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CHAPTER 1 — INTRODUCTION

SYNOPSIS

This chapter provides a brief discussion of the steps involved in the design

of the Interstate 10 - Inner Loop Drainage System. Included is a general

description of the reports and studies leading up to the final design of the

system and a summary of the system configuration.

II.

PURPOSE

This report is intended as a reference manual covering the design,
operation and maintenance of the I-10 Inner Loop drainage system in
Phoenix, Arizona. The report summarizes the many documents prepared
during the design of individual components of the total drainage
system.

The Inner Loop drainage system intercepts storm runoff at the
east-west section of Interstate 10 from 15th Avenue to 24th Street,
and the north-south section from McDowell Road to the Maricopa
Freeway. The project location is shown on Figure 1-1.

Although this report is primarily concerned with off-site drainage
intercepted by the freeway project, on-site drainage systems and pump
stations are also discussed. Drainage systems built in conjunction
with the covered deck structure from 3rd Avenue to 3rd Street are
included in appropriate sections. Topics range from preliminary
concepts through design criteria and alternative analysis to
hydraulic analysis and final component design.

REPORT ORGANIZATION

The discussion in this report is organized along subject lines,
rather than merely presenting a project chronology. while the

1-1
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various subjects are by their nature closely related, they are
treated more or less in order of increasing dependence.

Chapter 1 discusses the preliminary studies which established the
basic system configurations and design criteria. Also included is a
tabulation of the system components, the consultants responsible for
their design, and the construction project numbers associated with
each component.

Chapter 2 discusses the formulation of the off-site hydrology model
and subsequent refinements, which provided the basis for the design
flows used for all components of the drainage system.

The actual design flows applied to the various drainage system
components are described in Chapter 3.

Chapter 4 discusses the design criteria, flows, and procedures used
in the design of the surface flow collection systems.

Chapter 5 deals with the detailed design of the freeway pump
stations.

Chapter 6 discusses the design of the Storm Water Interceptor and the
main drainage tunnels. Since these structures are designed to
accommodate the surge pressures anticipated during the design storm,
this chapter also includes a discussion of the Transient Wave
Analysis of the drainage system.

Chapter 7 describes the design of structures appurtenant to the

drainage tunnels, including drop structures, drop shafts and the 2nd

Street junction structure.

Chapter 8 deals with the design of the tunnel outfall structures at
the Salt River and the tunnel dewatering pump stations.
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III.

BACKGROUND

A number of reports and studies were prepared before initiating the
design of the Inner Loop Drainage System. The following sections of
this chapter describe the three significant reports which established
the criteria for the design of the major system components. This
discussion merely provides an overview of the scope and results of
these reports. Later chapters of this report treat several of the
subjects in more detail.

The following three reports are discussed here:

o Hydrology and Hydraulic Design Concepts, prepared in October
1983, by Arthur Beard Engineers, Inc. (ABE), referred to in this

report as the ABE Report.

o Evaluation of Value Engineering Alternatives, prepared in
December 1983, by Howard Needles Tammen & Bergendoff (HNTB), also
called the VE Report.

o Mathematical Modeling of 1I-10 Inner Loop Drainage System,

prepared in August 1984, with later supplements, by Dr. Charles
C.S. Song of the University of Minnesota-St. Anthony Falls
Hydraulic Laboratory (SAFHL), known also as the Song Report.

A. Hydrology and Hydraulic Design Concepts

In October 1982, in accordance with its contract with the Arizona
Department of Transportation, the firm Arthur Beard Engineers,
Inc., prepared and submitted its Final Report on Hydrology and
Hydraulic Design Concepts for the I-10 Inner Loop Storm Drain.

The purpose of this report was to present the results of studies
relative to storm drainage along the I-10 Inner Loop Corridor in

Phoenix. The study consisted of two major elements:



o Compute the hydrology of the drainage area contributing storm
water flow along the Inner Loop’s east-west corridor, located
approximately 0.25-mile south of McDowell Road, from its
intersection with I-17 to the end of the corridor at

approximately 21st Street.

o Develop and evaluate alternative concept designs which safely
conduct storm water away from the proposed freeway for storms
equal to and less than the 50-year frequency storm event,
without inundation of the freeway.

The hydrology portion of the study resulted in the establishment

of a detailed mathematical model of the watershed using the Soil

Conservation Service TR-20 Program. This model produced
hydrographs of storm sewer and surface flow at each of the major
1/2-mile streets along the corridor for the 50-year design storm.
Details of this model are discussed in the next chapter.

The scope of work for the storm sewer study envisioned the
primary study route to be along the East (Northbound) Frontage
Road of the Black Canyon Freeway. However, the consultant was
required by the contract to evaluate other routes for the storm
sewer in the initial phase of his stu&y. In the course of this

evaluation, the consultant investigated the feasibility of:

Use of existing and future storm sewers.

Use of bridges as hydraulic structures.

Peak discharge reduction by storm water retention.
Interception of flows above freeway alignment.
Outfall tunnels to the river.

Open channels.

Joint—-use facilities.

0O 0O 0O O 0o 0o o

Most of these concepts were eliminated from detailed

consideration, resulting in four alternative system designs:




o Alternative I utilized box culvert outfalls installed under
I-17 Northbound Frontage Road, 1lst Avenue, and 1lth Street.

o Alternative II also utilized box culvert outfalls at I-17
Northbound Frontage Road, lst Avenue, 1llth Street and 20th
Street (north-south leg of I1-10).

o Alternative III utilized a 30-foot diameter tunnel under 15th
Avenue to conduct all flows to the Salt River from the I-10
alignment.

o Alternative IV utilized two 20-foot diameter tunnels, one
under 15th Avenue and the other under Central Avenue, for
discharges to the river.

The report recommended Alternative IV, with an estimated total
construction cost of about $85.8 million.

Value Engineering Study

During the review of the ABE Report, it became apparent that the
calculated storm drainage flows combined with the depressed
freeway alignment created a very unusual and difficult design and
construction problem. The magnitude of the problem was
demonstrated in the ABE report by high estimated construction
costs, large-scale drainage structures and major impacts on
traffic and existing utilities. Accordingly, ADOT, with the
concurrence of the Federal Highway Administration (FHWA), elected
to have a Value Engineering (VE) study conducted to identify,
develop and evaluate additional conventional and non-conventional
conceptual approaches toward solution of the off-site drainage

problem.



The first phase of the VE study consisted of an eight-hour
"brainstorming" session to identify potential additional
conceptual approaches, including some of those previously ruled
out by the ABE Report, which were then to be further developed
and evaluated in the second phase of the study. Based on the
recommendations from the brainstorming sessions, the evaluation
phase of the VE study included the following elements:

o0 Analysis and refinement of the hydrologic and hydraulic
studies to identify means of reducing the peak flows. 1In
particular, the review of the hydrology included a more
detailed analysis of the spatial distribution of flows, a
sensitivity analysis of the TR-20 hydrology model parameters,
and an investigation of alternative hydrologic modeling
methods (such as SWMM). The hydraulic studies included a
risk analysis of the incremental costs associated with full
freeway protection versus real and potential costs associated
with freeway flooding for a range of storm frequencies up to
and including 100 years.

o Development of systems which would convey storm sewer and
surface drainage flows across the freeway by inverted siphons
or surface hydraulic structures.

0o Consideration of temporary storage of storm water as a means
of reducing peak flows at the freeway.

o Further consideration and refinement of the ABE Report
alternatives after re-evaluation of the hydrologic and
hydraulic studies. This included a tunnel feasibility study
and a preliminary soils exploration program. '

o Evaluation of alternatives considering combinations of
possible solutions, including groundwater recharge, storage,
tunnel and open-cut outfalls, open channels, and conveyance
of flows across the freeway right-of-way.
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A report discussing the procedures and results of the evaluation
phase of the Value Engineering Study was prepared by HNTB in
December of 1983. The conclusions of the various portions of the
study are summarized as follows:

0 The refinements to the TR-20 hydrology model used by Arthur
Beard Engineers resulted in significant reductions in the
predicted peak off-site flows reaching the Inner Loop, and
also resulted in a redistribution of the flows along the
length of the corridor. These changes were caused primarily
by the effects of storage and diversion of surface flows
north of the Grand Canal.

o Investigation of the STORM and SWMM3 computer models
confirmed that TR-20 was the most appropriate to the

situation.

o The freeway flooding risk analysis was inconclusive in
determining the most economical level of flood protection,
although the 50-year design could not be supported. However,
further analysis of flooding damage indicated that the
50-year level of protection would provide significant
benefits to residents and businesses located within the
I-10/I-17 Inner Loop. Such a system would also provide
direct benefits to the City of Phoenix in reduced capital
costs for proposed storm sewers in the Central Corridor area
south of I1-10.

o The final plan was redesigned for the runoff from the 25-year
storm, resulting in a potential cost savings of only seven
percent. Therefore, the 50-year design criterion was
retained for the depressed portion of the freeway alignment.

1-8



o The analysis of alternative drainage system concepts
concluded that, while feasible, conveyance of storm drainage
across the freeway or temporary storage of storm water could
not be justified from an economic or environmental

standpoint.

o The Geotechnical and Tunnel Feasibility Studies concluded
that construction of bored tunnel outfalls is feasible,
provided the alignment remains within the sand-gravel-cobble
(S-G-C) soil layer which underlies the surface soils
throughout the project area.

o The evaluation of alternatives concluded that the most
economical and practical drainage system consists of a
network of pipe, box culverts, and bored tunnels,
intercepting all storm sewer and surface drainage flow at the
Inner Loop corridor and conveying it to the Salt River for

discharge.

o Mathematical modeling of the drainage system indicated the
need for special structures to accommodate surges generated
within the system as the tunnels pressurize, with further
modeling necessary to finalize the locations and sizes of

these structures.

The recommendations in the VE Report describe an off-site
drainage system designed to intercept all runoff from the 50-year
storm which reaches the I-10 Inner Loop between 13th Avenue and
the Maricopa Freeway interchange. All existing and proposed City
of Phoenix storm sewers north of the east-west leg of the Inner
Loop will be connected to the system, as will the proposed Papago
East Freeway off-site drainage system and proposed City storm
sewers within the Central Corridor area south of I-10.

The report recommended two separate conveyance systems, as

follows:




0 A system of concrete pipe and box culvert along the north
side of the freeway from 19th Street to 2nd Street and from
13th Avenue to 7th Avenue; a 14-foot diameter tunnel from 7th
Avenue to 2nd Street; and a 21-foot diameter tunnel under 2nd
Street and Central Avenue, from Culver Street south to the
Salt River.

o Concrete pipe and box culvert from 20th and Belleview
Streets east to 21st Street, then south along 21st Street to
Van Buren Street; and a 21-foot diameter tunnel along the
east side of the freeway, from Van Buren Street.to the Salt

River.

Transient Wave Analysis

As part of the VE Study, the drainage system was modeled using
the Extended Transport (EXTRAN) block of the U.S. Environmental
Protection Agency’s Storm Water Management Model (SWMM). The
results of this computer modeling indicated that the
configuration of the tunnels as inverted siphons created severe
hydraulic instabilities during the tunnel filling process,
resulting in extensive street flooding and backflow in the
system. Further investigation revealed that the EXTRAN program
could indicate the existence of this phenomenon, but it is not

capable of accurately modeling it.

In the search for alternatives to the EXTRAN model, it was
discovered that similar problems had been encountered on tunnel
projects in Rochester, New York and Minneapolis, Minnesota. A
recognized expert in the field of transient pressure wave
analysis, Dr. Charles C.S. Song of the University of
Minnesota-St. Anthony Falls Hydraulic Laboratory, had developed a
computer model to analyze the tunnel pressurization process and
the resulting transient pressure surges common to such systems.
Dr. Song was retained to conduct detailed modeling of the I-10
drainage tunnels to verify the design of the system.
1-10



Dr. Song’s modeling work encompassed a number of drainage system
configurations and hydraulic conditions. 1In all cases, however,
the objective was the same: to determine the most efficient
combination of facilities to contain the volume of water
associated with the surge front and to provide sufficient
transient pressure relief to prevent destructive internal
pressures from developing within the system. As a result of this
work, many refinements have been made in the drainage system
since the completion of the VE Report. The details of these
changes are discussed later in this report.

DRAINAGE SYSTEM DESIGN AND CONSTRUCTION

various consultants have been responsible for the detailed design of

I-10 drainage facilities.

The drainage system components, their design consultants, and the
construction projects they were assigned to are listed on Table 1-1.
A map of the major structures in the Inner Loop storm drain system is

shown in Figure 1-2.




TABLE 1-1

SUMMARY OF DRAINAGE CONSTRUCTION PROJECTS

COMPONENT DESIGNER CONSTRUCTION PROJECT
Off-Site Collection Systems:
— 15th Ave. to 9th Ave. BRW, Inc. I-10-3(120)
— 7th Ave. BRW, Inc. I1-10-3(82)
— 5th Ave. to 3rd Ave. BRW, Inc. I-10-3(240)
— 3rd Ave. to Central Ave. BRW, Inc. I-10-3(223)
— Central Ave. BRW, Inc. I1-10-3(307)
— Central Ave. to 3rd st. Greiner Engineering I-10-3(307)
- 3rd St. to 5th St. Greiner Engineering I-10-3(213)
— 5th St. to 7th st. Greiner Engineering I-10-3(208)
- 7th St. to 12th st. Greiner Engineering I-10-3(239)
— 11th, 12th and 13th St. Greiner Engineering I-10-3(214)
- 13th St. to 20th st. Greiner Engineering I-10-3(215)
— 20th St. to Fillmore St. *PRC Engineering I-10-3(224)
— Fillmore St. to Jackson St. Centennial Engineering I-10-3(239)
— Harrison St. to Buckeye Rd.  **Johnson-Collins & Assoc. 1-10-3(239)
— Buckeye Rd. to Maricopa Int. Stanley Consultants I-10-3(239)
Storm Water Interceptor:
— 13th Ave. to 9th Ave. PRC Engineering I-10-3(120)
— 9th Ave. to 7th Ave. PRC Engineering I-10-3(82)
- 10th St. to 12th st. PRC Engineering I-10-3(239)
— 12th st. to 13th St. PRC Engineering I-10-3(214)
— 13th St. to 20th St. PRC Engineering I-10-3(215)
— 20th St. to Moreland St. I-10-3(224)
Drop Structure PRC Engineering

*

Currently P & D Technologies

** Currently Johnson-Brittain & Associates
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COMPONENT

Drop Shafts:
— West Tunnel (4)
— 3rd Ave.

- 3rd st. and 7th St.

— East Tunnel (6)
Central Ave.

Drop Structures:
- 7th Ave.
— 10th st.
- Moreland St.

Storm Drain Tunnels:
— West Tunnel
— East Tunnel
— North Tunnel

West Tunnel Outfall:
East Tunnel Outfall:

2nd St. Junction Structure:

Pump Stations:
— 3rd Ave.
— 3rd St. and 16th St.

— Maricopa Freeway

13th Ave. Surge Pond:

TABLE 1-1 (CONTINUED)

DESIGNER

PRC Engineering
PRC Engineering
PRC Engineering
PRC Engineering
PRC Engineering

PRC Engineering
PRC Engineering
PRC Engineering

HNTB
HNTB
" HNTB

Arthur Beard Engineers
Arthur Beard Engineers

PRC Engineering
Harza Engineering
Harza Engineering

John Carollo Engineers

BRW, Inc.

1-13

CONSTRUCTION PROJECT

1-10-3(223)
1-10-3(223)
I-10-3(239)
I-10-3(224)
I1-10-3(307)

I-10-3(82)
I-10-3(239)
I-10-3(224)

I-10-3(189)
I-10-3(188)
I-10-3(187)

I-10-3(223)
I-10-3(225)

I-10-3(247)

I-10-3(223)

I-10-3(239)

I1-10-3(204)

I-10-3(120)




COMPONENT

On-Site Drainage:

15th Ave. to 9th Ave.
9th Ave. to 3rd Ave.
3rd Ave. to Central Ave.
Central Ave. to 2nd St.
2nd St. to 3rd St.

3rd St. to 16th St.
16th St. to Fillmore St.
McDowell Ramps

McDowell Ramps

Fillmore St. to Harrison St.

Harrison St. to Buckeye Rd.

Buckeye Rd. to Maricopa Int.

Covered Deck Drainage:

3rd Ave. to Central Ave.
Central Ave. to 3rd St.

DIT162.8/all

TABLE 1-1 (CONTINUED)

DESIGNER

BRW, Inc.

BRW, Inc.

BRW, Inc.

BRW, Inc.

Greiner Engineering
Greiner Engineering
Ruiz Engineering/HNTB’
HNTB

HNTB

Centennial Engineering

Johnson-Collins & Assoc.

Stanley Consultants

BRW, Inc./HNIB
BRW, Inc./HNIB

1-14

CONSTRUCTION PROJECT

I-10-3(120)
I-10-3(246)
I-10-3(245)
1-10-3(307)
I1-10-3(307)
1-10-3(239)
I-10-3(239)
I-10-3(239)
I-10-3(246)
I-10-3(239)
I-10-3(239)
I-10-3(239)

I-10-3(245)
I-10-3(307)
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CHAPTER 2 — OFF-SITE HYDROLOGY

SYNOPSIS

This chapter describes the development of the original TR-20 off-site

hydrology model and subsequent refinements and expansion of the model. The

discussion is in two major parts. The first part deals with methodology
behind the development of the original model by Arthur Beard Engineers, and
the second part discusses each of the later refinements by HNTB.

ORIGINAL TR-20 MODEL

As stated in the previous chapter, part of the scope of work for the
original study by Arthur Beard Engineers (ABE) included the
computation of the hydrology affecting the east-west leg of the Inner
Loop, from approximately 15th Avenue to 21lst Street. ABE elected to
employ the SCS program TR-20 to accomplish this purpose. The
following is a brief description of the procedure followed in
establishing the model.

A. Description of the Drainage Area

The drainage area affecting the east-west leg of the Inner Loop
extends from the Arizona Canal on the north to the I-10 corridor
on the south. The western boundary is defined by the Black
Canyon Freeway (I-17), with the eastern boundary extending
northeast from 21st Street and Moreland to the Arizona Canal at
44th Street. Figure 2-1 shows a map of the drainage area. The
Arizona Canal will form a barrier to surface flow into the
drainage area from the north and east. At 15th Avenue, the I-10
freeway changes from a depressed to an elevated highway. Cave
Creek Wash surface flows reaching that portion of the

2-1




J i R Al LR N Tyt e e g ¢ = -
SN R ~ ™ R N Y o g : = ~ s "o
L =ty T ¥ el Nty wdei atlik i e Ry =
W P O Lo By NS o im SN £
e gl S = T S VAT i o L S I
P ] swa - s : i\ 2 o £
o N — hAU (S ¢ ;I.\\ " 1 . m N—— T 2 m
: ,. - vl o - : ; e F
< W 4 R o ‘ ‘ p =
3 Nm Go . . ” - | 5
) w x I° B p : Bl AT
- . E oSk g s & T
= N T v < (0 i = 2! T . L
i owxO > i a0 % i s X
. . Qlow oo fo g . AR “ [
- 2 < me oo . ot ! ..Ll$; i
5 w i O oo LTI = T T LT I S S - A o : R g =y
. O w OO O i s 8 g
. _WixsS 44 ot Ne L o
e R IR X 1 i e e . R &
SR B wuw : et o = : T oo
. - : - o 22 f R 1 A S B M \-. LA S
- v - 33 5Z= . . I |45 ownze - o —— e - : &
. Y w o : o HRE N - e T - B et
. >0 20 B gy RO «
= [ Sl o ¥ QA 1 & s ¢ X s <
A VR S Oog —— H
1 e P A ° i el £ 2 .
1 | 1 O |
3 % ’ | RS N :
o I = -1 < 3 D.C” -v.w, '
- W\Q_ﬁ_ aNEr 1S H1s2 BTy S a
AUl |
i .
{ s
- i J .-._. M.\w»v
- rl 11_ = ,I«.lﬂ_..
- ] i e
! :
- ' E
3
m\ '_ANHW:H
E ; =
i Sg g
DDZ
[afSle] ] %
- / g ;
- v z Smanay I S -~ _.Figure 2-1 £ .M
i P S ST oeitaAywiz ¢ ABE.Drainage Study Area
- : , : ; : f .




I-10 right-of-way from 15th Avenue to the Black Canyon Freeway
will continue to flow overland, under the elevated freeway, and
will not be intercepted by the Inner Loop drainage system. 15th
Avenue, although not a drainage area boundary, represents an
effective study area boundary on the west. The eastern boundary
represents the approximate limits of westbound surface flow
reaching the east-west leg of the I-10 Inner Loop. The gross

drainage area amounts to approximately 44 square miles.

The general topography of the study area is nearly flat, with
slopes generally less than one percent, trending toward the
southwest. Street widths range from 20 to 77 feet, and all
major streets in the study area run in a north-south, east-west
grid pattern. No major diagonal streets cross the freeway

corridor within the study area.

Development in the study area ranges from urban single family
residential to high rise commercial. Many of the property owners
in the areas zoned for single-family residential development
irrigate their yards by the flooding method, in which berms
around each lot confine irrigation water and rainfall, allowing
the water to percolate into the soil. In addition, certain areas
zoned for multi-family residential, commercial and office
development are required by zoning regulation to retain their
storm water on-site for the 1l0-year frequency storm.

Existing storm water drainage within the study area is provided
by City of Phoenix storm drains and by surface runoff along
existing city streets. The major existing City of Phoenix storm
drains are located in 15th Avenue, 9th Avenue, 7th Avenue, 7th
Street, 16th Street, 24th Street and 32nd Street. All of these
existing systems conduct storm water from the study area south to
the Salt River, and are generally sized for the 2-year frequency

storm or less.
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Surface runoff (overland flow) occurs in the areas not served by
storm sewers for all storm frequencies, and in all areas when a
storm of greater intensity than a 2-year storm occurs. The
surface runoff generally follows the major streets in the area,
since these routes offer the least resistance to flow. The grid
pattern followed by the major streets causes the surface runoff
to split at each major intersection, with the amounts of flows to
the south and west from each intersection related to the street
configurations and the downstream slopes of the streets at that

intersection.

Development of the Hydrology Model

The TR-20 program can compute surface runoff for any synthetic or
natural rainfall pattern, and takes into account conditions
affecting runoff in the drainage area through the use of input
data furnished by the engineer. From this data, hydrographs are
developed for all drainage areas at collection points, or points
of concentration. These hydrographs are then routed through the
drainage system and combined with other hydrographs to develop
composite hydrographs. The TR-20 program is capable of diverting
part or all of a hydrograph through a storm drain, and can
account for on-site retention within the drainage area. At
street intersections where runoff flows away in two or more
directions, the program can split the hydrograph and route flows

downstream in several directions.

To estimate the hydrology of a watershed, the following input

data is required:

Rainfall intensity and duration.

Drainage area size and time of concentration.

Drainage area runoff characteristics, expressed as
a composite curve number.

o Distance and velocity of routing between drainage areas.
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1.

Rainfall Data

The TR-20 program calculates runoff hydrographs based on a
24-hour rainfall distribution which contains within it peak
l-hour, 2-hour, 3-hour, 6-hour, and 1l2-hour storms. This 1is
accomplished by expressing rainfall amounts for each half-hour as
a percentage of the total 24-hour rainfall. To do this, the
rainfall amounts for the shorter storms are determined as a
percentage of the 24-hour rainfall for return periods from 2
years up to 100 years. The half-hourly rainfall percentages are
then determined so that the shorter storms are all centered

around hour 12.

Using rainfall frequency data for the Phoenix area, the
relationships between storm durations are as follows, averaged

among six return periods:

]
N
(o))
o\°

of 24-hour rainfall
of 24-hour rainfall
76% of 24-hour rainfall
of 24-hour rainfall

l1-hour rainfall

I
.
[N
o\°

2-hour rainfall

3-hour rainfall

I
©
=N
o\

6-hour rainfall

The 24-hour rainfall distribution was developed so that 66% of
the total rainfall occurs between hours 11.5 and 12.5, 72% falls
between hours 11 and 13, 76% between hours 10.5 and 13.5, and 84%
between hours 9 and 15 (See Table 2-1).

The resulting distribution was found to show higher rainfall
intensities for the short duration storms than those obtained
from standard SCS distributions. However, it was determined that
this was appropriate for rainfall patterns in the ‘area.
Furthermore, this distribution was found to be very close to that
already being used by the City of Phoenix for local drainage

projects.
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TABLE 2-1

24-HOUR RAINFALL DISTRIBUTION

Percent Percent
Hour Total Rainfall Hour Total Rainfall
0.0 .000 12.5 .83
0.5 .004 13.0 .86
1.0 .008 13.5 .88
1.5 .013 14.0 .893
2.0 .018 14.5 .907
2.5 .022 15.0 .92
3.0 .026 15.5 .924
3.5 .031 16.0 .928
4.0 .035 16.5 .933
4.5 .040 17.0 .937
5.0 .044 17.5 .942
5.5 .048 18.0 .947
6.0 .053 18.5 .951
6 «iD .057 19.0 +956
7.0 .062 19.5 .96
7 +5 .066 20.0 .964
8.0 <071 20.5 .969
8.5 .075 21.0 «973
9.0 .08 21.5 .978
9.5 .093 22.0 .982
10.0 .107 22 .5 .987
10.5 .12 23.0 .991
11.0 .14 23.5 .995
11.5 .17 24.0 1.00
12.0 .50

SOURCE: "Hydrology and Hydraulic Design Concepts for I-10 Inner Loop
Storm Drain," Arthur Beard Engineers, Inc., October 1982.
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Total 24-hour rainfall amounts were established as follows, using
rainfall frequency atlases and standard procedures developed by

the National Weather Service:

Return Period, years Rainfall, inches
1.
2is
10 2.
25 2.95
50 3.4
100 3.85

Areal reduction of these rainfall amounts over the 44-square mile
area was considered, but not recommended, based on discussions

with local climatologists and FHWA.

Drainage Sub-Area Breakdowns
For input to the TR-20 hydrology procedure, the Inner Loop
drainage area was divided into 45 sub-areas. The following

criteria were considered in the breakdown:

o Minimum time of concentration within each sub-area of ten

minutes.

o0 Locations of existing and proposed major storm sewers by the

City of Phoenix.
o ‘Locations of major streets.
o Location of the Grand Canal.
The sub-area boundaries in the original ABE model generally

follow the north-south streets at 1/2 mile intervals, and the
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east-west streets at 1l-mile intervals, with additional diversions
along the Grand Canal. Larger sub-areas were used east of 24th
Street.

Sub-Area Characteristics

For each drainage sub-area, the following input parameters were

determined:

o Net contributing area (Acres)
o Composite curve number

o Retention volume (Acre-feet)
o Time of concentration (Hours)
o Modified curve number

The following sections explain the procedures followed in the

determinations.

a. Net Contributing Area

The net contributing area for each drainage sub-area was
calculated from the overall dimensions of each sub-area,
subtracting the total quantity of residential area which is
irrigated by flooding and does not contribute to runoff. It
was assumed that the berm heights in these areas are
sufficient to retain all precipitation up to and including
the 100-year storm.

b. Composite Curve Number

SCS hydrologic soil cover complexes (runoff curve numbers,
CN’s) have been determined by the City of Phoenix for fully
developed conditions, covering all city zoning designations
and soil classifications. Each sub-area in the hydrology
model was further divided by =zoning type and soil

classification. The runoff curve number for each division
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was then weighted by the percentage of the sub-area the
division covers and the results averaged to obtain the
sub—area composite curve number. Undeveloped parcels were
treated as fully developed in accordance with their
particular zoning designation, except in the Central Avenue
Corridor, where land use changes projected to occur through

re—development were considered.

Flood irrigated areas were excluded from the curve-number
weighting calculations. Also, zoning classifications having
a total area of less than 0.002 square miles were ignored,
and the area added to the largest zoning category in that
sub-area.

Retention Volume

New commercial and industrial developments are required by
ordinance to provide retention volume on-site for runoff from
a 10-year storm. Retention basin design must be approved by
the City of Phoenix prior to the beginning of construction.
Developments on less than one acre and areas currently
without retention undergoing redevelopment generally do not

have to meet the retention requirement.

Existing commercial and industrial developments with
retention were identified and recorded during a lot by lot
drainage area examination. It was assumed for each
commercial and industrial =zoning classification that the
required retention would affect a specific percentage of the
total lot area, with street right-of-ways and lot fringe
areas draining away from the retained areas. ‘These
percentages vary by zoning classification. Where the
presence of 10-year retention was verified, the gross lot

area was multiplied by the percentage affected by retention,
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then multiplied by the 10-year runoff depth, producing a
volume of retained runoff that could be subtracted from
sub-area runoff volume totals for storms of greater than

10-year return periods.
Time of Concentration

The time of concentration for a sub-area is the time required
for runoff from the most remote part of the sub-area to reach
the concentration point. This was generally determined for
the model by finding the maximum distance of flow along city
streets within the sub-area, and dividing that distance by
the average full gutter flow velocity. The average full
gutter flow velocity was determined by using the standard
City of Phoenix Gutter Flow Chart in conjunction with the
average slope along the maximum distance of flow. Average
slopes were determined by using manhole rim elevation data

from the City of Phoenix Quarter—Section Sanitary Sewer Maps.
Modified Curve Number

For sub-areas with multi-family, commercial, or industrial
10-year runoff retention, the total volume of runoff from the
50-year storm was calculated using the sub-area composite
curve number, the 50-year rainfall depth, and the net
contributing area within the sub-area. The retention volume
(described above) was then subtracted from the 50-year runoff
volume, to produce the total net volume of 50-year runoff
actually contributed by the sub-area. This net volume of
50-year runoff was applied over the sub-area net contributing
area to compute a Modified Curve Number (MCN,,) for the
50-year storm to be used in the TR-20 hydrology model.
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Peak flows generated through use of the MCN,, are equal to or
lower than peak flows generated by the original sub-area
composite curve number, with any reduction of peak reflecting
the effects of the 10-year runoff retention. This process
was repeated for the 100-year storm, producing a different
set of modified curve numbers for the affected sub-areas.

C. Flow Routing Procedures and Results

The ABE hydrology model made use of three of the subroutines
available within the TR-20 program:

o The REACH subroutine uses the convex routing method to lag
and attenuate a hydrograph, based upon a routing reach length
and a coefficient (C) representing average velocity of flow.
The C value is either determined by the computer or directly
input by the programmer. The computer calculates C from an
equation, using the average velocity of all hydrograph
ordinates greater than half the peak ordinate value. The

velocities of the ordinates are determined through use of the

input cross section rating table for the routing reach. The
REACH subroutine was used for routing both surface and pipe
flows. In the latter case, a constant routing coefficient

was input for each pipe segment.

o The ADDHYD subroutine creates a composite hydrograph of total
flow at a node by adding the local runoff hydrograph for the
point in question and any pipe and surface flow hydrographs

routed from upstream points.

o The DIVERT subroutine facilitates modeling the network type
runoff pattern which results when major city streets carry
most of the runoff, and is used to split hydrographs in two
ways. First, at points where part of the runoff is carried
in storm drains, the DIVERT subroutine is used to put all
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flow less than an input value (the storm drain capacity) into
one hydrograph and the excess flow into another hydrograph
representing surface flow. The second application of the
DIVERT subroutine is to split surface flows by using two
cross—-section rating tables to balance the split flows, based
on the relative conveyance capacities of the downstream
street sections for the same depth of flow at the node point.

1. Routing Between Sub-Areas

a.

Surface Flows

For modeling purposes, surface flows were schematically
routed down the half-mile grid streets. The half-mile
(generally arterial) streets tend to be the wider streets,
with relatively constaﬁt gutter grades. Side street gutter
grades are rarely carried through intersections with the
half-mile streets, and frequently side street grades are
slightly "humped" on the downstream side of the half-mile
streets. Because of these conditions, it can be expected
that the first flows exceeding the cépacities of the city
storm sewers will be conveyed primarily by the half-mile grid
streets. As the flows 1in excess of the storm sewer
capacities increase in depth and magnitude, the streets begin
to convey more significant quantities of flow. Figure 2-2

Shows the routed surface and storm sewer flows.

Because it was well beyond the scope of the computer model to
precisely analyze the effect of these additional types of
surface flow, it was assumed that all flows follow half-mile
grid streets for routing purposes. Cross-section Trating
curves were developed for éach reach of street between
concentration points based upon Manning’s equation, using a

Manning’s "n" of 0.015 and the average slope of the street.
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A six-inch vertical curb and a crown elevation equal to the
top of curb elevation were assumed. The remainder of the
right-of-way was assumed to be paved at the same elevation as
the top of curb, and able to convey flows.

To allow for the spread of higher flows to side streets,
alleys, and other interior areas capable of flow conveyance,
the maximum velocity for any street cross section rating
curve was limited to the velocity for a one-foot depth of
flow in the street qutter. This was done to represent a
reasonable average velocity for a flow situation including
flows greater than one foot deep in the major streets and
shallow flows in side streets and alleys.

Existing Storm Drains

City of Phoenix practice is to design storm drains for the
runoff from a two-year frequency storm. Therefore it was
assumed that the sewers would be surcharged during the major
storms being analyzed. Storm drain capacities north of
McDowell Road used in the TR-20 model were based on the
installed pipe diameter and a hydraulic grade line slope
equal to the average ground slope over the reach. South of
McDowell Road, the ABE model used hydraulic slopes based on
lowering the downstream end of the hydraulic grade line to a
point three feet below existing ground.

Existing storm drains within the drainage area studied by ABE
are located along 15th Avenue, 7th Avenue, 9th Avenue, 7th
Street, 16th Street, 24th Street and 32nd Street.

Proposed Storm Drains

In keeping with their practice of providing major storm

drains at 1/2-mile intervals, the City of Phoenix is planning
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new storm drains along Central Avenue, 12th Street and 20th
Street. At the time the ABE hydrology report was prepared,
the City had not yet established design flows for these
sewers. Capacities for use in the model were based on
preliminary studies of the 2-year hydrology for the drainage
area. The capacities used in the model for the storm drain
segments between McDowell Road and the I-10 Corridor were 532
cfs at Central Avenue and 420 cfs at 12th Street. What was
referred to as the 20th Street storm drain became the Squaw
Peak Storm Drain. Its capacity was modeled at approximately
500 cfs for the segment between McDowell Road and the I-10

corridor.

2. Effects of Existing Canals

a.

Grand Canal

In formulating the ABE model, the Grand Canal was assumed to
be flowing full during the 50-year storm with runoff from
outside the project study area. Therefore, the model showed
no influence by the canal on the conveyance of surface flows.
A more detailed analysis of storage and conveyance along the
canal’s banks was performed in the VE Report combined model,
which is described later in this chapter.

Arizona Canal

The Arizona Canal was defined as the northern boundary of the
drainage study area for the ABE model. It was assumed no
drainage from areas north of the canal entered the Inner Loop

drainage area.

3. Modeling Results

Table 2-2 summarizes various modeling results that are discussed

throughout the remainder of this chapter.
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TABLE 2-2

OFF-SITE HYDROLOGY
TR-20 DISCHARGES

A B € D E F G H I
Peak SO-Year Discharge (cfs)
ABE Report HNTB Refined Cambined Model Cambined Model — Proposed Storm Squaw Peak 20th St. Sewer Corrected Model Interim
Model With Pap. E. Without Pap. E. Sewers Revised Hydrology Removed i Conditons

Point of
Concentration Sewer Surface Sewer Surface Sewer Surface Sewer Surface Sewer Surface Sewer Surface Sewer Surface Sewer Surface Sewer Surface
East-West Corridor
15th Avenue 600 389 370 599 370 597 370 597 370 564 370 563 370 575 370 609 370 686
7th Avenue 300 1,021 155 978 155 954 155 954 155 1,018 155 1,017 155 1,061 155 1,095 155 1,212
Central Avenue 320 3,878 320 560 320 549 320 549 383 595 383 595 383 648 383 597 0 662
7th Avenue 310 1,270 195 601 195 637 195 637 195 788 195 786 195 947 195 793 195 826
12th Street 420 0 420 287 420 277 420 277 296 342 296 339 296 420 296 340 0 338
16th Street 185 753 130 258 130 257 130 257 130 251 130 243 130 339 130 244 130 244
20th Street 265 0 265 231 265 232 265 232 532 184 532 205 0 293 532 206 532 206

Subtotals 2,400 7,311 1,855 3,514 1,855 3,503 1,855 3,503 2,061 3,742 2,061 3,748 1,529 4,283 2,061 3,884 1,382 4,174

Totals 9,711 5,369 5,358 5,358 5,803 5,809 5,812 5,945 5,556
North-South Corridor
Belleview 1,957 84
Roosevelt 119 269
Van Buren 715 1,051
Washington 800 935
Buckeye 314 314
Mohave 588 588

Subtotals 1,957 2,536 0 3,241

Totals 4,493 3,241

NOIE: Revisions in lums E through I did not affect flows along the north-south corridor.



II.

Column A of Table 2-2 lists the peak flows at the Inner Loop, as
predicted by the original ABE hydrology computer model.

REFINEMENTS TO THE MODEL

part of the scope of the Value Engineering (VE) study prepared by
HNTB included an analysis and refinement of the original ABE
hydrology model to identify means of reducing peak flows. This
section describes these refinements and their effects on predicted

storm flows at the Inner Loop Corridor.

Throughout the evaluation and design phases which followed the VE
study, numerous additional modifications were made to the hydrology
model. These changes and their effects are also described below.

A. VE Report Refined Model

Initial review of the original ABE hydrology model identified
three major conceptual refinements to be made to the model. The
following paragraphs describe these modifications and their

cumulative effect on the hydrology.

The area studied for this refinement was the same as that studied
in the original hydrology report. The area is bounded on the
west by I-17 (Black Canyon Freeway), on the north by the Arizona
Canal, on the east generally by a line from 44th Street and
Campbell Avenue to 32nd Street and McDowell Road, and on the
south by the I-10 corridor.

1. Conceptual Refinements

The first conceptual refinement was the reduction in size of the
individual drainage areas. In the ABE Report, areas one-half
square mile or larger were used. In this refinement, sub-areas
of one quarter square mile (one-half mile square) were generally

used, providing more uniform sub-area size and shape. This
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tended to reduce bias which could have been introduced through
the application of uniform input parameters, such as flow
velocity, to non-uniform areas. This also eliminated bias which
was introduced in the ABE Report for the area west of 24th
Street, where surface flows were diverted to the west at one mile
intervals and to the south at one half mile intervals.

Procedures for determining drainage area characteristics and
routing parameters between sub-areas were consistent with those
used in formulating the original ABE model previously described.

The second conceptual refinement was to incorporate the effect of
storage and conveyance along the north overbank of the Grand
Canal. The ABE Report assumed no storage or conveyance impact on
flows by the Grand Canal. However, further analysis was prompted
by review of the City of Phoenix Flood Insurance Study, which
indicated storage north of the canal, and a Corps of Engineers
report on the 1972 flood, which indicated flows to the west along
the north overbank. The Corps of Engineers step-backwater
computer program HEC-2 was used to analyze storage and conveyance
capacities for the north overbank of the Grand Canal. The HEC-2
output data were converted to rating curves for use in the TR-20
model.

The third conceptual refinement involved the capacities of the
existing City of Phoenix major storm sewers between McDowell Road
and the I-10 right-of-way. In the ABE model, the capacities of
the sewers north of McDowell Road were calculated for the 50-year
flow using a hydraulic gradient equal to the existing ground
slope, assuming surcharged conditions in the pipes. The original
model then increased the hydraulic gradient south of McDowell to
reflect an assumed three foot drop in the hydraulic grade line at
the east-west freeway collection system. This assumed drop in
the hydraulic grade line was not considered valid in the refined
model, since the only way to physically achieve the drop would be
to re-lay the entire section of the storm sewer system between
McDowell Road and the Inner Loop east-west collector. Storm
2-18



sewer capacities were therefore calculated using ground slope for
hydraulic gradient for this section of sewer in the refined
model, resulting in a shift of approximately 540 cfs of peak flow
from the storm drainage system to surface flow. The capacities
of the major storm sewers to the north of McDowell Road were not

changed in the refined model.

Results

Column B of Table 2-2 lists the peak discharges at concentration
points along McDowell Road from the ABE model and from the
refined model. It can be seen that the peak discharges and flow
distributions along McDowell Road were significantly changed due
to the effects of flow along the Grand Canal, the revised storm
drain capacities and the introduction of additional points of

diversion.
VE Report Combined Model

One element of the hydrologic investigations in the VE study
included the determination of the quantity and location of
long-term return period runoff from the off-site drainage area
affecting the north-south corridor of the I-10 Inner Loop. It
was intended to be an extension of the hydrology modeling
conducted by ABE in their report.

Although the north-south leg hydrology was originally developed
as a separate TR-20 model, early results showed an
inter-relationship with the previous modeling work for the
east-west corridor. Therefore, the models were combined to

encompass the entire Inner Loop Corridor drainage area.

Drainage Area

The drainage area for the combined model was expanded to the east
and south, to include the southern slope of Camelback Mountain
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and most of the area north of the Salt River between 20th Street
and the New Cross Cut Canal. Figure 2-3 shows the expanded

drainage area and the sub-area boundaries.

West of 40th Street, the northern boundary still follows the
Arizona Canal Diversion Channel. From 40th Street, the boundary
follows the Camelback Mountain ridge to 64th Street, then extends
down to 68th Street and the Arizona Canal. The eastern boundary
follows the New Cross Cut Canal from the Arizona Canal to
approximately Thomas Road, then runs southwest along a ridge to
the 0ld Cross Cut Canal, near the northeast corner of Sky Harbor
International Airport. The southern drainage area boundary cuts
across the east end of the airport to 32nd and Watkins Streets,
then extends west to the I-10/I-17 interchange (the Maricopa

Interchange).

Sub-Area Breakdowns

For the most part, drainage patterns in the expanded drainage
area are controlled by the major street patterns and the canals,
similar to the original drainage area. For the area north of the
Arizona Canal, drainage is controlled by the steep ground slopes
of Camelback Mountain, resulting in 1less uniform drainage
sub-areas. Sub-areas east of the 0ld Cross Cut Canal are also
somewhat irreqular, as drainage patterns are controlled by the
topography in the higher areas to the east, but street patterns
control drainage closer to the canal.

The proposed Papago East Freeway was also considered in
establishing the sub-area breakdowns. The highway corridor was
used as a sub-area boundary, on the assumption that the road
would be built on an embankment forming a barrier to overland
flow.
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3. Sub-Area Characteristics

For the most part, sub-area characteristics. for use in the
combined model were determined by the procedures described above
for the ABE model. The principal exception to these procedures
came in the determination of times of concentration. For the
area north of the Grand Canal and parts of the area east of the
0ld Cross Cut Canal, sub-area times of concentration were based
upon the SCS modified curve number method, where:

T = 1.67 x LAG and

o
1ac = L-8(s+1) "’
1,900Y'E
With:
L = hydraulic length of sub-area in feet
S =1,000 -10
CN

CN = runoff curve number
Y = average watershed land slope in percent.

TC = Time of Concentration

The TE from these equations was then modified by a lag factor

(LF) for percent of impervious area in the sub-area.

LF = 1—(PRCTx[-(6.789x10™ > )+(3.35x10™ * xCN)-
(4.298x10" xCN° )—(2.185x10™*xCN’ ) 1)

With:

PRCT = percent of impervious area.
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T.'s for some sub-areas east of the 0Old Cross Cut Canal were
based upon the modified curve number method for the higher, less
developed portion of the longest flow path, and the gutter flow
velocity method for the lower, completely urbanized portion,
using the sum of the Tc's from the two methods.

Routing Procedures

Routing of surface flows between sub-areas followed the
procedures described in the ABE report, with the exception that
the effect of storage behind the canals was modeled by the TR-20
RESVOR subroutine. Flows were routed through storage areas by

“the storage indication  method, using data from a

depth-storage-outflow table. Routing statements were also added
to the model to route the southbound surface flow hydrographs
from McDowell Road to the I-10 corridor.

Existing and proposed City of Phoenix storm drains were
incorporated into the combined hydrology model following the same

procedures used in the original model.

Effects Of Existing Canals

The Arizona Canal, the Grand Canal, and the Old Cross Cut Canal
all serve as barriers to runoff as well as surface flow
conveyance features. Therefore, each canal was analyzed to
determine its effect wupon the upstream sub-area runoff

hydrographs along the canal.

Data were acquired for all three canals within the Inner Loop
drainage area. These data were analyzed and input to the Corps
of Engineers step-backwater computer program HEC-2. The
resulting computer models were used to determine potential

conveyance and storage above each canal’s banks.
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For the Grand Canal, the area behind the upstream bank was
analyzed. For the Arizona Canal, the area east of 40th Street
and north of the downstream bank was analyzed, because the
downstream bank is generally 2-3 feet higher than the upstream
bank. The Arizona Canal and the Grand Canal have limited
capacities, and were assumed to be full to the lower bank
elevation with runoff from outside the drainage area. Figure 2-4
shows typical sections of the Arizona and Grand Canals.

The 0ld Cross Cut Canal is the sole major surface drainage
feature lying entirely within the drainage area. Therefore, in
addition to the area behind its banks, the canal itself was
modeled, including the culverts which carry canal flow across
streets and a series of drop structures. Figure 2-5 shows
cross—sections of the 0ld Cross Cut Canal.

The City of Phoenix and the Salt River Project have an
arrangement whereby the Salt River Project is allowed to
discharge 1000 cfs from the Arizona Canal into the 0ld Cross Cut
Canal during major storms, with the 0Old Cross Cut Canal’'s
remaining capacity handling runoff from the area directly to the
east of the canal. The canal discharges to the Salt River, so
the analysis of the canal was based upon a 1l0-year tailwater in
the river and a base flow of 1000 cfs in the canal.

While all three canals present an effective general barrier to
runoff, there are major breakout areas where flow trapped behind
the canal banks escapes into the lower basins. Along the 0ld
Cross Cut Canal, where the capacity of the canal is controlled by
the capacity of the culverts conveying flow under the crossing
roadways, flows in excess of the culvert capacities escape the
canal and move westward. An example of this would be the area
just north of McDowell Road and the 0ld Cross Cut Canal, where
flow in excess of the capacity of the culvert under McDowell will
overflow the canal banks and escape westward. Surveys of canal
banks and crossing streets, along with contour maps and
2-24
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construction plans, were used to determine the breakout points.
Rating curves for the breakouts were generally developed by using

the weir equation.

In situations where some flow would still be contained and
conveyed behind the canal banks past the breakout point, the
breakout point rating curve was input to the TR-20 computer
model, as well as a rating curve for conveyance behind the canal
at that point. A divert routine in the model determined the flow
split using the pair of rating curves, splitting the hydrograph
of the approaching flow from behind the banks into a breakout
hydrograph and a hydrograph for continuation of flow behind the
canal banks.

Depending upon the configuration of the area behind the canal
banks, either reservoir routing or channel routing was used in
the TR-20 model to analyze the attenuating effects upon the
hydrographs of the conveyance behind the canal banks.

where flow had escaped the canal banks, the hydrographs for the
breakout points were routed through city streets to the next

downstream concentration point.
Squaw Peak Parkway

At the time the combined model was formulated, the Squaw Peak
Parkway was in the conceptual planning stages, and was envisioned
to be an at-grade roadway with two-year capacity storm drains,

per standard City of Phoenix practice.

A prime hydrologic/hydraulic effect of this improvement would be
the restriction of conveyance north of the Grand Canal due to an
approach fill. The model was formulated with fill in place which
would divert all conveyance along the canal’s northern bank to
the south at 20th Street. Due to the distribution of this flow
through routing via city streets, the effects were negligible at

McDowell Road.
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Papago East Freeway

Drainage patterns along the Pagago East Corridor were modified in
the TR-20 model to account for the effects of the freeway, which
will be built on a low embankment with underpasses at major city
streets. The routing logic was based on the assumption that flow
in city storm drains intersecting the corridor would continue
southward, but all surface flow in excess of the storm drain
capacity would be intercepted at the Papago East embankment and
conveyed westward to the Inner Loop drainage system.

‘This increases the peak flow rate at the Inner Loop by about

1,250 cfs. The increase in peak flow is entirely a result of the
path followed by the runoff, and the total volume of runoff
reaching the Inner Loop is unchanged. The area affected by this
redistribution of flows lies between McDowell Road and the

Southern Pacific Railroad.

Because of the possibility that the Inner Loop drainage system
would be in operation prior to construction of Papago East, the
hydrology model was run both with and without the Papago East

Freeway in place.
Modeling Results
Columns C and D of Table 2-2 list the TR-20 peak 50-year
discharges resulting from the combined hydrology model, both with
and without the Papago East Freeway in place. Comparison with

earlier results shows that the combined effects of the revisions

described in this section were relatively minor.

Proposed Storm Drain Capacities

As mentioned in earlier discussions, capacities entered into the
TR-20 model for the proposed City of Phoenix storm drains were
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based on preliminary investigations of the two-year hydrology,
performed during the formulation of the ABE model. When: the
model was refined and expanded during the VE study, the city had
not yet completed its detailed investigations for these sewers,

and the original capacities were retained.

In early 1984, following publication of the VE Report, the city
advised that the hydrologic investigations had been completed,
and that design capacities and diameters for the proposed sewers
had been determined. The capacities provided by the city for the
segments from McDowell Road to the I-10 corridor were 535 cfs at
Central Avenue, 500 cfs at 12th Street, and 445 or 495 cfs at
20th Street, depending on the alignment selected for the Squaw
Peak Parkway storm drain. The city also indicated its intention
of installing 96-inch diameter pipe for the lower portions of all
three storm drains. Following the procedure described earlier
for modeling of storm drains, the revised capacities entered into
the model were based on 96-inch diameter pipe at a hydraulic
gradient equal to the average ground slope over the pipe reach.
For the segments between McDowell Road and I-10, these figures
were 383 cfs at Central Avenue, 296 cfs at 12th Street and 532
cfs at 20th Street. Capacities for upstream segments were
determined in similar fashion, using pipe diameters provided by
the City. The results of these revisions are shown in Column E
of Table 2-2.

Squaw Peak Parkway Hydrology

Effects on Surface Flows

In late 1984, as the planning for the Squaw Peak Parkway
progressed, the preliminary roadway profile was reviewed to
determine its effects on surface flows in the area and hence the
flows reaching the 1Inner Loop corridor. The capacities
previously determined for the Squaw Peak/20th Street storm drain
had arisen from studies related to the highway planning, and were
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not changed. The modifications were limited to the diversions of
overland flow along 20th Street as follows:

Bethany Home Road - No change

Missouri Avenue - Westbound surface flow removed
Camelback Road — Westbound surface flow removed

Campbell Avenue — No change

Indian School Road — Westbound surface flow reduced by 20%
Osborn Road — No change

Grand Canal - Westbound surface flow reduced by 30%
Thomas Road - Westbound surface flow reduced by 20%

Oak Street — No change

McDowell Road — Westbound surface flow reduced by 20%

The effect of these changes on southbound 50-year surface flows
along the Inner Loop corridor was minor, as shown in Column F of
Table 2-2.

Effects of Phased Construction

Given the uncertainties of the schedule for construction of the
Squaw Peak Parkway with respect to the completion of the Inner
Loop drainage system, the TR-20 model was modified to determine
the effects on the hydrology if the Inner Loop system were in
operation prior to completion of Squaw Peak. This was done by
removing the storm sewer diversions along 20th Street, so that
surface drainage would follow existing paths through city
streets. The surface flow diversion modifications discussed in
the previous paragraphs also did not apply, since this run
assumed that the Squaw Peak Parkway did not exist.

As shown in Column G of Table 2-2, the removal of the 20th Street

storm drain increased the surface flows at each major street

along the east-west corridor, although the effects are relatively
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minor west of Central Avenue. The additional surface flow is
approximately equal to the 530 cfs surcharged capacity of the
Squaw Peak/20th Street storm drain. North-south flows were not
affected by this change.

Corrected Model

puring review of the hydrology modeling, two keypunch omissions
were discovered which had persisted since the original modeling
in the VE Study. These omissions had resulted in the loss of two
hydrographs in upstream portions of the drainage area. After the
model had been re-entered the Squaw Peak hydrology was rerun for
the 50-year storm, with the results shown in Column H of Table

2-2.
Interim Conditions

An additional interim condition was modeled, based on the
assumption that the proposed storm drains at Central Avenue and
12th Street would not be built until after the Inner Loop
drainage system and the Squaw Peak/20th Street storm drain were
in place. The Squaw Peak surface hydrology revisions were

applied to this model, as were the corrections discussed above.

The increase in east-west surface flow for this condition ranged
from 4 percent at 7th Street to 13 percent at 15th Avenue, as
shown in Column I of Table 2-2.

Central Corridor Hydrology

The City of Phoenix is considering a plan to increase the
capacity of the storm drainage system in the Central Corridor.
The area under consideration is bounded by 12th Avenue and 12th
Street on the west and east, the I-10 Inner Loop on the north,

and the Salt River on the south.
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Because the existing storm drainage system in this area is
inadequate to collect and transport the 2-year storm runoff, the
report "Phoenix Central Avenue Corridor Storm Sewer Study -
Project No. ST-818930 Preliminary Report", prepared by Benson and
Gerdin, recommended the following improvements:

o Construct a trunk storm drain along 3rd Avenue from Roosevelt
Street to the Salt River.

o Construct a relief storm drain along Grant Street from 3rd
Street to the 3rd Avenue trunk line.

o Construct a relief storm drain along Van Buren Street from
5th Street to the 3rd Avenue trunk line. This line can be
extended east to 9th Street as a lateral.

o Construct a relief storm drain along Taylor Street from 7th

Avenue to 9th Avenue.

The feasibility of connecting the proposed Central Corridor
system to the West Tunnel rather than constructing an additional
outfall to the Salt River was also investigated. The TR-20 model
used for the Benson and Gerdin report was modified for this study
by substituting the rainfall distribution used in the offsite
drainage model. This modification increased some local sub-area
runoff peaks, but the overall effect was negligible due to

routing effects.
The model was further modified to provide inlets to the West
Tunnel at Van Buren, Grant, and Watkins Street. This resulted in

the following system:

o) Grant Street (East) relief storm drain from 3rd Street to
West Tunnel.
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0 Van Buren Street (East) relief storm drain from 5th Street to
West Tunnel extended east as lateral to 9th Street.

o Storm drain along 3rd Avenue from Roosevelt Street south to
Van Buren Street, then east to West Tunnel.

o Storm drain along 3rd Avenue from south of Van Buren Street
south to Grant, then east to the West Tunnel.

o Storm drain along 3rd Avenue from south of Grant Street,
south to Watkins Street, then east to the West Tunnel.

This model was run for 2-, 5-, 10-, and 25-year discharges.
In December 1983, the City of Phoenix requested the following

four drop shaft locations and capacities, presumably as a result
of further study by Benson and Gerdin, assuming a tunnel outlet:

Location Discharge
Fillmore 290 cfs
Grant 240 cfs
Tonto 100 cfs
North of Maricopa 50 cfs

Rather than modify and rerun the HNTB hydrology model to
reproduce these flows, it was decided to wuse hydrographs
truncated at these values to represent the City of Phoenix flow
to the tunnel, because only storm sewer flows with no additional
overland flow were to be allowed into the tunnel system from the

areas in question.

In a letter dated April 24, 1984, the City of Phoenix amended
their earlier request by asking for the provision of the

following:
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STATION LOCATION CONNECTION SIZE DIRECTION

24+20 Maricopa Freeway 48" (60 cfs) West
57+70 Tonto 72" (135 cfs) West*
71+60 Grant 78" (170 cfs) East
120425 Fillmore 72" (140 cfs) West*

Subsequent to the receipt of the amended City of Phoenix request,
the truncated hydrographs representing city flows were reduced to
the above values.

* Later modified with City of Phoenix approval to connect from
the East side. All tunnel connecting conduit sizes were revised
to 42 inches.

ASSUMPTIONS

The development of the hydrology model for the Inner Loop off-site
drainage area involved many assumptions in addition to those inherent
in the basic computer modeling procedure. Some of these assumptions
relate to specific features of the drainage area, while others are
more general in nature.

The more significant general assumptions are summarized as follows:

o The 50-year design storm occurs simultaneously over the entire

Inner Loop drainage area.

o Runoff curve numbers are based on zoning classification.

.0 Flood-irrigated residential areas with bermed yards will not

contribute runoff up to and including the 100-year storm.

o Drainage sub-area times of concentration are based on the average

full-flow gutter velocity.
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Storm drain capacities for the 50-year storm are based on a
hydraulic grade 1line parallel to the average ground slope
(uniform flood depth).

Storm drain routing is based on a uniform velocity of seven feet

per second.

"Minor" City of Phoenix storm sewers with diameters of 24 inches

or less are ignored.

The City of Phoenix will continue to build major storm drains at

1/2-mile intervals.

Except as previously discussed, all proposed storm drains exist

for modeling purposes.

Capacities for proposed storm drains are based on pipe sizes
provided by the City of Phoenix where known.

Capacities for remaining proposed storm drains are based on

2-year hydrology.
Overland flow is restricted to the major 1/2-mile streets.

overland flow splits at intersections are based on the relative

slopes of the downstream street sections.

overland flow routing is based on a Manning’s "n" factor of
0.015.

Street crowns and curbs are at the same elevation, Street
rights—-of-way outside the curbs are paved and level.
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o Runoff south of McDowell Road and west of 24th Street is included
by adding those areas to the drainage areas which have

concentration points along McDowell Road.

Assumptions regarding specific portions or features of the drainage

area include the following:

o The Squaw Peak Parkway will affect surface flow diversions as
described earlier in this chapter.

o The Papago East Freeway storm drain will not intercept any
existing or proposed storm drains from the north.

o The Papago East Freeway will block overland flow except at
underpasses at 24th, 32nd, 40th, and 44th Streets and at the
Grand Canal. oOverland flow at these locations will be
intercepted by the Papago East storm drain.

o The Arizona, Grand and 0Old Cross Cut Canals, their banks and the
area behind their banks will remain essentially unchanged.

o The Grand Canal and the Arizona Canal will flow full (to top of
lower bank) during major flooding events, conveying storm water

from outside the offsite drainage area.

o The U.S. Corps of Engineers will construct the Indian Bend Wash
Side Channels System, in addition to the Arizona Canal Diversion

Channel.

o The Arizona State Hospital Farm and adjacent developed area will
at the least undergo residential development. To allow somewhat
for the possibility of a zoning change due to the proximity to

the proposed Papago East roadway, no retention was assumed.

o The Phoenix Military Reservation and Papago Park will not undergo

extensive development.
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The area west of Sky Harbor International Airport will undergo
complete redevelopment, eventually becoming fully developed with

no retention.

The two major airport storm sewers (60" and 84") discharging to
the Salt River adjacent to the 32nd Street storm sewer, plus the
increase in capacity of the 32nd Street storm sewer through Sky
Harbor International Airport, will intercept all runoff generated
to the east of their alignment, in the southern three sub-areas

of the airport.

The western major storm sewers in the airport which tie into the
24th Street storm sewer will not function at the storm peak due

to lack of head and lack of additional capacity in the 24th

Street storm sewer.
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CHAPTER 3 — DESIGN FLOWS
SYNOPSIS

This chapter presents a summary of the peak flows used in the design of the
various components of the Inner Loop storm drainage system. Design flows
for drop shafts, drop structures, pump stations, collector systems and
outfall structures are tabulated. The derivation of the design flows is

covered elsewhere in this report.

I. ON-SITE COLLECTION SYSTEM

Collection and disposal of runoff generated within the I-10
right-of-way is provided by a series of collection and conveyance
systems, all of which eventually discharge to the main drainage
tunnels. The on-site drainage system connects directly to tunnel
drop shafts in areas of the freeway which are at—-grade or elevated.
In depressed areas, runoff is pumped into either the tunnel system or
the Storm Water Interceptor.

Location and interception capacities of individual inlets for the
on-site drainage system were determined using procedures outlined in
Chapter 4. Pump stations were designed to handle the 50-year storm
using procedures outlined in Chapter 5. Table 3-1 summarizes the
design inflows for the pump stations.

TABLE 3-1
Pump Station Inflows

STATION INFLOW
3rd Avenue 166 cfs
3rd Street 185 cfs
16th Street 182 cfs
Maricopa Interchange 21 cfs
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II.

OFF-SITE COLLECTION SYSTEM

Storm runoff originating outside the Inner Loop right-of-way is
intercepted along the northern and eastern sides of the freeway. The
primary computer modeling done to determine the off-site flows is
described in Chapter 2.

The TR-20 computer model generated surface flow values at one-half
mile intervals along the upstream side of the Inner Loop corridor.
The surface flow into the corridor at these points represented all
overland flow in the same direction as the major street flow, whether

it occurred as street flow, alley flow or sheet flow between streets.

In order to design the off-site flow collection system, the surface
flow peaks at the nodes had to be distributed to all streets, alleys,
and open areas between streets. The surface flows at each node were
first allocated among the side streets using a parabolic flow
distribution. This procedure assumes that the flow spreads out among
the side streets for 1/2-mile on either side of the major street,
with the flow at each side street decreasing with the square of its
distance from the major street. The sum of the allocated peak flow
rates over the l-mile distance is equal to the concentrated peak flow
at the nodal point on the major street. The total peak flow at any
side street is the sum of the allocated flows from the next major

street in either direction.

Table 3-2 shows the design street flows used for the north-south leg
of the collector system. These flows are a result of the hydrologic
modeling done with the assumption that the Papago East drainage
system is in place. A safety factor of 1.25 was applied to the model

_results to compensate for uncertainties in the model.

In addition to the allocation procedure described above, a separate
analysis was performed to further distribute flows to alleys and open
areas between buildings along the east-west leg. Aerial photographs

3-2



i
l TABLE 3-2
I NORTH — SOUTH LEG
COLLECTION SYSTEM FLOWS
(a) (B) ()
. LOCATION STREET FLOW (cfs) DESIGN FLOW (B X 1.25)
l Moreland 5 6
Portland 15 19
Roosevelt 35 44
l Garfield 30 38
McKinley 30 38
I Pierce 40 50
Fillmore 60 75
l Taylor 100 125
Polk 150 188
Van Buren 235 294
I Monroe 145 181
Adams 170 213
I Washington 335 419
Jefferson 190 238
I Madison 85 106
Jackson 25 31
Harrison 5 6
' Buchanan 10 13
Lincoln 35 44
I Grant 70 88
Sherman 120 150
l Buckeye 170 213
Pima 165 206
Cocopah 175 219
l Mohave 250 313
l DII.169.3/all 3-3




III.

were obtained for the areas between the Inner Loop corridor and the
next nodes "up-basin". Street, alley, clear street right-of-way and
open area widths were determined from the aerial photographs. These
widths of flow were combined with observations of up-basin street
patterns and engineering judgement to arrive at peak flows for the
offsite drainage system design. Because of the approximate nature of
this distribution procedure, designers used a safety factor of 1.25
for inlet design capacities. Table 3-3 summarizes the design flows
used for the east-west collector system. These design flows were
derived from the original hydrology in the VE Report using the
allocation procedures described.

STORM WATER INTERCEPTOR FLOWS

The Storm Water Interceptor (SWI) was designed to convey the 50-year
flows from the east-west collector system to the drainage tunnels.
Drop structures at 7th Avenue and 10th Street discharge SWI flows to
the North Tunnel, while the Moreland Street drop structure picks up
the portion of the SWI flow from 19th Street to the east. SWI design
is covered in Chapter 6.

Table 3-4 summarizes the design inflows for the SWI. These were
calculated by adding the street, sheet, and storm sewer flows from
Table 3-3.

Design flow for the Squaw Peak storm drain between Station 3+79,
where a 60" RCP line joins the storm drain, and the junction with the
SWI is 737 cfs. Upstream of station 3+79, the design flow of the
Squaw Peak storm drain is 532 cfs. Refer to Figure 4-2, Sheet 18.

The design flow for the segment of the SWI between 19th Street and

the Squaw Peak junction is 324 cfs. Between the Squaw Peak junction
and the Moreland Street drop structure, the design flow for the SWI
is 1117 cfs.
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LOCATION

15th Avenue

13th Avenue

11th Avenue

9th

7th

5th

3rd

Central Avenue

1st

2nd

3rd

5th

7th

9th

DII.169.4/all

Avenue

Avenue

Avenue

Avenue

Street

Street

Street

Street

Street

Street

TABLE 3-3

EAST — WEST LEG
COLLECTION SYSTEM FLOWS

STREET FLOW (cfs)

110

11b

175

300

170

100

135

115

90

75

85

145

60

3=5

SHEET FLOW (cfs)

35

25

35

60

60

35

35

35

35

25

25

50

75

20
50

50

(Alley)

(Alley)

SEWER (cfs)

115 (155)+*

385(535)*

195(141)*




TABLE 3-3 (CONTINUED)

LOCATION STREET FLOW (cfs) SHEET FLOW (cfs) SEWER (cfs)
10th Street 60
0
11th Street 60
15
12th Street 80 295(500)=*
15
13th Street 50
10
14th Street 40
5
15th Street 55
10
16th Street 80 130(118)*
15
17th Street 50
10
18th Street 45
15
19th Street 60
20

20th Street

* Figure in parenthe51s is capacity that should be available for storm
sewer flow if there is no overland street or sheet flow.
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TABLE 3-4

STORM WATER INTERCEPTOR FLOWS

A. Segment 1 (from 15th Avenue to 7th Avenue)
Location Total Inflow (cfs) Cumilative Flow (cfs)

15th Avenue

13th Avenue 145 145
11th Avenue 140 285
9th Avenue 325 610
7th Avenue 420 1030 ?

B. Segment 2 (from 19th Street to 9th Street)

Location Total Inflow (cfs) Cumulative Flow (cfs)
20th Street
20 20
19th Street
75 95
18th Street
55 150
17th Street
65 215
16th Street
220 435
15th Street
60 495
14th Street
50 545
13th Street
65 610
12th Street
390 1000
11th Street
: 60 1060
10th Street
110 1170
9th Street
60 1230
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Iv.

APPURTENANT STRUCTURE FLOWS
A. Drop Structures and Drop Shafts

Drop structures convey flows from the SWI to the North and East
Tunnel at the upstream ends of the tunnels. Drop shafts convey
runoff from local collector systems into the North, East, and
West Tunnels at points along the tunnels.

Three drop structures and 14 drop shafts are used in the Inner
Loop drainage system. Design flows and contributing areas are
summarized in Table 3-5. Chapter 7 covers design procedures for

drop shafts and drop structures.
B. Second Street Junction Structure

Design flows into the 2nd Street junction structure are a result
of the accumulated flows in the east and west branches of the SWI
and flows discharged from the 3rd Avenue, Central Avenue, 3rd
Street and 7th Street drop shafts. The design flow into the west
side of the junction structure is 2220 cfs. The design flow into
the east side of the junction structure is 2020 cfs. Chapter 7

covers junction structure design.
OUTFALL STRUCTURE FLOWS

Each outfall structure is designed to convey a peak flow of 5000 cfs.
This is sufficient to handle the 50-year outflow from the tunnels.
outfall structure design is covered in Chapter 8.

Both the East and West Tunnel outfalls are provided with a pump
station. These pump stations are designed to dewater their
respective tunnels in approximately 7 days, depending on the pumping
schedule. Each pump station has 2 submersible electric pumps with a
capacity of 3,300 gpm each, for a total station capacity of 6,600

gpm.
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TABLE 3-5

DROP STRUCTURE AND DROP SHAFT FLOWS

Location/Design Flow

7th Avenue/1032 cfs
To North Tunnel

10th Street/1326 cfs
To North Tunnel

Moreland Street/2573 cfs
To East Tunnel

Location/Design Flow

3rd Avenue/510 cfs
To North Tunnel

Drop Structures

Contributing Area

For box culvert from west (draining surface
runoff and storm sewers intercepted east of 15th
Avenue and west of 7th Avenue), for 7th Avenue
street flow and for sheet flow from between 7th
and 5th Avenues.

For box culvert from east (draining surface
runoff and storm sewers intercepted west of 20th
Street and east of 9th Street) and for 9th
Street street flow plus 50 cfs sheet flow
between 7th Street and 9th Street.

For box culvert from future Papago East, Squaw

Peak storm drain, pipe from 20th Street, and for
Moreland and Portland Streets street flow.

Drop Shafts

Contributing Area

For street flow intercepted from 5th Avenue and
3rd Avenue and Central Avenue, plus sheet flow
between 5th Avenue and 3rd Avenue and between
3rd and Central Avenues, plus discharges from
3rd Avenue pump station.
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Location/Design Flow

Central Avenue/535 cfs
To North Tunnel

3rd Street/500 cfs
To North Tunnel

7th Street/435 cfs
To North Tunnel

Pierce Street/245 cfs
To East Tunnel

Taylor Street/368 cfs
To East Tunnel

Adams Street/600 cfs
To East Tunnel

Madison Street/468 cfs
To East Tunnel

TABLE 3-5 (CONTINUED)

Drop Shafts

Contributing Area

For storm sewer flow in Central Avenue.

For street flow from 1lst Street, 2nd Street, 3rd
Street, and 5th Street, and in between 1lst and
Sth Streets, plus discharge from 3rd Street pump
station, plus flow in alley between Central
Avenue and lst Street.

For street and storm sewer flow from 7th Street,
plus sheet flow between 5th Street and 7th
Street, plus 20 cfs sheet flow from east of 7th
Street.

For street flow intercepted from Roosevelt,
Garfield, McKinley, Pierce, and Fillmore
Streets.

For street flow intercepted from Taylor and Polk
Streets, and half the street flow in Van Buren
Street.

For half the street flow in Van Buren and
Washington Streets, and for street flow

intercepted from Monroe and Adams Streets.
For street flow intercepted from Jefferson,

Madison, and Jackson Streets, and half the

street flow in Washington Street.
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Location/Design Flow

Buckeye Road/485 cfs
To East Tunnel

Mohave Street/540 cfs
To East Tunnel

Fillmore Street/140 cfs
To West Tunnel

Grant Street/170 cfs
To West Tunnel

Tonto Street/135 cfs
To West Tunnel

Maricopa Freeway/60 cfs
To West Tunnel

DII.169.6/all

TABLE 3-5 (CONTINUED)

Drop Shafts

Contributing Area

For street flow and surface flow intercepted
from Harrison Street southward to just north of
Pima Street.

For street flow intercepted from just north of
Pima Street to and including Mohave Street flow,
plus storm sewer flow from south (Maricopa

Interchange).

For City of Phoenix storm sewer flow.

For City of Phoenix storm sewer flow.

For City of Phoenix storm sewer flow.

For City of Phoenix storm sewer flow.
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CHAPTER 4 — COLLECTION SYSTEM DESIGN
SYNOPSIS

This chapter provides a discussion of design for the on-site and off-site
storm water collection systems. On-site drainage is the result of direct
rainfall within depressed portions of the project right-of-way; off-site
drainage is the result of overland flow from outside the project
right-of-way. The discussion includes a description of the major
contributing flow areas, a listing of the design criteria supplied to the
design consultants and a description of the design procedures used in sizing
the storm water inlets and connecting pipes. A schematic diagram of the
entire on-site and off-site integrated system is presented at the end of

this chapter.
I. GENERAL PROJECT BACKGROUND

The I-10 Inner Loop is depressed below the existing grade between
11th Avenue and Fillmore Street. It disrupts existing city storm
sewers flowing to the south across the project corridor. Because of
this, provisions have been made to intercept the storm water flows
from the north, along the northern project right-of-way. These flows
are collected and conveyed in a closed conduit to the Salt River.
The existing city storm sewers south of the project will continue to

function with reduced flows.

The on-site flows are a result of direct rainfall within the
project’s depressed section. These were determined by the Rational
Method. The off-site component is from overland flow entering the
project from the north and east. The overland flows were determined
_using the United States Soil Conservation Service (SCS) - TR-20

computer program.
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II.

SUMMARY OF COLLECTION SYSTEM DESIGN

A.

1.

On-Site Flow Collection
General Overview

The on-site storm drain system is designed to intercept storm
runoff generated within the depressed freeway, ramps, bridges,
and HOV lanes. The design storm is the 50-year frequency storm
event. Catch basin inlets are located in the gutterline and in
depressed areas behind curbs and in the medians. Where
necessary, slotted drains have been added to improve the
interception capacity of inlets, and to decrease spread of flow
on the pavement. For drainage design purposes the covered

section has been treated as an open area.

The I-10 pavement drainage collected along the outside curbs is
picked up in grated catch basins or downdrains. The runoff
collected along the inside curbs is directed into median catch
basins using curb openings nad spillways. Each series of inlets
connects to the collector system which runs along the northern

and eastern edges of the Inner Loop.

The median drainage system consists of a series of inlets (ADOT
Standard C-15.80) sized to intercept 100% of the runoff from a
50-year storm with ponding to a maximum elevation 1.0 foot below
the roadway shoulder.

The pavement drianage in fill areas along the ramps is collected
in downdrains and conveyed to the areas bordered by I-10 and the
ramps. These areas have been designated as retention areas, and
the dikes have been sized to retain the 50-year flow with one
foot of freeboard.
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15th Avenue to Central Avenue

The storm drain system handling drainage from the freeway
includes a trunk line located on the north side of the west bound
lane between 1lth Avenue and Central Avenue. Lateral lines pick
up drainage from various points along the freeway and ramps and
discharge into the trunk line. The trunk line carries the flows
to the pump station located between Culver Street and the
freeway, at 3rd Avenue. The pump station discharges into the
North Tunnel via a drop shaft. Storm water from the elevated
portion of the freeway west of 1lth Avenue is intercepted,
discharged into the Storm Water Interceptor and conveyed to the
east.

Connections to the tunnels are made using drop shafts and larger
capacity drop structures. The drop structure in this portion is
located at 7th Avenue.

Central Avenue to 16th Street

Storm water intercepted east of 15th Street is conveyed to the
16th Street pump station for discharge into the Storm Water
Interceptor. Storm water intercepted between 2nd Street and 15th
Street is conveyed to the 3rd Street pump station and discharged
into the North Tunnel. Water collected between Central Avenue
and 2nd Street is conveyed to the 3rd Avenue pump station for
discharge into the North Tunnel.

16th Street to Roosevelt Street

The storm drain system collecting dirainage from the freeway
includes a trunk line located outside of the pavement along I-10
Eastbound north of Pierce Street. It crosses I-10 at
approximately Station 7738 + 50 where it follows I-10 Westbound

outside of the pavement. At various points along I-10 drainage
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is discharged to the trunk line by lateral lines. The trunk line
carriers the drainage to the pump station at 16th Street. The

storm water is pumped into the Storm water Interceptor.

Drainage for the McDowell Road ramps is split into two separate
trunk lines. One is located at Ramp McDowell-C, discharging into
the 108" Sgaw Peak Storm Drain. The other, at Ramp McDowell-D,
discharges intot he Storm Water Interceptor at 20th Street. An
additional lateral at Ramp McDowell-C discharges into the I-10
trunk line.

The drainage for the East Papago Extension to 24th Street is
conveyed by one trunk line which begins at the inlet on Ramp
24-B, Station 22 + 04, and runs north to the East Papago Storm
Drain, a 10’ x 10’ box culvert. At various points along Ramps
24-pA, 24-B and Lane E-W, drainage is collected and discharged
into the trunk line by lateral lines. It flows north and is
discharged into the East Papago Storm Drain. Drainage design for
future Ramp E-S is accounted for in the final design.

Roosevelt Street to Harrison Street

Pavement drainage is intercepted by downdrain inlets or catch
basins. Flows are carried down embankments in downdrain pipes
and either allowed to flow overland to the nearest inlet or are
conveyed by pipe to local storm drain systems.

Median spillways, aprons and catch basins are positioned to limit
the pavement spread and provide proper spillway capacity.
Spillways are designed for 100% catchment.

At Van Buren Street, pipes from the median catch basins connect

to the primary North-South storm sewer which flows along the east
side of I-10 to a drop shaft north of Van Buren Street. At
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washington and Jefferson Streets pipes from the median catch
basins connect to new storm sewer pipes in Ramp ‘D’ and Ramp 'A’
which flows to the primary North-South storm sewer.

Harrison Street to Buckeye Road

The area between the I-10 mainline and Ramp N-E at Buckeye Road
is used as a retention basin. The inflow hydrograph used for
sizing the basin was based on the Pima County Hydrograph
synthesis method.

Buckeye Road to the Maricopa Freeway

Flows collected by the on-site storm water inlets are piped to a
drop shaft at Mohave Street. This drop shaft is connected to the

East Tunnel.

Inlets from the Maricopa Interchange east to 24th Street are
connected by pipes to a graded site. This area is drained by an
existing 48-inch pipe which is adequate for the projected 50-year
runoff without surcharge. A 100-year rain would surcharge the
outlet, but ample storage is available in the graded site. Even
if the outlet were to be completely plugged (no outfall), the
included area is capable of completely retaining runoff from a
100-year, 2-hour storm. Most of the inlets along the northeast
quadrant of the interchange are too low to drain to the graded
site. These flows are piped north to the drop shaft at Mohave
Street. 1In the northwest quadrant of the interchange, there is
another graded site which is used in the drainage system. Inlets
around its perimeter discharge to the open area and flow to a new
outlet at the west end. The pump station serving the depressed
Ramp W-N also discharges to this graded area. The outlet for
this area is a pipe which connects to the existing 60-inch pipe
on the south side of I-17.




AL

3rd Avenue to 3rd Street (Covered Deck)

The portion of I-10 extending from 3rd Avenue to 3rd Street is
covered with a concrete deck structure. The deck surface will
eventually be developed as a park area by the City of Phonexis.
The deck itself is part of the Inner Loop freeway package.
Construction of the deck includes on-site drainage systems to
remove runoff from the deck and the immediately surrounding area.

The finished elevation of the landscaping is below existing
grade, creating a depression which collects and traps runoff
generated within the deck park area. The total contributing area
amounts to 27.9 acres, as shown in Figqure 4-1. The on-site
collection system has 3 components; a surface drainage system for
the park area, an underdrain system which rests directly on the
deck structure, and a freeway collection system on the highway
level below the deck.

a. Deck Surface Drainage

The major surface drainage collectors are provided in the
Central Avenue Plaza area, since this is the lowest area on
the deck. Special inlets and drain pipes in the northern
portion of the Plaza area collect runoff and convey it to a
special drop structure located immediately east of the
fountain equipment room to the north of the deck. This drop
structure discharges into the freeway drainage system, which
carries storm flow to the 3rd Avenue pump station. These
surface collectors are sized to maintain a high-water
elevation below 1077.8 for the 50-year design storm, and
below 1079.5 for flows greater than the 50-year event. These
elevations were set after consultation with representatives
of Ammann and Whitney, the deck structural designers. They
indicate that the design high-water elevations will not cause

overloading of the concrete deck structure.
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Additional overflow protection is provided by inlets inside
the north fountain equipment room. These inlets are set at
elevation 1078.1. The inlets inside the north equipment room
are elevated above floor level 9 inches and covered with
grates. Flows entering the room through holes in the curtain
wall in sufficient quantity to build up to the grate
elevation will then spill over into the inlets. This storm
water is released directly onto the freeway shoulder by a
spring tension gate which opens when water begins to spill
into the inlet. This gate is expected to operate only during
storm events in excess of the 100-year return period event.
The depressed freeway will probably be closed during this
event. Therefore, no additional risk should occur to
travelers as a result of this overflow system. Water which
does not overtop the elevated inlets will drain through the
north foundation equipment room floor drains. The holes in
the curtain walls are covered with filter fabric and function
as air filters. The frames are hinged and pivot when storm

water pushes on them.

The inlets adjacent to the south equipment room are set at
elevation 1077.8. They appear as opening beneath benches set
next to the equipment room wall. Water which enters these
inlets is conveyed to the freeway drainage system by two
special drop structures located between the south equipment
room and the deck structure. This system should operate only

during storms of a magnitude greater than the 50-year event.

Surface flows from east of the Central Avenue Plaza are
conveyed to the plaza collectors by overland sheet flow.
This will also occur when off-site flows between Central
Avenue and 3rd Street in excess of the 50-year magnitude
overtop the Culver Street curb line and move onto the deck.

Drainage structures on the east half of the deck include a



catch basin in the depression provided for a future
amphitheater and a collection system in the parking lot on
the east portion of the deck. The amphitheater catch basin
is connected to drop structure 444, just east of Ventilation
Room #2, while the parking lot system is connected to drop
structure 1117, on the south side of the deck. (See Figure
4-2, Sheet F). (See Figure 4-2, Sheet 7).

The area west of the Central Avenue Plaza is graded to route
flows from the tree bosque to the Plaza area collectors.
Most surface runoff generated west of the tree bosque flows
overland to a depression on the south side of the park area.
The remainder follows the pedestrian walkway under 3rd
Avenue, where it is picked up by grate inlets at the 3rd

Avenue pump station retaining walls.

At catch basin is located at the low point in the depression
on the south side of the park area. This catch basin is
connected to the nearby drop structure 413. The depression
will function as a retention basin for overland flows.
Revisions to drainage facilities may be required if the area
is to become a permanent water feature in future park plans.

The off-site collection system from 3rd Avenue to Central
Avenue has sufficient capacity to intercept 100-year return
period flows. Storm events of greater magnitude may result
in off-site runoff overtopping the Culver Street curb and
flowing onto the deck. Finished grading of the park on the
west portion of the deck will cause ponded water to begin
overflowing, to the pedestrian underpass at elevation 1076.5.
Stormwater runoff approaching the low point of the pedestrian
underpass enters a 45 foot long grated catch basin at the low
point close to the wall. This flow is conveyed under the
walls to the freeway storm drain system. When the quantity




of stormwater approaching the catch basin is greater than
what the freeway system can accept, the storm water will
begin to pass through overflow release basins on the freeway
side and run down the freeway. If the quantity of storm
water approaching the low area continues to increase, water
will begin to run through grated wall openings and then spill
onto the freeway over the lower end of wall 7A-A(L5). This
overflow system will prevent excess loading on the deck
structure from ponded storm water.

Underdrain System

The under drain system provides drainage for the park soil
which overlays the deck. It also provides protection for the
waterproofing system and the concrete structure by routing
subsurface water off the surface of the deck structure.

Individual deck units are generally sloped to either the
north or south side of the structure. A divide occurs in
some units which separates slopes to the north from slopes to
the south. Grades range from about 0.25% to 10%.

A geotextile drainage board lies directly on the
waterproofing. It covers most of the most of the the entire
top surface of the deck structure. It does not cover the
area under the north fountain equipment room, the depressions
provided for future escalators in units 8 and 11, and the
shallow trough which extends from the south edge of the deck
along the Central Avenue centerline to the cutout for the
future transit station. The drainage board conveys' water
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which percolates vertically through the soil to the edge of
the deck. The water is collected there and routed either to
drop structures provided for park surface drainage or to
special drops which penetrate the vent duct wall on the north
side of the deck.

The underdrain collector system consists of 6-inch to 12-inch
diameter perforated PVC pipes, placed along the low sides of
the deck structure. These pipes collect water from the
drainage board and convey it to the drop structures or vent
ducts. In addition to the collectors, a series of 4-inch
diameter perforated PVC pipes intercepts underdrain flow on
the deck surface. These interceptors tie into the
collectors. They are designed to route flow away from
particularly low-gradient areas of the deck surface. Figure
4-2, Sheet 7 shows the collector and interceptor system.

The underdrain collectors discharge into drop structures at

the following locations:

o Drop structure 413, located at I-10 Median Station
7650+43.6, 128’ Rt.

o Drop structure 430, located at I-10 Median Station
7659+64, 147’ Lt. This drop structure is directly east
of the north fountain equipment room.

o Drop structure 444, located at I-10 Median Station
7665+99.25, 134’ Lt. This drop structure is immediately
east of Ventilation Room #2.

o Drop structure 1117, located at I-10 Median Station
7669+55.76, 132' Rt.
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The underdrain collectors discharge into the vent duct on the
north side of the deck in two locations. One is at Park
Centerline Station 29+49; the other is Park Centerline
Station 36+99. Special cleanouts tap into the vent duct wall
2 feet below the bottom of the pile cap at these points.
Discharges into the vent duct are expected to be minor, and
should evaporate rapidly due to the large volume of air
moving through the duct. Significant volumes of water may
build wup after an extended period of complete soil
saturation. This water can be pumped from the low points in
the vent duct floor to drains in Ventilation Room #1, which
discharge into the freeway system.

Freeway System

Direct rainfall between 3rd Avenue and 3rd Street does not
reach the freeway level because of the covered deck. The
freeway drainage system between 3rd Avenue and 3rd Street
will collect and convey water resulting from wash—-down
operations, fire emergencies, park surface drainage and
underdrains. The volumes and peak flows conveyed to the
freeway system from park surface drains are much greater than
those resulting from fire emergencies or maintenance.
Therefore, the freeway drainage system was designed to handle
flows collected from the deck area and conveyed to the

freeway level.

Catch basins are placed in the median areas and along the
shoulder of the freeway to intercept wash-down and fire
emergency water. The catch basins limit gutter flow lengths
to a maximimum of 500 feet. Lateral pipes connect catch

basins to the main storm sewer line.
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Drop structures connect the park drainage system to the
freeway system. Storm water is transported from the drop
structures to the main freeway pipes by lateral lines. The
drop structures, laterals, and the main freeway system should
handle flows of a magnitude corresponding to the 100-year
event without backflow onto the freeway.

Catch basins at the junctions of laterals £from drop
structures and the main freeway pipes will act as water
release basins for storm flows greater than the 100-year
event. This arrangement relieves back pressure from the
surcharged pipes while allowing flow from the park level to
the freeway level to continue through the drop structures.
Freeway flooding will occur in this case, but the deck
structure will still be protected from excess ponding depths.

The West Tunnel crosses under the freeway with a clearance of
less than 2 feet between the tunnel’s protective cradle and
the freeway pavement. This presents an impenetrable barrier
to the freeway drainage system pipes or any other buried
facilities. Flows to the east of the tunnel are carried to
the 3rd Street pump station, while flows to the west of the

tunnel are carried to the 3rd Avenue pump station.
Future Drainage

The design of the integrated covered deck drainage system
also accommodates future drainage needs as outlined in the
current Master Plan for the covered deck. Stub-outs have
been provided at appropriate drop structures on the park
level. The current drainage system was designed to be
incorporated into the final drainage system for the completed
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B.

1.

park. In addition, stub-outs have been provided in the

freeway drainage level for future transit platform needs.
Off-Site Flow Collection
General Overview

The off-site storm drain system is designed to intercept storm
runoff from the drainage area bounded on the north by the
Arizona Canal and the I-10 Freeway on the south. The east and
west boundaries are controlled by street drainage patterns. The
Grand Canal acts as a barrier to minor flows coming from the
north. During the 50-year project design storm, overtopping of
the canal would be expected to occur at major street

intersections.

Surface runoff occurs in areas not served by storm drains and
where the capacity of the storm drains is exceeded. This runoff
generally follows the major streets in the area, since these
offer the least resistance to drainage flows. The major street
drainage pattern is to the west and south, which causes the
surface runoff to split at each major intersection. The amount
of flow to the south and west is dependent on the downstream

slopes and geometric configuration of each street.
15th Avenue to Central Avenue

Storm drains exist in every avenue from 15th Avenue to Central
Avenue. The size of these storm drains range from 8 inch to 96
inch. The major storm drains are a 96 inch in 15th Avenue, a 75
inch in 9th Avenue and a 27 inch in 7th Avenue. The minor storm
sewer lines consist of 6 inch, 8 inch, 10 inch and 12 inch lines,

usually, but not always, located in the boulevards. Some of
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these lines are abandoned irrigation lines and drain to sumps,
other irrigation lines or connect to storm drains constructed in
later years. With the exception of the 96 inch pipe in 15th
Avenue, all storm drains are severed by the construction of 1-10.

The storm drain system intercepting flows from the north includes
a box culvert interceptor generally located in Moreland from 13th
Avenue to 7th Avenue and in 7th Avenue from Moreland Street to
Culver Street, and a deep tunnel located under Culver Street from
7th Avenue to 10th Street. The system includes a series of
inlets to accept overland flow at appropriate locations,
generally within city street right-of-way. Drop structures

located at 7th Avenue and 10th Street provide connections to the

tunnel for incoming storm drains and the surface interceptor.
Also, drop shafts at 3rd Avenue and Culver and Central and Culver
provide connections to the tunnel for incoming storm drains, the
pump station outlet and the 96-inch storm drain in Central

Avenue.
Special Design Considerations

a. Use of Existing Storm Drains - Existing storm drains were
utilized when connections to the storm drain tunnel were
either not needed or not practical. All storm drains north
of the I-10 corridor drain to the tunnels. All new inlets
except for those located along 7th Avenue at wWilletta,
Lynwood and McDowell drain into new storm drains.

New storm drains south of the I-10 corridor connect to
existing storm drains. The intent was to utilize the
existing system, and to supplement it with additional pipe
and inlet structures. The most significant use of an

existing storm drain is the connection to the existing

4-15




75-inch storm drain in 9th Avenue with inlet structures along
7th Avenue in the vicinity of Ramp 7A-C and inlet structures
along Ramp 7A-C.

It is anticipated that connection to the existing storm drain
system will have minimal impact on the operation of the
existing system for the following reasons:

Storm drains which are severed by the freeway have no inflow
from areas north of I-10. Additional capacity is therefore
available in the existing system.

Storm drain inlets south of I-10 basically replace existing

inlets.

Emergency Overflow Routes — In the event that the design
storm is exceeded or the storm sewer system is partially or
completely plugged, emergency overflow routes will be needed
to protect the existing developed areas north of I-10. The

emergency overflow routes are as follows:

Area between 15th Avenue and 11lth Avenue: Excess storm water
will flow overland to the surge pond located between 13th
Avenue and 11lth Avenue. If pond capacity is exceded, storm
water will flow overland along a designated "cobbled" route
to the freeway.

Area between 1lth Avenue and 7th Avenue: Excess torm water
will flow through holes in the retaining/noise barrier wall.
Hole size and elevation will be set to maintain a minimum of
0.5 feet freeboard between high water and the top slab
elevation of the lowest habitable space.
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o Area along 7th Avenue: Excess storm water will flow along
the 7th Avenue corridor and down Ramps 7A-A, B, C, and D.

o Area between 7th Avenue and 5th Avenue: Excess storm water
will flow overland through holes in the retaining/noise
barrier walls, as well as around the wall and onto Ramp 7A-A.

o Area between 5th Avenue and 3rd Avenue: Excess storm water
will flow along the proposed pedestrian pathway to the low
points then onto the freeway through holes in the retaining
wall.

o Area between 3rd Avenue and Central Avenue: Excess storm
water will flow overland to the covered deck section then

onto the freeway.

o Surge pond at west end of Storm Water Interceptor — In order
to provide expansion room for surges in the storm drain
tunnel, a low area is provided for a "surge pond" at the west
end of the Storm Water Interceptor. The pond and adjoining
swales also intercept drainage between 15th Avenue and 1llth
Avenue and direct the runoff to the Storm Water Interceptor.

3. Central Avenue to 20th Street

Street flows are generally collected by means of curb opening
inlets. Single and multiple grate inlets are placed in depressed
paved areas at street closures and bus bays, and in depressed
off-street areas such as the alley between Fifth and Seventh

Streets. These depressions are used primarily to collect
overland flows. In Second Street, where a valley gutter
4-17




separates a parking area from through traffic lanes, grated
inlets were also installed in the valley gutter.

At street <closure locations (Fifth, Tenth, Eleventh, and
Thirteenth Streets), 9-foot openings are provided in the freeway
retaining walls to permit flows in excess of the 50-year design
flows to pass through. The openings are designed to pass
one-half of the 50-year flows that could concentrate at these
locations with maximum backwater limited to 0.5 feet below the

nearest adjacent finished floor elevation.

Sumps, either at curb returns or at street closures, are designed
with a maximum depth of one foot. The drainage swale collecting
overland flow between Seventh and Ninth Streets is designed to
convey the 50-year runoff, exclusive of what is intercepted by
the grate inlets within the swale. Flows in excess of the
50-year runoff will discharge out of the swale and pass through

the freeway retaining wall openings.

A collector pipe under Culver Street conveys runoff intercepted
from Central Avenue to Third Street to a drop shaft located at
Third Street. A second interceptor along the north right-of-way
collects runoff from an area between Seventh and Ninth Streets to
just east of Fifth Street for discharge into a drop shaft located
at Seventh Street. The storm drain collectors for Tenth through
Nineteenth Streets connect directly into the SWI at their
respective Culver Street locations.

In addition to improving the existing storm water collection
system adjacent to and north of the corridor, the system provides
for future expansion of the storm drain collectors northward on
Third Street, where a manhole is provided for future tie-in; and
at Twelfth Street, where a stub is provided for a future storm
drain. Future expansion would be undertaken by the City of

Phoenix.
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The net effect on existing drainage patterns is increased
effectiveness of existing storm drain systems south of the
project, due to the diversion of flows from the area north of the
project corridor. The storm collection system immediately north
of the corridor was upgraded, thereby reducing the occurrence and
extent of localized street flooding adjacent to the project site.
This project does not relieve street flooding further north of
the I-10 corridor, due to the number of storm drains of
undercapacity of existing systems. The western margin of the
project from Central Avenue to Fourth Street intercepts flows
tributary to Cave Creek, possibly reducing some of the flooding

potential along Cave Creek.

20th Street to Roosevelt Street

Flows reaching this portion of the project are expected to
overtop the Culver Street curb between 2lst Street and 24th
Street, and are collected by an area drain prior to reaching the

depressed ramp McDowell-C.
Roosevelt Street to Harrison Street

Off-site runnoff at Washington Street and Jefferson Street was
assumed to split at the centerline of the streets. A six inch
curb height in Washington Street allows conveyance of about 13
cfs (1/2 street). A swale, parallel to Washington and behind
the sidewalk, intercepts water flowing over the top of the curb.
A weir flow into the swale from the street was generated and the
required length necessary to intercept flows in excess of the
street qutter capacity was calculated. This indicated the- swale
will carry about 187 cfs. The flow remaining in the gqutter is
then intercepted with a standard ADOT Curb Opening Catch Basin.
The runoff in both the swale and the street catch basin flows to
a special grated catch basin connected to the primary North-South
storm sewer which carries flows to the drop shaft at Van Buren
Street.
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During construction of the East Tunnel facilities, the new
Washington Street and Jefferson collection systems were connected
to the existing City of Phoenix storm sewer system. This
connection was removed upon completion of the East Tunnel.

Off-site flows in Van Buren Street are intercepted in the same
manner as Washington Street. The west curb on 2l1st Street at
Fillmore, Taylor and Polk is depressed so that off-site surface
discharges flowing westerly are intercepted by a swale along the
east I-10 right-of-way line. These flows are collected by
special grated catch basins positioned at the low point in the

“swale. The drainage flows in Monroe Street and Adams Street are

intercepted by both the new frontage road and the swale along the
east I-10 right-of-way line. Madison Street from 22nd Street to
I-10 is graded to direct water westerly to a proposed special
grated catch basin located in a drainage swale along the I-10
right-of-way or access control line. There is a cul-de-sac where
Jackson ends at the I-10 right-of-way. Runoff flows through a
depressed curb section in the cul-de-sac into a swale along the
east I-10 access control line. New catch basins are connected by

pipes to an existing 24-inch storm sewer in 20th Street.
Harrison Street to Buckeye Road

The runoff at Harrison Street is predominantly sheet flow, as is
the case at Grant Street, and the area between Sherman Street and
Ramp E-N. Drainage ditches are placed within the 1I-10
right-of-way to intercept this sheet flow. The flow is then
conveyed to ADOT standard drop inlets (Standard C-14.30). The
captured off-site drainage enters a pipe system running parallel
to I-10. This pipe is located at or beyond the fill slope to
minimize the depth to the pipe and manhole depth.
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Buckeye Road to the Maricopa Freeway

The off-site drainage near Buckeye Road is piped north across
Buckeye Road to the drop shaft at Buckeye Road and the I-10
right-of-way. The existing 42-inch pipe on the east side of the
freeway has been replaced by a new pipe from Yuma Street north,
crossing Buckeye road. South of Yuma Street, the existing 42
inch pipe collects the off-site and drainage flow from the new
inlets. At Pima Street, the capacity of the existing pipe is
exceeded and a new pipe runs from Pima Street to the drop shaft
at Mohave Street.

Off-site flows reaching this segment are intercepted in three
ways. Flows on major streets (Buckeye Road and Mohave Street)
are intercepted by means of special single curb opening inlets
designed in accordance with HEC-12. Off-site storm water flowing
west along the south side of Buckeye road east of Ramp B-A
because of an existing building and inadequate right-of-way. At
some future time, it is anticipated that Buckeye road east of the
freeway will be widened to match the width at the underpass. At
that time, a major inlet can be installed if necessary.

The current design intercepts minor flows with an inlet at the
east curb return. Excess flow follows the curb return around to
the south to the sag in Ramp B-A. The design flows are
intercepted in a sump condition by a curb opening inlet operating
as a weir. When Buckeye Road is widened, the small inlet can be
inexpensively relocated. A new 50-foot radius return can be
installed without disturbing the major inlet structure in the
sag. The low point in the sag is located about 103.5 feet south
of and .79 foot below (not including the inlet depression) the
south gutter line of Buckeye Road. Spread limitations were

waived for this location.
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A headwall inlet is located at the southern extension of 2lst
Place and the northeast side of the Maricopa Interchange.
Off-site areas south of Mohave and west of 24th Street drain
towards this point.

Natural drainage which is interrupted by the north leg of this
segment is collected by open ditches on the east side of the
freeway. Off-site flow at Pima Street enters the end of one of
the ditches, while flows in other locations spill over the sides
of the ditches. Where dictated by velocities, the ditches are
protected from erosion by rip-rap and geotextile lining.

III. DESCRIPTION OF DESIGN PROCEDURES

A.

Design Criteria

The following general design criteria for storm water drainage
were provided to the design consultants.

On-Site Flow Interception

The new storm sewer shall be located such that it will not
intersect the sanitary sewer at any point. However, the sanitary
and storm sewers may cross within two feet of each other. At
these points, the clay sanitary sewer pipe is to be replaced with
ductile iron pipe. The conflicts with-other utilities such as
gas, water, and electric will be resolved by relocating the
existing utility line. The minimum cover over the pipes will be
18 inches.

The drainage system for I-10 shall include all inlets, manholes,

sewers, ditches, culverts, pump stations or other hydraulic and

erosion control appurtenances required to:
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o Not adversely affect the historic runoff pattern.

o Properly dispose of storm runoff disrupted or generated by
the freeway and its associated construction.

o Protect the roadway and slopes from damage by erosion.
o Maintain clear traffic lanes for the design storm.

Design Specifications

The following publications are to be used in conjunction with

these criteria as guides in developing the plans for this

project.

o "A Policy on Geometric Design of Rural Highways," AASHTO,
1965.

o "A Policy on Design of Urban Highways and Arterial Streets,"
AASHTO, 1973.

o '"Division of Highways - Standard Drawings," ADOT, 1974 and

current revisions.

o "Standard Specifications for Road and Bridge Construction,”
ADOT, 1969, and ADOT’s current supplemental specifications.

o "Drafting Standards for Use in Office and Field," ADOT, 1982.
o "Reinforced Concrete Box Culvert Manual," ADOT, March, 1981.

o ADOT Drainage Design Services, "Hydrologic Design for Highway

Drainage in Arizona," subsequent revisions thereto.

4-23




o

ADOT Drainage Design Services - Hydrologic Design Notes
distributed in 1969 and 1972.

"Design of Urban Highway Drainage, the State of the Art,"
U.S. Department of Transportation, August 1979.

Pavement Drainage

Method used to estimate design flow——Rational Method.

Design Frequency——10 years.

Time of Concentration--10 minutes minimum or sum of overland
and qutter flow time if more than 10 minutes.

Intensity——Phoenix Rainfall Intensity - Duration - Frequency

Curves.

Runoff Coefficients.

— Paved Surfaces 0.9

— Highway Slopes and Ditches 0.5

— Urban Residential Districts 0.4-0.6

— Parks and Recreation 0.3-0.4

—  Cultivated Areas 0.2-0.4
Method used for inlet analysis — Johns Hopkins University

Method or "Design of Urban Highway Drainage, The State of the
Art" by U.S. DOT, FHWA, 1979.

Mannings "n"
— Concrete pavement and shoulder 0.016
— Asphaltic concrete pavement and shoulders —————— 0.016
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Allowable Spread — The maximum allowable water spread on
pavement shall not exceed a depth of 0.50 feet or the
criteria given in Table 4-1.

Storm Sewers

Method used to estimate design flow — Rational Method.

Design Frequency.

— 1l0-year flowing just full.

— 50-year storm hydraulic gradient shall not exceed an
elevation 6 inches below the low steel of any catch basin
grate.

Time of Concentration.

— Time to first pavement inlet — 10 minutes minimum.

— Time of concentration for overland flow — Sum of
overland and gutter flow time if more than 10 minutes.

Intensity — Phoenix Rainfall Intensity - Duration -
Frequency Curves.

Runoff Coefficient.

— Paved Surfaces 0.9

— Highway Slopes and Ditches 0.5

— Urban Residential Districts 0.4-0.6

— Parks and Recreation 0.3-0.4

— Cultivated Areas 0.2-0.4
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TABLE 4-1

Maximm Allowable Water Spread

Maximum Water *Storm
Roadway Type Surface Width Frequency
Rural 4-lane Lt. — Shoulder width 10 Years

Rt. - Shoulder width plus
1/2 adjacent traffic lane
width

Urban .4 or 6-lane Lt. - Gutter width plus 10 Years
any shoulder width
Rt. - Shoulder, parking
or distress lane width

4 or 6-lane Shoulder, parking or 10 Years
undivided distress lane width plus
1/2 adjacent traffic lane
width
2-lane undivided Gutter and/or shoulder, 10 Years
parking or distress lane
width
22' or 24' Ramps Lt. - 2/ 10 Years
(Including accel. Rt. - 8’

and decel. lane)

* 50 years for underpasses or other depressed roadways where
ponded water can be removed only through a storm drain system.
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Continuity Equation.

0 Manning’s "n"

No. C-13.03.

0 Minimum Pipe Size — 18" Laterals, 24" Main Line.

— Under 36"

- 36" - 60"

- Over 60"
Ditches

o Design Frequency — 10 year.

0o Time of Concentration.

— Overland flow time.

4-27

—  Minimum time to ditch inlet — 10 minutes.

o Method for Hydraulic Analysis -— Manning’s Equation and

— Concrete Pipe 0.012
—  Box Culvert 0.015
— Corrugated Metal Pipe 0.024
— Cast Iron Pipe 0.013
—  Steel Pipe 0.011
0 Minimum Velocity — 3 feet per second desirable for design
flow.

0 Minimum and Maximum Cover for Concrete Pipe - ADOT Drawing

0 Maximum length of pipe between manholes or access points.

400 ft.
500 ft.
1,000 ft.

o Method used to estimate design flow — Rational Method.




Velocities — Ditch velocities greater than 5 feet per second

will
methods:

- Aggregate lining
— Riprap
— Reinforced concrete paving.

Phoenix Rainfall
Frequency Curves.

Intensity —

Runoff Coefficients

- Paved Surfaces

require ditch protection by one of the following

Intensity - Duration -

0.9

— Highway Slopes and Ditches

0.4-0.5

— Urban Residential Districts

0.4-0.6

- Parks and Recreation
- Cultivated Areas

0.3-0.4
0.2-0.4

Capacities

—  Concrete Lined.

(1)

Capacity
(2) Manning’s "n" factor
— Aggregate Lined.

(1)

Manning’s Equation
0.015.

Capacity
(2) Manning’s "n" factor:
0.030

0.035

- Erodible Channels
(1)

Manning’s Equation

Aggregate D50(2"-4")
Aggregate D50(4"-6")

Capacity
(2) Manning’s "n" factor
Minimum Desirable Slope — 0.2%
4-28
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Culverts

(o}

Method used to estimate design flow.

Drainage area less than one square mile - Rational Method.
Drainage area greater than one square mile - SCS TR-20
method.

Design Frequency —— 50 years.

Maximum Allowable Headwater for Design Storm.

The most critical of the following:
— One foot below PI of shoulder.
— Prevent flooding around buildings

— Height of the culvert plus 4 feet

Manning’s "n"

— Concrete Pipe 0.012
- Corrugated Metal 1/2" Corrugations ————— 0.024
— Box Culverts 0.015

Minimum Size

-  Pipe Culvert ———————— 24"
- Box Culvert ———————— 4’ x 4’

Minimum and Maximum Cover:

ADOT Drawing Nos. C-13.03, C-13.06, C-13.08
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2.

0 Culvert Outlet Protection.

— Below 7 fps None

- 7 fps to 15 fps Riprap

- 15 to 20 fps Rock Lining

- Over 20 fps Energy Dissipator

Off-Site Flow Interception

Off-site flows reaching the project drainage area from north and
east of the right-of-way were determined during the hydrologic
analysis conducted for the Value Engineering Study by Howard,
Needles, Tammen & Bergendoff.

Two of the considerations used in the design of the off-site

drainage system are:

(1) In no case will storm water have a detrimental backwater

effect on adjacent properties due to project constructions.

(2) No unfenced areas will be allowed to pond water in excess of

one foot in depth.
Design Procedures
On-Site Flow Interception System Design
a. General Overview

The Rational Method was used to determine peak flows from
on-site drainage areas. The rational formula is:

Q CiA Where:

p

%

Peak runoff in cubic feet per second (cfs)
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C = A coefficient representing the ratio of runoff to
rainfall. Coefficients of 0.9 and 0.5 were used for
pavement and non-pavement areas respectively.

i Rainfall intensity (inches per hour)

A

Drainage area in acres.

Two assumptions underlie the Rational Method: 1) The
frequency fo runoff is the same as that of the rainfall
producing the runoff, and 2) Peak flow occurs when all
parts of the watershed are contributing runoff at its outlet.
The time from the start of rainfall to the peak flow is
defined as the "Time of Concentration". A minimum time of
concentration of 10 minutes was used for all drainage areas

defined in this design to determine inlet spacing.

Inlet interception was calculated using ADOT and HEC-12
methods. Water spread and depth were determined using HEC-12

nomographs and a nomograph developed for the Type A special
curb and qutter used in this project.

Continuous Grade - Roadway grate inlet with special or
vertical curb and qutter conditions (ADOT and HEC-12

equations).

Determine spread on pavement using HEC-12 Chart 3. Then
given cross slope (S ), determine depth.

d=s_(T) +0.08’

= depth at deepest point (ft.)

n
I

cross slope (ft./ft.)
Spread (ft.)

I

d’ = d-w (s,)
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d’ = depth at grate edge (ft.)
w = effective width of grate (ft.)

Determine carryover frontal flow:

8/3

I

Q.. = 0.56 (z/n)(s,) "% (d")
= 1/5

0.016 coefficient of roughness

Roadway longitudinal slope (ft./ft.)

I

2]
[l

Determine frontal interception:

Qe =Q — Q¢

Q.
0,

frontal carryover
total flow

Determine velocity:
vV =0/

A = cross sectional area of water over the grate
(ft.%)

Determine grate length required to intercept Q, :

L =V/2 (d+d)""

depth of grate steel (ft.).
Velocity (fps)

d,

\Y
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f. Determine side flow intercepted:

Q.. = 1/(1+0.15V' "*)xQ_,
2.3
S, L
X
L = length of grate (ft.)

g. Determine total intercepted flow:

Q, =9, +9

frontal intercepted

| )
e
"

I

side flow intercepted

10
[

h. Determine carryover frontal flow:

Qct = ch -9

1s

frontal carryover

ch

. side flow intercepted
1ls

2. Continuous grade — Median and off-road inlet, type C-15.80.

a. With given values, using chart 16 of the HEC-12 circular,
determine d/B:

= width of grate (ft.)

= coefficient of roughness - decomposed granite
median side slope (ft./ft.)

= longitudinal slope (ft./ft.)

= Total flow (cfs)

0O n N 5 W
I
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Determine the depth of water at inlet:

d=Bxdmb

d = depth of water (ft.)

Determine the ratio of frontal flow to total flow using chart
17 of the HEC-12 circular, E/O:

Determine the area of flow:

A = d(B+(zxd))

Determine velocity:

vV = Q/A V = Velocity (fps)
= Total flow (cfs)
A = area (£t.2)

Determine the grate inlet frontal flow interception
efficiency using chart 7 of the HEC-12 circular, Re:

Determine the grate inlet side flow interception efficiency

using Chart 8 of the HEC-12 circular, RS:

Determine the efficiency of the inlet:
E = Rf(EO) + RS (l—EO)

Determine the total intercepted flow:

Qi=EQ

E = Inlet efficiency
Q = Total flow

4-34



Determine the total carryover flow:
Qi = Intercepted flow

Sag condition - roadway or field inlets in a sump (ADOT
methods) .

a. Weir equation when water depth < 0.4':

Q, = 3.0 (Pe)dt+>

Qi = Inlet interception capacity

Pe = Effective perimeter of grate (taking into
account 2.0 clogging factor) (ft.z)
d = depth (ft.)

Orifice equation when water depth > 0.4':
g, =c_a (2gd)0'5

C, = orifice coefficient = 0.67
a = effective clear opening area of the grate, (ft.z)
g = 32.16 (ft./sec.?)

determine q at which maximum depth of 0.45’ is reached by
working backwards using chart 3.

9 92
12 @ A7
s S
al 2
q; = inlet interception at 0.45’ (cfs)
s, = actual longitudinal slope (ft./ft.)




d.

b.

Q2 = flow at max depth (cfs)

52 = longitudinal slope at max depth (ft/ft.)

determine any carryover flow:

QC = Qt - Qi
QC = carryover flow
Qt = total flow
Q. = intercepted flow

15th Avenue to Central Avenue

The on-site drainage collection system design used the
rational method along with the ADOT and HEC-12 procedures
previously mentioned, with these additions:

In the spacing of inlets on a limited-access type of roadway
where only on-site runoff will be encountered the full
permissible flooding width of the gutter and pavement was
utilized. The depth of flow along the curb will be greatest
under these conditions and the inlets will operate under

maximum efficiency.

The first inlet was located by determining the length of
roadway necessary to generate the discharge that will occupy
the maximum permissible pavement spread. The second and
successive inlets were located at a distance which is just
long enough to generate the discharge intercepted by the
previous inlet. Thus, at the design discharge the pavement
will be flooded to its maximum permissible spread along the
section under design.
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The last inlet must intercept both the flow that bypassed the
previous inlet and the discharge generated by the length of
the last pavement reach. The last inlet was therefore

designed for 100% interception.
Hydraulic Grade Line
Whenever one of the following conditions occured,

the full flow capacity (Q, ,,) of the selected pipe was less
than the design discharge Q.

A pipe of a larger diameter discharged into a pipe of a

smaller diameter.

It was impossible to line up the crowns of pipe runs at

changes in pipe size.

The tail water at the outlet of the sewer run submerged the

sewer pipe.

The hydraulic grade line was calculated to be sure that the
backwater created by such a design is not large enough to
cause blowouts at inlets or manholes above the run. The
following procedure was used to calculate the hydraulic grade

line:

Calculate the friction slope S, and the head loss for each

reach as previously outlined.

Plot the hydraulic grade line by adding the head loss to the

tailwater elevation and continue upstream.
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If the hydraulic grade line was sufficiently below the inlets
and manholes, the design was satisfactory. If the hydraulic
grade line was at or above the inlets and manholes, blowouts
would occur and the design was revised.

Central Avenue to 16th Street

The following design procedures were used for this portion of
the project:

Separate collection systems were designed for the Third
Street and Sixteenth Street pumping stations. The 50-year
storm peak discharges from this portion of the project are
approximately 168 cfs and 24 cfs respectively.

The recommended pipe network alignments have been designed to
minimize potential disruptions of freeway traffic due to
damage repair or routine maintenance. This has been achieved
by limiting the number of pavement crossings, and by locating
manholes behind curbs or in the median only. Manholes 1204
and 1205 have been placed within the road shoulder to permit
the storm drain to clear the zone of influence of the north
abutment footing of the Seventh Street Bridge. The pipes are
set back sufficiently from freeway ramps to permit future
expansion to a full 30-foot width. Future expansion into the
median would require adjustments to the proposed storm drain
system.

Minimum slotted drain lengths were calculated for the
required flow interception. The lengths were further
adjusted to minimize the number of pipe cuts during
construction and to make efficient use of material.
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4.

Surface runoff depth and pavement spread criteria have been
met. An exception was made on the super—elevated, west-bound
HOV ramp in the vicinity of station 7674+27 because of a
structural limitation to the installation of slotted drain.
Approximately 0.32 cfs bypass the first HOV ramp grate inlet
and is picked up by subsequent ramp inlets.

16th Street to Fillmore Street

The on-site drainage computations and storm water inlet
design for this segment of the project used the Rational
Method along with ADOT and HEC-12 methods (see general design
procedures) . The following design assumptions and

constraints were used:

Manning’s "n" - Pavement - 0.016, Concrete Pipe - 0.012,
decomposed granite channel linings - 0.03.

Minimum Depth of Pipe Cover - 3.0’.

Minimum Flow Velocity - 3.0 feet per second.

Maximum Flow Velocity - 10.0 feet per second.

Minimum Slotted Drain Length - 10 feet.

Minimum Pipe Diameter - 18 inches.

Fillmore Street to Harrison Street

The on-site drainage computations and inlet design used the

Rational Method along with the HEC-12 equations listed
previously with these additions:
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a. Time of Concentration - TC

T =T +T + T
o) o g p

0.6 0.6
with: T, =5, Do
i .4 g0-
To = Time of overland flow in seconds
L = Overland flow length, ft
n = Manning's roughness coefficient
i = Rainfall rate, in/hr
S = Average slope of the overland area
K = 56
Tg = Time of gutter flow (sec.), length of qutter
reach + V,
132 § %5 Rip <67
¥ 4 = _— X a
a n
' vV, = Average velocity, ft/sec
= Manning’s coefficient
= Longitudinal slope, ft/ft
Sx = Cross-slope, ft/ft
Ta = Spread at average velocity
T1 = Spread at upstream end of gqutter reach
(Value taken to be zero)
T, = Spread at downstream end of gutter reach

(Value taken to be max. allowable spread)

Therefore: Tl/T2 =0

And: T_ = .65T

s 2 (from HEC No. 12, pg. 17)
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1.486 R s 172
n

<
1

=
I

Time of Pipe flow (seconds), pipe length + V

= Velocity, ft/sec
Manning’s "n"

= Hydraulic radius in ft
= Slope, ft/ft

n W8 <
[

Multiple Reaches:

Min T taken to be 10 min. per ADOT - Storm Sewer System

Design, October 1972

All Reaches: TC = 10 min. or calculated value whichever is

greater

b. Project Standard Detail D-1 Special Catch Basin on Continuous
Grade:

Q = EQ = Q(Rf E, + Ry (1—Eo)), HEC No. 12, March 1984

B I B BN B BN D R B B B B B B B B B B =.
0
[
n

Intercepted flow, cfs

E = Efficiency
Q = Total flow, ft3/3ec
Re = Frontal flow interception efficiency
E, = Ratio of frontal flow‘to total flow
R, = Side flow interception efficiency
R, = 1-0.09 (V- Vb)
V = Gutter Flow Velocity
v, Splash over velocity
E = Qw
o /b
Qw = Flow in width W, cfs
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W = Width of Grate, ft

Q = Total flow, cfs
r o L1+ 0asv®)
S S L2.3
X
Sx = Cross-slope, ft/ft
L = Grate Length, ft

Slotted Drain Project Standard Detail D-2 on Continuous
Grade:

Criteria shall be in accordance with Technical Memorandum No.
3.1, dated October 29, 1982.

L=1.257 9404 g A g -841 1.235 o weir flow, 100%

o E
interception
L = .394 Q'649 SO'4lOZE'445/n -811 for submerged flow,
100% interception
2
A = .2048 + ZE/394‘8 + 3.996 S, - SOZE/19.24 - 31.42 Sq ~
2 2
Zg /46,956 + CD/349.3 - CD" /10,944
CD = O for Special Curb & Gutter, D-1, and Std. Det.
C-05.10 Type 'A’
L = Total flow capture length, ft for 100% interception
Q = Flow rate, cfs
SO = Longitudinal slope, ft/ft
Zp = Reciprocal of effective cross-slope, ft/ft
n = 0.016

The larger value of L is to be used.
Efficiency E = 1.0 - 0.9169(1.0 - LA/L)1'7914

LA = Actual slot length, ft
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L = Total flow capture length, ft
Clogging Factor = 1.25

Slotted Drain Project Standard Detail D-2 in a sump location:
Criteria is in accordance with Technical Memorandum 3.1,

dated October 29, 1982.

Q = ' CL (d)l‘5 when operating as a weir, d < 0.15 ft
Q = Flow rate, cfs
C, = 3.0
L = Total flow capture length, ft
d = Depth, ft
Q = CJL %g(z g d) 0‘? when operating as an orifice,
d > 0.15 ft
Q = Flow rate, cfs
Co = 0.9519 (log d) + 1.1688 for 0.15 ft < d < 0.4 ft
Col- ™ 0.79 for d > 0.4 ft
L = Total flow capture length, ft
SW = Slot width, inches
g = Gravitational acceleration, ft/sec2
d = depth, ft
Manholes
Use Manhole Std C-18.10
Maximum pipe length between manholes:
Under 36" - 400 ft
36" - 60" - 500 ft
over 60" - 1000 ft
Hydraulic Losses:
Shaft =H, = .05 V2/2g (downstream)

Expansion - Hp = KV2/2g
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Junction Loss per 10.06
Losses are additive

Storm Sewer Pipe

18-inches minimum diameter for connecting pipes/laterals
24-inches minimum diameter for collectors

Friction loss by Manning’s Equation:

he = 29 n? v+ (RY3 29)

hf = Pipe friction loss in ft

n = 0.012

LL = Pipe length, ft

vV = Velocity, ft/sec

R = Hydraulic Radius, ft

g = gravitational acceleration, ft/sec2
Junctions

Use Connections per Project Std. Det. D-4 or use Manhole Std.
C-18.10. Junction loss equation from Street & Highway
Drainage, Vol II, Pg. VII-25.

(QZ V2 = Ql Vl COS ,01 = Q3 V3 Ccos ﬁ3)2

oY = 5 (Al = Az)
oY = Change in hydraulic gradient, ft
Q2 = Flow downstream, ft }sec
Q1 = Flow upstream, ft3/sec
Q3 = Flow lateral, ft3/sec
V2 = Velocity, downstream, ft/sec
v, o= Velocity, upstream, ft/sec
vy o= Velocity, lateral, ft/sec
ﬂl = Angle downstream (ext.) & upstream pipe, degrees
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JZ3 = Angle downstream (ext.) & lateral, degrees

Area downstream, ft2

g

Area upstreanm, ft2

>
I

gravitational acceleration, ft/sec2

«Q
I

The following criteria were used in the design of the

pavement drainage for this segment of the project:
I-10 Outside Lanes
10-year Design Frequency

The sag vertical curve at Sta 7793+33 shall not be treated as
a depressed roadway which requires 50-year frequency design.

Allowable spread = 12 feet or water surface width

corresponding to curb height, whichever is less.

Use Special Curb & Gutter, Project Standard Detail P-1, (h=3"
& W=2'). Use Special Catch Basin, Project Standard Det. D-1.

Where gquard rail is used, use Type A Curb & Gutter std.
C-05.10 (h=7"). Use Modified Downdrain Std. C-04.20 or Catch
Basin, Type 3, Std C-15.20.

I-10 Inside Lanes

10-year Design Frequency.

Allowable Spread = 10 feet or water surface width

corresponding to curb height, whichever is less.

4-45




Use Special Curb & Gutter, Project Standard Detail P-1 (h=3"
& W=2.50"). Use Special Median Spillway & Apron, Project
Standard Detail D-6 & D-7 or Special Catchbasin, Project
Standard Detail D-1.

Where gquard rail is used at bridge approaches, no catch
basins are located in the curb and qutter.

W-E Ramps and Access Roads Pavement

10-year Design Frequency.

Allowable Spread
Allowable Spread
Allowable Spread

8 ft on Rt.
2 ft on Lt.
4 ft at W-J Ramp Termini on Lt.

Use Special Curb and Gutter, Project Standard Detail P-1
(h=6" and W=2.50’) on Lt. Use Special Catch Basin, Project
Standard Detail D-1.

Use Type A Curb and Gutter, Std. C-05.10 (h=7") on Rt. Use
modified Downdrain Std C-04.20 or Catch Basin, Type 3, Std
C=15.20.

Harrison Street to Buckeye Road

The following procedures and criteria were used for this
segment of the project. Computations were based on the
Rational Method and HEC-12 procedures previously listed.

Two major controls set the final location of each pipe.
These are 1) the location of existing utilities, especially
minimization of conflicts with the sanitary sewer, and 2) the

need to maintain adequate cover above the new pipes. The new
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storm sewer was located such that it does not intersect the
sanitary sewer at any point. However, the sanitary and storm
sewers may cross within two feet of each other. At these
points, the clay sanitary sewer pipe was replaced with
ductile iron pipe. The conflicts with other utilities such
as gas, water, and electric were resolved by relocating the
existing utility line. The minimum cover over the pipes is

18 inches.

Three general types of catch basin inlets were used: 1)
inlets located at the curb, to intercept pavement flow, 2)
inlets located in the medians, and 3) drop inlets located at
the new drainage ditches to intercept off-site flow.

The first type of curb opening inlet utilized for this
project is the ADOT Standard C-15.20 catch basin. These
catch basins are used along the outside curbs of the Sky
Harbor ramps when the ramps are located in fill and
downdrains could not be safely used. Another type of curb
opening inlet used is the ADOT standard downdrain (Standard
C-4.20). These are used to direct pavement drainage into the
areas between the freeway and the ramps. The downdrain must
be protected by a guard rail. In those areas where a gquard
rail is not used, curb opening catch basins are used instead

of downdrains.

The final type of catch basin used for pavement drainage is
ADOT Standard C-15.30. This is a grated inlet which is used
when the presence of a concrete barrier precludes the use of

a curb-opening catch basin.

After the inlets were sized and their locations determined, a
system of conduits was designed to convey the storm runoff.
The layout of these conduits follows the recommended and

approved alternative discussed in the Inital Drainage Report.
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Corrugated Metal Pipe (CMP) was dropped as an alternative due
to the high soil corrosivity, as indicated by the soil

report.

These additional steps were used in the design of the conduit

system:

In order to determine the quantity of flow each conduit must
carry, a trial pipe diameter and slope were chosen such that
when the pipe is carrying the computed discharge for a
10-year storm it is flowing just full. The velocity was then
calculated for the design discharge, from which the time of
flow in the pipe was computed. The procedure was repeated
for the next pipe downstream. Since the final pipe sizes
were chosen at a later step in the design, these calculations

were performed for only one type of pipe material.

After the tentative pipe sizes and gradients had been
selected, a hydraulic grade line was computed for each
conduit. They hydraulic grade line coincides with the level
to which the water would rise in a vertical tube connected to
the storm sewer flowing under pressure. By determining the
elevation of the hydraulic grade line at the inlets and
manholes, the possibility of blowouts was checked. In
calculating the hydraulic grade line, the energy losses in
the storm drain sytem due to pipe friction, the changes in
direction of flows, and turbulence caused by manholes were

considered.
The calculation of the hydraulic grade line began at the
outlet of the storm sewer and proceeded upstream.: The

starting elevation was the highest of the following:

a. Hydraulic grade line in the outfall pipe.
b. Critical depth of flow at the outlet.
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c. Crown elevation of the outlet pipe.

Possible conflicts with existing sanitary sewer lines between
Buchanan Street and Lincoln Street also influenced the

vertical placement of the storm drain system.

The energy losses through the manholes were computed. For
design purposes, head losses that would occur through the
catch basin due to the expansion and contraction of flow were
calculated. For the flow expansion from the pipe into the
catch basin, the following equation was used:

_Kvlz[l— a ] °

T [%”

Subscripts 1 and 2 denote the upstream (pipe area) and
downstream (catch basin area) sections repectively. Ky the
expansion coefficient, varies from 1.0 for a sudden expansion
to 0.2 for a well-designed transition. An expansion
coefficient of 0.6 was used for the ADOT catch basins with a
mitered entrance from the catch basins into the pipe.

For the head losses due to contraction, the following

(2]

The contraction coefficient (§:) varies from 0.1 to 0.5. A

equation was used:

o

]

(o]
&l

value of 0.3 was assumed for the ADOT catch basins.

Using a conservative estimate that the area of the catch
basin is three times that of the area of the pipe, the head
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loss due to expansion is 0.27 hv, and the head loss due to
contraction is 0.23 hv. Therefore, the total loss through
the catch basin is 0.5 hv.

Buckeye Road to the Maricopa Freeway

On-site drainage was designed based on the Rational Method
and HEC-12 equations previously noted.

Covered Deck

Drainage facilities in the covered deck section were designed
based on the Rational Method and equations previously
described. Additional design procedures and constraints were
considered as a result of the deck structural limitations.

They are summarized below.

Because the deck is depressed below surrounding grades,
gravity drainage into the off-site system is not possible.
Water depth limitations were provided by the structural
designer Ammann and Whitney. Drainage system design and
grading plans were prepared to keep maximum water surface
elevations below the maximum allowable ponding depths for all
storms up to and including the 100-year event.

Bubble-up inlets on the freeway level were designed to allow
the high-capacity drains on the deck to continue to function
when the freeway system is surcharged. Flows from the drop
structures will rise through the catch basins onto the
freeway. This should not occur until the 100-year storm

magnitude is exceeded.

The 3rd Avenue pump station has a design peak inflow of 166
cfs for the 50-year design storm. The deck and park drainage
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features collect runoff from an area larger than the freeway
without a deck. Sufficient retention is available to delay
peak flows to the pump station until they do not affect the

station design inflow.

2. Off-Site Flow Interception System Design

a.

General Overview

The off-site drainage is divided into two sections; drainage
discharge into the Storm Water Interceptor either through new
or renovated storm drain systems and drainage discharge into
existing City of Phoenix storm drain systems which will
remain independent of project facilities. Drainage
structures conveying runoff to the Storm Water Interceptor
are designed for the 50-year frequency storm. Facilities
connected to existing City of Phoenix storm drains are
designed for the 2-year storm as per City of Phoenix design

standards.
15th Avenue to Central Avenue

On urban type roadways where cross-roads and off-site
drainage areas contribute flow, inlets may have to be located
utilizing less than the maximum pavement spread.

Some inlets were located at intersections to prevent gutter
flow from crossing traffic lanes of the intersecting roads,
at major points of off-site drainage inflow or located due to
other than hydraulic considerations.  Since the maximum
permissible pavement spread and gutter flow depth could not
be utilized, inlet interception will not be very efficient

and a greater number of inlets was required.
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Gutter inlets are not efficient for intercepting off-site
drainage. Every effort was made to intercept off-site
drainage with open channels or special inlet structures
before the flow reaches the pavement.

Central Avenue to 16th Street

The design of the off-site collection system is based on the
flows provided. Inlet design uses the same methods outlined

in the section on on-site interception system design.
16th Street to Fillmore Street

The off-site flow collection system design uses the same

methods as the previous section.
Roosevelt Street to Harrison Street

Off-site storm water flow design uses the methods previously

mentioned with these additions.
Van Buren, Washington and Jefferson Flow Interception:

The water depth for the 50-year return frequency storm is
expected to average about 1-1/2 feet in these major streets.
The runoff discharges shall be intercepted by swales which
parallel the major streets. Because of uncertainties in the
runoff discharge distribution, the swale length was
determined by assuming 100% of flow is intercepted along the
side of the swale which is adjacent to the street gutter.
Weir flow occurs over the top of the curb and into the -swale;
therefore, the swale length required to intercept 100% of
flow above the top of curb is:

.42 .3 1 .6
L =KQ S n Sx

T

4-52



[y
n

Length required for 100% Interception, ft.

= 0.60

= Flow rate in cfs

Longitudinal curb and gutter slope, ft./ft.
= 0.016

= Cross-slope of sidewalk, ft./ft.

n 89 n O R
I

X

The water remaining in the gutter up to the top of curb will
be intercepted by a Catch Basin, Type 3 - Double wing Std
C-15.20, which is positioned downstream from the swale. This
design provides 100% catchment of off-site runoff for the

50-year return frequency storm.

Sheet flow occurs throughout the entire project length.
Therefore, additional swales parallel to the I-10 roadway are
provided. Runoff flows are proportioned to the swale
interception length on each side of the catch basin located
at the low point in the swale. The swales are sized to carry
the intercepted flow to the catch basin by Manning’s
Equation:

v = L:486 2/3 512
n
vV = Velocity, ft/sec
n = .035 for grassed swale per letter from Management
Consultant dated October 16, 1985.
R = Hydraulic Radius in ft
S = Slope, ft./ft.

Max V = 5 ft/sec

Minimum longitudinal slope = .0020 ft/ft

Maximum water surface elevation is 6" below adjacent local
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DII157.4

street gutter.

All ponding shall be within right-of-way.

Swales are sized assuming free outfall.

Special Grated Catch Basins

Grate Capacity

Special Grated Catch Basins will be designed for a sump
condition. The ponding depths will be in the transition
stage between weir and orifice flow.

Harrison Street to Buckeye Road

Design of the off-site drainage system follows the same
procedures as previously mentioned in the general overview.

Buckeye Road to the Maricopa Freeway

Design of the off-site drainage system follows the same
procedures used in the other sections of the project.
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