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1. INTRODUCTION

1A. Introduction and Purpose

This report presents the final results of the hydrologic and hydraulicinvestigation, analysis and
design of the drainage system and associated improvements planned for the Interstate
10/Superstition Freeway and Interstate 10/Baseline Road Traffic Interchanges. This final
report was preceded by two initial report submittals prepared by Stanley Consultants for this
project. The first initial submittal was made in October 1990 to accompany the first 30 percent

submittal of roadway plans.

The second initial report was submitted in July 1991 to go along with a second 30 percent
roadway plan submittal. The second submittal was requested by ADOT Consultant
Management because of significant changes in ramp and roadway alignments profiles and
configurations which were made subsequent to the first submittal. These changesinvolved the
realignment of the Superstition Freeway (also known as State Route 360 or SR 360), changes
in Baseline Road ramp alignments and profiles, inclusion of Ramp W-S with a left hand exit

and deletion of main lane improvements south of the Baseline Road ramps.

In addition to the modifications described above, a half-diamond interchange for SR 360 has
been developed at Priest Drive. This was done subsequent to the second initial submittal. On
and off ramps, roadway widening and associated drainage plans for this additional construction
are being prepared by Parsons, Brinckerhoff, Quade and Douglas in coordination with Stanley

Consultants and ADOT. This proposal has further modified the horizontal and vertical
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alignment, extent of roadway improvements and drainage on SR 360 under Stanley

Consultants’ original scope.

This report was prepared in accordance with current ADOT and FHWA criteria. Itisin general
conformance with previous studies and is compatible with existing adjacent ADOT and other
local drainage improvements. The completed project will generally improve drainage in the
area by controlling and containing flow that presently discharges from ADOT right-of-way.
This will be accomplished through a system of on-site catch basins, storm drains, channels,

detention basins and bleed off pipes; all designed to current standards.

The total roadway and drainage improvements proposed in the project design scope are broken
into two basic phases referred to as Unit 1 and Unit 2. In addition to these phases, there will
be other future roadway and drainage improvements. All together, Unit 1, Unit 2 and the
future improvements form the "ultimate" design. The present scope of this project includes
design plans for Units 1 and 2 but not the other future improvements. In addition to
presenting the drainage design for specific improvements proposed in Units 1 and 2, this report
will also consider future roadway improvements. This applies to design of the Interstate 10

(I-10) storm drain trunkline, detention and bleedoff system and the new SR 360 trunkline.

This final report incorporates all the basic hydrologic and hydraulic concepts, methods and
design criteria presented in the second initial report. It addresses all prior drainage review
comments from ADOT and all the drainage issues discussed with ADOT, the City of Tempe and
the Salt River Project subsequent to the second initial report. Finally, it coordinates the

drainage of SR 360 under Stanley Consultants’ scope with the drainage design effort by
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Parsons, Brinckerhoff, Quade and Douglas on the addition of the Priest Drive half diamond

interchange.

1B. Project Location

The proposed project is located in Maricopa County, Arizona, more specifically within Sections
29, 32 and 33 of Township 1 North, Range 4 East and Section 5 of Township 1 South, Range 4
East. Figure 1, page 4, shows the project location within the State of Arizona. Figure 2,
page 5, shows the location of the project within the Phoenix metropolitan area. Figure 3 on

page 6 is a recent aerial photograph of the project area.

The majority of the project lies within the incorporated limits of the City of Tempe. The portion
of Interstate 10 from Baseline Road to Guadalupe Road is bounded on the west by the City of
Phoenix and on the east by the Town of Guadalupe. Construction of the proposed eastbound
lanes of I-10 and corresponding ramp connections to SR 360 begin approximately 1750 feet
north of Southern Avenue. Eastbound and westbound construction of I-10 will continue to

approximately 2,000 feet south of Baseline Road.

State Route 360 improvements will proceed east from its interchange with I-10. Under the
original scope of work, roadway improvements essentially ended at Hardy Drive. With the
addition of the half diamond interchange at Priest Drive, roadway widening will extend east

to about Mill Avenue.
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2. EXISTING AND PROPOSED ROADWAY IMPROVEMENTS

2A. Existing Roadway

The existing I-10 roadway improvements were initially constructed in the mid to late 1960’s.
State Route 360 and its interchange with I-10 was constructed shortly afterward. Existing
roadway improvements on I-10 south of the SR 360 interchange consist essentially of two lanes
in each direction with paved shoulders divided by an earth median. North of the interchange,
anumber of lanes have been added, the median is paved and there is a concrete traffic barrier
down the center. State Rou';e 360 in the project area essentially consists of three lanes each

direction with paved shoulders, paved median and a concrete traffic barrier down the center.

The I-10/SR 360 interchange currently allows full traffic movement in all directions. On and
off ramps at Baseline Road allow full access to I-10 in both directions. There is no access to I-
10 at Southern Avenue or to State Route 360 at Priest or Hardy Drives. I-10 within the project
area is generally at or above grade. State Route 360 is above grade from I-10 going east past

Priest Drive and then transitions to a depressed section.

A number of improvements are under construction on I-10 north of and immediately adjacent
to the project area. Plans for these improvements were prepared by Daniel Mann Johnson &
Mendenhall (DMJM) Engineers. Improvements include additional lanes and associated
drainage facilities. Although construction of these improvements is not complete at this time,
it will be complete prior to this project and is therefore considered existing for the purpose of

this report.
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2B. Proposed Roadway

Unit 1 will include construction of a new Ramp S-E which will run slightly outside the
alignment of the existing ramp. A new Ramp N-E will also be constructed. It too will run
slightly outside the alignment of the existing ramp. The two new ramps will join to form the
beginning of SR 360 eastbound in an alignment slightly south of the present alignment. SR
360 eastbound realignment will continue east about 1/4 mile beyond Priest Drive where it will
tie into the existing SR 360. Also included in Unit 1 will be re-construction of the I-10
westbound off and on ramps at Baseline Road, the reconstruction of Baseline Road east of I-
10 and the construction of new I-10 westbound CD lanes from the Baseline Road off ramp

north to the SR 360 interchange.

Unit 2 will include re-construction of I-10 eastbound and westbound main travel lanes from the
SR 360 interchange to about 2000 feet south of Baseline Road. Baseline Road west of I-10 and
through the traffic interchange will be reconstructed along with the eastbound I-10 off and on
ramps at Baseline Road. The eastbound I-10 off ramp to Baseline Road (Ramp T-4) begins in
the middle of the I-10/SR 360 interchange. A portion of I-10 eastbound C-D lanes between the

SR 360 interchange and Baseline Road will be constructed.

Unit 2 will also include construction of new Ramps W-S and W-N from SR 360 to I-10. This will
involve realignment of westbound SR 360 beginning about 1/4 mile east of Priest Drive parallel
to the eastbound lanes constructed in Unit 1. Ramp W-S will be a high fly-over ramp with a
left hand exit from SR 360. Ramp W-N is an interim ramp which would be re-aligned in

construction of the ultimate phase.




The half diamond interchange at Priest Drive and associated lane widening will be incorporated
with both Unit 1 and Unit 2 construction. Roadway widening in the depressed section of SR
360 will encroach into the existing landscaped slope. This will involve construction of a

retaining wall on both sides of SR 360.

The ultimate phase of construction may not take place for a number of years. It would include
completion of I-10 eastbound and westbound C-D lanes. It would also include construction of
Ramp T-3 which connects eastbound C-D lanes to Ramp S-E (Unit 1) and Ramp Westbound T-
2 which connects Ramp W-N (Unit 2) to westbound C-D lanes. And finally, as mentioned, the

ultimate phase would include realignment of interim Ramp W-N (Unit 2).
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3. EXISTING DRAINAGE AND PREVIOUS STUDIES

3A. Existing Drainage Conditions

Guadalupe Road is the south limit of the study area covered in this report. It is essentially on
the divide between the Salt River and Gila River drainage basins. The project area generally

drains from south to north with eventual outfall to the Salt River via the Tempe Drain.

The Tempe Drain was originally an irrigation tailwater ditch constructed along the low points

of a wide shallow drainage way which parallels the Salt River. It drains from east to west and

is located between Interstate 10 and University Drive. From 52nd Street to the Salt River,
it is an improved open channel. Its present function is primarily to carry drainage and storm
runoff. Discharge into the Tempe Drain is controlled by intergovernmental agreements. This

will be discussed in more detail in later sections of the report.

Land slope in the project area ranges from roughly 0.5 percent to several percent. Drainage
slope measured along existing roadway and canal alignments can be virtually flat in some
areas. There are several locations along raised roadway and canal embankments where runoff

ponds because there is no outfall.

Two irrigation canals, the Western Canal and the Highline Canal traverse the project area
carrying irrigation water from east to west. The area north of these canals was formerly
irrigated agricultural land with scattered residences. The area south of the Highline Canal was
formerly unimproved desert. The Town of Guadalupe is immediately south of the Highline

Canal.




Néarly all of the project study area has been urbanized to some degree with residential and
commercial development. Several vacant parcels adjoin the project area, the largest of which
is the former University of Arizona Experimental Farm located along the east side of Interstate
10 between Baseline Road and the Western Canal. This parcel is in the planning phase for a

future shopping mall.

Natural drainage in the area has been impacted first by agricultural improvements and
subsequently by urbanization and roadway improvements. When Interstate 10 was initially
constructed in the mid-1960’s, the area was still largely agricultural. The current design
standards and concepts of stormwater detention and separation of roadway and agricultural

drainage had not yet evolved.

The basic roadway/drainage design concept at that time was to simply pass the onsite and
offsite drainage downstream. This drainage, in many instances was discharged directly to
existing irrigation canals and ditches. Along with a change in drainage standards and policies,
over the years, there have come a number of detention basin, dam, storm drain and drainage

channel projects in the study area.
Existing drainage in the project area can be divided into the following primary sub-basins:

Interstate 10 from Guadalupe Road to approximately 2000 feet south of Baseline Road.
This section of Interstate 10 is protected from offsite flows by the Guadalupe Flood Retarding
Structure. This is a combination earth dam and diversion structure constructed in the mid-

1970’s by the Soil Conservation Service in conjunction with ADOT and the Flood Control

11
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District of Maricopa County. It extends approximately 3300 feet north from Guadalupe Road
along the west side of Interstate 10. The dam was designed for a100-year storm plus sediment
storage with a total capacity of 290 acre feet. The principal spillway outlet consists of a 21 to
24 inch diameter gravity pipeline which discharges to the Western Canal about a mile to the
north. This line follows the 52nd Street (Wendler Drive) alignment and discharges a maximum

un-gated release of 23 cfs for the 100-year event.

In addition to protecting the adjacent section of Interstate 10, the Guadalupe Structure also
provides a great deal of flood protection to the Town of Guadalupe. However, drainage still
discharges from the Interstate 10 right-of-way itselfto the Town via median drains and culverts
that existed prior to construction of the Guadalupe Structure. Although flows have been
greatly reduced, they still pose a problem downstream because there is no adequate means to

convey them through the town.

Interstate 10 at the Highline Canal.

The Highline Canal passes under Interstate 10 via single 6 foot wide by 4 foot high concrete
box culvert at a point about 400 feet south of Baseline Road. I-10 median drainage from about
2,200 feet south to about 300 feet north of the canal drains directly into the Highline culvert
via median inlet. In addition, I-10 drainage from outside of the Baseline Road on/off ramps

south of the canal surface drains directly into the canal.
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Interstate 10 at Baseline Road.

Existing catch basins intercept drainage from Baseline Road and adjoining on/off ramps and
infield areas. These catch basins are not designed to current standards and some of the surface
inlets in landscaped areas are clogged with sediment and vegetation. Any flow not picked up
by these catch basins would continue east in Baseline Road. The drainage that is intercepted

is discharged north to earth ditches on either side of the I-10 main lanes.

Interstate 10 Baseline Road to Western Canal.

Interstate 10 main travel lanes drain outward to the earth ditches mentioned above. About
halfway between Baseline Road and the Western Canal, the west side drainage crosses under
the interstate in an existing 24 inch diameter culvert pipe where it joins the east side drainage.
Median drainage originating from the overpass at Baseline Road is also picked up by an inlet
to this culvert. The combined flow travels north to the Western Canal. There it would pond
to a depth of 1 to 2 feet before overflowing into the canal. The canal passes under the

interstate in a double 5 foot high by 14 foot wide concrete box culvert.

Interstate 10 Western Canal to Southern Avenue (including Southern Avenue and the
Interstate 10/State Route 360 Traffic Interchange).

The I-10 eastbound travel lanes and the ramps and infield areas to the west of them drain to
an existing landscaped detention basin just south of Southern Avenue. This runoff drains via
surface inlet and 18 inch diameter pipe to the depressed Southern Avenue underpass. In

addition, the area between existing Ramp S-E and the Meadows Mobile Home Park to the west

surface drains to the underpass. The combined flow at the underpass is pumped about 2000
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feet south to the Western Canal via 24 inch diameter pipe. Discharge to the canal is under

permit by the Salt River Project.

Drainage from the I-10 median, westbound travel lanes and the ramps and infield areas to the
east drains via surface inlets and 18 to 24 inch diameter pipe to an earth ditch along the east
right-of-way. This drainage flows north to Southern Avenue where it turns east. It passes
under Southern Avenue in an existing 24 to 30 inch diameter pipe culvert located
approximately 900 feet east of the interstate. Discharge from this culvert enters a long narrow
detention/retention basin along the north side of Southern Avenue. This basin would fill to a
depth of about 2 feet at which point discharge would begin into an existing 24 inch diameter
City of Tempe storm drain running east in Southern Avenue. This storm drain joins another
City of Tempe line, 66 inches in diameter, which runs north in Priest Drive to the Tempe

Drain.

State Route 360 from Interstate 10 Traffic Interchange to approximately 1/4 mile east of Priest
Drive.

State Route 360 main lanes drain eastward from the Interstate 10 trafficinterchange to Kyrene
Road. From the traffic interchange to about 1/4 mile east of Priest Drive, the roadway is
elevated above grade. From 1/4 mile east of Priest Drive to Kyrene Road and beyond, it is

depressed below g'rade..

Drainage from the elevated roadway and embankment collecting along the south side of the
State Route is funneled to Priest Drive via earth ditch. At Priest Drive it enters the roadway

and flows north. Drainage from the north side of SR 360 west of Priest Drive sheet flows

15



northeasterly across a vacant parcel toward Priest Drive. Drainage east of Priest Drive and

north of SR 360 collects in an adjacent residential alley, then drains north.

A portion of the flow from the above areas is intercepted by existing inlets and catch basins
along Priest Drive. There are 2 existing irrigation headwall and 18 inch diameter pipe inlets
on the west side of Priest Drive; one just south of the SR 360 and the other about 400 feet

north. These drain to an existing 42 inch diameter SRP irrigation pipe along the east side of

Priest running north.

In addition, there are two 10 foot long curb opening catch basins on the east side of Priest about
300 feet north of the SR 360. These catch basins feed the 66 inch diameter City of Tempe

storm drain mentioned previously.

State Route 360 from 1/4 mile east of Priest Drive to Hardy Drive.

As mentioned previously, this section of State Route is depressed below grade. It drains east
past Hardy Drive about 1/2 mile to Kyrene Road. Here, the drainage is collected and pumped
via 48 inch diameter pipe to the Kyrene detention basin south of SR 360 and west of Kyrene
Road. This basin also receives inflow from a 90 inch diameter storm drain jointly used by

ADOT and the City of Tempe.

Runoff detained in the Kyrene basin is pumped via 69 inch diameter pipe under the Western
Canal to a 69 inch diameter City of Tempe storm drain flowing west parallel to the canal. This
line increases in diameter to 75 inches and passes back under the canal to the north side

between Hardy and Priest Drives. At Priest Drive, this line connects to the 66 inch diameter
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line which drains to the Tempe Drain. Apparently, discharge from the Kyrene Basin is
controlled by an intergovernmental or joint-use agreement between ADOT and the City of

Tempe. A copy of this agreement has not been located.

3B. Previous Studies

The following drainage studies have been provided by ADOT. They were the basis for design
of existing adjacent drainage improvements and also as the basis for the design concepts
presented here. All reports share the same basic design criteria. Although study methods,
assumptions, rainfall distributions and design frequencies may vary slightly among reports, we

believe that all reports are reasonably compatible and consistent with each other.

Final Drainage Report Volume II
I-10 Corridor Study 40th Street to Baseline Road

Prepared by DMJM in association with Jack E. Leisch & Associates, March 1988

This report evaluates existing drainage and proposes an ultimate drainage system fox;
Interstate 10 from 40th Street to about 2000 feet south of Baseline Road. Runoff hydrographs,
peak flows and volumes were generated using the SCS TR-20 computer program. A 24 hour
rainfall distribution was developed based on ADOT procedure of April 17,1987, then truncated
to the middle 8 hour period. The 10-year and 50-year frequency events were evaluated.

Rainfall totals were 2.29 inches for the 10-year event and 3.20 inches for the 50-year event.




Final Drainage Report Volumes 1 and 2
I-10/44th Street - Superstition T.L
1-10/40th Street - Southern Avenue
Prepared by DMJM April 1990
and

Addendum to Final Drainage Report, November 1990, Revised February 1991.

This report analyzes drainage for the roadway and interchange improvements currently under
construction adjacent to and immediately downstream of this project. It is based on the
ultimate system proposed in the March 1988 corridor study and establishes maximum flow
rates that can discharge to Detention Basin "E" and not exceed downstream limits set by the
Tempe Drain Intergovernmental Agreement. Detention Basin "E" is the primary outfall for
1-10 drainage from the I-10/SR 360/Baseline Road project. It is located just south of Bell Butte

on the east side of I-10.

Runoff hydrographs were generated and routed using the Corps of Engineers HEC-1 computer
program. A rational unit graph methodology was used along with a 90 minute rainfall
distribution. The 10-year and 50-year frequency events were evaluated with rainfall totals of

1.80 inches and 2.67 inches respectively.
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Drainage Report

I-10 Corridor Study 40th Street to Baseline Road

Prepared by DMJM in association with Jack E. Leisch & Associates, June 1986
and

Addendum to the Drainage Report, October 1986

This report, among other things, evaluates the drainage on State Route 360 from Priest Drive
to Rural Road and the impact of additional lane width in this depressed section on the capacity
of the existing Kyrene Detention Basin, collection and pumping system. It recommends an
increase in the number of catch basin inlets and an increase in the capacity of the pump and
delivery system to the basin. It concludes that the extra runoff volume due to added lanes
would increase the high water elevation in the Kyrene Basin by 0.12 feet in a 50-year storm,

thus reducing the freeboard from 1 foot to 0.88 feet.

1-10 Corridor Study
Superstition Retention/Detention Basin

Prepared by DMJM, November 1987

This report evaluates the existing Kyrene detention basin capacity of 241 acre-feet in relation
to a 100-year 24-hour storm estimated to produce about 415 acre-feet. It proposes an
enlargement in the present basin volume by expanding the sides while retaining existing
bottom elevation of 1149.0 and high water elevation of 1170.5. Existing outlet pumps and

present property boundaries would also be retained.
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Design Frequency:

‘Rainfall (I):

Runoff Coefficient (C):

Detention Bleedoff:

10-year for pavement flow spread design
For catch basin and storm drain design:
10-year (roadway on grade)
50-year (depressed roadway)
50-year for storm water detention
100-year for detention freeboard, floodplain
considerations and impacts on adjacent property
ADOT procedure of 4-17-87 in Appendix B.
1 hour duration used in estimating rational intensities
10 year -1.60" 50 year - 2.35" 100 year - 2.70"
6 hour duration used in HEC-1
10 year - 2.05" 50 year - 2.95" 100 year - 3.35"
pavement (impervious) - 0.95
right-of-way (pervious) - 0.50
(HEC-1 uses a weighted C times the area at an assumed 100%
impervious)

maximum disposal time = 36 hours

The project limits fall within the City of Tempe. Although Tempe standards do not apply

within ADOT right-of-way, they were considered in the preliminary evaluation of drainage

impacts on the existing Fairmont Commerce and South Mountain Corporate Centers adjacent

to I-10. These two commercial parcels are considered in more detail in Appendix L.
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The basic Tempe drainage criteria is summarized as follows:

Runoff Method: rational Q=CIA

Rainfall: 100-year, 1-hour depth of 2.40 inches for retention design
Runoff Coefficient: C=0.95 for areas requiring retention

Retention Bleedoff: maximum disposal time = 36 hours

Retention Vol. Required:  Vol. = rainfall x C x area

Maximum Retention Depth: 3 feet

The 50-year 6-hour rainfall used for design of detention basins in this report is 2.95 inches.
This is greater than the 2.40 inches used by the City of Tempe and the 2.67 inches used by
DMJM in their I-10/44th Street - Superstition T.I., I-10/40th Street - Southern Avenue
drainage report. The Tempe Drain Intergovernmental Agreement referred to earlier which
limits inflows from different sources does not associate these inflows with any particular storm
frequency, duration or method of calculation. The 6-hour storm duration applies here (as
opposed to the 24-hour) because the entire contributing area is less than one square mile. The

6-hour duration also applies to the 100-year storm used in checking detention freeboard.

The 100-year return frequency has also been considered in the general design concept of
roadside ditches. The basic roadway drainage system is designed for 10 and 50 year flows.
However, it is ADOT's desire to contain its discharge within the right of way up to the 100-

year frequency.

Although it is the general intent to contain 100-year onsite flows within the right-of-way, there

are a few instances where, for example, a narrow strip of right-of-way just outside a retaining

22




wall will drain offsite. This occurrence is kept to a minimum and when considered with the

general overall improvement over existing drainage, it is typically of minor consequence.
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5. STUDY METHODS

5A. Hydrology

There are two basic hydrologic rainfall-runoff models used in this report; the rational method
and the SCS dimensionless unit hydrograph option of HEC-1. The rational method is used
on drainage sub-basins of up to 80 acres to estimate design flow rates for roadway drainage.
HEC-1 is used to generate hydrographs for routing through proposed detention basins.

Reasonably close agreement in peak flows has resulted between the two models.

The rational method is the standard Q=CIA. In this report, it is the backbone of drainage
design for gutter flow, pavement spread, catch basin size and spacing, ditch and channel flow
and storm drain trunkline and lateral sizing. It is applied on the basis of accumulated
upstream contributing drainage area. With a few exceptions, catch basins (which are covered
under Hydraulic Modeling) are generally designed for 100% interception with little or no flow-
by. Therefore, the contributing area for a catch basin in series will generally extend only to the
next upstream catch basin. Conversely, for storm drains, the contributing area at any point
will be an accumulated total of all upstream sub-areas with an accumulated runoff coefficient,

time of concentration and area.

Runoff coefﬁdeﬁts are area-weighted based on the following accumulated components:
roadways, paved shoulders, sidewalks, etc. - C = 0.95
graded or landscaped areas - C = 0.50

These components are also referred to as impervious and pervious respectively. Runoff

coefficients are taken from ADOT criteria.




Time of concentration is based on the accumulated length and estimated average flow velocities
for the following basic components of that length:

sheet flow/overland flow = 1-3 ft/sec

gutter flow = 2-4 ft/sec

channel flow/ditch flow = 3-5 ft/sec

storm drain pipe flow = 5-10 ft/sec

The method of estimating time of concentration is based on SCS TR-55. The velocity range of
1-3 ft/sec for sheetflow/overland flow is also based on TR-55. The velocity ranges for gutter,
channel and storm drain flow are based on hydraulic calculations contained in this report. For
the most part, times of concentration are based on an assumed average velocity at the mid
point of the stated ranges unless otherwise noted. The minimum time of concentration is 10

minutes according to ADOT criteria.

Rainfall intensities are based on a duration corresponding to the time of concentration, the 1-
hour point precipitation for various design frequencies, and the Standard Duration Rainfall
Intensity Curves found in Appendix B. The contributing area is simply the total area draining

to the point of concentration.

Runoff calculations are presented in Appendix E. A spread sheet type of format has been used
to assemble and organize input data. Peak flow rates are shown on the spread sheet. Drainage

sub-basins and points of concentration are shown on exhibits in Appendix H.
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HEC-1 is used in conjunction with the rational method which is suitable for estimating peak
flows but is not generally accepted for producing hydrographs. HEC-1 generates and routes

hydrographs and is used in the design and evaluation of detention basins.

HEC-1 contains a number of optional hydrograph methods. The method chosen here is the
SCS dimensionless unit hydrograph which is based on the SCS National Engineering
Handbook, Section 4, Hydrology. It is essentially the same methodology as the SCS TR-20
computer program. It was chosen because of its general acceptability, ease of use and in this

case, reasonable agreement to rational method peak flows.

It’s application in this report uses a basin lag time which is 60 percent of the corresponding
rational method time of concentration. For basin area, the product of rational method runoff
coefficient times area was used at an assumed 100 percent impervious instead of the total area
and runoff curve number. This is in accordance with ADOT’s memo of December 11, 1990.
Also in accordance with that memo is the use of a PH hypothetical, symmetrical rainfall
distribution and 2 minute time interval. Storage routing through detention basins was
modeled using the RS modified Puls routing option. Stage, storage and discharge data used
in this routing are contained in Appendix H. Assumptions regarding discharge calculations are

also contained in that Appendix. The HEC-1 printout is contained in Appendix I.
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5B. Hydraulics

A number of different hydraulic analyses are used in this report to evaluate gutter, ditch, catch
basin and storm drain pipe flow. The Manning Equation is used as the basis for open channel
and pipe hydraulics. Hydraulic Engineering Circular No. 12 (HEC-12) Drainage of Highway
Pavements is used as the basis for gutter and catch basin hydraulics. It uses a modified

Manning equation for gutter flow and a combination of weir, orifice and empirical relationships

for catch basin hydraulics.

Roadside ditch hydraulics are based primarily on Hydraulic Design Circular No. 4 Design of
Roadside Drainage Channels. Criteria for minimum slope, maximum velocity, freeboard, etc.

reference the ADOT Project Design Guidelines and the Design Procedures Manual mentioned

earlier in this report. The Manning Equation is used to analyze ditch hydraulics.

Calculations for storm drain, catch basin, gutter and channel flow are contained in Appendix
F. These calculations are done in part by hand and in part by computer. ADOT’s CB 2
computer program which is based on HEC 12 was used extensively in gutter and catch basin
hydraulics. Each basic operation in CB 2 used in this report has been verified by hand for

correlation with HEC 12. A spread sheet has also been used to assemble and summarize input

and results of the hydraulic analysis.

Catch basins are sized and spaced given several considerations and criteria. Catch basins are
located at all points of vertical pavement sag and sized for 100 percent interception at

acceptable ponding depth and pavement flow spread. Roadway catch basins on grade are
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located to meet acceptable ponding depth and spread and, as mentioned in the Hydrologic
Modeling section, generally are sized for 100 percent interception. This holds true for both 10
and 50 year design frequencies. Roadway catch basins are also located at the beginning of

transitions to pavement rollover and at intersections and gore areas.

Catch basins for roadside drainage ditches and open landscaped areas are located in
conjunction with roadway catch basin and storm drain lateral locations and where physical
constraints dictate. Consideration is also given to location in order to limit flow rates and
velocities in roadside ditches, and thus limit erosion and scour. Clogging factors for catch

basins are taken from the Arizona Statewide Management Program, Project Design Guidelines.

Hydraulic grade line analysis is performed for all storm drain trunklines and major laterals for
Unit 1 and Unit 2 and for the I-10 trunkline using ultimate condition flow rates. This analysis
is based on a 50-year return frequency. The procedure is essentially that presented in ADOT’s
Hydrologic and Hydraulic Training Session, Section F. Calculation sheets along with an

explanation of assumptions are contained in Appendix E.
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6. PROPOSED DRAINAGE IMPROVEMENTS

6A. General Discussion

In the proposed design, the general drainage concepts are as follows:

Collect all drainage from ADOT right of way, detain it and bleed it off at

controlled rates to acceptable existing facilities downstream.

Convey irrigation flows of the Western and Highline Canals across ADOT right

of way and eliminate existing ADOT drainage discharge to these canals.

Plan for future discharge from ultimate roadway improvements including future
median paving and lane widening along I-10 between Baseline Road and
Guadalupe Road and future SR 360 roadway improvements to 5 lanes in each

direction.

Mitigate impacts of proposed roadway improvements on existing drainage and

retention facilities of adjacent commercial and residential development.

Minimize the impacts of proposed roadway improvements on existing delineated

floodplains.

Design new roadway improvements to meet current ADOT and FHWA drainage

standards.

Evaluate existing drainage facilities using current ADOT and FHWA drainage

standards and retrofit where appropriate.
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. Consider phasing of proposed improvements and the requirements for interim
drainage facilities to temporarily handle certain drainage until the next phase

of construction.

. Design an economical, functional and safe drainage system.

The drainage system will include a new storm drain line and laterals for I-10. The trunkline
will run along the east side of I-10. At the upstream end, it begins just south of the westbound
Baseline Road off-ramp. It discharges to the proposed Detention Basin 1 on the west side of
I-10 immediately south of the Western Canal. The trunkline ranges in size from 42 inch
diameter at its upstream end to 66 inch diameter at Detention Basin 1. It will be constructed
with Unit 1. Laterals are generally 24 inch in diameter. Catch basins will be located along the
way to remove drainage from the pavement and to intercept drainage that normally discharges
to the Highline and Western Canals. The I-10 storm drain system is designed to convey

ultimate condition flow rates.

Discharge from Detention Basin 1 will pass under the Western Canal at a much reduced flow
rate to Detention Basins 2A and 2B which are located in the infield area on the west side of I-
10 main lanes south of Southern Avenue. Detention Basin 2B will also receive pumped
discharge from the Southern Avenue depressed section. Drainage from the Southern Avenue

depressed section is covered in more detail later in this report.

Drainage from the area north of the Western Canal from Priest Drive to I-10 including part of

SR 360 will drain to Detention Basins 3A, and 3B located in the infield areas east of I-10 main
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lanes south of Southern Avenue. Combined discharge from the I-10 and SR 360 drainage
systems south of Southern Avenue and west of Priest Drive is limited to 15 cfs. This flow will
travel north via a 24 inch diameter storm drain pipe to the existing storm drain and detention
basin system designed by DMJM. The ultimate outfall for this drainage will be the Tempe
Drain which was mentioned earlier. Detention and detention bleedoff are covered in more

detail in the following section.

Drainage on SR 360 east of Priest Drive will continue to drain east to the existing pump station

at Kyrene Road. A new storm drain trunkline will be constructed along the south side of the
main lanes. It will receive drainage from roadway main lane improvements designed by
Stanley Consultants as well as drainage from the Priest Drive on and off ramps designed by
Parsons, Brinckerhoff, Quade and Douglas. However, the new trunkline will tie into the
existing trunkline running in the median just east of Hardy Drive. The existing trunkline has
inadequate capacity under current design standards and, as mentioned previously, the pump
station at Kyrene Road is also inadequate. Upgrading of these aspects of SR 360 drainage are

beyond the current scope of work and will be done at a future date by ADOT.

Baseline Road and Priest Drive introduce cross drainage to I-10 and SR 360 respectively. The
areas contributing to this cross drainage were not analyzed in detail for this report. The offsite
area contributing to Baseline Road is relatively small. New catch basins to be installed in
Baseline are designed, using ADOT criteria, to intercept only the amount of drainage produced
by those areas improved under Unit 1 and Unit 2 plans. However, since the catch basins are

not selective of contributing area, they will intercept all drainage, both onsite and offsite, up
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to a certain capacity. Cross drainage in excess of this will continue flowing east in Baseline

Road.

Priest Drive potentially receives drainage from several hundred acres extending south past
Baseline Road. The existing storm drain in Priest Drive will only handle minor storms. The
City of Tempe will not permit the addition of any new catch basins to the existing storm drain.
Because of the limited improvements proposed in Priest Drive under Unit 1 and 2 plans, the
overall improvement of drainage in the area due to I-10/SR 360 construction and because of the
lack of viable outfall, the City of Tempe has agreed to allow Priest Drive improvements to

simply drain north much as it does now.

6B. Detention Basins

Essentially, SR 360 west of Priest Drive and all of I-10 within the project area including the
Southern Avenue depressed section, will drain to a new system of detention basins around and
within the I-10/Superstition interchange. Currently, there is no significant stormwater
detention for this area of the project. Refer to Appendix H for a Unit 1 - Unit 2 schematic of
I-10/SR 360 TI detention basins showing their location and flow routing. SR 360 from about
Priest Drive to the east will drain to the existing Kyrene pump station and detention basin

much the same as it does now.

Construction sequencing will result in some temporary aspects to the specific Unit 1 and Unit
2 detention design in and around the I-10/Superstition traffic interchange. A brief summary

of these aspects follows:




. Detention Basin 1 in Unit 1 will be overexcavated for earthwork borrow during

Unit 1 construction and filled partially back in during Unit 2 for earthwork

disposal.

° Detention Basins 2A and 2B in Unit 1 are separated by exiting Ramp W-S. In

Unit 2, Ramp W-S is removed and Basin 2B is reconfigured. Basin 2A is also
reconfigured and Basins 2A and 2B remain separated, only the separation is

created by Eastbound T-4.

° Detention Basin 3C in Unit 1 will discharge to the existing ditch along the east

side of existing Ramp W-N and I-10 main lanes much the same as it does now.
In Unit 2, this basin is combined with Basin 3B and reconfigured to form a
revised Basin 3B. This revised basin will discharge under I-10 main lanes to

Basin 2A in Unit 2.

Essentially, drainage from the entire project area will be detained in basins and bled off at
controlled rates. The basis for design of stormwater detention facilities is the 50 yr. - 6 hr.
rainfall of 2.95 inches. The 50-year, 6-hour high water elevation in TI detention basins wﬂl be
no higher than the adjacent rt?adway subgrade elevation in final Unit 2 construction. Proposed
detention basins in and around the I-10/Superstition TI will be checked for 100 yr.-6 hr.

freeboard capacity to ensure there will be no breakouts or overtopping of undesirable

consequence.
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Appendix H contains a preliminary schematic of the proposed detention basin layout, routing
and stage-discharge-volume characteristics for detention around and within the I-
10/Superstition TI. Generally, basins will be designed with side slopes of 4H:1V and range in
depth from about a foot to over 10 feet. The existing detention basin on the north side of

Southern Avenue east of I-10 will remain essentially as it is now.

Detention Basins 1 and 3A in Unit 1 will require pumps to discharge their water until Unit 2
is constructed. With Unit 2 construction, all detention basin bleedoff will be accomplished by
gravity pipe system. Interim pumps in Unit 1 will be provided by the construction contractor

under special provision in the contract documents. Pumping will be coordinated with ADOT.

The Kyrene detention basin is jointly used by ADOT and the City of Tempe. Discharging into
the basin are 2 pipes, 48 inches and 90 inches in diameter. The 48 inch pipe discharges only
pumped drainage from ADOT right-of-way. The contributing area consists of SR 360 from
about Priest Drive to just east of Mill Avenue. The 90 inch line discharges pumped drainage
from the SR 360 depressed interchanges at Rural, McClintock and Price Roads as well as
gravity discharge from four City of Tempe storm drains located between Kyrene and Price

Roads.

According to previous drainage reports prepared by DMJM, the present capacity of the Kyrene
basin is 241 acre feet at a high water elevation of 1170.5. The DMJM report estimates a total
contributing area of 2244 acres to the Kyrene basin. Of this total area, only about 189 acres,

(or a little over 8%), is ADOT right-of-way. This right-of-way was estimated to produce a little




over 11% of the total runoff volume. In terms of the present capacity of the Kyrene basin, this

equates to about 27 acre feet out of the total 241 acre feet.

It is unclear what storm criteria was used to design the present detention basin. Based on
DMJM’s estimated contributing areas and curve number rainfall losses, we estimate the
present basin capacity of 241 acre feet equates to about 2.58 inches of rainfall over the

contributing area. This is almost but not quite the 50-year, 6-hour rainfall of 2.95 inches.

Roadway improvements proposed in the I-10/Superstition/Baseline project will result in an
increase in runoff volume contributing to the Kyrene Detention Basin. This is due to an
increase of both impervious surface and contributing drainage area. The increase in volume
is estimated at 2.18 acre feet. Calculations for this volume estimate are contained in

Appendix H.

DMJM, in their 1986 addendum to the I-10 Corridor Study drainage report, estimated that
future roadway improvements would create an additional 84,400 cubic feet (or 1.94 acre feet)
of runoff that would need to be held in the Kyrene Basin. They estimated that this would
result in a rise of 0.12 feet above the basin’s design water surface of 1170.5 and reduce the 1
foot of design freeboard to 0.88 feet. This increase was not considered significant and it was

suggested that an expansion of the basin volume may not be warranted.

An extensive search was conducted by Stanley Consultants to find any kind of

intergovernmental or joint use agreement governing use of the Kyrene Basin. This search

included ADOT, the City of Tempe and the Flood Control District of Maricopa County. No




The analysis indicates that hydraulic grade line rises above proposed finished grade at DMJM
Manhole #s 130, 131, 132 and 133. This condition occurs primarily because of the local
contributing area with the assumption of future CD lanes and 50-year storm. The addition of
TI basin bleedoff has relatively little impact on hydraulic grades. Since nearly all of the runoff
peak is produced from local areas with short response times, excessive hydraulic grade will be
relatively short in duration. Nearly all of the TI basin evacuation time will occur when there

is no concurrent local flow north of Southern Avenue.

The analysis also indicates that the hydraulic grade line potentially rises above the new surface
inlet grate at the west end of the existing Southern Avenue basin. This is only for a short

duration and the hydraulic grade is lower than the basin overflow elevation.

The hydraulic grade line analysis also indicates the potential for surcharge affect on the TI
basin discharge system since the hydraulic grade will be higher than the bottom of the lowest
basins. This is caused by short duration local inflow downstream of the TI basins. During
downstream concurrent flow, TI basin discharge may be inhibited. However, the lowest TI
basins are designed to hold the entire contributing volume while the surcharge is occurring.

After concurrent downstream flow recedes, the TI basins will discharge freely.

The 24-inch diameter storm drain discharge pipe from Detention Basin 2B is modeled in HEC-
1 assuminginlet control using the Bureau of Public Roads headwater depth nomograph, Chart
2. At a depth of 2 feet, which is equal to the pipe diameter, the inlet capacity is about 13 cfs.
This also corresponds to the friction slope of the pipe just flowing full assuming outlet control.

The hydraulic grade line used in design of the discharge pipe connecting to DMJM Manhole
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documents were found. On the basis of volume estimated by both Stanley Consultants and
DMJM, it is evident that impacts of proposed construction on the Kyrene Basin are minimal.
It was mutually agreed between ADOT, the City of Tempe and Stanley Consultants that no

modifications are warranted at this time, either physical or operational.

6C. Detention Bleedoff

There will be two primary discharge locations from the I-10/Superstition project; one from the

existing Kyrene Detention Basin and the other from proposed basins at the I-10/Superstition

TI. The Kyrene discharge will continue as it has in the past. The slight increase in ponding
volume and water surface in the Kyrene Basin due to proposed SR 360 improvements is not,

in itself, significant enough to warrant any change in design or operation as just discussed.

Discharge from the proposed TI basins will be in accordance with the Tempe Drain IGA and
previous drainage reports prepared by DMJM. The maximum discharge assumed by DMJM
from the proposed TI basins to their Detention Basin "E" at Bell Butte is 10 cfs for a 10-year
storm and 15 cfs for a 50-year storm. These assumed inflows were added by DMJM to the local
flow contributing to Basin "E" and routed through the rest of their HEC-1 model to the Tempe

Drain. This model shows that the 93 cfs inflow limitation to the Tempe Drain is not exceeded.

As mentioned previously, the Tempe Drain IGA does not associate the 93 cfs inflow limitation
with any speciﬁc return frequency or duration. DMJM’s design storm has a 50-year frequency
and 90 minute duration. This appears to be acceptable to all concerned so we have adopted the
50-year, 15 cfs limitation from DMJM as our 50-year discharge limit. The fact that the Stanley

Consultant’s 50-year storm has a 6-hour duration should be of no consequence to DMJM’s
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HEC-1 model because DMJM entered the assumed 15 cfs into their model as a constant from
beginning to end of a 36 hour period. We treat it as an absolute maximum peak regardless of
when it occurs and what duration the storm is. Hydraulically and hydrologically speaking, the

DMJM HEC-1 model makes no assumption as to how the TI basin discharge gets to Basin "E".

Flow contributed by catch basins to be constructed north of Southern Avenue under Stanley

Consultants’ plans are not included in the 15 cfs discharge limitations. This contributing area

is already included in the DMJM model.

The means by which the TI basin discharge is conveyed from its outlet to Basin "E" requires,
amongotherthings, consideration of alignment, utility conflicts, future roadway improvements,
maintenance, right of way, local drainage and hydraulics. Discharge from the TI basins will
be conveyed by a new 24" diameter concrete pipe under Southern Avenue east of I-10 then
north along existing I-10 westbound main lanes where it will connect to DMJM’s existing
Manhole #135. This new storm drain will be constructed in Unit 1. A preliminary plan and

profile for this is illustrated in Appendix J. Itis hydraulically very similar to the actual design.

DMJM Manhole #135 is at the upper end of the existing storm drain trunkline which picks
up I-10 drainage between Southern Avenue and Bell Butte and discharges to Basin "E". It
increases in size from 24 inch diameter at Manhole #135 to 60 inch diameter at Basin "E". It
has been hydraulically sized to convey a 10-year storm from the area it drains. This area
includes provision for future CD lanes on either side of I-10 from Southern Avenue to Bell

Butte.
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Presently, the existing DMJM trunkline is located just east of the existing travel lanes and
shoulder of westbound I-10. However, this storm drain is aligned under one of the future
westbound CD travel lanes. This situation will require some consideration when the ultimate
CD lanes are constructed since maintenance access will be affected by traffic. For now, the
proposed bleedoff of TI basins utilizing the existing DMJM trunkline is the most economical

solution.

There are a number of utility crossings in the proposed alignment from the TI basins to DMJM
Manhole #135. These include telephone, natural gas, sewer, and water. Pothole surveys have
been done at crossing points to minimize conflicts. The proposed alignment will also
necessitate crossing of Southern Avenue. This will occur about 400 feet east of the I-10

centerline.

The existing 24 to 30 inch diameter culvert pipe under Southern Avenue east of the new line
will continue to function much the same as it currently does. The current flow rate at this
culvert will be reduced with construction of Unit 1 and further reduced in Unit 2. The existing
detention basin along the north side of Southern Avenue will remain as is. However, in
addition to the existing 16 inch outlet pipe at its east end, there will be a new surface grate
inlet at its west end to allow flows to enter the I-10 24" storm drain constructed in Unit 1. This
new grate inlet will be about a half foot lower in elevation than the existing 16 inch outlet pipe

at the east end of the basin. This inlet grate will be blocked off until Unit 2 is constructed.

The possible concurrence in flows within the DMJM trunkline between the local contributing

area and the bleedoff from the proposed TI basins has also been considered. Stanley HEC-1
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models 50 Unit 1 and 50 Unit 2 for the proposed I-10 drainage system include the local flows
contributing to the existing DMJM trunkline. Local flow rates are based on original DMJM

ultimate condition area, time of concentration and runoff coefficients. The analysis was based

on a 50-year, 6-hour storm.

Although the maximum bleedoff from proposed TI basins is 15 cfs, it is estimated that this
will add no more than about 8 cfs to local flows because of the different timing of hydrograph
peaks. The greatest relative concurrence is at DMJM Manhole #135 where the 50-year
ultimate condition local peak is about 8 cfs. With the concurrent TI basin bleedoff, the peak
at Manhole #135 would be about 16 cfs. At DMJM Basin "E", the ultimate condition 50-year

6-hour storm is about 200 cfs. Therefore, an addition of concurrent flow is almost negligible.

A preliminary hydraulic grade line was estimated for the entire length of the bleedoffline based
on the following assumptions:

° 50-year, 6-hour design storm
° Starting 50-year water surface in DMJM Basin "E" is 1148.98 based on the

DMJM revised addendum to their original drainage report.

. Flow rates reflect ultimate condition contributing lower area plus ultimate

condition bleedoff from proposed TI basins.

. Existing pipe profile is from DMJM design plans since as-builts of the trunkline

are not yet available.
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#135 assumes a maximum flow rate of 15 cfs and no concurrence of flow with local tributary
areas north of Southern Avenue. With these assumptions, HEC-1 hydrograph modeling
indicates that the maximum discharge of the combined I-10/Superstition drainage and
detention system does not exceed 15 cfs in the 50-year, 6-hour storm for Unit 1, Unit 2 or the

ultimate condition.

Estimation of the time to bleed off detained runoff is included in Appendix J. The estimate

assumes an average pipe discharge of 7.5 cfs for the total required detention volume plus an

infiltration/percolation rate of 0.50 cfs per wetted detention basin acre. The wetted acreage
assumes Detention Basin 2B only which has a bottom area of about 3.8 acres. This analysis

indicates that detention bleedoff will be accomplished in less than 36 hours.

6D. Southern Avenue Depressed Section
Southern Avenue passes under I-10 in a depressed section as mentioned in the introduction.
Runoff from Southern Avenue drains to a low point in the roadway profile via gutter and storm

drain where it is picked up by pump system.

Drainage from I-10 right-of-way south of Southern Avenue also drains to the depressed section
as described in the Existing Drainage section. This drainage was not anticipated in the original
design. Drainage pumped from the Southern Avenue depression discharges to the Western
Canal via 24-inch diameter reinforced concrete pipe. A concrete weir structure near the canal
prevents canal water from backflowing into the discharge pipe. This discharge is under license
by the Salt River Project (SRP License to Use Project Right-of-Way, C.S.R. No. 95195-6, License

No. 15191, March 10, 1966).
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The vertical difference between the normal water surface in the Western Canal (approx.
elevation 1179.3) and the lowest pump switch-off elevation (1141.15)is a little over 38 feet. The
water remaining in the 24 inch discharge pipe after pump switch-off is bled through a 2 inch
diameter pipe to a concrete box just south of Southern Avenue. This box is drained by a gravity

8 inch diameter AC pipe west to an existing buried SRP irrigation line.

A visual inspection of the pump house, inlet, pump and discharge system indicates that
construction of the pump station was essentially as originally designed. A few modifications

have been made which will be addressed later in this section.

Existing roadway and drainage improvements were constructed in the mid-1960’s under

criteria which differs slightly from today’s standards. The basic drainage design was as follows:

drainage area - 3.8 acres
impervious - all
storm frequency - 25 years

collection time
intensity, 10 minute

Phoenix formula

less than 5 minutes
4.6 inches per hour
Q=0.9 (4.6 - 0.2)

= 3.96 cfs/acre

total flow - 3.96 cfs/acre x 3.8 acres
=15.05 cfs
two pumps @ 3500 gpm - =15.6 cfs
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The above information was taken from sheet 1 of 9, Southern Avenue Pump House Plans,
Project Number I-10-3 (51) dated December 15, 1965. Design criteria for allowable pavement
flow spread was not included on this plan. The total contributing area of 3.8 acres is
apparently only for Southern Avenue right-of-way and does not consider any area from I-10.
The I-10 drainage was added in later improvements, apparently without consideration to
Southern Avenue pump station capacity. Despite this, according to ADOT District

Maintenance, the existing pump station has a satisfactory performance record.

There are twoidentical pumps which discharge drainage from the Southern Avenue depression.
They operate in overlapping parallel. According to original design, pump #1 turns on at
elevation 1143.65 and off at elevation 1141.15. Pump #2 turns on at elevation 1146.15 and off
at elevation 1143.15. The original float and float rod switch system has been replaced by a

pressure switch system.

On May 14, 1991, a flow test was conducted on the pump station. The return valve on the #1
pump was opened and the sump pit was allowed to fill with dead storage water from the 24
inch discharge line until pump #1 turned on. The pump was allowed to warm up and run
several minutes, then the valve was closed. The turn on and turn off elevations observed
appeared to be very close to original design elevations and the pump operation appeared
satisfactory. No apparent cavitation occurred. ADOT maintenance personnel present indicated
the pumps had both recently been serviced and tested. Based on this information, it was

considered unnecessary to test pump #2.
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Immediately following the flow test, a continuity test was made on the 24 inch discharge line
because it was thought by ADOT maintenance personnel that it no longer discharged to the
Western Canal. A tanker truck pumped water into the pump side of the weir box near the
Western Canal while an observer watched for it to flow from the 2 inch bleedoff line near
Southern Avenue. The water did arrive confirming that the 24" line is still connected as

originally designed.

Each of the 2 pumps is manifolded to the 24 inch discharge line by a short section of 12 inch
diameter steel or cast iron pipe. The pumps are driven by natural gas engines. According to
Gilbert Pump and Equipment, the original installer, the pumps were Fairbanks-Morse Model
#C-K2K2030497 2-stage pumps, each rated at 3500 gpm at 48 feet total dynamic head. A
performance curve was acquired from the manufacturer and is included in Appendix K.
However, the target duty point of 48’ @ 3,500 gpm does not fall on the curve and we have been

informed (by Gilbert) that propeller alterations were utilized to match the specific duty point.

In addition, according to ADOT maintenance personnel, the original pumps were replaced
several years ago by new pumps. The manufacturer was Cascade. The installer was not
Gilbert Pump but a different company which is no longer in business. No record is available
of the particular Cascade model or serial number. However, ADOT maintenance and Gilbert
Pump both agreed that the replacement pumps would have been selected with performance

characteristics as close as possible to the original design. The result of all this is that we do

not have a specific performance curve for the existing pumps at Southern Avenue.
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The ultimate roadway and drainage improvements will bring about two major changes in
Southern Avenue drainage. First, pump discharge to the Western Canal will no longer be
licensed by SRP. Discharge will instead be directed to the proposed Detention Basin 2B
immediately south of Southern Avenue. This will result in a reduction in total dynamic head
since the pipe will be much shorter and have less rise. The reduction in vertical lift will be on

the order of 10 feet.

The second change will be a reduction in the contributing drainage area. The areas south of
Southern Avenue will no longer contribute and in the ultimate condition, there will be a
number of additional ramp and CD road bridge structures over Southern that will intercept
rainfall and carry it north. In the ultimate condition, the total contributing area will be on the
order of 3.8 acres which returns to the original design. Under current criteria and ultimate
roadway improvements, this area produces a 50 year flow rate of 20.4 cfs. This is about 30%

greater than the original design of 15.6 cfs.

The existing roadway section and storm drain system was analyzed for flow spread,
interception capacity and hydraulic grade line for the ultimate condition under current ADOT
criteria. The analysié indicates that allowable flow spread will be exceeded at the lowest point
in the depressed section. This can be remedied by increasing the capacity of the four outermost
catch basins (concentration points 1, 2, 3 & 4) so that they have 100% intercept. This can be
accomplished by the addition of slotted drain upstream of each of the four catch basins. The

roadway and collection system would then meet current ADOT drainage criteria.
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Roadway ponding was also analyzed assuming ultimate condition contributing drainage and
complete pump failure to see what the ponding depth would be and whether the pump house
machine floor would be flooded. The analysis indicates a depth of ponding of about 2.5 feet

above the low point in Southern Avenue which is well below the pump house machine floor.

Hydraulic analysis of the pump station and revised discharge system based on preliminary
schematic are included in Appendix K. System head curves illustrating the system operating
range, for the revised piping conditions, overlayed with the pump performance curves for the

original Fairbanks-Morse and ADOT standard pumps are shown for analysis.

The methodology used to determine the system head curves shown include calculation of Total
System Dynamic Headloss (TDH). The TDH is estimated by determining the total equivalent
pipe length and assigning a roughness coefficient to that length representative of the pipe’s
interior condition. The total equivalent length of pipe includes the straight reaches of pipe plus
the equivalent pipe length for each fitting detailed (i.e. valves, elbows, etc.). Roughness
coefficients usually fall within a range of values, especially when 30 year old steel or cast iron
pipe is considered. Therefore, end values defined by the range chosen (83-120 steel pipe) were
investigated prior to plotting the system head curve shown. Results of our preliminary analysis
indicates that the capacity of the pump station system under both existing and proposed

conditions is deficient for the ultimate 50-year inflow rate of 20.4 cfs.

Results of our preliminary analysis indicate that because of a reduction in TDH, the capacity
of the pump station under proposed conditions is slightly greater than the original design flow

of 3500 GPM for each pump. However, the total discharge capacity even under ideal conditions
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is about 18.5 cfs. This is less than the ultimate 50 year inflow of 20.4 cfs. Ideal conditions
involve alternations to the proposed discharge system that would minimize head loss. These
alterations include up-sizing the discharge lines or, perhaps, eliminating the manifold and

giving each pump its own separate line.

Also, with the drop in TDH, the operating efficiency of the existing pumps will drop from about
80% to about 60%. Although the pumps will continue to operate, this is not an ideal design
condition and the reduction in efficiency may result in excessive wear and shorter life. We do
not expect a problem in cavitation to develop with the reduction in TDH under the proposed

condition with the existing pumps.

After review and consideration by ADOT, the following changes to the Southern Avenue

collection, pump station and discharge systems will be made.

. Slotted drain will be added to the upstream and of each of the four outermost

catch basins in Southern Avenue to reduce flow spread at the low point.

. The existing 24-inch discharge manifold will be removed (in addition to the

discharge line and weir box) and each of the two 12-inch discharge pipes will be
extended individually to a new concrete discharge structure at Detention Basin

9B. The revised discharge scheme will bring the system to near current

standards.




A copy of the detail sheet covering the changes to the pump discharge is included in
Appendix K. In addition to these changes, the existing surface inlet draining the infield area

just south of Southern Avenue will be removed and the existing 18 inch diameter pipe it feeds

will be plugged.

6E. Western and Highline Canals

The Western and Highline Canals traverse the project area as mentioned in the introduction.
They follow essentially parallel to contours and have very flat longitudinal grades. The banks
of the Western Canal are elevated above adjacent grade by about 1 to 2 feet. The banks of the
Highline Canal are essentially at grade. These canals are owned and operated by the Salt

River Project (SRP). With the exception of scheduled annual maintenance dry-ups, these

canals flow year round.

Generally, ponding of runoff occurs along the canals when banks are elevated above grade.
This condition has been mapped by the Federal Emergency Management Agency (FEMA) on
the Flood Insurance Rate Map for Maricopa County and Incorporated Areas. Figure 5 shows
these areas. They are designated as flood insurance Zone "A". According to the City of Tempe,
they are established on an approximate basis assuminga maximum water surface equal to the
highest adjacent canal bank elevation. The ponding limits, then, are a horizontal projection

of this elevation. There is no flow velocity associated with these zones.

Proposed roadway improvements will encroach into the Western Canal flood zone on both sides
of I-10. This encroachment will displace a portion of the existing storage volume in these zones

but will not increase the ponding water surface for two basic reasons. First, the assumed
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existing water surface, as stated above, is tied to canal bank elevation and not to storage
volume. Second, with proposed I-10 drainage improvements, runoff will no longer discharge
from ADOT right-of-way to these flood zones but will discharge to proposed detention basins.
The displacement in volume from encroachment is more than compensated by a reduction in

contributing runoff based on the calculations which immediately follow this section.

Proposed roadway improvements will not encroach into any Highline Canal flood zones.
Although the flood insurance map shows a flood zone extending within the right-of-way, a
review of existing topography indicates that ponding is not possible there. We consider this to

be an error in flood zone mapping.

Proposed roadway improvements will require an extension of the existing box culvert for the
Western Canal. It’s present length is about 385 feet. Ultimately, it will need to be extended
about 350 feet to the west and about 100 feet to the east to accommodate new ramps and CD
lanes. In addition, a bridge structure will be constructed to carry Ramp N-E across the canal.
The west culvert extension may require a temporary canal diversion since the associated

construction may take longer than the annual dry-up.

The existing maintenance road along the north side of the canal will dip under Ramp N-E with
an equipment underpass. Drainage of this underpass will be handled by pump with automatic
controls. Discharge will drain to the new ADOT storm drain system with outfall to TI

Detention Basin 3B.

50



- e mmmEmEmgm= === -

Preliminary hydraulic analysis for the Western Canal culvert extension was performed in
January 1991 by Stanley Consultants and submitted to ADOT and SRP for review. SRP will
do the final hydraulic analysis, final design and construction plans and the construction itself
with SRP crews under agreement with ADOT. Construction may include a new trash rack

upstream of the east culvert extension and a maintenance vehicle turn around area.

The existing Highline Canal culvert under I-10 will also be extended. The extension will be on

both sides of I-10 out to the existing right-of-way alignment. This amounts to a distance of

about 60 feet on the west side and about 40 feet on the east side. Plans and construction are

being handled by SRP.

Drainage from I-10 right-of-way which presently discharges into the Highline Canal will be
eliminated. The existing median drain into the culvert will be blocked off and all future
drainage will be picked up by storm drain lateral and delivered to the proposed storm drain

trunkline running along the east side of I-10.

As of this writing, design plans and hydraulic analysis for canal culvert extensions have not
been completed by SRP. When complete, these plans will be reviewed by ADOT and Stanley

Consultants.

Special coordination will be required for the proposed storm drains where they pass under the
Western and Highline Canals and proposed culvert extensions. Size and grade for the

trunkline is shown on the plans and these plans have been transmitted to SRP.
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Proposed canal construction is potentially exposed to local runoff during construction. As
mentioned, this construction is outside of the Stanley Consultant’s Unit 1 and Unit 2 scope.

We recommend that temporary measures be considered to protect against local runoff during

construction.
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6F. Roadside Ditches

Roadside ditches are found throughout the project area. Their basic function is to collect drainage
and direct it to a catch basin, detention basin or some other appropriate outfall. In areas where the
roadway section is at or above grade, these ditches are typically situated just inside the right-of-way.
They are intended to contain runoff generated by ADOT right-of-way and prevent discharge of onsite
flows to adjacent properties. On portions of SR-360 where the roadway is depressed below grade,
ditches are found along the top of proposed retaining walls. They prevent runoff generated by

landscaped slopes above them from cascading uncontrolled over the retaining wall.

There is no specific design frequency for these ditches. Generally they are a product of design
judgement and the surrounding physical slope and grade constraints. They are reflected on cross
sections, typically at 100 foot stations, and on plan sheets which typically include flow line elevations.
Hydraulically, their design is covered in Appendix F. This appendix contains typical hydraulic sections
used in ditch design. Typically, ditch sections have either a "V" bottom or a flat bottom with 4 to 1

side slopes. All ditches have earth sides and bottom.

Hydraulically, the most significant roadside ditches occur along either side of I-10 south of the
Baseline Road on/off ramps. Here, there is no curb and gutter along the main travel lanes so
drainage is free to sheet flow directly off the pavement and shoulder. Drainage flows from south to
north. At somewhat regular intervals, drainage from the west side will pass under 1-10 via exiting
cross culvert. The new storm drain trunkline along I-10 begins at a point about 2000 feet south of
Baseline Road where the first catch basin inlets will pick up ditch flow generated by I-10 right-of-way

to the south.
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The drainage ditch located along the east side of I-10 between the I-10/ SR-360 TI and Baseline
Road will intercept drainage from the landscaped embankment along the roadway as well as any
overflow from the roadway section during the 100-year storm. This drainage is directed to the TI
detention basins. Drainage from elevated SR-360 between the I-10/SR-360 TI and Priest Drive will
be picked up by catch basin and directed to roadside ditches on both the north and south sides. The
south side ditch will discharge to TI Detention Basin 3B. The north side ditch will discharge to
Southern Avenue in Unit 1 much as it does currently. In Unit 2, it will discharge to TI Detention

Basin 2B.

6G.  Fairmont Commerce Center and South Mountain Corporate Center

At ADOT's request, Stanley Consultants reviewed and evaluated the impacts of proposed freeway
construction specifically on two existing commercial developments. Related correspondence and
exhibits are included in Appendix L. This information has been reviewed by ADOT. Review

comments have been reflected on final design plans.

6H.  Cross Drainage

Stormwater cross drainage will occur at the Western and Highline Canals, at Baseline Road and at
Priest Drive. Cross drainage at the canals occurs when storm runoff enters the canal and is carried
with the irrigation water. This is a rather unavoidable occurrence with the amount of stormwater

flow passing under the roadway limited because canal culverts are designed for irrigation flows only.

Baseline Road presently receives drainage from the area to its south. This includes some offsite
contributing area west of I-10. Baseline Road cross drains from west to east under I-10. Proposed

catch basin inlets in Baseline Road have been designed based on a contributing area consisting of the
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I-10 right-of-way limits where they cross Baseline Road and do not consider the offsite area.
Although these proposed catch basins, by virtue of their location and design, will also tend to receive
offsite as well as onsite flows, some flow-by is likely to occur in larger storms. This flow-by will
continue on to the east. Flow-by will be significantly less after construction than it currently is due

to larger and more numerous catch basins. This will improve drainage downstream of the project.

Priest Drive presently receives offsite drainage from a potentially large contributing area to the south
of SR-360. Some of this drainage is from Baseline Road. The existing storm drain in Priest Drive
is overtaxed according to the City of Tempe. Tempe will not permit any new connections or
additional drainage to the Priest Drive storm drain. Due to vertical constraints and utility conflicts,

it is not feasible to convey drainage from Priest Drive to freeway drainage facilities.

With the proposed SR-360 improvements, the amount of drainage contributing to Priest Drive from
freeway right-of-way will be significantly reduced. This is intended to compensate for not providing

catch basins in Priest Drive for runoff generated within the freeway right-of-way.
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Federal-Aid Highway Program Manual Vol. 6, Ch. 7
(f‘ Transmittal 374, April 24, 1984 Sec. 3, Subsec. 2

10. CONTENT OF DESIGN STUDIES

a. The detail of studies shall be commensurate with
the risk associated with the encroachment and
with other economic, engineering, social, or
environmental concerns.

b. Studies by highway agencies shall contain:

(1) the hydrologic and hydraulic data and design
computations,

(2) the analysis required by paragraph 9a, and

(3) for proposed direct Federal highway actions,
the reasons, when applicable, why FEMA cri-
teria (44 CFR 60.3, formerly 24 CFR 1910.3)
are demonstrably inappropriate.

c. For encroachment locations, project plans shall
show:

(1) the magnitude, approximate probability of
exceedance and, at appropriate locations,
the water surface elevation associated with
the overtopping flood or the flood of paragraph
9a(1)(b), and

(2) the magnitude and water surface elevation
of the base flood, if larger than the over-
topping flood.
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BRIDGE DRAINAGE SERVICES o=y AemARRuEeT OF T TATION
DEC 12 1990 1 . v 3
CONSULTANT MANAGEMENT December 11, 1990 : -l
SERVICES RO
i -"{ —— ——————————
DISTRICUTIOM:
T0: STEVE WILCOX, Project Leader
Consultant Management Services PER:
FROM: GEORGE LOPEZ-CEPERO, Bridge Drainage Engineer-supervisor.

Structures Section

SUBJECT

L L]

HEC-1 Input
Project No. IR-10-3(311)PE
TRACS No. 10 MA 184 H 0142 020

I-10/Superstition Freeway Traffic Interchange ff
For the analysia of the storm drain system, including the detentipn basins,
pleage have the consultant use the following methodology in regardg to input
for the HEC-1 Rainfall/Runoff modeling. :
: R
1. Use PR records for input of rainfall duration depths. ' fLeave &
-fields 1 and 2 blank. :
;
2. Use a 6 Hr.storm for drainage basins less than or equali 1.0 *
square mile. Use a 24 Hr. storm for drainage basins larger than #
1.0 aquare miles. 1 '
3. Use a 2 minute tabulation interval with 181 hydrograph ordihates éi

on the IT records. The use of the IT and PH records !
eliminate the need for an IN record.

4, To model the rational runoff coeficients, use the CA off the

drainage basin on the BA record and show it to be §100%
impervious on the LS records. T

After the consultant has had the opportunity to review these comments, we are
available to discuss them.

’

EO LOPEZ-CEPERO i
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DESIGN PROCEDURES MANUAL

3.6 DRAINAGE DESIGN

3.6.1 General

Drainage design will include a watershed study, hydrologic analysis, type, size
and location study, cost analysis, hydraulic design, sediment and scour
analysis, etc. All work items, from data collection in the watershed study to
hydraulic computation in final design, are considered equally important during
the process of drainage design. Drainage design will be in three stages:
conceptual design, final design, (initial, preliminary, final I, and final II)

and drainage design summary.
This section provides guidelines for work and materials to be prepared in
various review phases. The Management Consultant and individual consultants

shall follow the guidelines in carrying out the design process.

3.6.2 Design Process

It is essential that the drainage design effort progresses ahead of the roadway
design. The effect that drainage features may have on right-of-way, utilities
and roadway geometrics must be established early in the design process in order

to avoid inefficient designs or costly last-minute plan modifications.

11/2/89 3.6-1




DESIGN PROCEDURES MANUAL

' 11/2/89

Establish lines of communication with local and regional drainage and

flood regulation bodies.
Obtain and review past hydrology and hydraulic studies.
Develop Existing Condition Hydrology.

A. Investigate existing drainage systems, flow patterns and drainage

problems.

B. Define project limits and drainage areas contributing to points of

interest.

C. Develop hydrology, including precipitation analysis and development
of discharge-frequency curves, or establishment of hydrographs if
necessary.

D. Prepare existing Hydrology Conditions Section of Report.

Develop Concept Drainage Plan

A. Identify drainage problems, and develop conceptual drainage design

alternatives.
B. Evaluate alternatives and recommend an acceptable alternate.
C. Modify hydrology to reflect accepted alternate.

D. Establish basic hydraulic analyses for structures at major floodway

crossings in conjunction with TS&L plans, if any.

E. Prepare concept drainage section of the report and combine with the
hydrology section to complete the Hydrology and Concept Drainage

Report.

3.6-3
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Review and refine the selected alternate based on construction cost
and compatibility with roadway design and recommend the most

cost-effective plan.

Confirm that the construction boundary is within right-of-way

lines.

Identify conflicts with existing utilities and propose appropriate

resolutions.

Prepare an initial draft of the Drainage Plans consisting of a
layout of the recommended plan, and an outline of the Drainage
Report, including descriptions of the recommended plan, supporting

calculations, and sample calculations for all drainage elements.

Submit the draft Drainage Plans and an outline of the Drainage

Report for 30 percent review by the Management Consultant and ADOT.

The Management Consultant will review the drainage plans in accordance with the

the following checklist:

0

l 11/2/89

Proper sizing of drainage facilities.

Conformance with overall drainage plan.

Compatibility with adjacent design sections.

Adequate right-of-way for the drainage facility.

Possible alternative(s) to reduce cost of the drainage facility.

Identification of potential utility conflicts.

3.6-5
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DESIGN PROCEDURES MANUAL

o Conformance with and resolution of the 30 percent review comments.
o Proper location and sizing of minor structures.
o Conformance with the design criteria.
o Resolution of conflicts with other highways and utility
appurtenances.
3. Final Design I (90%)

Work in this phase involves preparation of the final draft of the drainage
plans and drainage report for 95 percent review by the Management Consultant
and ADOT. All analyses and designs are assumed to be accepted in previous

phases. Work to be accomplished during this phase includes:

o Prepare the final draft of the drainage plans to include design

changes to comply with 60% review comments.

0 Prepare the final draft of the Drainage Report containing items

described in Section 3.6.4.5.
o Submit the final draft of the drainage plans and the final draft of
the DrainAagc Report for 95 percent review by the Management

Consultant and ADOT.

The Management Consultant will review the final draft of the drainage plans and

drainage report in accordance with the following checklist:

o Completeness, accuracy, and presentation of final design.

11/2/89 3.6-7
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GENERAL CONTENTS OF THE DRAINAGE REPORT

L INTRODUCTION
A. Project Location
B. Description of Improvements
C.. Concept Plans
D. Discussion of Drainage Investigations Performed by Consultant
E. Approval of Plans by ADOT

EXHIBITS

Area Map (1" = 2.5 miles, on 11" x 17")

IL. DRAINAGE AREA AND HYDROLOGY
A. General Discussion
B. Drainage Area Characteristics
s Hydrology as Received from Management Consultant
D. Additional Studies by Consultant

EXHIBITS

Drainage Area Map
Hydrographs

APPENDIX

Detailed Calculations and Computer Runs (separate binding)

11/2/89 3.6-9
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EXHIBITS

Drainage Plan

Typical Sections

Special Details

Plan of Outfall Structures

Plan of Box Culvert or Bridge Structures

Profile of Channel Showing Original Ground Surface,

Design Channel Bed, and Water Surface Elevations.

APPENDIX

Detailed Calculations

Water Surface Computation or Computer Runs

MAJOR STREAM CROSSING

A. General Discussion

B. Hydrology

C. Description of Structural Design

D. Hydraulics or Waterway Opening

E. Sediment Deposit and Scour Analysis

F. Bank Stabilization

G. Coordination with Local Agencies and 404 Permit Process
EXHIBITS

General Plan of Structures
Cross Sections of Watercourse

Photographs of Site

3.6-11
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DESIGN PROCEDURES MANUAL

3.6.5 Drainage Design Summary Report

The Drainage Design Summary Report (along with the Hydrology and Concept
Drainage Report/Plans and the Final Drainage Report/Plans) will be used by ADOT
as the historical record of drainage design, the basis for permit applications,

and as source information in the event of drainage litigation.

The purpose of the Drainage Design Summary Report is to reference all drainage
design documents and activities leading up to construction and to document all
drainage design changes which occur during construction. This is necessary
because, frequently, the Ilimits of work covered by the Hydrology and Concept
Drainage Report differ from the limits covered by the Final Drainage Report and

both may differ from the limits of final construction.

The Management Consultant will prepare the Drainage Design Summary choft upon

completion of the construction of each roadway section as determined by ADOT.
The general contents of the Drainage Design Summary Report are listed on the

following page. They are subject to change depending on the actual

requirements of the particular section under design.

11/2/89 3.6-13
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acceptable design Draft Drainage
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SECTION 102

DRAINAGE DESIGN CRITERIA/GUIDELINE

102.1 DESIGN REFERENCES

American Iron and Steel Institute, "Handbook of Steel Drainage
and Highway Construction Products," latest edition.

Arizona Highway Department Bridge Division, "Hydrologic Design
for Highway Drainage in Arizona." (ADOT Manual I)

Arizona Highway Department Structures Section Hydraulics,
Division, "Hydrologic and Hydraulic Training Session," Revised

December 1973. (ADOT Manual II)

Federal Highway Administration, "rederal-Aid Highway Program
Manual," Volume 6, Chapter 7, Section 3, Subsection 2,
April, 1984.

Federal Highways Administration, "Guidelines for Erosion and
Sediment Control Planning and Implementation," October, 1974.

Federal Highway Administration, "Suggestions for Temporary
Erosion and Siltation Control Measures," 1973.

State of Arizona Department of Transportation, "Construction
Division of Highways Standard Drawings," June 1986. (ADOT
Standards C-__._ )

State of Arizona Department of Transportation, Highways Division,
Structures Section, "Drainage Manual," Volume I, Policy,
August 1987.

u.s. Department of Transportation, Federal Highway
Administration, "Design of Stable Channels with Flexible
Linings," Hydraulic Engineering Circular No. 15, latest edition.
(HEC No. 15).

u.S. Department of Transportation, Federal Highway
Administration, "Hydraulic Design of Highway Culverts,” Hydraulic
Design Series No. 5, latest edition (HDS No. 5).

U.s. Department of Transportation, Federal Highways
Administration, "Hydraulic Design of Energy Dissipators for
Culverts and Channels," Hydraulic Engineering Circular No. 14,
latest edition. (HEC No. 14)
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b)

In cases where the highway encroaches into a regulatory

floodway, the 100 year design frequency shall be used.

c) The design frequencies shall be reviewed to assure
Federal Highway Program Manual,
Volume 6, Chapter 7, Section 3, Subsection 2.

compliance

102.3 PAVEMENT DESIGN

This section is limited to the drainage of pavements where an
underground sewer system is not required and where pavement
runoff must be concentrated at the roadway shoulder to prevent
erosion of the embankment face.

l.

Storm frequency shall be in accordance with criteria in
Section 1.2, Design Frequency, ADOT Manual I, pages 1 and 2.

Storm runoff shall be calculated by the Rational Methed.

Allowable ponding widths shall be as follows:

Roadway Type

Rural 4-lane
divided

Urban 4 or 6
lane divided
by raised median

4 or 6-lane
undivided

2-lane
undivided

22’ or 24’ ramps
(Incl. accel. &
decel. lane)

Maximum Spread

Lt. shoulder width
Rt. shoulder width
plus 1/2 adjacent
traffic lane width

Lt. gutter width
plus any shoulder
width

Rt. shoulder, parking
or distress lane

width plus 1/2 adjacent
traffic lane width

Shoulder, parking or
distress lane width
plus 1/2 adjacent
traffic lane width

Gutter and/or shoulder
parking or distress
lane width

Left 2’
Right 8’

Frequency
10 years

10 years

10 years

10 years

10 years

Embankment curb shall be used at the edge of paved roadways
on fills where storm water cannot be permitted to run down
and erode the embankment face. ;

ADOT82.5/cmm
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102.5

ADOT82.5/cmm 1-21

Storm runoff shall be calculated by the Rational Method.

The maximum allowable ponding depth in the median shall not
exceed an elevation of 0.5 feet below the top of -the
subgrade at the edge of pavement.

Median dykes will be required at the downstream side of all
median drains except where the inlet is located in a sag.
The top of the median dyke should be at least 0.5 feet
higher than the design highwater elevation of the inlet.

pave median when velocity is excessive and erosion is a
problem.

Hydraulic capacity charts have been developed for standard
ADOT median inlets and shall be used in the design.
Reference ADOT Standards Cc-15.30 (Formerly C-15.08), c-15.80
(Formerly C-15.09) and C-15.90 (Formerly C-15.10).

The hydraulic capacity charts for these standards have the
clogging factors incorporated into them and no additional

reduction should be made.

All computations are to be performed on ADOT Median Drainage
Design Sheets contained in the ADOT Manuals.

STORM SEWER SYSTEM

1.

The storm sewer system shall consist of a system of inlets,
conduits and other appurtenances which are designed to
collect and convey storm runoff from the roadways and
adjacent contributory drainage areas to an outlet.

Storm frequency shall be in accordance with criteria in
Section 1.2, Design Frequency, ADOT Manual I, pages 1 and 2,
with the exception of underpasses or other depressed
roadways where ponded water can be removed only through a
storm sewer system. For this exception, the storm frequency

shall be 50 years.
Storm runoff shall be calculated by the Rational Method.

The allowable ponding width shall be in accordance with
criteria in Section 2.2, Pavement Design, Item 3 of part
102.3 of this section.

Hydraulic capacities of the standard ADOT inlets shall be
determined utilizing the general equations. :

The following factors shall be applied to grate, curb
opening and combination inlets due to clogging:

a) Grates

Revised 9/15/87




(2) Continuous Grade Conditions

(a) Parallel to Flow - actual length of opening =
1.5 x required length

(b) Perpendicular to Flow - do not use

I 7. Urban and freeway closed drainage systems shall be designed
for reinforced concrete pipe. An 18-inch minimum pipe size
shall be used for laterals and a 24-inch minimum pipe size

l shall be used for trunk lines. A hydraulic profile of the

, storm sewer system shall be required to assure the system
will perform as designed. At all inlet locations the

l hydraulic grade line shall be at least 0.5 feet below the
bottom of the inlet or grate.

l 8. Catch Basins
a) All catch basins and grates shall conform with ADOT

Standards, C-15.10 thru C-15.90.

' b) Catch basins shall be spaced such that curbs are not

overtopped and the pavement spread remains within the

l specified limits.

9. All computations shall be shown on ADOT standard design
forms contained in ADOT Manuals.

. _ a) FRunoff Calculation Sheet - all design data and
, hydrologic calculations

l b) Inlet Calculations Sheet - all inlet design data and

calculations

' c) Storm Sewer Calculation Sheet - all storm sewer design

data and calculations

l 10. Depressed Roadways
a) Design the storm sewer for a S50-year frequency.

b) Determine the elevation of the 50-year hydraulic grade
line (HGL) and check to see that the HGL is at least
0.5 feet below the bottom of the inlet or grate at all

I roadway inlets. '

c) 1If the 50-year HGL elevation is less than 0.5 feet
below the elevation of the bottom of the inlet or grate:
of any roadway inlet, adjust the conduit sizes or flow
line elevations as necessary to lower the HGL elevation
at that point.

’ ADOTS82.5/cmm I1-23 Revised 9/15/87




Ratio of Outlet Velocity
to Natural Stream Velocity Outlet Protection

Less than 1.5 No protection required
1.5 to 2.0 with outlet Dumped rock riprap
velocity less than 10 fps

1.5 to 2.5 with outlet Wire-tied rock riprap
velocity between 10 and 15

fps

Greater than 2.5 or outlet Energy dissipator or
velocity greater than 15 consider larger culvert
fps

Use rock density of 140 lb/cu. ft. in the design of
graded riprap. The dumped rock riprap shall be
designed in accordance with HEC No. 15.

d) For outlet flow velocities greater than either 2.5
times the natural stream velocity or 15 feet per
second, an energy dissipator should be considered. The
design shall be in accordance with HEC No. 14.

The 100-year event shall be analyzed for potential damage to
upstream property, roadway, and channel erosion for all

crossroad culverts.

102.7 CHANNEL AND DITCH

1.

3.

Hydraulic design shall be in accordance with ADOT manuals,
Hydraulic Engineering Circulars prepared by the Federal
Highway Administration, and sound engineering practice.

The suggested minimum freeboard for improved channels shall
be as follows:

a) For channels with flows having a Froude r equal to
or greater than 0.86, use 0.20 x (depth + V" /29)

b) No freeboard less than 1.0 foot

Paving shall be used where necessary for erosion protection.

102.8 EROSION CONTROL

1.

Temporary erosion control methods shall be employed during
construction to control erosion and sediment until the
permanent protection is provided. The types of protection
are generally as follows:

a) Direct Protection of Ground Surface - ground cover,
soil stabilization or riprap

ADOTS82.5/cmm I-25 Revised 9/15/87




102.11 CATTLE AND/OR VEHICLE PASSES

1. The use of a cattle and/or vehicle pass for a drainage
structure is permissible.

2. When the design is a multi-barrel structure and is used for
drainage purposes, at least one barrel must meet the

I requirement of a passageway as follows:
TYPE SIZE
| ' Stock pass Min. 120" dia. structural
| plate or min. 10’ x 8" box
l culvert
Vehicle pass Min. 144" dia. structural
: plate or min. 10’ x 10’ box
I culvert
3. The desirable maximum length for a stock pass is 250 feet.
I 4. Bridge design should incorporate the same requirements.
5. Design and details shall be in accordance with ADOT
l Standards.
ADOT 82.5/MG 1-27 Revised 7/15/87




/ , U.S. DEPARTMENT OF TRANSPORTATION

FEDERAL HIGHWAY ADMINISTRATION

FEDERAL-AID HIGHWAY PROGRAM MANUAL

VOLUME 0 ENGINEERING AND TRAFFIC OPERATIONS

CHAPTER 7 BRIDGES, STRUCTURES AND HYDRAULICS

SECTION 3 HYDRAULICS, EROSION CONTROL AND WATER
QUALITY

SUBSECTION 7 LOCATION AND HYDRAULIC DESIGN OF
ENCROACHMENTS ON FLOOD PLAINS

Transmittal 374
April 24, 1984
HRG—SI
Par. 1. Purpose
P Authority
L Policy
4. Definitions
5. Applicability
.- 6 Public Involvement
( i Location Hydraulic Studies
° 8. Only Practicable Alternative Finding
9. Design Standards
10. Content of Design Studies
1 PURPOSE. *To prescribe Federal Highway Administration

(FHWA) policies and procedures for the location and
hydraulic design of highway encroachments on flood
plains, including direct Federal highway projects
administered by the FHWA.

2 AUTHORITY. 23 U.S.C. 109(a) and 315, 23 CFR 1.32,
49 CFR 1.48(b), Executive Order 11988 - Floodplain
Management, May 24, 1977 (42 FR 26951), and Department
of Transportation Order 5650.2, April 26, 1979 (44
FR 24678).

ki POLICY. It is the policy of the FHWA:

*Italicized material is published in 23 CFR 650A.
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Federal-Aid Highway Program Manual Yol. 6, Ch. 7
Transmittal 374, April 24, 1984 Sec. 3, Subsec. 2
e. Encroachinent - an action within the limits of

the base f[lood plain.

Floodproof - to design and construct individual
buildings, facilities, and their sites to protect
against structural failure, to keep water out

or to reduce the effects of water entry.

Freeboard - the vertical clearance of the lowest
structural member of the bridge superstructure
above the water surface elevation of the over-
topping flood.

Minimize - to reduce to the smallest practicable
amount or degree.

Natural and Beneficial Flood-plain Values -include
but are not limited to fish, wildlife, plants,
open space, natural beauty, scientific study,
outdoor recreation, agriculture, aquaculture,
forestry, natural moderation of floods, water
quality maintenance, and groundwater recharge.

Overtopping Flood - the flood described by the
probability of exceedance and water surface eleva-
tion at which flow occurs over the highway, over
the watershed divide, or through structure(s)
provided for emergency relief.

Practicable - capable of being done within reason-
able natural, social, or economic constraints.

Preserve - to avoid modification to the functions
of the natural flood-plain environment or to
maintain it as closely as practicable in its
natural state.

Requlatory Floodway - the flood-plain area that

is reserved in an open manner by Federal, State

or local requirements, i.e., unconfined or unob-
structed either horizontally or vertically, to
provide for the discharge of the base flood so

that the cwnulative increase in water surface
elevation is no more than a designated amount

(not to exceed 1 foot as established by the Federal
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Federal-Aid Highway Program Manual Vol. 6, Ch. 7
Transmittal 374, April 24, 1984 Sec. 3, Subsec. 2 ’>
\

(3) Freeboard shall be provided, where practic-
able, to protect bridge structures from
debris- and scour-related failure.

(4) The effect of existing flood control chan-
nels, levees, and reservoirs shall be con-
sidered in estimating the peak discharge
and stage for all floods considered in the
design. |

(5) The design of encroachments shall be consist-
ent with standards established by the FEMA,
State, and local governmental agencies for
the administration of the National Flood
Insurance Program for:

(a) all direct Federal highway actions,
unless the standards are demonstrably
inappropriate, and

(b) Federal-aid highway actions where a
regulatory floodway has been designated (.
or where studies are underway to establish |
a regulatory floodway.

Rest area buildings and related water supply
and waste treatment facilities shall be located
outside the base flood plain, where practicable.
Rest area buildings which are located on the
base flood plain shall be floodproofed against
damage from the base flood.

Where highway fills are to be used as dams to

permanentlx impound water more than 50 acre-feet

(6.17 x 10" cubic metres) in volume or 25 feet

(7.6 metres) deep, the hydrologic, hydraulic, ‘
and structural design of the fill and appurtenant
spillways shall have the approval of the State

or Federal agency responsible for the safety

of dams or like structures within the State,

prior to authorization by the Division Administrator
to advertise for bids for construction.
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Federal-Aid Highway Program Manual Vol. 6, Ch. 7
Transmittal 374, April 24, 1984 Sec. 3, Subsec. 2
5. APPLICABILITY

a. The provisions of this directive shall apply

to all encroachments and to all actions which
affect base flood plains, except for repairs
made with emergency funds (FHPM 6-9-16-1 and
2, 23 CFR 668) during or immediately following
a disaster.

The provisions of this directive shall not apply

to or alter approvals or authorizations which

were given by FHWA pursuant to directives in
effect before the effective date of this directive.

PUBLIC INVOLVEMENT

a.

Procedures which have been established to meet
the public involvement requirements of FHPM 7-7-1
(23 CFR 771) and FHPM 7-7-5 (23 CFR 790) shall

be used to provide opportunity for early public
review and comment on alternatives which contain
encroachments.

Public notices issued in accordance with the

above procedures shall make reference to significant
encroachments which are contained in alternatives
under consideration.

Public hearing presentations shall include identi-
fication of encroachments.

LOCATION HYDRAULIC STUDIES

a.

National Flood Insurance Program (NFIP) maps

or information developed by the highway agency,

if NFIP maps are not available, shall be used

to determine whether a highway location alternative
will include an encroachment.

Location studies shall include evaluation and
discussion of the practicability of alternatives
to any longitudinal encroachments.

Location studies shall include d<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>