeled in the preliminary HEC-1 models. Then, the outflow and diversion
discharge rates estimated from the preliminary HEC-1 level pool routing through ponding areas
| were used for the preliminary HEC-RAS models. Second, where the HEC-RAS modeling
indicated that the flow over the north-south roadways was submerged, the weir relationships used
i in the HEC-1 were replaced with rating curves based on HEC-RAS results. The HEC-1 model
was then re-run to obtain revised discharge rates for use in the HEC-RAS models of the flow
reaches between adjacent ponding areas. Where the HEC-RAS model indicated that flow over
the weirs was not submerged, known water surface elevations based on the irregular weir
' calculations were entered into the HEC-RAS model. Third, where the HEC-RAS model indicated
that the SPRR or RID could not contain flow along the embankment between the ponding areas
(due to obstructions or lack of conveyance area), additional divert routines were added to the
’ HEC-1 model to account for flow over the embankment between the ponding areas mapped by

detailed methods.

m. RESULTS

The computed peak discharges for each subarea and at all concentration points are summarized
in Table S which shows the peak flow, time to peak, volume, and area. The last column shows
the unit peak discharge per square mile as a means for comparison. The unit peak discharge
ranges from zero for zero flow diverted hydrographs to a maximum of 3,843 cfs/sm with an
average of 553 cfs/sm. The subbasin routing used is shown on Figure 2 with the drainage
subareas. The same exhibit is presented at a 2000 scale as Exhibit 2 folded in the envelope at
the back of the report. The HEC-1 input listing, schematic diagram, and output summary are

contained in the Appendix.
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, TABLE 5 - PEAK DISCHARGE SUMMARY
KK Peak Flow | Time to Peak | Volume Area Unit Pk
ID cfs (hrs) ac-ft sQ. mi. cfs/sm
SUBWD 329 12.50 30 0.37 889
SUBXA 395 12.17 37 0.25 1580
CPXA1 452 12.50 67 0.62 729
CPZZ1 445 12.58 67 0.62 718
SUBWB 791 12.42 92 0.67 1181
SUBWC 609 12.33 69 0.47 1296
CPWC 1325 12.50 224 1.76 753
CPWC2 1126 12.83 206 1.76 640
SUBVD 826 12.33 96 0.70 1180}
SUBWA 868 12.17 65 0.49 1771
CPWA 1540 13.17 359 2.95 522
CPWA2 1520 13.25 357 2.95 515
SUBVB 1340 12.58 166 0.72 1861
SUBVC 683 12.17 59 0.49 1394
CPVC 2369 13.42 571 4.16 569
CPVC2 1698 13.50 365 4.16 408
SUBQA 517 12.50 62 0.49 1055
CPQA2 1755 13.75 423 4.65 377
SUBQE 1061 12.42 132 0.90 1179
CPQE 0 0.00 0 1.76 o
CPQE2 1061 12.42 132 0.90 1179
SUBQD 521 12.17 48 0.27 1930]
CPQD 0 0.00 0 2.95 of
CPQD1 521 12.17 48 0.27 1930}
CcPQD2 370 12.17 40 0.27 1370
suBQC 541 12.42 66 0.60 902
cPQC 1645 12.67 223 1.77 929
CPQC2 329 12.67 45 1.77 186
SUBJF 1077 13.42 256 2.25 479
CPJF1 1071 13.42 292 4.02 266
SUBQB 599 12.42 71 0.51 1175
CPQB 112 12.17 5 0.27 415
CPQB1 600 12.42 76 0.78 769
SUBPF 649 12.33 69 0.50 1298
CPPF 565 13.75 170 4.65 122
CPPF1 666 12.33 235 5.78 115
CPPF2 584 14.17 201 5.78 101
SUBPE 800 12.17 77 0.50 1600}
‘ CPPE 641 12.50 76 0.50 1282
CPPE2 623 12.50 270 6.28 99|
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. KK Peak Flow | Time to Peak | Volume Area Unit Pk
ID cfs (hrs) ac-ft sq. mi. cfs/sm

CPPE3 603 14.92 249 6.28 96

CPJF2 1850 16.08 807 10.17 182

SuUBPC 459 12.17 31 0.29 1583

SUBNB 346 12.67 36 0.44 786

CPNB1 349 12.67 46 0.73 478

CPNB2 124 12.67 16 0.73 170

SuUBJD 358 12.83 49 0.49 731

CcPJD 357 12.83 64 1.22 293

CPJD1 226 12.83 41 1.22 185

sSuBPD 400 12.58 41 0.45 889

CPPD 0 14.75 0 6.28 0

CPPD2 400 12.58 41 0.45 889

SUBNC 269 12.50 22 0.31 868

CPNC 266 12.50 27 0.76 350

SUBJE 391 12.75 53 0.50 782

CPJE 491 13.17 78 1.26 390

SUBFC 287 12.67 33 0.34 844

CPFC 820 13.25 150 2.82 291

‘ CPFC1 1868 16.08 937 12.99 144
SuUBUD 784 12.50 85 0.78 1005

CPUD 594 12.50 64 0.78 762

SUBVA 809 12.17 78 0.49 1651

CPVA 630 13.50 154 4.16 151

CPVA2 918 13.67 295 1.27 723

SUBUA 646 12.42 65 0.56 1154

CPUA 190 12.50 21 0.78 244

CPUA1 646 12.42 86 1.33 486

CPUA2 513 12.42 68 1.33 386

SUBUC 636 12.25 58 0.48 1325

CPUC 1164 12.92 393 710 164

suBUB 182 12.25 16 0.14 1300
CPUB 1153 13.08 399 7.24 159]

CcPUB1 1020 13.33 366 7.24 141

: SUBTB 606 12.83 88 0.89 681
| CPTB 128 12.42 17 1.33 96
i CPTB1 666 12.92 103 2.19 304

; CPTB2 504 12.92 78 2.19 230
SUBSF 297 12.75 44 0.37 803

CPSF1 1552 13.58 478 8.46 183

CPSF2 1043 13.75 327 8.46 123

SUBSH 127 12.42 14 0.11 1155

l CPSH 942 14.08 336 8.57 110
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. KK Peak Flow | Time to Peak Volume Area Unit Pk
ID cfs (hrs) ac-ft sqg. mi. cfs/sm
CPSH1 157 14.25 69 8.57 18
SUBTA 211 12.67 22 0.27 781
CPTA 162 12.92 25 2.19 74
CPTA1 252 13.08 46 2.46 102
SUBSG 186 12.42 20 0.18 1033
CPSG 358 12.67 133 9.02 40
CPSG1 91 12.83 40 9.02 10
sussC 229 12.83 28 0.43 533
CPSC 105 12.83 13 0.43 244
SUBSE 163 12.08 5 0.09 1811
CPSE 160 13.42 57 9.54 17
CPSE2 0 0.00 0 9.54 0
SUBRJ 186 12.25 15 0.14 1329
CPRJ1 447 13.75 140 8.46 53
CPRJ2 773 14.25 241 8.57 90
CPRJ3 1171 14.25 379 8.57 137
CPRJ4A 262 12.83 79 9.02 29
CPRJ4B 1334 14.58 453 8.57 156
CPRJ5 139 13.92 46 9.54 15
. CPRJ6 1423 14.83 506 9.68 147
CPRJ7 979 15.17 432 9.68 101
CPRI 740 15.25 352 9.68 76
SUBUE 132 12.08 9 0.07 1886
CPUE 48 13.33 8 7.24 7
CPUE2 132 12.08 19 0.07 1886
sSuUBPB 439 12.42 43 0.42 1045
CPPB1 438 12.42 45 0.49 894
cPPB2 357 12.42 36 0.49 729
SUBNA 608 13.00 99 0.98 620}
CPNA1 226 12.67 30 0.73 310
CPNA2 751 13.42 163 1.47 511
SUBJC 1153 13.00 170 0.99 1165
CPJC1 130 12.83 24 1.22 107
CPJC2 1284 13.42 352 2.46 522
CPJC3 694 13.42 190 2.46 282
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