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1.0 INTRODUCTION

Hydraulic analysis was performed for the Scottsdale Road Corridor Drainage Master
Plan at many locations to serve various aspects of the study objectives. The analysis
covers hydraulic features such as open channels, culverts, storm drain systems and
spillways. These features involve an extensive array of physical characteristics including
configuration, size, lengths, slope, discharge and flow regime.

The objectives of the hydraulic analysis at each location in the study area essentially fall
into two related categories:

e Support for the hydrologic models, and
e The evaluation of drainage and flooding problems.

A great deal of the hydraulic analysis for the Scottsdale Road Corridor Drainage Master
Plan is contained in the Volume 1 “Hydrology Analysis” prepared by Stanley Consultants
under separate cover. The hydraulic analysis contained in Volume 1 hydrology was
generally done in support of the HEC-1 models contained in that document. This
included hydraulics involving channel routing reaches, diversion steps and level pool
routing. Please refer to Volume 1 Hydrology for the related documentation.

Typically, the level of hydraulics that is performed in support of hydrologic analysis is
somewhat simple and will sometimes overlook the more complex hydraulic
phenomenon. Hydraulics for routing reaches, for example, will typically involve a normal
depth approach using an eight-point cross section. This is perfectly acceptable in a
hydrologic sense and at many locations this approach will yield results that are adequate
for simple hydraulic evaluation. Thus, hydraulics for many of the smaller conveyance
features such as streets and some of the straight uniform channel reaches can be
evaluated from the hydrologic models. However, normal depth channel routing
hydraulics will generally tend to disregard the influence of culverts and other conveyance
anomalies. For this reason, the hydraulic analysis contained in the hydrologic models
should be used with caution when evaluating the potential for drainage and flooding
problems.

The focus of the Volume 2 Hydraulic Analysis is different than that of the hydrologic
analysis. Volume 2 is more of a pure hydraulic document that includes HEC-RAS
backwater model, normal depth channel hydraulics and culvert hydraulics. The normal
depth hydraulic analysis contained in Volume 2 is typically based on more detailed cross
section data than what was used in the hydrology models. Volume 2 is aimed at
assessing the hydraulic performance of the larger, more complex drainage features
found in the Scottsdale Road Corridor Drainage Master Plan study area to determine
their potential for drainage and flooding problems.

Discharges used in the Volume 2 hydraulic analysis were taken from Volume 1
hydrology. The hydraulic analysis documented here is intended to serve as a baseline
existing condition evaluation. Existing condition hydraulics will be used as the basis for
identifying drainage and flooding problems within the study area and to confirm the
known historic drainage and flooding problem locations. The hydraulic analysis will also
serve as the basis for the evaluation of drainage alternatives that will be developed later
in the study.

1 STANLEY CONSULTANTS, INC.
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The overall objectives of the Scottsdale Road Corridor Drainage Master Plan are to
evaluate and alleviate drainage problems and flooding conditions in the study area.
Originally, the focus area of the study was along the Scottsdale Road corridor from
Mountain View Road on the south to Thunderbird Road on the north, including the 71°
Street Channel. The focus area has since been expanded to cover the Berneil Ditch,
one of the major stormwater corridors in the Town of Paradise Valley.

A complete description of the study background and objectives is contained in the
existing conditions analysis of the final report prepared by Stanley Consultants (under
separate cover). Both the existing conditions analysis and the Volume 1 Hydrology
Analysis contain extensive descriptions of the study area’s physical character as well as
numerous references to and descriptions of relevant past drainage and hydrology
studies. It is recommended that the above documents be read for a complete
understanding of the Volume 2 Hydraulics Analysis report.

Study location and study arealvicinity maps (Figures 1 and 2) depicting the Scottsdale
Road Corridor Drainage Master Plan study area are included on Pages 3 and 4 of this
report. Figures 3 and 4 summarize the estimated existing condition 10- and 100-year
(respectively) HEC-1 peak discharges from the Volume 1 hydrology report. Figures 5
and 6 summarize the “with recommended alternative” condition peak discharges.

In addition to these figures, there are two exhibits in Appendix E that are useful in
understanding the overall physical nature of drainage and its conveyance in the
Scottsdale Road Corridor Drainage Master Plan study area. Exhibit 1 is a composite of
the USGS topography for the study area and Exhibit 2 shows the existing major
drainage facilities found in the study area. Exhibit 2 was assembled for this study based
on as-built drawings, quarter section maps, GIS data, past drainage studies and
extensive field reconnaissance. These exhibits are the same as those found in the
Volume 1 hydrology report.

2 STANLEY CONSULTANTS, INC.
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2.0 HEC-RAS HYDRAULIC MODELING

2.1 General Approach and Methods

Representative flow characteristics for the Berneil Ditch, Mountain View Channel and
71! Street Channel were modeled using the U.S. Army Corps of Engineers’ HEC-RAS
computer program Version 2.2. Inputs to the HEC-RAS program include channel cross-
section geometry, downstream reach length, Manning’s roughness coefficient “n” and
ineffective flow areas. The model for this system uses the Berneil Ditch as the main

channel with branches for the Mountain View Channel and the 71 Street Channel.

Two water surface profiles are included in the HEC-RAS model, profile number 1 (WS
PF 1) for the 10-year discharge and profile number 2 (WS PF 2) for the 100-year
discharge. Flow rates for these two profiles were taken from the existing condition HEC-
1 models contained in the Volume 1 Hydrology Analysis. The HEC-RAS model utilizes
junction loss options to account for the confluence of the Mountain View Channel and
71% Street Channel branches. Hydraulic cross sections for the HEC-RAS model are
based primarily on field survey data gathered by Stanley Consultants. This data was
supplemented by as-built plans and field reconnaissance.

There was no overall topographic survey available along the channel reaches that would
be suitable to accurately delineate limits of overflow. The backwater analysis was not
intended to establish any floodplain limit for flood insurance or floodplain management
purposes. The objectives of the HEC-RAS backwater analysis were to establish a
baseline existing hydraulic condition, to assess the location, extent and character of any
hydraulically deficient reaches and to serve as the basis for alternatives analysis.

The hydraulic analyses found in previous studies for the Berneil Ditch, Mountain View
Channel and 71% Street Channel are typically simple, normal depth hydraulics. No
backwater analysis has been found from any previous study for any of these features.

Figure 7 on the following page is a schematic showing the locations of HEC-RAS cross-
sections along the Bemneil Ditch, Mountain View Channel and 71 Street Channel.
Figure 7 is also found at a full size scale of 1" = 500’ in Appendix E. Figure 7 serves as
the basis for both existing condition and alternative analysis HEC-RAS models. HEC-
RAS electronic files on diskette are also found in Appendix E.

Appendix A contains supporting data related to the existing condition HEC-RAS
hydraulic analysis of the Berneil Ditch, Mountain View and 71% Street Channels.
Appendix B includes existing condition HEC-RAS output files and cross-section plots.
Appendix D includes the HEC-RAS model corresponding to the recommended
alternative.
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2.2 Berneil Ditch Characteristics

The Berneil Ditch has evolved over many years to its present state. Historic accounts
indicate that it is likely to be more than 50 years old and may have originated as a
combined earth channel and levee intended to protect the old Folkman Ranch from
flooding. Its original construction was probably a local, perhaps private effort. No
documentation of its original design, hydrology or hydraulics has been found. Its
apparent age would be from an era when the offsite contributing area extended all the
way north to the McDowell Mountains and when the Indian Bend Wash was largely
uncontrolled.

The Berneil Ditch is situated at the downstream end of the Scottsdale Road Corridor
Drainage Master Plan study area and is approximately 8,500 feet in length. The
upstream limit of the ditch is at the southwest corner of the intersection of Scottsdale and
Mountain View Roads where an existing double barrel - 8’ x 3’ concrete box culvert
(CBC) discharges flow from the contributing drainage area east of Scottsdale Road.

From Scottsdale Road, the Berneil Ditch flows west along Mountain View Road (and the
Mountain View Road alignment) to about the 68" Street alignment. From this location,
which is near the southwest corner of Chaparral High School, the Berneil Ditch turns and
goes straight south for a distance of approximately 850 feet. The ditch then turns and
goes straight west for a distance of approximately 1,260 feet. There, it turns south again
and follows roughly the 66" Street alignment all the way to the Indian Bend Wash, which
is the downstream limit of study.

The Berneil Ditch has a trapezoidal cross section for its entire length. From Scottsdale
Road to its confluence with the Mountain View Channel, the Berneil Ditch has a primarily
earth section with short segments of concrete lining at some of the tributary inflow
points. The earth reach has virtually no landscape or visual aesthetic amenities. A
perennial growth of weeds and native vegetation is present along its bottom in this
reach. At the confluence with the Mountain View Channel, the Berneil Ditch transitions
into a wider concrete-lined cross section and maintains this configuration all the way to
the Indian Bend Wash.

Sub-reaches of the Berneil Ditch are generally straight and uniform but there are three
relatively tight right angle bends in the study reach. A six barrel — 10’ x §’ CBC conveys
flow under Double Tree Ranch Road. Double Tree Ranch Road has a high point in its
profile where it passes over the Berneil Ditch. The bottom of the Berneil Ditch drops
approximately 4 feet in elevation just below the Double Tree Ranch Road culvert.

Generally, the flow line profile of the Berneil Ditch is well below the adjacent ground
elevation. However, the south banks along both of the east-west reaches are elevated
slightly, ranging from a few tenths to about 1.5 feet above adjacent grade. The east side
of the 66™ Street alignment of the Berneil Ditch south of Double Tree Ranch Road is
also elevated above adjacent grade forming a levee averaging about 2 to 3 feet in
height.

The earth portion of the Berneil Ditch along the Mountain View Road alignment ranges in
depth from about 5 feet to about 7 feet and has a bottom width of about 20 feet and side
slopes of about 4H to 1V. The concrete lined reaches of the Berneil Ditch average about
8 feet in depth with a bottom width of approximately 30 to 35 feet and side slopes of
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about 3H to 1V. The longitudinal slope of the channel bottom ranges from about 0.1 to
0.3 percent with the greater slopes occurring in the north-south alignments and the
flatter slopes occurring in the east-west reaches.

The predominant fall and direction of flow for this region of the Scottsdale Road Corridor
Drainage Master Plan study area is from north to south. The two east-west sub-reaches
of the Berneil Ditch essentially cut across the predominant slope.

There is a gravel surfaced maintenance access road along the entire length of the
Berneil Ditch on its south and east sides. Vehicular access to the maintenance road is
limited but the road does serve as a local and fairly well established multi-use
pedestrian/equestrian trail. Residential lots back up onto the Berneil Ditch along its
entire length except on the north side of the sub-reach along Mountain View Road.
Many of the residential lots have masonry block fences adjacent to the ditch. The
Berneil Ditch is located entirely within the Town of Paradise Valley on a tract of land
owned and maintained by the Town.

Drainage flows into the Berneil Ditch at many locations. The largest inflow points occur
in the upper reach of the ditch and are located at the culvert under Scottsdale Road, the
71% Street Channel, the Reed Road (70" Street) storm drain and the Mountain View
Channel. Local drainage flows into the ditch at other locations between Mountain View
Road and Double Tree Ranch Road. From Double Tree Ranch Road to the Indian Bend
Wash, there is essentially no inflow to the ditch.

It is unknown what the original design discharge was for either the Berneil Ditch or the
culvert at Double Tree Ranch Road. The Paradise Valley, Scottsdale, Phoenix (PVSP)
Study from the late 1970’s estimated a 100-year “with project” discharge for the Berneil
Ditch of about 4,000 cfs. However, the suggested design discharge for the Berneil Ditch
from the PVSP Study was only 2,000 cfs based on the limited combined capacity of its
two primary upstream tributary channels, the 71% Street Channel and the Mountain View
Channel. The significance of the PVSP Study to the Scottsdale Road Corridor Drainage
Master Plan is discussed in more detail in Volume 1 hydrology.

The existing condition 100-year HEC-1 discharges for the Berneil Ditch from Volume 1
hydrology range from 215 cfs at the Scottsdale Road box culvert (HEC-1 I.D. AD055C),
the upstream limit, to 2981 cfs at the Indian Bend Wash (HEC-1 1.D. RR070A), the
downstream limit.

Photo plates on the following pages depict representative reaches of the Berneil Ditch.
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PHOTO PLATE 1
Berneil Ditch looking downstream (south) just below Doubletree Ranch Road.

3&,': ==

PHOTO PLATE 2
Berneil Ditch looking at the upstream face of the box culvert at Doubletree Ranch Road.
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PHOTO PLATE 3
Berneil Ditch looking upstream (east) near the middle bend. Block wall along top of
south bank was recently constructed by Town of Paradise Valley to contain flow.

PHOTO PLATE 4
Berneil Ditch looking upstream (east) along the Mountain View Road alignment. 71%
Street Channel enters from left near middle of photo.
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2.3 Mountain View Channel Characteristics

There has been no reference found in past studies to a specific name for the channel
that runs along the Mountain View Road alignment from Invergordon Road to the Berneil
Ditch. It was generally referred to as part of the Berneil Ditch system in the PVSP Study
from the late 1970’s. For the purposes of the Scottsdale Road Corridor Drainage Master
Plan, it will be referred to as the “Mountain View Channel”.

Also, for this study, the channel along Invergordon Road/64™ Street will be referred to as
the “Invergordon Road Channel” south of the Mountain View Road alignment in the
Town of Paradise Valley. North of the Mountain View Road alignment in the City of
Scottsdale, it is referred to as the “64™ Street Channel”. It is unknown exactly when the
Mountain View and Invergordon Road/64™ Street Channels were constructed but from
historic accounts and recollections, they are probably at least 30 years old. Their origins
go back to when the offsite contributing area was not only much larger (prior to
construction of the Central Arizona Project Canal) but was also largely undeveloped.

The length of the Mountain View Channel is approximately 2,500 feet. The entire length
of channel has a concrete lined trapezoidal section. The upstream limit of the channel is
at the Invergordon Road/64™ Street Channel. The Mountain View Channel runs from
west to east along the Mountain View Road alignment. It outfalls to the Berneil Ditch at
about the 68™ Street alignment near the southwest corner of Chaparral High School.
The Mountain View Channel has a relatively tight right angle bend to the south where it
joins the Berneil Ditch.

The depth of the Mountain View Channel ranges from about 4 to about 7 feet. The cross
section has a bottom width that ranges from about 6 to about 10 feet and side slopes of
about 2H to 1V. The Mountain View Channel has a relatively uniform longitudinal slope
of approximately 0.4 percent. Like the east-west reaches of the Berneil Ditch, the
Mountain View Channel cuts roughly perpendicular across the predominant local slope
and direction of flow. Generally, the Mountain View Channel is straight and uniform.
However, there are 5 locations along the channel where sewer manhole shafts project
up from the channel bottom and out from the channel side, presenting a moderate local
obstruction to flow.

The Mountain View Channel essentially lies entirely within the Town of Paradise Valley
on private property. The channel is located in a combined drainage channel, roadway
and utility easement that totals 30 feet in width. The channel crosses the rear yards of
the residential lots in the Primrosa Subdivision on the north side of Caron Drive. It is
presumed that any maintenance of the Mountain View Channel is provided either by the
Town of Paradise Valley or by a residential property owners association.

Residential land use adjoins both sides of the Mountain View Channel. The residential
lots that the channel crosses all have masonry block fences along the channel’s south
bank that provide a physical separation between the channel and the rear yards. These
block fences would form a substantial barrier if any overflow occurs along the Mountain
View Channel.

An overflow weir is constructed on the south bank of the Mountain View Channel
approximately 500 feet upstream from its confluence with the Berneil Ditch. The
overflow weir is located opposite the point where 67™ Street discharges stormwater into
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the Mountain View Channel from the north. The overflow weir is approximately 25 feet
long with a bottom elevation that is approximately 5.5 feet above the flow line of the
Mountain View Channel.

There was no documentation found that explains the concept and intent of the overflow
weir. The location of the weir may be on the historic flow path that served as the outfall
for the drainage coming down 67" Street prior to construction of the Mountain View
Channel and the Primrosa Subdivision south of it. If flow were to escape the Mountain
View Channel at the weir, it would enter a shallow landscaped channel on the adjacent
residential lot, flow south a short distance to Caron Drive then east in Caron Drive to the
Berneil Ditch. There does not appear to be any drainage easement across the
residential lot where the weir on the south bank is located.

One of the most unique and significant hydraulic features in this system is a concrete
flow split structure located at the upstream end of the Mountain View Channel. This
structure projects out into and a short distance upstream (north) on the Invergordon
Road/64™ Street Channel. It appears that the intent of the structure is to split the
stormwater flowing south in the 64™ Street Channel 50/50. Half of the flow would
continue south in the Invergordon Road Channel and the other half would be diverted
east to the Mountain View Channel and the Berneil Ditch. The flow split structure was
apparently in place prior to the PVSP Study, which refers to it as the “Berneil bifurcation
works”. The hydrology in the PVSP study assumed a 50/50 split at this location.

The concrete flow split structure appears to have been intended to maintain the
perceived flow pattern that existed at the time it was constructed. However, its hydraulic
and hydrologic concept and design have not been very extensively documented in
previous studies. The PVSP study simply acknowledges the structure and concludes
that the “project/no project” conditions are identical.

There is no detailed hydraulic analysis performed for the concrete flow split structure in
the Scottsdale Road Corridor Drainage Master Plan study. From both a hydrologic and
a hydraulic standpoint it is basically assumed, as in past studies, that it would achieve a
50/50 flow split. In addition, this 50/50 proportion has been assumed to be constant over
the entire range of flows that would approach the structure from the north.

In reality, this may not exactly be the case. Based on site reconnaissance, survey data
and hydraulic judgment, the actual proportion may vary from event to event and also
with the level of flow. The proportion of flow that is split would be influenced by debris
that may catch on the leading edge of the concrete splitter wall. It is also likely to be
influenced by local hydraulic losses and backwater effects that would occur on each side
of the splitter wall downstream from its leading edge.

On the east side of the splitter wall, the sharp bend and backwater effect from the
Mountain View Channel would probably combine to reduce the capacity on that side.
This could potentially result in a greater proportion of flow continuing to the south. In
addition, during extreme events, it is possible that the splitter wall could be overtopped
which would also send a larger proportion of flow to the south.

Based on the above observations, it is considered unlikely that the discharge directed to
the Mountain View Channel would be greater than 50 percent of the total flow coming
down the 64™ Street Channel approaching the flow split structure. Conversely, it is
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considered more likely that greater than 50 percent of the flow approaching the concrete
flow split structure would continue south along the Invergordon Road Channel.

Storm runoff enters the Mountain View Channel from the north at essentially six
locations: the Invergordon Road/64™ Street Channel, a local drainage channel just east
of 64™ Street that drains 64" Place, at 65" and 66" Places and at 67™ and 68" Streets.
It is unknown what the original design discharge was for the Mountain View Channel.
The PVSP Study mentions a discharge of 600 cfs but it is unclear whether this is an
estimated hydraulic capacity or an estimated inflow based on PVSP hydrology.

The existing condition 100-year HEC-1 discharges for the Mountain View Channel from
Volume 1 hydrology range from 359 cfs just east of the concrete flow split structure on
the Invergordon Road Channel (HEC-1 I.D. DV067C) to 1,379 cfs at its confluence with
the Berneil Ditch (HEC-1 I.D. ADOS8B).

Photo plates on the following pages depict the Mountain View Channel and the concrete
flow split structure at the Invergordon Road Channel.
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PHOTO PLATE 5
Mountain View Channel looking upstream (northwest) at the confluence with the Berneil
Ditch (in foreground).

PHOTO PLATE 6
Looking south across Mountain View Channel at weir structure near 67" Street
alignment.
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PHOTO PLATE 7
Mountain View Channel looking upstream (west) from about its mid point.

PHOTO PLATE 8

Upstream end of Mountain View Channel looking downstream (east) across flow split
structure at Invergordon Road Channel.
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2.4 71°% Street Channel Characteristics

The downstream limit of the 71%' Street Channel is the Berneil Ditch just below Mountain
View Road, approximately 600 feet west of Scottsdale Road. The channel essentially
follows the 71 Street alignment for its entire length. For purposes of the Scottsdale
Road Corridor Drainage Master Plan study, the upstream limit of the 71° Street Channel
is Cactus Road. The total length is approximately 8,000 feet.

The 71% Street Channel conveyance ranges widely in cross-section geometry,
longitudinal slope and surface treatment. Sub-reach configurations include numerous
concrete lined rectangular, trapezoidal and triangular shaped sections. There are also
trapezoidal earth sections, ranging from modestly to nicely landscaped and an inverted
crown street section. The level of condition and maintenance also varies widely.

From the Berneil Ditch north to Gold Dust Avenue, the 71 Street Channel is a fairly
wide, nicely landscaped channel where it passes thru the Acacia Creek Apartment
complex. Between Gold Dust Avenue and Shea Boulevard, it is a deep, steep-sided
concrete lined channel designed for maximum conveyance in a very narrow corridor .

From Shea Boulevard to Sahuaro Drive the concrete lined open channel that existed at
the beginning of the study has recently been replaced by a 12’ x 9’ concrete box culvert
extension. The existing condition HEC-RAS model in Appendix B reflects the old
concrete lined channel in this reach. The “with recommended alternative” condition
HEC-RAS model in Appendix D reflects the concrete box culvert extension.

From Sahuaro Drive to a point about 300 feet north of Mescal Street, the 71 Street
Channel is a moderately landscaped, mostly earth channel with loose rip-rap lining
portions of it. And from north of Mescal Street to Cholla Road, the channel is a shallow
paved alley with the outfall pipe from the Cactus Park detention basin running
underneath it.

Cholla Street is simply a dip crossing with no culvert. From Cholla Street north to Cortez
Street, the 71%' Street Channel actually consists of 71% Street itself, which has an
inverted crown. From Cortez Street to Sunnyside Drive, the channel is no more than a
paved alley, very shallow and narrow in section. And from Sunnyside Drive north to
Cactus Road, the channel is concrete lined with steep sides. This upper-most reach is
one of the outfalls constructed for the Cactus Road storm drain improvements. The
channel takes a relatively tight bend around an existing single-family residence just
south of Paradise Drive.

Generally, sub-reaches of the 71% Street Channel tend to be fairly straight and uniform in
a horizontal sense with occasional offset transitions in alignment to conform to property
lines and avoid certain improvements that existed prior to the channel. The existing
channel probably follows an historic, wide shallow flow path that gradually became more
and more defined and confined as the adjacent land developed.

When viewed from an overall perspective, there appears to be very little continuity in the
character, design and hydraulic performance of the 71% Street Channel. The form of
each channel sub-reach seems to reflect the character of the adjacent land use, which
ranges from commercial and office to single and multi-family residential. Each of the
channel sub-reaches seems to vary significantly from its adjacent sub-reach as if the
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channel were really just a loose collection of very differing conveyances placed end-to-
end.

The channel flows from north to south, which is the predominant direction of slope and
drainage in the Scottsdale Road corridor area. Sub-reaches generally have a fairly
uniform longitudinal slope. The overall slope from Cactus Road to the Berneil Ditch is
about 0.6 percent. Side slopes range from near vertical to flatter than 4H to 1V. The
depth of the channel ranges from about one foot to over 8 feet. Bottom widths are as
little as one foot and top widths range upward to over 50 feet.

For the most part, the 71% Street Channel is entirely below the adjacent grade except for
a portion of the upper-most reach, which has hardened banks that are built up above
ground. The overbank area adjacent to most of the 71% Street Channel is relatively flat.
Along the channel just above Shea Boulevard, the west overbank falls slightly away from
the channel and Shea Boulevard actually has a longitudinal slope that falls from east to
west where it crosses over the channel. These conditions present the potential for a
very wide shallow overbank floodplain adjacent to the channel or even breakout to a
parallel flow path if the 71% Street Channel or any of its culvert capacities are exceeded.

There are a total of eight culvert crossings on the 71% Street Channel. Table 1 that
follows provides the location and configuration of these culverts.

Table 1, 71% Street Channel Culverts

Skew Aniale Downstream
Location Configuration Length (ft) (de reeg) Skew
9 Direction
Mountain View W .
Road 3 —-8x6 82 10 Right
Acacia Creek A
Apartments 4-12'x4 50 0 -
Gold Dust . .
Averiie 3—-8x5 93 30 Right
Cochise Road 2 — 8'x6’ 70 0 -
Shea A BT
Boulevard 1-10'(12")x9 341 30 Left
Sahuaro Drive 3-10’x5 60 0 -
Mescal Street 2—10'x6’ 30 0 -
Paradise Drive 2-10x3’ 83 0 -

The culvert originally constructed under Shea Boulevard has been extended three times
on its upstream end. The original culvert was a skewed 10’ x 9’ concrete box and the
extensions are all 12’ x 9’ boxes that are more or less oriented in a north-south direction.
The first culvert extension was done in the early 1980’s as part of the PVSP project,
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jointly sponsored by Flood Control District and the City of Scottsdale. The second
extension of the Shea Boulevard culvert was done in mid 1990’s as a private venture to
provide room for more parking spaces for an adjacent restaurant.

And as mentioned previously in this section, this culvert was extended again, just
recently. The latest extension was done to provide additional parking for the new Claim
Jumper restaurant in the Scottsdale Promenade 7000 retail center. The latest extension
makes the total length of the culvert nearly 800 feet.

Construction of the 71 Street Channel and its cross culverts has taken place in many
phases over about the last 30 years. Some of the improvements are private and some
public. Most of the channel is situated on private property. All but one of the culverts is
situated in public right-of-way. Drainage easements only cover part of the channel. For
the most part, maintenance, repairs and minor improvements have been performed by
the City of Scottsdale.

Storm runoff enters the 71% Street Channel at many, many locations from the north, east
and west. The primary inflow points involve both surface inflow and storm drains.
Primary inflow occurs from the following:

The Cactus Road storm drain;

70™ Street surface flow just south of Gary Road;

The Cactus Park detention basin outfall pipe just north of Mescal Street;
The Scottsdale Road storm drain at Mescal Street;

The Mescal Park detention basin outfall pipe just below Mescal Street; and,
Storm drains in Shea Boulevard from both the east and west.

In addition, there are dozens of smaller more local inflow points consisting of small
diameter storm drains serving adjacent private development and surface inflow from
public streets and private driveways.

The original design discharge for the 71% Street Channel is unknown. Much of the
original channel and some of the original culverts pre-date the PVSP Study. The PVSP
Study concludes that a “with project” design discharge of 1,100 cfs should be used for
the design of (then) future 71 Street Channel and culvert improvements. However, the
estimated “with project’ flow rate downstream from Mescal Street based on PVSP
hydrology is 1,200 to 1,300 cfs.

The upper-most reach of the 71 Street Channel was designed on the basis of a 10-year
discharge of 200 cfs as part of the Cactus Road storm drain outfall project constructed in
the early 1990’s. The design discharge for the lower-most reach recommended in the
Shea Scottsdale Master Plan in the mid 1980’s is around 1,700 to 1,800 cfs.

The 100-year HEC-1 discharges for the 71%' Street Channel from Volume 1 hydrology
range from 1,105 cfs at Cactus Road (HEC-1 |.D. AD026) to 1,614 cfs below the Mescal
Park detention basin outfall pipe (HEC-1 I.D. AD037D) to 1,751 cfs at the confluence
with the Berneil Ditch (HEC-1 I.D. AD051).

Photo plates on the following pages depict various sub-reaches and culverts found along
the 71 Street Channel.
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71% Street Channel looking upstream (north) from a point just north of the Mountain View
Road culvert within the Acacia Creek Apartment complex.

PHOTO PLATE 10
71° Street Channel looking upstream (north) from Cochise Road. Outlet of Shea
Boulevard culvert is at far end of reach.
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PHOTO PLATE 11
71°% Street Channel looking downstream (south) at inlet of extended Shea Boulevard box
culvert. Openingis 12’ x 9.

PHOTO PLATE 12
71% Street Channel looking downstream (south) from Mescal Street.
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PHOTO PLATE 13
71 Street Channel looking upstream (north) from a point about 600 feet south of Cholla
Road. 60” outfall pipe from Cactus Park detention basin is under channel.

PHOTO PLATE 14
71% Street looking upstream from just north of Cholla Road. Inverted crown street
section serves as sole means of conveyance in this reach.
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PHOTO PLATE 15
71% Street Channel looking upstream (north) from Cortez Street.

PHOTO PLATE 16
71 Street Channel looking upstream from Sunnyside Drive.
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2.5 Downstream Starting Conditions

A subcritical flow regime and normal depth slope of 0.0027 ft/ft were used for starting
downstream conditions in the Berneil Ditch at the Indian Bend Wash. A water surface
elevation based on the November 1997 Indian Bend Wash Floodplain Delineation Study
was known, but not used as a downstream condition because it is unlikely that peak
discharges would be coincidental in time at the confluence of these two watercourses.

In addition, according to the Indian Bend Wash Study, the calculated 100-year water
surface elevation for the Indian Bend Wash immediately downstream of the Berneil Ditch
outfall is 1,315.3 feet with floodway encroachments. The HEC-RAS computed Berneil
Ditch 100-year, 6-hr normal depth water surface elevation at the Indian Bend Wash
outfall is equal to 1,316.3 feet. Therefore, using the normal depth starting conditions
provides more conservative upstream flow depths than would the Indian Bend Wash
water surface elevation as the starting condition.

Excerpts from the Indian Bend Wash Floodplain Delineation Study pertaining to the
starting conditions in the Berneil Ditch are presented in Appendix A. Modeling
guidelines regarding starting water surface conditions is provided by FEMA Guidelines
and Specifications for Study Contractors, January 1995 and is also presented in
Appendix A.

2.6 Cross Section Geometry Data

Flow depths were computed at perpendicular HEC-RAS hydraulic sections along each
reach. Sections were obtained from SCI survey data, as-built plans and field
reconnaissance. Sections were taken to reflect variations in channel geometry,
discharge rate and the numerous culverts found along the study reaches. Hydraulic
Sections are defined by data points oriented from left to right and looking downstream.
Transverse stationing increases left to right. Transverse station 1,000 represents the
channel centerline.

Longitudinal “river mile” stationing increases upstream and reflects the distance in feet
upstream from the downstream limit of each respective reach. The Berneil Ditch
downstream limit river station is 100+00. The Mountain View Channel downstream limit
river station is 200+00 and begins at the Berneil Ditch. The 71% Street Channel
downstream limit river station is 300+00, also beginning at the Berneil Ditch. Vertical
control for cross-sections and longitudinal profiles is based on SCI survey data, which
utilizes the North American Vertical Datum of 1988 (NAVD 88).

2.7 Manning’s Roughness and ExpansionlCon}raction Coefficients

Manning’s n-values for each reach were estimated from field reconnaissance and
hydraulic engineering judgment. Also, n-value references were made to Roberson and
Crowe’s “Engineering Fluid Mechanics” and the USGS “Estimated Manning’s
Roughness Coefficients for Stream Channels and Flood Plains in Maricopa County
Arizona”.

Manning’s roughness coefficients for channels ranged from 0.016 for streets to 0.035 for
landscaped earth channels. Manning’s roughness coefficients for overbanks ranged
from 0.016 for ally-ways and parking lots to 0.100 for overbank areas having substantial
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obstruction to flow. A final field reconnaissance of the Berneil Ditch, Mountain View
Channel and 71 Street Channel by Stanley Consultants to verify roughness coefficients
at each section took place October 3, 2001.

Expansion and contraction coefficients were applied where flow constrictions or
expansions were present or where flows approach and leave structures. Expansion
coefficients ranged from 0.3 for uniform conditions to 0.5 for sections upstream and
downstream of culverts. Contraction coefficients ranged from 0.1 for uniform conditions
to 0.3 for sections upstream and downstream of culverts.

2.8 Ineffective Flow Areas

Ineffective flow areas are modeled at various sections where overbank conditions would
provide minimal conveyance. Objects within the overbank area that would impede
conveyance include masonry block fencing, trash dumpsters, parked cars, thick
vegetation and extended loading/unloading docks within ally-ways. Ineffective flow
areas are typically reflected in channel geometry by truncating the beginning or end of a
hydraulic section.

2.9 Culverts

Eight culvert crossings are modeled in the 71! Street Channel. One culvert crossing is
modeled in the Berneil Ditch. HEC-RAS input data includes culvert type, length,
upstream and downstream invert elevations, deck width, entrance and exit loss
coefficients and weir coefficient. Data for culverts were obtained from SCI surveys, field
reconnaissance and/or as-built drawings. Typically, there was no adjustment in culvert
geometry to account for potential debris clogging at any culvert. Culvert crossings range
widely in size, length and number of barrels. No two culverts were alike. A roughness
coefficient of 0.013 was used for all culverts. A culvert hydraulics report is provided in
the HEC-RAS printout in Appendix B.

The HEC-RAS model for the recommended system-wide alternative was modified from
the existing condition model to reflect not only the recommended alternative
improvements but also the extended box culvert at Shea Boulevard mentioned
previously. Due to its length, angle points and change in geometry, the extended culvert
was modeled using a StormCADD hydraulic grade line analysis with the results being
inserted into HEC-RAS. The supporting data for this analysis is included in Appendix D.

2.10 Calibration

The Flood Control District of Maricopa County installed a combination rain and stream
gauge along the east bank of the Berneil Ditch (Sensor ID #4685 and 4688, respectively)
approximately 1,000 feet downstream from the Double Tree Ranch Road culvert
crossing. The gauge was installed July 30, 1998. The stream gauge uses a pressure
transducer to estimate the flow depth within the channel. The discharge associated with
a given flood depth is then calculated using a depth versus discharge rating curve.

As long as the flow in the Berneil Ditch is not concurrent with any significant flow in the
Indian Bend Wash, the normal depth rating curve for the gage should provide reliable
and predictable estimates of discharge. This gage can potentially be used to calibrate
the HEC-1 hydrology model. Eventually, with enough years of record, it could provide a

28 STANLEY CONSULTANTS, INC.
Q:\15586\Final\Hydraulics\Hydraulic Documents\finalHYDRAULICS rev01.doc SCI #15586



statistical database for use in hydrologic calibration. However, it cannot be used for any
hydraulic calibration regardless of the record length.

2.11 Application of HEC-1 Discharges

HEC-RAS discharges and flow change locations were intended to reflect variations in
discharge rates obtained from the 10- and 100-year, 6-hour existing conditions HEC-1
models. Typically, the peak discharge from the downstream concentration point was
used as the discharge for the entire length of the respective upstream sub-reach. This
provided a more conservative flow depth because the downstream discharge is always
equal to or greater than the upstream discharge.

Two exceptions to this approach are the Berneil Ditch discharge upstream from its
confluence with the 71% Street Channel and the Mountain View Channel discharge
upstream from the 67" Street alignment. The upstream discharge is used for these two
exceptions since there is no concentration point to reflect local inflow for these upper
reaches.

2.12 Special Modeling Problems

Hydraulic modeling of the Berneil Ditch, Mountain View Channel and 71% Street Channel
was challenging for a number of reasons. The primary challenges involved the
following:

e Junction losses at the Mountain View Channel and 71%' Street Channel
confluences with the Berneil Ditch;

e The culvert crossing located at Shea Boulevard; and,

e The water surface superelevation likely to occur at the right angle bends in the
Berneil Ditch.

The fact that there was no comprehensive topography along these reaches also made it
difficult to interpret the HEC-RAS results in terms of estimating the extent and depth of
overbank flooding. ‘

2.12A Junction Losses

The two confluences with the Berneil Ditch were modeled as junctions in HEC-RAS. At
each junction, the momentum equation was applied due to the likelihood that the
tributary angles would cause significant energy losses. The momentum equation option
allows for the angle of the tributaries entering or exiting the junction to be modeled. In
addition, the momentum equation option is capable of calculating friction losses at each
junction.

The tributary angles that were chosen for the model reflect the angle of the flow path at
each confluence. The larger the angle, the sharper the channel bends and the larger the
energy loss. The Mountain View Channel confluence with the Berneil Ditch has a
particular problem in that both the Mountain View Channel and Berneil Ditch have sharp
bends toward the south immediately upstream of the confluence. Hydraulic losses are
occurring due to the flow combination and the bends. It is difficult to precisely model the
dynamic hydraulic process that is taking place at such a complex junction.
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The 71 Street Channel is oriented approximately 90 degrees to the Berneil Ditch.
However, the sharp bend at the confluence is reduced somewhat by the skew of the
Mountain View Road Culvert and the orientation of the wing walls at the culvert outlet.
Based on field reconnaissance and judgment, the junction angle used in the HEC-RAS
model at both the Mountain View Channel and 71% Street Channel confluences with the
Berneil Ditch was chosen to be 45 degrees.

2.12B Shea Boulevard Culvert

The culvert crossing at Shea Boulevard presents another challenge for HEC-RAS. The
original culvert installed to convey flow from the 71% Street Channel under Shea
Boulevard was a single barrel - 10’ x 9’ concrete box. With the first two of the three
culvert extensions mentioned previously, approximately 200 linear feet of single barrel -
12’ x 9’ concrete box was added to make a total length of approximately 340 feet. This
is the condition that existed at the beginning of the study. Then, the third extension,
which was just recently completed, added about another 450 feet for a total of almost
800 feet.

In addition to the change in culvert cross-section geometry and added length, the
extended culvert has two bends near its mid point. There are also four storm drain pipes
ranging in size from 18” to 30" that enter the culvert near the north side of Shea
Boulevard and one 48” culvert that discharges through the wing wall at the downstream
end of the culvert. All of these features would potentially result in additional hydraulic
losses at the culvert.

Since HEC-RAS cannot model a change in barrel geometry, the smaller 10’ x 9’ CBC
was modeled in HEC-RAS for the entire 340-foot length of the culvert that existed at the
beginning of the study. In addition, HEC-RAS is not capable of modeling culverts at a
skewed angle relative to the flow direction, a culvert with a bend and the additional
losses associated with side inflow. The associated hydraulic losses due to the bends
and the side inflow are not accounted for in the existing condition HEC-RAS model.
Therefore, the HEC-RAS model probably reflects greater efficiency than would actually
exist, making the resulting existing condition flow depths a little less conservative than
they really are. As mentioned in Section 2.9, the analysis of this culvert was modified for
the recommended alternative model using a hydraulic grade line approach.

2.12C Superelevation

HEC-RAS is designed to perform one-dimensional hydraulic calculations. This one-
dimensional limitation does not account for superelevation differences that are
transverse to the direction of flow at bends. In addition to the bend located at the
confluence with the Mountain View Channel, the Berneil Ditch has two other bends. It is
probable that the water surface elevation on the outside of each bend will be higher than
on the inside. Based on the Drainage Design Manual for Maricopa County, Volume II,
Hydraulics, Equation 6.9, the estimated increase in water surface elevation at a typical
bend in the Berneil Ditch is approximately 3 feet. The superelevation calculation is
included in Appendix A.
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2.13 HEC-RAS Results - Berneil Ditch

According to the existing condition HEC-RAS results, the Berneil Ditch sub-reach along
Mountain View Road between Scottsdale Road and the confluence with the 71%' Street
Channel will experience overtopping of both the north and south banks during the 100-
year flood event and overtopping of the south bank during the 10-year flood event.

The HEC-RAS results also indicate that the Berneil Ditch sub-reach from the confluence
with the 71 Street Channel to the confluence with the Mountain View Channel will
experience overtopping of both north and south banks for the 100-year event. The 10-
year peak discharge is conveyed through this sub-reach without overtopping either the
north or the south bank.

Overtopping of these two sub-reaches of the Berneil Ditch seems to correlate, at least in
location, with what was anticipated from previous studies and with historic flooding in the
area. The PVSP Study, for example, makes numerous references to the potential for
overflow along the Berneil Ditch, even with the recommended PVSP features in place.

In addition, the Flood Insurance Rate Map (FIRM) panel for this area indicates a shallow
flood zone south of Mountain View Road that extends all the way down to the Indian
Bend Wash. The current FIRM panel indicates a shaded Zone “X” for the area south of
Mountain View Road corresponding to the anticipated overflow. The older FIRM panel
(April, 1988) that was superseded by the current one (July, 2001) shows this as a Zone
“B”. This appears to have originated based on an approximate flood zone delineation
from a flood insurance study performed by consultant PRC Toups. Figure 8 on the
following page is a partial copy of the older FIRM panel depicting both the shallow flood
zone and the approximate Zone “A” for the Berneil Ditch from the PRC Toups study.

And last, gGround level drainage openings were constructed in the residential fences of
the Cypress Creek subdivision along the south bank of the Berneil Ditch. This indicates
that overflow was anticipated, probably based on data from the PRC Toups study and
the associated shallow flood zone on the FIRM panel. A copy of the Cypress Creek
drainage report could not be located to confirm this. Many of the drainage openings in
the Cypress Creek fences have been filled in and blocked by homeowners using various
means.

According to Bill Mead, Public Works Director for the Town of Paradise Valley, the
Berneil Ditch overflowed its south bank along Mountain View Road in the mid 1990’s.
Shallow flooding from this event damaged residential structures in the Cypress Creek
subdivision immediately south of the upper Berneil Ditch including both newly
constructed homes and homes that were under construction. Flows that break out of the
Berneil Ditch along this reach drain through the residential area to the south in a shallow
unconfined manner. This flow reaches the Indian Bend Wash along numerous flow
paths and would not re-join the Berneil Ditch.

The discharge rate and return frequency associated with the overflow event of the mid
1990’s are unknown either in terms of the flow rate that the Berneil Ditch was able to
convey or the amount of flow that broke out over the south bank. The overflow event of
the 1990’s seems to support the HEC-RAS conclusions. However, since no flow rates
were known, it is not possible to establish any calibration of the HEC-RAS model or
provide any significant technical conclusions.
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The lowest average flow velocities for the unlined section of Berneil Ditch occur in the
reach from Scottsdale Road to the confluence with the 71 Street Channel. They are on
the order of 0.47 feet per second associated with a 100-year discharge. The maximum
flow velocity for the unlined section of Berneil Ditch from the confluence with the 71
Street Channel to the confluence with the Mountain View Channel is on the order of 0.82
feet per second associated with the 10-year discharge. According to the FCDMC
Hydraulics Manual, Volume I, the design velocity for any channel lining should not fall
below 2 feet per second in order to minimize sediment deposition problems. In addition,
the FCDMC manual suggests that drainage channels (earthen, no vegetation) with a
graded, silt-to-cobbles lining have permissible velocities no greater than 5.5 feet per
second to prevent erosion.

Based on the above suggested velocities, it is unlikely that severe scour will occur in the
section of Berneil Ditch from Scottsdale Road to the confluence with the Mountain View
Channel. However, sediment deposition may occur in the section of Berneil Ditch from
Scottsdale Road to the 71 Street Channel confluence. The vegetative growth in the
upper reach (earth section) of Berneil Ditch would also prevent scour and decrease
velocities, which could increase the potential for sediment deposition.

As seen from the HEC-RAS results, the entire sub-reach of the Berneil Ditch from its
confluence with the Mountain View Channel to the culvert at Double Tree Ranch Road
has sufficient capacity to convey the 10-year peak discharge without overtopping. The
culvert at Double Tree Ranch Road has at least a 10-year capacity. However, this reach
cannot convey the 100-year peak discharge and overtopping of both banks will occur.
This is apparently due to the backwater effect of the culvert at Double Tree Ranch Road
during the 100-year event. If flow breaks out of the Berneil Ditch upstream from Double
Tree Ranch Road, very little of it would return back to the channel south of Double Tree.
The flow that does not make it back into the Berneil Ditch would make its way to the
Indian Bend Wash through the adjacent residential area.

According to Bill Mead with the Town of Paradise Valley, the south bank of the Berneil
Ditch has overtopped around the outside of bend number 2, located near river station
150+41. Again, it is not known what rate of flow or return frequency is associated with
this event or how much flow broke over the south bank. It is also not known exactly
when the event occurred. The overflow event is consistent, at least in location, with the
results from the HEC-RAS model when combined with the results of the superelevation
analysis mentioned earlier. Shortly after the overflow occurred at this location, the Town
of Paradise Valley constructed about 200 feet of masonry block wall about 18" high
along the south bank just downstream from the bend to act as a flood wall.

As indicated by the HEC-RAS results, the Berneil Ditch sub-reach extending from
Double Tree Ranch Road to the Indian Bend Wash has sufficient capacity to convey
both the 10- and 100-year peak discharges without overtopping of either east or west
channel bank.

Again, as stated in the Volume 1 Hydrology Analysis, none of the potential breakouts
that might occur along the Berneil Ditch have been reflected in a hydrologic sense as
diversion steps in the HEC-1 model. Hydraulically, discharge in the Berneil Ditch
downstream from any of the potential breakouts is not reduced to account for the loss of
flow from the channel.
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2.14 HEC-RAS Results - Mountain View Channel

According to the HEC-RAS model, the Mountain View Channel has sufficient capacity to
convey the 10-year peak discharge without overtopping of either the north or south
channel bank. Overtopping of the north channel bank, and portions of the south bank,
occurs during the 100-year peak discharge throughout the entire length of channel.

The 10- and 100-year water surface elevations were reviewed at River Station 205+27,
corresponding roughly to the location of the weir on the south bank mentioned
previously. These water surface elevations are 1335.55 and 1338.80 feet, respectively.
The elevation of the weir is approximately 1,337 feet and it is located approximately 65
feet downstream from River Station 205+27. It appears that the 10-year water surface is
perhaps a foot or more below the weir elevation. However, it is possible that part of the
100-year flow could weir south to Caron Drive, which would then convey the flow to the
Berneil Ditch.

There is no historic record of overtopping at the weir on the Mountain View Channel.
And again, as stated in the Volume 1 Hydrology Analysis, the potential breakout that
might occur at this location is not reflected in a hydrologic sense as a diversion step in
the HEC-1 model. Hydraulically, the discharge in the Mountain View Channel
downstream from the weir is not reduced to account for weir flow.

2.15 HEC-RAS Results - 71! Street Channel

According to the existing condition HEC-RAS model for the 71* Street Channel, the
channel does not have sufficient capacity anywhere along the study reach to convey the
100-year peak discharge without overtopping its banks. Overtopping of the channel
banks also occurs for the 10-year peak discharge in several sub-reaches. These sub-
reaches include Cactus Road to Mescal Street, the reach from Cochise Road to Gold
Dust Avenue, and a section of channel upstream of the Mountain View Road culvert
crossing within the Acacia Creek Apartments.

None of the culvert crossings along the 71 Street Channel are able to convey the 100-
year peak discharge. This would result in overtopping of the roadways and significant
overbank flooding. The 10-year peak discharge is apparently conveyed by all culvert
crossings except for the Paradise Drive and Cochise Road crossings.

As mentioned previously, HEC-RAS is not capable of calculating losses due to the
culvert skew relative to the direction of flow. This implies that the actual water surface
elevation could be greater than the calculated water surface elevations at culverts with a
skew (see Table 1 in Section 2.4 for culverts with skew). Based on a typical culvert with
a skew, the increase in water surface elevation would be approximately 0.1 feet for both
the 10- and 100-year flood events. The calculation for estimating an increase in water
surface elevation due to a skewed culvert is provided in Appendix A.

There are many, many HEC-RAS cross sections that indicate neither the 10- or 100-year
flows are contained within the end points of the hydraulic section. Flows that are not
contained within the channel proper or within close proximity to the channel may break
away and find nearby parallel flow paths. During the 100-year event, it is possible that
70" Street from Sunnyside Drive to Cortez Street may carry a portion of the west
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overbank flow from the 71% Street Channel. It is also possible that flow overtopping the
culverts at Sahuaro Drive and Shea Boulevard may flow west to 70" Street then south.

There are no specific historic accounts of flooding or overtopping of channel banks along
the 71 Street Channel except as indicated by some of the attendees to the first public
involvement meeting for the Scottsdale Road Corridor Drainage Master Plan in May of
2001. According to local residents, the upper part of the study reach north of about
Cholla Road historically flooded on numerous occasions prior to construction of the
Central Arizona Project canal and its associated retention basins.
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3.0 NORMAL DEPTH AND CULVERT HYDRAULICS

Many of the smaller drainage corridors in the Scottsdale Road Corridor Drainage Master
Plan study area that are tributary to the Berneil Ditch, Mountain View Channel and 71*
Street Channel were analyzed using simple normal depth and culvert hydraulics. These
drainage corridors were typically broken up into sub-reaches, many of them
corresponding to routing reaches in the HEC-1 hydrology model. The following sub-
reaches were analyzed:

e 64" Street Channel from Gary Road to Shea Boulevard;

e 64" Street Channel from Shea Boulevard to the Mountain View Channel;

e Invergordon Road Channel from the Mountain View Channel to the Indian
Bend Wash;

e Scottsdale Road from Greenway-Hayden Loop to Thunderbird Road;

e Scottsdale Road from Thunderbird Road to the Confluence with the
Scottsdale Airport Detention Basin Outfall Channel;

e Scottsdale Airport Detention Basin Outfall Channel;

Scottsdale Road from the Scottsdale Airport Detention Basin Outfall

Channel to Sutton Drive;

Scottsdale Road from Sutton Drive to Sweetwater Avenue;

Scottsdale Road from Sweetwater Avenue to Cactus Road;

Scottsdale Road from Cactus Road to Mescal Street;

Continental Plaza Channel;

73" Street from Cactus Road to Sunnyside Drive;

Sunnyside Drive from 73" Street to Scottsdale Road;

76" Street from Thunderbird Road to Sweetwater Avenue;

Greenway Road from 78" Street to 76™ Street; and

Greenway Road from 76" Street to Greenway-Hayden Loop.

The hydraulic analysis presented here is not as detailed or comprehensive as the HEC-
RAS modeling but is a step above the analysis that is found in the HEC-1 hydrology.
The results of the combined normal depth and culvert hydraulics for each sub-reach are
discussed in Section 3.3. Typically, culverts are associated with each respective
upstream sub-reach in the way Section 3.3 is presented. And typically, photo plates
depicting the various channels and culverts follow each of the sub-sections in Section
3.3

3.1 Normal Depth Analysis — General Approach and Method

Representative normal flow depths for various drainage corridors were estimated using
Haestad Methods’ Flow Master version 6.1. Drainage corridors consist of both open
channels and roadway sections that behave hydraulically as open channels. In addition
to the surface flow conveyed by the street section, many of the roadway corridors also
have storm drain pipes beneath or next to them.

The 10- and 100-year, 6-hour peak discharges estimated from the existing condition
HEC-1 models were used in the following hydraulic analysis. For roadways with storm
drains, the discharge used in the analysis is typically the total discharge minus the just-
flowing-full capacity of the storm drain.
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Input data to Flow Master includes typical channel cross-section geometry, Manning’s
roughness coefficient “n” and channel slope. Manning’s n-values were estimated as
discussed previously in the HEC-RAS hydraulic modeling section. Channel slopes were
estimated from SCI survey data, field reconnaissance and/or as-built drawings.

Normal depth output data and cross-section plots are provided in Appendix C. All
normal depth sections are oriented from left to right looking downstream. The locations
of normal depth cross sections are indicated on Figure 9 on the following page.

3.2 Culvert Analysis — General Approach and Method

Hydraulic analysis was performed for culverts that were found in the normal depth
reaches listed in the previous section. Culvert hydraulic analyses were completed using
the FHWA HY-8, version 6.0 culvert analysis program. For tailwater conditions
downstream from culverts, channel cross-section, slope and Manning’s “n” values were
taken from the typical sections modeled in the normal depth calculations.

Culvert dimensions, lengths and slopes were typically based either on survey data, as-
built plans or field reconnaissance or a combination of all three. All culverts analyzed
were concrete and a Manning’s “n” of 0.013 was used in every case. HY-8 output
printouts are provided in Appendix C. Typically, the flow rate used in culvert hydraulic
analysis was the HEC-1 peak flow calculated at the downstream limit of each reach.
This flow rate corresponded to the discharge used in the normal depth hydraulics.

Typically, there was no reduction in cross section geometry or other adjustment to
account for the potential debris loading at the inlet of any of the culverts. This
assumption is similar to the culvert analysis performed as part of the HEC-RAS model.
Photo plates depicting the culverts that were analyzed are found on the following pages.
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3.3A Results - Normal Depth Section A and Shea Boulevard Culvert, 64™ Street
Channel from Gary Road to Shea Boulevard

This reach corresponds to routing reach RR0O67A in the HEC-1 model. The HEC-1
discharges used for the hydraulic analysis are 303 cfs and 987 cfs for the 10- and 100-
year flows, respectively.

It is unknown what the original design capacity was for the 64" Street Channel or the
culvert at Shea Boulevard. The PVSP Study appears to recommend improvements to
the channel based on a design discharge of 900 cfs. The PVSP Study also concluded
that based on field measurements, the capacity of the existing culvert at Shea Boulevard
was only 600 cfs. As a result, it was concluded in the PVSP Study that there would be a
flooding problem at that location.

The 64" Street Channel from Gary Road to Shea Boulevard has a trapezoidal section
with gabion-lined sides. Unconsolidated sediment consisting primarily of coarse sand
and gravel and small cobbles line the channel bottom. The channel left and right banks
are approximately 4 feet and 5 feet high, respectively. Channel side slopes are 1H:1V
and the bottom width is approximately 10 feet. The frontage road located on the east
side of the channel is approximately 25 feet wide and turns east at the Shea Boulevard.

Based on normal depth hydraulics, the bank-full capacity of the channel is approximately
520 cfs. The channel is capable of conveying a 10-year discharge with about 1-foot of
freeboard. However, overtopping of both banks will occur for the 100-year event
resulting in shallow overbank flow in the street sections adjacent to both sides of the
channel. ’

The profile of Shea Boulevard drops in elevation from west to east as it crosses over the
64™ Street Channel culvert. This may result in a portion of any flow that overtops either
the left channel bank upstream from Shea Boulevard or the Shea Boulevard culvert
being directed east along Shea and along the frontage road on its north side to the low
point in the Shea profile at 66™ Street. This potential diversion is reflected in diversion
DV/DRO6G7B.

The culvert crossing under Shea Boulevard consists of a double barrel - 10’ x 4° CBC.
This culvert is capable of conveying the 10-year peak discharge without overtopping of
Shea Boulevard. However, overtopping of Shea Boulevard occurs for the 100-year peak
discharge. The depth of water above the overtopping crest elevation is approximately
12 inches during the 100-year event. This conclusion is somewhat consistent with the
conclusion mentioned above from the PVSP Study.
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PHOTO PLATE 17
64" Street Channel looking upstream (north) just south of Gary Road.

PHOTO PLATE 18
64" Street Channel looking downstream (south) at Shea Boulevard culvert.
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3.3B Results - Normal Depth Section B and Bridges/Culverts, 64" Street Channel
from Shea Boulevard to the Mountain View Channel

This reach corresponds to routing reach RR067B in the HEC-1 model. The HEC-1
discharges used for the hydraulic analysis are 337 cfs and 717 cfs for the 10- and 100-
year flows, respectively. It is unknown what the original design capacity was for this
sub-reach of channel or for any of its culverts or bridges.

The 64™ Street Channel from Shea Boulevard to Mountain View Road has a trapezoidal
section. The channel has gabion-lined sides. Unconsolidated sediments consisting
primarily of coarse sand and gravel and small cobbles line the channel bottom. The
channel is approximately 7.5 feet deep with 2.5H:1V side slopes and a bottom width of
about 10 feet.

Based on normal depth hydraulics, the bank-full capacity of the channel is 2,400 cfs.
The channel has capacity to convey the 100-year peak discharge with approximately 3.5
feet of freeboard.

There are two bridges and two culvert crossings along this reach. Both culverts are
double barrel - 10’ x 5" CBCs. Compared to the bridges, the culverts represent the more
restrictive hydraulics. A single representative double barrel - 10’ x 5" CBC was analyzed.
The culvert crossing is capable of conveying both the 10- and 100-year peak discharges
without overtopping. Overtopping of the culvert crossing occurs when the channel is
conveying approximately 920 cfs. It appears that any overtopping flow would remain
along the 64" Street Channel corridor and continue to the south.

Compared to the culvert capacity, the channel at the bridge crossings can convey
approximately 1,740 cfs with the water surface elevation at the low chord of the bridge.
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PHOTO PLATE 19
64" Street Channel looking upstream (north) at culvert under Gold Dust Avenue.
Bridges at residential driveways are visible upstream.

PHOTO PLATE 20
64" Street Channel looking downstream (south) at concrete flow split structure which is
the upper limit of the Mountain View Channel.
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3.3C Results - Normal Depth Section C and Culverts, Invergordon Road Channel
from the Mountain View Channel to the Indian Bend Wash

This reach corresponds to routing reach RR069 in the HEC-1 model. The Invergordon
Road Channel is the southern extension of the 64" Street Channel. It starts at the
Mountain View Channel concrete flow split structure and outfalls to the Indian Bend
Wash. As discussed in Section 2.3, it has been tentatively concluded that the concrete
flow split structure was originally designed to produce a 50/50 split. That is, 50% of the
flow would be diverted west into the Mountain View Channel and the remaining 50%
would go south down the Invergordon Road Channel.

However, for reasons discussed in Section 2.3, a slightly more conservative assumption
has been included in the hydraulic evaluation of the Invergordon Road Channel. Two
discharges have been considered corresponding to the 10- and 100-year peak flows. A
10-year discharge of 219 cfs representing 50% of the flow approaching the flow split
structure and a slightly larger discharge of 257 cfs representing 60%. In addition, a 100-
year discharge of 496 cfs and 573 cfs representing the 50% and 60% flow splits,
respectively, has been evaluated.

It is unknown what the original design capacity was for this sub-reach of channel or for
any of its culverts. It appears that the recommended design capacity for this sub-reach
from the PVSP Study was 900 cfs, just like the sub-reach to the north of it. This would
appear to disregard the ability of the concrete flow split structure to direct a portion of the
flow to the Mountain View Channel.

The Invergordon Road Channel typically has a trapezoidal section with gabion-lined
sides. The channel bottom consists of coarse sand, gravel and small cobbles. The
channel is approximately 5.5 feet deep with 1.5H:1V side slopes and a channel bottom
of width of about 10 feet.

Based on normal depth calculations, the channel bank-full capacity is 984 cfs. The
channel has enough capacity to convey both the 100-year 50% and 60% peak
discharges with approximately 1.5 feet of freeboard.

There are a total of nine culvert crossings along the Invergordon Road Channel. Two of
the culverts are double barrel - 8’ x 4 CBCs. The other seven culverts are double barrel
-6’ x4’ CBCs. A typical double barrel - 6’ x 4 CBC was chosen to represent the worst
hydraulic case for this reach. The typical 6’ x 4’ culvert crossing is capable of conveying
the 10-year peak discharge for both the 50% and 60% flow split scenarios.

However, the typical 6’ x 4’culvert does not have sufficient capacity to convey either the
100-year 50% or 60% flow split peak discharge without overtopping. The depth of water
above the overtopping crest elevation is approximately 6 and 8 inches for the 50% and
60% flow split peak discharges, respectively. If overtopping of this degree occurs, it
appears that the excess flow would remain along the Invergordon Road Channel corridor
and continue south to the Indian Bend Wash.
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PHOTO PLATE 21
Invergordon Road Channel looking downstream (south). Culvert is a double 6’ x 4’ box
at Doubletree Ranch Road.

PHOTO PLATE 22

Invergordon Road Channel looking upstream (north) near the Indian Bend Wash.
Culvert is double 8 x 4’ box at Horseshoe Road.
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3.3D Results — Normal Depth Section D, Scottsdale Road from Greenway-Hayden
Loop to Thunderbird Road

This reach corresponds to routing reach RRO15A and the upper part of routing reach
RR015B in the HEC-1 model. Scottsdale Road has a normal crown section from
Greenway-Hayden Loop to Thunderbird Road. The typical section is approximately 90
feet wide from face to face of curb with a 16-foot raised median and vertical curb.

A 66-inch diameter storm drain trunk line runs along the west side of this section of
Scottsdale Road. This storm drain transitions to a 72-inch diameter trunk line about
1,200 feet north of Thunderbird Road. The storm drain trunk line was constructed in the
late 1980’s in place of an open channel that used to run along the west side of the road.
It is not known what the design capacity of the storm drain trunk line was. It is assumed
that the trunk line was sized, at least in part, based on the capacity of the open channel
that it replaced.

The trunk line ties into a three-barrel 6’ x 4’ concrete box culvert that passes diagonally
under the intersection of Scottsdale and Thunderbird Roads, discharging into the
channel discussed in the next section. The three-barrel 6’ x 4 CBC was constructed by
the City of Scottsdale in the mid-1980’s as part of the PVSP drainage improvements.

The flow rate used in this analysis is the total discharge from the HEC-1 model minus
the just-flowing-full capacity of the 66-inch diameter storm drain trunk line. The resulting
discharges used for the hydraulic analysis are 111 cfs and 405 cfs for the 10- and 100-
year flows, respectively.

According to the normal depth analysis, the street section has a top-of-curb capacity of
only about 48 cfs. The typical section, when coupled with the capacity of the existing
storm drain trunk line, may have roughly a 10-year capacity if the storm drain were
assumed to be operating under a slight pressure head.

The combined capacity of the storm drain and street section is not sufficient to convey
the 100-year peak discharge and overflow above top-of-curb would occur. The depth of
water above top of curb during a 100-year event is on the order of a few tenths of a foot.
Given the slight overall regional topographic gradient to the west, overflow would most
likely occur in that direction toward the retail and commercial properties on the west side
of Scottsdale Road.
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PHOTO PLATE 23 ' -
Scottsdale Road looking north near Evans Road between Thunderbird and Acoma.

PHOTO PLATE 24
Looking northwest at intersection of Scottsdale Road and Thunderbird Road. Triple 6’ x
4’ box is the outfall for the Scottsdale Road storm drain north of Thunderbird.
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3.3E Results — Normal Depth Section E, Scottsdale Road Channel from
Thunderbird Road to Confluence with Scottsdale Airport Detention Basin Outfall
Channel

This reach corresponds to the lower part of routing reach RR015B in the HEC-1 model.
Scottsdale Road has a normal crown section from Thunderbird Road south. The typical
street section is approximately 90 feet wide from face to face of curb with a 16-foot
raised median and 6-inch vertical curb. This reach is adjacent to the (mostly) vacant
parcel of land at the southeast corner of Scottsdale and Thunderbird Roads.

There is an existing channel that runs along the east side of Scottsdale Road from
Thunderbird Road south. This channel is situated on a parcel of land currently owned by
the City of Scottsdale and planned for the future Fighter Pilot Museum. The channel is
lined with patterned, colored concrete on its sides and bottom for a distance of about
200 feet downstream of Thunderbird Road.

Downstream from the lined section, the channel is generally earth cut with essentially no
landscaping. The bottom and sides of the channel in the earth cut section typically have
a moderate cover of perennial native grass and weeds. A short section of the earth cut
reach is lined with grouted concrete at the confluence of the airport detention basin
outfall channel (see next section).

The total length of channel from Thunderbird Road to the Scottsdale Airport detention
basin outfall channel is approximately 550 feet. There are no culverts associated with
this channel reach. And, there are no catch basins on the adjacent section of Scottsdale
Road that would direct roadway drainage into the channel.

The channel receives drainage primarily from the storm drain trunk line mentioned above
in Section 3.3D. It also receives inflow from an existing 42-inch diameter storm drain at
Thunderbird Road draining into it from the east as well as local surface runoff from the
north and east.

This channel was improved by the City of Scottsdale in the mid 1980’s apparently
stemming from earlier recommendations in the PVSP Study. The design discharge for
this channel appears to have been 650 cfs from the PVSP Study. The 10- and 100-year
discharges used for the normal depth analysis here are 576 cfs and 1,123 cfs
respectively.

Based on the normal depth analysis, the concrete lined sub-reach of this channel just
downstream from Thunderbird Road is capable of conveying a discharge of
approximately 1,600 cfs at the top of bank elevation. The earth sub-reach just below the
concrete lined section can convey roughly 2,800 cfs to the top of bank. This means that
this reach can potentially convey both the 10- and 100-year peak discharges.

However, based on the results in Section 3.3D, there is a significant amount of surface
flow conveyed in Scottsdale Road that may not entirely enter the channel south of
Thunderbird Road. This is due primarily to potential overflow of the Scottsdale Road
street section north of Thunderbird and the lack of catch basin inlets south of
Thunderbird. Also, the flow velocity for the 100-year event is over 8 feet per second in
the earth sub-reach. This may be considered slightly erosive for the unlined section of
the channel.
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PHOTO PLATE 25
Scottsdale Road Channel looking upstream (north) from a point about 200 feet south of
Thunderbird Road.

PHOTO PLATE 26
Scottsdale Road Channel looking upstream (north) from a point about 600 feet south of
Thunderbird Road just downstream from the confluence with the airport detention basin
outfall channel.
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3.3F Results — Normal Depth Section F, Scottsdale Airport Detention Basin
Outfall Channel

This channel serves as the outfall for the Scottsdale Airport detention basin (HEC-1 ID
RRO15C). It originates at the southeast corner of the airport basin just north of
Thunderbird Road where the basin’s primary outlet is located. The outlet consists of a
double 12’ x 3’ concrete box culvert. There is a short reach of channel about 150 feet
long from the basin outlet to Thunderbird Road where there is another double 12’ x 3’
culvert that passes diagonally under the road. The channel then traverses along the
southeast edge of the vacant property owned by the City of Scottsdale where the
proposed Fighter Pilot Museum will be located. The detention basin outfall channel joins
the Scottsdale Road Channel (see previous section) about 550 feet south of Thunderbird
Road.

The total length of the outfall channel from the detention basin to the Scottsdale Road
Channel is approximately 1,300 feet, including the outlet structure at the detention basin
and the culvert mentioned above. The channel has a concrete lined trapezoidal cross
section for its entire length and a relatively uniform longitudinal slope of about 0.005 ft/ft.
The typical cross section has a minimum depth of about 4 feet, a bottom width of
approximately 9 feet and side slopes of about 1.5H to 1V. A portion of the south (left)
bank of the outfall channel adjacent to the Seventh Day Adventist Church parcel is built
up above the adjacent grade of the church parking lot.

The original airport detention basin outlet proposed in the PVSP study was apparently a
single 60-inch diameter bleedoff pipe designed for an average flow of 150 cfs and a
maximum flow of 250cfs. However, the PVSP study indicates that the airport basin, as
originally conceived, would only contain about one half of the 100-year storm and that
the 100-year discharge at the outlet would be 1,520 cfs. The PVSP Study concluded
that this discharge downstream from the airport basin would exceed the proposed
design capacity of the Scottsdale Road Channel (850 cfs) for a duration of about one
half hour. The PVSP Study also concludes that the anticipated overflow of the channel
along Scottsdale Road downstream from the airport basin would generally follow along
Scottsdale Road and would enter the (then future) Cactus Park detention basin.

The downstream end of the outfall channel near the confluence with the Scottsdale
Road Channel was constructed in the mid 1980’s as part of the PVSP improvements.
This work was later modified in the early 1990’s when the Scottsdale Airport detention
basin and outfall channel were constructed. This is the channel that exists today. It is
not known what the design discharge was for the existing outfall channel. The 10- and
100-year existing condition discharges from the HEC-1 model are 332 and 586 cfs
respectively. Based on the normal depth analysis, the channel is capable of conveying
about 820 cfs flowing bank full.
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PHOTO PLATE 27
Scottsdale Airport detention basin outfall channel looking downstream (southwest) just
below Thunderbird Road.

PHOTO PLATE 28
Scottsdale Airport detention basin outfall channel looking upstream (east) from
confluence with Scottsdale Road Channel.
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3.3G Results — Normal Depth Section G and Sutton Drive Culvert, Scottsdale
Road Channel from Confluence with Scottsdale Airport Detention Basin Outfall
Channel to Sutton Drive

This reach corresponds to routing reach RR020A in the HEC-1 model. The HEC-1
discharges used for the hydraulic analysis are 722 cfs and 1,317 cfs for the 10- and 100-
year flows, respectively.

This channel may have been initially improved as part of the PVSP Study. The design
discharge for this channel appears to have been 800 cfs from the PVSP Study. This
discharge was the numerical addition of 650 cfs from the channel to the north and an
estimated average discharge of 150 cfs from the Scottsdale Airport detention basin
outfall channel. At the time of the PVSP Study, the airport detention basin had not yet
been constructed.

Scottsdale Road has essentially the same street section adjacent to reach 3.3G as it
does adjacent to reach 3.3E to the north. A landscaped channel with a somewhat
rounded trapezoidal cross section having a top width of over 100 feet and a depth of
about 5 feet runs adjacent to the east side of Scottsdale Road from the Scottsdale
Airport detention basin outfall channel to Sutton Drive. This channel runs across the
frontage of the Seventh Day Adventist Church property.

There are two driveways from Scottsdale Road that cross the channel into the church
parking lot. These driveways are paved surface crossings with no culverts. The channel
is partly situated within a 70-foot wide drainage easement across the church property
immediately adjacent to the Scottsdale Road right-of-way.

The channel crosses under Sutton Drive in a four-barrel - 8’ x 3’ concrete box culvert.
This culvert was apparently sized hydraulically to pass a flow of 800 cfs based on the
PVSP Study. The culvert was constructed in the mid-1980’s by the City of Scottsdale as
part of the PVSP drainage improvements.

According to the culvert hydraulic analysis, the Sutton Drive culvert crossing has the
capacity to convey the 10-year peak discharge with approximately 0.3 feet of freeboard.
However, the 100-year peak discharge overtops the roadway. According to the culvert
hydraulics, the depth of water above the overtopping crest elevation at the Sutton Drive
culvert is approximately 1.7 feet for the 100-year event.

According to the normal depth analysis, the channel section has the capacity to convey
both the 10- and 100-year peak discharges without consideration to the conveyance
capacity in the adjacent street section.

The flow velocity in this channel approaches 8 feet per second. This may be considered
erosive, especially in light of the length of time that flow would be present in the channel
due to the draw down of the airport detention basin. There are only two catch basins in
Scottsdale Road adjacent to this reach, both located just north of Sutton Drive.
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PHOTO PLATE 29
Scottsdale Road Channel looking downstream (south) at the upper driveway dip
crossing into the Seventh Day Adventist Church property.

PHOTO PLATE 30
Scottsdale Road Channel looking upstream (north) at the 4-barrel 8’ x 3’ box culvert
under Sutton Drive.
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3.3H Results — Normal Depth Section H, Scottsdale Road Channel from Sutton
Drive to Sweetwater Avenue

This reach corresponds to routing reach RR020B in the HEC-1 model. The HEC-1
discharges used for the hydraulic analysis are 717 cfs and 1,307 cfs for the 10- and 100-
year flows, respectively.

A trapezoidal channel runs adjacent to the east side of Scottsdale Road along this
reach. The channel has gabion-lined sides having a slope of approximately 1H:1V, a
depth of about 3.5 feet and a concrete-lined channel bottom with a width of about 17
feet. The bottom of the channel incorporates a concrete sidewalk on its west side for the
entire length of the reach. This sidewalk is elevated slightly above the east side of the
channel bottom.

This channel was under construction in 1978 when the PVSP Study was just being
completed. The PVSP Study concluded that a design discharge of 800 cfs would not be
entirely contained in the channel. Scottsdale Road adjacent to the channel has a normal
crown section the same as the previous two reaches to the north. There are no catch
basins in Scottsdale Road adjacent to the channel that would direct roadway drainage
into it. The channel is probably too shallow to serve as an outfall for a roadway storm
drain system.

Overflow of the combined channel and road section above the top-of-curb elevation
would occur for both the 10- and 100-year peak discharges according to the normal
depth analysis. The depth of water above top-of-curb is approximately 0.4 and 0.9 feet
for the 10- and 100-year events, respectively. The trapezoidal channel has the capacity
to convey just over 430 cfs before overtopping occurs and flow enters Scottsdale Road.
The section of Scottsdale Road from Sutton Drive to Sweetwater Avenue can only
convey about 30 cfs with the water surface elevation at top-of-curb. Flows of the
magnitude that exceed top of curb elevation would probably overflow to the west side of
Scottsdale Road since that side is lower in elevation than the along the east side of the
channel.

At Sweetwater Avenue, the channel drops into the inlet of a 90-inch diameter storm
drain. This storm drain is discussed in more detail in Section 3.3l, which follows. The
storm drain in Reach 3.3| has greater capacity than the bank-full capacity of the channel
in Reach 3.3H. Therefore, it would not pose a restriction to the channel capacity above
Sweetwater Avenue. But again, the amount of flow that would be in the immediate
vicinity of the storm drain inlet may be limited by the capacity of the upstream channel
reach.
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'PHOTO PLATE 31
Scottsdale Road Channel looking upstream (north) from just above Sweetwater Avenue.

PHOTO PLATE 32
Scottsdale Road Channel looking downstream (south) at the inlet to the 90” storm drain
just above Sweetwater Avenue.
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3.31 Results — Normal Depth Section |, Scottsdale Road and Storm Drain
Trunkline from Sweetwater Avenue to Qutfall at Cactus Park Detention Basin

This reach corresponds to routing reach RR020C in the HEC-1 model. The primary
conveyance in this reach is a 90-inch diameter storm drain trunkline that runs under the
east curb of Scottsdale Road from Sweetwater Avenue to the northwest corner of
Cactus Park where it outfalls into the Cactus Park detention basin. This storm drain was
constructed by the City of Scottsdale in the Mid-1980’s as part of the PVSP drainage
features. The PVSP Study, however, appears to have anticipated an open gabion-lined
channel in this reach, similar to that found north of Sweetwater, with culverts under
Sweetwater and Larkspur. Again, as in the reach to the north, the design discharge from
the PVSP Study appears to have been 800 cfs.

In the HEC-1 model for the Scottsdale Road Corridor Drainage Master Plan study, flow
from this reach is split south of Sweetwater Avenue based on the capacity of the existing
90-inch diameter storm drain. Flow not conveyed by the pipe is conveyed south down
Scottsdale Road as surface flow. The flow split corresponding to the storm drain is
diversion step DV20A1 in the HEC-1 model.

According to normal depth analysis, the full-flow capacity of a 90-inch diameter storm
drain pipe with a 0.0056 ft/ft slope and a Manning’s roughness coefficient of 0.013 is
approximately 575 cfs. In comparison, the inlet capacity of the 90-inch diameter storm
drain assuming inlet control is approximately 700 cfs. The inlet control analysis is based
on the headwater elevation at top-of-headwall.

The pipe-flowing-full discharge of 575 cfs was used as the basis for the flow split in the
HEC-1 model. This 575 cfs is also subtracted from the total 10- and 100-year HEC-1
discharges of 714 and 1,306 cfs (respectively) to evaluate the surface capacity of
Scottsdale Road. The 10- and 100-year discharges for evaluation of surface flow
hydraulics are therefore 139 cfs and 731 cfs, respectively.

The Scottsdale Road street section in this reach is only capable of conveying a surface
flow of 35 cfs based on a normal depth hydraulic section. This section of Scottsdale
Road has catch basins and lateral pipes that collect the roadway drainage and convey it
to the 90-inch storm drain. Flow in excess of the combined capacity of the storm drain
and street will overflow both the east and west sides of Scottsdale Road, generally
following the roadway corridor to the south in a shallow, unconfined manner.

If the existing 90-inch storm drain could accept a slight surcharge and if enough flow
could be directed to its inlet just above Sweetwater Avenue and to its catch basin inlets
south of Sweetwater, it could potentially convey approximately a 10-year flow.

55 STANLEY CONSULTANTS, INC.
Q:\15586\Final\Hydraulics\Hydraulic Documents\finalHYDRAULICS rev01.doc SCI #15586



PHOTO PLATE 33
Scottsdale Road looking north from about Larkspur Drive. 90-inch storm drain trunkline
is below east curb.

Looking northwest from within the Cactus Park detention basin at the outfall of the 90-
_inch storm drain.
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3.3J Results — Normal Depth Section J, Scottsdale Road and Storm Drain
Trunkline from Cactus Road to Mescal Street

This reach corresponds to routing reach RR024D in the HEC-1 model and represents
the surface flow component of flow in Scottsdale Road. Scottsdale Road has a normal
crown section south of Cactus Road. The typical section is approximately 90 feet wide
from curb to curb, has a 6-inch vertical curb height and a raised median with a width of
16 feet.

A storm drain system for the roadway drainage runs under Scottsdale Road from
Paradise Drive to a sump in the road profile just north of Mescal Street. The storm drain
trunkline ranges in diameter from 24-inches at the north end to 54-inches at the south
end. The outfall for the Scottsdale Road storm drain system is the 71% Street Channel at
Mescal Street. The Scottsdale Road storm drain is not connected to the 60-inch
diameter outfall pipe that drains the Cactus Park detention basin. The flow in the Cactus
Park detention basin outfall pipe is a separate conveyance from the surface flow in
Scottsdale Road in both a hydrologic and hydraulic sense.

The discharge used in the hydraulic analysis for normal depth Section J is the total
routed discharge from HEC-1 minus the just-flowing-full capacity of the roadway storm
drain system (120 cfs). Since the storm drain varies in size, a 48-inch diameter pipe was
chosen as being hydraulically representative of the overall trunkline. The calculated
surface flow only 10- and 100-year peak discharges are 51 and 737 cfs, respectively.
The apparently large difference between the 10- and 100-year discharges is because
the Cactus Park detention basin has surface overflow for the 100-year event but not for
the 10-year event.

According to the normal depth analysis, the Scottsdale Road Street section does not
have capacity to convey either the 10- or the 100-year peak discharge without exceeding
the top-of-curb. A depth of water of approximately 0.1 and 1.0 feet above top-of-curb will
occur during the 10- and 100-year events, respectively. The street section alone only
has capacity to convey about 35 cfs with the water surface elevation at top-of-curb.
Flow in excess of the combined capacity of the storm drain and street will overflow both
the east and west sides of Scottsdale Road, generally following the roadway corridor to
the south in a shallow, unconfined manner.
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3.3K Results — Normal Depth Section K, Continental Plaza Channel from
Scottsdale Road to 71° Street Channel

This channel originates at Scottsdale Road approximately 300 feet north of Mescal
Street and drains west across the north edge of the Continental Plaza property to the
71 Street Channel (HEC-1 ID RR024E). The Continental Plaza property is referred to
as the “nursery yard” in the PVSP Study because at the time of that study, the property
was a plant nursery. There is no specific mention of a channel at this location in the
PVSP Study although it existed in essentially the same location at that time across the
north edge of the nursery yard. This channel was apparently not part of the PVSP
recommended plan. The original purpose of the channel was to convey offsite surface
flow from a sump or dip in the Scottsdale Road profile to the 71 Street Channel.

The channel presently consists of a cobble lined trapezoidal section with a parking lot on
the south side and a 6-foot high masonry block fence on the north side. Its total length is
approximately 600 feet. The parking lot along the south side of the channel slopes away
from the channel to the south. On the other side of the masonry fence north of the
channel there are residential lots on Gary Road that back up to the channel. There is a
clear opening in the fence along Scottsdale Road where the channel begins but at the
downstream end, the channel passes through a shallow opening under the masonry
block fence along the west side of the Continental Plaza property.

When Scottsdale Road was improved to its present state in the late 1990’s a storm drain
was constructed below the roadway. This storm drain collects roadway drainage but
also intercepts local drainage from the area east of Scottsdale Road below Cactus
Road. There are catch basins at the sump in the Scottsdale Road profile located about
100 feet north of the inlet to the Continental Plaza Channel. These catch basins,
combined with the rest of the storm drain system, would redirect flows up to a certain
magnitude away from the Continental Plaza Channel. The storm drain in Scottsdale
Road continues south past the sump and the channel and turns west on Mescal Street
where it discharges to the 71 Street Channel. For runoff events up to the capacity of
the Scottsdale Road storm drain system, the Continental Plaza Channel will essentially
not experience any flow.

This channel, however, still serves as the overflow conveyance for events in excess of
the Scottsdale Road storm drain capacity. The 10- and 100-year discharges for existing
conditions based on the Volume 1 Hydrology HEC-1 model are 52 cfs and 729 cfs
respectively. As presented in the previous section, there is an apparently large
difference in magnitude between the 10- and 100-year discharges. This is due to the
Cactus Park detention basin that controls the 10-year event but overflows during the
100-year event.

Normal depth Section K indicates that the Continental Plaza Channel has 10-year
capacity, but with very little freeboard. The 100-year event would significantly exceed
the capacity of the channel. The normal depth analysis does not recognize that there
would be significant backwater impact from the small opening under the block fence at
the downstream end of the channel or that the overflow from the sump in Scottsdale
Road may have difficulty reaching the upstream inlet of the channel due to its offset from
the sump. Overflow could significantly impact both the Continental Plaza buildings to the
south that have finished floors well below grade and the residences to the north.
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SR g
PHOTO PLATE 35
Scottsdale Road looking north from about Jenan Drive.

PHOTO PLATE 36
Continental Plaza Channel north of Mescal Street from Scottsdale Road sump to 71°
Street channel looking upstream (east). Scottsdale Road is at far end of channel.
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3.3L Results — Normal Depth Section L, 73 Street from Cactus Road to
Sunnyside Drive

This reach corresponds to routing reach RR024B in the HEC-1 model. 73" Street has a
normal crown section and an approximate curb-to-curb width of 31 feet. 73 Street has
4-inch roll curbs from Cactus Road to Paradise Drive and 6-inch vertical curbs from
Paradise Drive to Sunnyside Drive. The 4-inch roll curbs were modeled in the hydraulic
analysis. Masonry fences along the property lines adjacent to this routing reach on both
the east and west sides of 73" Street would tend to confine the flow on both sides.

The local drainage that collects along this reach is relatively minor. However, this reach
is the primary conveyance for any surface overflow from the Cactus Park detention
basin. According to the HEC-1 model, Cactus Park does not overflow during the 10-year
event, but overtopping does occur during the 100-year event.

If overflow of the Cactus Park detention basin occurs, the location of the overflow would
be the south side of the basin along Cactus Road just east of Scottsdale Road near 73™
Street. Overflow would pass from the detention basin to Cactus Road to 73™ Street.
When this flow reaches Sunnyside Drive, a portion of it would be directed west to
Scottsdale Road. The 100-year HEC-1 discharge used for the 73" Street hydraulic
analysis is 698 cfs.

The PVSP study appears to conclude that there would be an “uncontrolled” 100-year
overflow of about 1,800 cfs from the Cactus Park detention basin but this seems to have
only been anticipated in a hydrologic sense. There does not appear to have been any
recommendation or provision made in the PVSP study for local conveyance of the
overflow. Although stormwater in the Cactus Park detention basin has reached a depth
of about 10 feet since its construction in the mid 1980’s, it has apparently never
overflowed.

According to the normal depth analysis, the 73™ Street section does not have sufficient
capacity to convey the 100-year peak discharge without exceeding the top-of-curb
elevation. The water surface elevation for this discharge exceeds the top-of-curb
elevation by 1.9 feet. The street conveyance capacity for this reach at the top-of-curb
elevation is less than 10 cfs.
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3.3M Résults — Normal Depth Section M, Sunnyside Drive from 73™ Street to
Scottsdale Road

This reach corresponds to routing reach RR024C in the HEC-1 model. Sunnyside Drive
has a normal crown section with 6-inch vertical curbs and a curb-to-curb width of 31 feet.
Sunnyside Drive drains west from 73™ Street to Scottsdale Road and would receive the
overflow from the Cactus Park detention basin (see previous section).

The 100-year HEC-1 discharge used for the Sunnyside Drive hydraulic analysis is 692
cfs. The same discharge was used in previous Section 3.3L. According to the normal
depth analysis, the Sunnyside Drive street section only has enough capacity to convey
approximately 25 cfs at the top-of-curb elevation. The water surface elevation for a
discharge of 692 cfs exceeds the top-of-curb elevation by 1.9 feet.

Realistically, however, flow would probably not reach that depth. More likely, it would
overflow the curb on both sides of the street at a shallow depth of probably less than one
foot. Since the predominant direction of topographic relief in this area is to the
southwest, most of the potential overflow would occur over the south curb.

Based on field reconnaissance and the review of local topography, it is tentatively
concluded that overflows from the Cactus Park detention basin in the magnitude
described above would generally spread out in a shallow unconfined manner through the
residential area south of Sunnyside Drive. This flow would gradually work its way toward
the southwest rejoining the Scottsdale Road corridor north of Mescal Street.

At the west end of Sunnyside Drive near Scottsdale Road, there is a catch basin and an
opening under the block fence to accommodate local drainage. Overflow from the
Cactus Park detention basin would exceed the capacity of this system and result in
shallow ponding at the end of Sunnyside Drive.
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PHOTO PLATE 37
73" Street looking south from south of Cactus Road. Cross street in background is
Sunnyside Drive.

PHOTO PLATE 38
Sunnyside Drive looking west between 73™ Street and Scottsdale Road.
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3.3N Results — Normal Depth Section N, 76" Street from Thunderbird Road to
Sweetwater Avenue

This reach corresponds to reach RR022 in the HEC-1 model. Although 76™ Street is
represented in the HEC-1 model as a single routing reach from a hydrologic standpoint,
hydraulic characteristics vary somewhat along its length. The typical street section for
76™ Street from Thunderbird Road to Sutton Drive is a two-lane strip of pavement with a
relatively level cross section and no curb and gutter.

To the east of 76™ Street are the front yards of residential lots and to the west is a
relatively level unpaved strip of land about twice the width of the pavement. There is
essentially no ditch or flow path along the west side of the road. The primary
conveyance in this section is a very shallow roadside ditch along the east side of the
pavement that traverses the adjoining residential front yards and driveways. There is
not more than about 6 inches of total vertical relief across this section and no confining
physical features on either side of it.

76" Street from Sutton Drive to Sweetwater Avenue is a much wider pavement section
than north of Sutton Drive. It has a transverse slope from west to east, a vertical curb
along its west side and no curb along its east side. Along the east edge of pavement
there is a shallow swale that traverses the front yards of adjacent residential lots. In the
southern most section of 76™ Street near Sweetwater Avenue, there is a concrete lined
drainage channel on the west side of the road. This channel has a triangular section
and is approximately 2 feet in maximum depth with a top width of about 10 to 15 feet.

An 18-inch diameter storm drain runs under 76" Street for almost the entire length of this
reach. This storm drain serves as the outfall drain for the Thunderbird Industrial
detention basin just north of Thunderbird Road and also collects local stormwater from
the residential subdivision east of 76" Street and north of Sutton Drive. This storm drain
outfalls to the triangular channel described in the paragraph above and has only a minor
capacity when compared to either the 10- or 100-year discharges.

The discharge used in the hydraulic analysis is the total routed discharge from HEC-1
minus the just-flowing-full capacity of the 18-inch diameter storm drain. The resulting
10- and 100-year peak discharges are 122 cfs and 303 cfs, respectively.

The hydraulic section chosen to represent this reach is located just south of Sutton
Drive. From the average depth of flow indicated, it is apparent that flow would not be
contained in the street section north of Sutton Drive and shallow flooding would occur on
both sides of the pavement. South of Sutton Drive, overflow of the swale along the east
side of the road occurs for both the 10- and 100-year peak discharges. This would result
in shallow flooding mainly along the east side of the road. Residential lots on the west
side of 76™ Street south of Sutton Drive appear to be above the 100-year water surface.

At the south end of 76" Street there is a single barrel 8 x 3’ concrete box culvert that
conveys flow under Sweetwater Avenue. This culvert outfalls into a trapezoidal ditch
that drains through the residential area south of Sweetwater and eventually outfalls into
the Cactus Park detention basin. The capacity of the culvert is approximately 145 cfs
with a headwater depth to the top of the roadway indicating overtopping of the roadway
during the 100-year event.
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PHOTO PLATE 39
76" Street looking north from just south of Sutton Drive.

PHOTO PLATE 40
76" Street looking south from just south of Sutton Drive.
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3.30 Results — Normal Depth Section O, Greenway Road from Scottsdale Airport
to 76" Street

This reach corresponds to reach RR013A in the HEC-1 model. Greenway Road has a
typical section with a transverse slope from north to south, allowing less than half of the
street section to be utilized for stormwater conveyance. The section is approximately 40
feet wide from curb-to-curb, with 6-inch vertical curbs on both sides. A 33-inch diameter
storm drain runs under Greenway Road from 78" Street to the Greenway-Hayden Loop.

The discharge used in the hydraulic analysis is the total routed discharge from HEC-1
minus the just-flowing-full capacity of the storm drain system. The calculated 10- and
100-year peak discharges are 272 cfs and 559 cfs, respectively. The capacity of this
street section only with the water surface at the top-of-curb elevation is less than 10 cfs.
The combined capacity of the street section and the 33-inch diameter storm drain is less
than 30 cfs. The diversion step in the HEC-1 model at this location is based on the
combined capacity of the street and storm drain directed westerly with all flow in excess
of this capacity overflowing the south curb.

According to normal depth modeling, the road is significantly overtopped by both the 10-
and 100-year peak discharges. This overtopping is consistent with the reported historic
flooding of Greenway Road and the commercial/industrial area to the south. It is also
consistent in location with an historical flow path evident from USGS topographic maps
(see Exhibit 1 in Appendix E). According to Tom Eldridge of Gilbertson Engineering,
flooding of Greenway Road and overtopping of the south curb has occurred in the past.

Overflow of the south curb would more than likely be shallow in nature and may take
place over a length of several hundred feet. The overflow would pass through the
industrial/commercial parcels south of Greenway Road in a shallow unconfined manner,
cross the taxiway just south of Greenway Road and collect along the local streets to the
south. Most of the overflow would probably find its way to Airport Drive and ultimately be
directed to the airport detention basin. This is consistent with historic accounts.
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3.3P Results — Normal Depth Section P, Greenway Road from 76" Street to 73™
Street

This reach corresponds to reach RR014 in the HEC-1 model. As with the previous
routing reach (RR013A), this sub-reach of Greenway Road has a typical north to south
transverse slope section, allowing for only the south part of the street section to be
utilized for conveyance. The section is approximately 40 feet wide from curb-to-curb
with 6-inch vertical curb on both the north and south sides. A 33-inch diameter storm
drain runs under Greenway Road from 78" Street to the Greenway-Hayden Loop.

The difference between normal depth Sections O and P is in the left (south) overbank.
The overbank in Section O drops away to the south whereas the overbank in Section P
slopes upward to the south. The street in Section P is generally below the adjacent
grade to the south (and north). The discharge used in the hydraulic analysis is the total
routed discharge from HEC-1 minus the just-flowing-full capacity of the 33-inch diameter
storm drain. The calculated 10- and 100-year peak discharges are 42 cfs and 104 cfs,
respectively. The capacity of this street section with the water surface at the top-of-curb
elevation is less than 10 cfs.

Although the water surface elevation is higher than the left top-of-curb elevation for both
the 10- and 100-year peak discharges, the left overbank should prevent flow from
escaping to the south into the Scottsdale Airpark.
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PHOTO PLATE 41
Greenway Road looking west near 77" Street.

PHOTO PLATE 42
Greenway Road looking west near 76" Street.
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4.0 EXISTING CONDITION CONCLUSIONS

Based on the combined results of both the HEC-RAS and normal depth hydraulic
analysis contained herein, the approximate existing condition flood prone areas are
indicated in Figures 10 and 11 on the following pages.
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5.0 HEC-RAS AND OTHER HYDRAULIC ANALYSES FOR THE
“WITH RECOMMENDED ALTERNATIVE” CONDITION

The recommended alternative hydraulic analyses includes the following:

e A 10-year StormCAD model for the Scottsdale Road storm drain from
Thunderbird Road to Cactus Park,

e A 100-year StormCAD model for the future storm drain that will replace the
existing Scottsdale Airport detention basin outfall channel,
A 10-year HEC-RAS model for the 71 Street Channel and Berneil Ditch,
A 100-year HEC-RAS model for the 71 Street Channel and Berneil Ditch,
A 10-year StormCAD model for the upper 71* Street Channel from Sunnyside
Drive to Cholla Street,

e A 10-year Storm CAD model for the proposed 72" diameter pipe from Cholla
Street to approximately 300’ north of Mescal Street, and

e A 10-year Storm CAD model for a section of the existing 60” diameter Cactus
Park detention basin outlet pipe from Cholla Street to approximately 300’ north of
Mescal Street.

Appendix D contains hydraulic model output for the “with recommended alternative”
condition and supporting hydraulic calculations. Refer to the Scottsdale Road Corridor
Drainage Master Plan Conceptual Plans for plan, profile and section drawings of the
recommended alternative.

5.1 Scottsdale Road Storm Drain from Thunderbird Road to Sweetwater Avenue

StormCAD was used to model the recommended Scottsdale Road storm drain
improvements from Thunderbird Road to Sweetwater Avenue. The proposed channel
improvements require replacing the existing channel from Thunderbird Road to
Sweetwater Avenue with a storm drain trunk line. At Sweetwater Avenue, the proposed
trunk line is to tie into the existing 90" diameter storm drain, which outfalls into the
Cactus Park detention basin. Along Scottsdale Road, proposed inlets would collect local
runoff.

From Thunderbird Road to the confluence with the existing Scottsdale Airport detention
basin outfall channel, the proposed trunk line is an 8’ x 5’ reinforced concrete box (RCB).
From the airport basin outfall channel confluence to immediately south of Sutton Drive
the proposed trunk line is a 12’ x  RCB. The remaining portion of the proposed trunk
line to Sweetwater Avenue is a 90” diameter reinforced concrete pipe. In order to avoid
utilities, and to provide adequate burial depth, construction of a continuous 90” diameter
storm drain pipe from Sweetwater Avenue north to Thunderbird Road is not
recommended and the transition from a box to a pipe is necessary. A proposed
drainage swale to collect and convey local runoff is to be constructed over the trunk line.

The downstream starting water surface elevation used for StormCAD modeling
computations was assumed to be the outlet soffit of the existing 90" diameter pipe at the
Cactus Park detention basin. The soffit elevation is 1385.7 feet, which approximates the
10-year peak stage of 1386.1 feet in the Cactus Park detention basin. Although the 10-
year peak stage is slightly higher than the soffit elevation, it is unlikely that the time to
peak for the storm drain system would coincide with the basin’s 10-year peak stage.
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5.2 Scottsdale Airport Detention Basin Outfall Channel

The Scottsdale Airport detention basin outfall channel is to be replaced by a closed
system when construction of the International Fighter Pilot Museum (IFPM) begins.
Currently, this channel outfalls into the Scottsdale Road Channel. Storm drain
improvements replacing both the Scottsdale Road Channel and the airport basin outfall
channel would require the two systems to be joined near their current confluence. A
100-year StormCAD model was used to approximate the strom drain size that may be
necessary to replace the existing Scottsdale Airport outfall channel.

A starting water surface elevation equal to the top-of-curb elevation for Scottsdale Road
near the confluence of the two existing channels was utilized for the future airport basin
storm drain. This is because the proposed strom drain system that is to replace the
Scottsdale Road Channel is sized for a 10-year event and the storm drain system to
replace the Scottsdale Airport outfall channel would need to convey a 100-year event.
According to the 100-year StormCAD computations, a 12’ x 5’ box structure would be
adequate for conveying the peak discharge.

5.3 71° Street Channel and Berneil Ditch HEC-RAS Models

Both a 10- and 100-year “with recommended alternative” condition HEC-RAS model
were developed to assess the hydraulics for the proposed improvements to the 71
Street Channel and Berneil Ditch. The “existing” condition and “with recommended
alternative” condition HEC-RAS models are essentially the same, except for the
following changes to reflect the proposed improvements:

e Discharges used in the HEC-RAS model were taken from the 10- and 100-year
“with recommended alternative” condition HEC-1 model,

e The discharges were reduced where the proposed improvements allowed for
flows to be conveyed in storm drain systems below existing channels, and not as
surface flow,

e Changes in cross-section geometry and “n” values were made to reflect
proposed improvements for the 71% Street Channel reach starting at Sahuaro
Drive and extending north for approximately 600’,

e Known 10- and 100-year water surface elevations were used at 71% Street
Channel river stations 333+52, 332+90 and 328+99 to reflect the recent
completion of the (now existing) 12’ x 9’ box culvert to Sahuaro Drive, and

e Changes in cross-section geometry and “n” values were made to reflect
proposed improvements for the Berneil Ditch reach from Scottsdale Road to the
Mountain View Channel confluence.

5.4 Upper 71 Street Channel from Sunnyside Drive to Approximately 300’ North
of Mescal Street

StormCAD was utilized to model the upper 71% Street Channel proposed storm drain
system from Sunnyside Drive to approximately 300’ north of Mescal Street. The
following three StormCAD models were necessary to model the system:
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e A StormCAD model for the proposed 84” diameter pipe from Sunnyside Drive to
Cholla Street,

e A StormCAD model for the existing Cactus Park detention basin 60" diameter
outlet pipe from Cholla Street to approximately 300’ north of Mescal Street , and

e A StormCAD model for the proposed 72" diameter pipe from Cholla Street to
approximately 300’ north of Mescal Street.

The proposed inlet for the system is a 16’ wide x 20’ long grate inlet on grade located
just north of Sunnyside Drive. The inlet was designed to intercept 100% of the 10-year
flow (calculations provided in Appendix D). From Sunnyside Drive to Cholla Street, the
proposed storm drain is an 84" diameter, reinforced concrete pipe. Great inlets in sump
just north of Jenan Drive and Cortez Street and a catch basin just north of Cholla Street,
are to be constructed in order to collect local runoff.

From Cholla Street to approximately 300’ north of Mescal Street a new 72" diameter,
reinforced concrete pipe is proposed as part of the recommended alternative. The
proposed pipe would be constructed adjacent to the existing 60” diameter pipe that
serves as the Cactus Park detention basin outlet pipe. Both the 72” and 60” diameter
pipes outfall at the same location, but the invert elevations at the upstream and
downstream ends of the proposed pipe would be 1-foot lower than the existing 60” storm
drain. A proposed junction structure, located south of Cholla Street, would convey flow
from the proposed 84” diameter pipe and Cactus Park detention basin 60” diameter
outflow pipe into the proposed 72” diameter pipe and existing 60” diameter pipe.

Starting water surface elevations equal to the soffit elevations of the existing 60” and
proposed 72" diameter pipes were used to compute the water surface profiles for each
pipe. Because these two storm drains will convey flow in parallel, the discharge
conveyed by each pipe was estimated by trial and error. The amount of flow in the 60”
diameter pipe necessary to bring the hydraulic grade line to the upstream rim elevation
was used for modeling the existing pipe. The remaining 10-year flow was modeled in
the proposed 72" diameter pipe. The upstream rim elevation was then used as the
starting hydraulic grade line e elevation for modeling the proposed 84” diameter pipe.

73 STANLEY CONSULTANTS, INC.
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3.0 ENGINEERING METHODS

3.1 Hydrologic Analysis

The 100-year discharges used for Indian Bend Wash were taken from the FEMA Flood Insurance
Study(FIS) for Maricopa County, Anzona. & Incorporated Areas, Volume 1 of 12, revised

September 1995. Table 2 summarizes the discharges.

Table 2 Summary of Discharges

36th Street to Cactus Road 6000
Cactus Road to Scottsdale Road 9000
Scottsdale Road to Indian Bend Road 16000
Indian Bend Road to Indian School Road 17000
Indian School Road to Salt River 20000

32 Hydraulic Analysis
3.2.1 Work Map Delineation

Water surface proﬁlesrwere developed using the U.S. Army Corps’ of Engineers HEC-2 computer

~ program (Version 4.6.2) (4). Water surface profiles were determined for the 100-year floodplain and

floodway. The hydraulic analysis conducted for this delineation reflects existing conditions of [BW

“at the time of mapping for the study.

The cross section data and topographic mapping for the study reach of IBW, were developed from
a digital terrain model (DTM) prepared by Michael Baker Jr., Inc. The DTM is based on aerial
photography taken September, October, and November 1993.

Cross sections were drawn approximately perpendicular to the anticipated flow paths in the channel
and overbanks. The cross-sections were labeled using standard engineering stationing with the
distance in niver miles above the confluence with the Salt River. The station of each cross-section
1s determined by measuring the distance above the confluence along the IBW channel centerline
(thalweg).

- The cross sections are defined by data points oriented left to right looking downstream. Each data
-point consists of an elevation and corresponding station number with the hydraulic baseline assigned -
a station number of 10,000 feet at each cross section. Each cross section station number is defined

«= | =a Simons, Li & Associates, Inc. ey



Page 7

relative to the hydraulic baseline with stations less than 10,000 to the left, and greater than 10,000
to the right.

Cross-sections were taken at representative locations. At the culverts and bridges extra cross-
sections were taken immediately upstream and downstream to define the frequent changes in
geometry through the openings. Locations of selected cross-sections used in this study are shown
on the Flood Boundary and Floodway maps. Cross-section plots at selected locations are also
included in the technical documentation. ’

3.2.2 Roughness Coefficient

Roughness coefficients (Manning's "n") for IBW were derived from field observation, aerial photos,
and by the methodology presented in "Estimated Manning's Roughness Coefficients for Stream
Channels and Flood Plains in Maricopa County, Arizona" (5). An "n-Value Determination Report"
was prepared and submitted separately by Simons, L1 & Associates to document roughness
coefficients used for this study (1). A copy of this report is provided in Section 4.2 of the study
documentation. '

3.2.3 Effectivé and Ineffective Flow Area

Ineffective flow areas were defined, as appropriate, on the overbank areas and to model expanding
and contracting flows. Flow was expanded at a rate of 4:1 and contracted at a rate of 1:1 relative to
the flowline. The expansion and contraction coefficients used in the model were 0.4 and 0.2,
respectively, as documented in Section 4.2.2 of the study documentation.

3.2.4 Simulation of Flow Through Structures

~ The HEC-2 computer program provides three options for computing losses through a bridge. First,
the losses can be Computed externally and input directly into the program. Secondly, the normal
bridge routine may be used. Finally, the special bridge routine may be used. The normal bridge
routine is used when friction losses are the predominant consideration. Then, the standard step
method is used for computing losses through bridges. The special bridge routine is used when
combinations of low or pressure flow with weir flow occur at the bridge. The special bridge routine
will determine the class of low flow based on a trapezoidal approximation of a bridge opening with
piers.

The HEC-2 computer program provides a special culvert routine for computing losses through
culverts. The special culvert routine is similar to the special bridge routine except that the Federal
Highway Administration's (FHWA) standard equations for culvert hydraulics are used to compute
losses_through the structure. ' '

3.2.5 HEC-2 Computer Model Set Up .

HEC-2 models were developed for subcritical flow profile computations. The 100-year water-
surface elevation at the confluence of Indian Bend Wash and the Salt River (elevation 1167.3 ft.) was

] R e
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Page 8

used as the starting water-surface elevation. This information was taken from the effective Flood
Insurance Study water-surface profiles for the Salt River (September 30, 1995). Baseline stationing
begins at the confluence of IBW with the Salt River, located approximately 700 feet upstream of
Scottsdale Road along the hydraulic baseline of the Salt River.

The bridges on Indian Bend Wash were modeled using the special bridge routine of the HEC-2
Model. Bridge dimensions were obtained from as-built plans and field verified during the field

«llm Simons, Li & Associates, InC. e —
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FLOODING SOURCE FLOODWAY WATER SURFACE ELEVATION?
SECTION MEAN WITH WITHOUT
CROSS WIDTH AREA VELOCITY FLOODWAY FLOODWAY DIFFERENCE

SECTION DISTANCE' (ft) (sq ft) (ft/s) (ft) (ft) (ft)
W 42,666 1031 3521 45 1286.5 1286.1 0.4
X 44,166 1018 3442 4.6 1291.6 1290.8 0.8
Y 46,947 554 3511 4.6 1297.3 1296.4 0.9
Z 48,282 665 3745 2.4 1301.5 1301.0 0.5
AA 48,598 680 2207 4.1 1301.6 1301.1 0.5
AB 48,998 710 1670 5.4 1302.5 1302.2 0.3
AC . 49,927 786 2205 4.1 1306.5 1306.4 0.1
AD 50,804 860 2652 3.4 1308.3 1308.2 0.1
AE 51,707 625 2224 4.0 1310.2 1310.0 0.2
AF 52,631 694 2117 4.3 1315.3 1314.7 0.6
AG 53,631 360 1274 7.1 1318.2 1318.1 0.1
AH 54,443 598 2208 4.1 1320.2 1319.7 0.5
Al 54,533 639 2192 4.1 1320.2 1319.9 0.3
AJ 54,591 643 2380 3.8 1320.3 1320.3 0.0
AK 55,133 471 2028 4.4 1320.6 1320.6 0.0
AL 55,588 430 1019 8.8 1321.3 1321.4 a4
AM 56,538 544 2597 35 1325.8 1325.4 0.4
AN 57,518 573 1123 8.0 1327.3 1327.3 0.0
AO 57,994 608 2207 4.1 1330.0 1329.5 0.5
AP 58,396 669 2136 4.2 1330.7 1329.9 0.8
AQ 58,494 681 2085 4.3 1331.9 1331.8 0.1
AR 58,987 561 1493 6.0 1333.4 1332.7 0.7

2 1988 Datum

' Feet above confluence with Salt River

£ 378Vl
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flooding source. However, floodway revisions are justifiable and
necessary if restudy data indicate -an increase in surcharge above
the maximum 1limit, or if, as a result of improved data, the width or
configuration of the floodway necessitates a change from that shown
on the effective map. When revisions are made to the floodway that
will change the effective map, the SC shall notify the Regional PO
immediately so that the Regional PO can coordinate with the
community as soon as possible in the restudy process.

General Hodelinz Methodologies and Guidance

INTRODUCTION

In the preparation of an FIS, the SC may encounter unique hydraulic
situations that require specialized modeling techniques to accurately
determine the flood hazard potential. This section provides guidance in
handling these situations: ,

1. . Two-Dimensional Water-Surface Computer Models

Two-dimensional (2-D) computer models may be used to determine the
water-surface elevations in two directions in the horizontal plane,
where one-dimensional computer models may have difficulty analyzing
these situations.

2-D computer models may be used for shallow flooding areas, split
flow situations, and at complex bridge sites. Although it is not
recommended because of the complexities involved and the costs that .
would be incurred, 2-D models can be used in areas subject to
alluvial fan flooding.

These models will only be requested where 1-D models, current
accepted techniques, and engineering judgment will not provide
satisfactory information for . floodplain management and flood
insurance purposes. All 2-D models must meet the criteria as
specified in 44 CFR 65.6 (a)(6).

Floodways must be developed through an interactive trial-and-error
procedure and must be based on equal conveyance reduction.

2. One-Dimensional Unsteadx'Flow Models

One-dimensional unsteady flow models may be used for floodplains
with substantial overbank storage areas, streams where there may be
a reversal of flow, and complex pipes, channels, ponds, and
reservoir systems.. '

Any one-dimensional unsteady flow model used must be accepted by
FEMA and meet the criteria specified in 44 CFR 65.6(a)(6). The use
of any one-dimensional unsteady flow model must first be coordinated
with, and approved by, the Regional PO.

5-6




Floodways must be developed through an interactive trial-and-error
procedure and must be based on equal conveyance reduction.

Starting Water-Surface Elevations

In general, the starting water-surface elevations chosen for profile
computations should be based on normal depth (or slope-area), unless
known water-surface elevations are available from other sources.
When using normal depth on the main stream, the model should be
started several cross sections downstream of the corporate limits.
For starting conditions on tributaries, normal depth should be used

unless a coincident peak situation is assumed, or the tributary flow

depths are higher than the corresponding main stream events. The

assumption of coincident peaks may be appropriate if a) the ratio of
_the drainage areas lies between 0.6 and 1.4, b) the times of peak

Mm%*mmmw

.1likelihood of both watersheds being covered by the storm being
modeled are high. If gage records are available for the basins,
guidance for coincidence of peak flows should be taken from them.

Modeling Techniques for Streams with Supercritical Flow Regimes

Step-backwater analyses are normally performed from downstream to
upstream as subcritical profile runs. Critical depth messages will
appear in the backwater runs at several consecutive cross sections,
if supercritical flow occurs. For natural streams, critical depth
should be used at all times, including the plotting of water-surface
profiles. For channel modification projects, a supercritical run
should be performed for the project area. For modified channels,
the composite roughness coefficient should account for the sediment
that accumulates on the channel bottom and for the lined surface of
the sides of the channel. The analysis must extend both upstream
and downstream of the project area to have a smooth transition
between subcritical and supercritical profiles. The water-surface
. elevations from the subcritical run downstream of the project should
‘be drawn horizontally until they cross the supercritical profiles to
eliminate drawdowns. Velocities at the bends should be checked to
determine potential erosion. - Any deviations from the aforementioned
procedures should be approved by the Regional PO.

Split-Flow Analyses

Split-flow analyses should be considered when flows overflow the
banks of the main stream and take a different flow path. The
analyses should address the reduction of flow in the downstream
reach with respect to the multiple-flood profile and floodway.
Because overbank discharges may flow into another stream, possible
increase in discharges on the other stream should be considered.
Overflow segment on the main stream should remain open by analyzing
a separate floodway for the overflow path, or by a note on the FIRM
(or FBFM) stating that the oveérflow area should remain unencroached
until a detailed hydraulic analysis is performed to establish a

5-7
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Plan: BerneilDitch River: Berneil Ditch Reach:Lower Reach Riv Sta: 15242 Profile: PF 2

E.G. Elev (ft) 1334.01 | Element Left OB | Channel | Right OB
Vel Head (ft) 1.28 Wt. n-Val. 0.018

W.S. Elev (ft) 1332.72 | Reach Len. (ft) 201 201 201
Crit W.S. (ft) Flow Area (sq ft) 330.09

E.G. Slope (ft/ft) 0.001676 | Area (sq ft) 330.09

Q Total (cfs) 3002 | Flow (cfs) 3002

Top Width (ft) 72.86 | Top Width (ft) 72.86

Vel Total (ft/s) 9.09 Avg. Vel. (ft/s) 9.09

Max Chl Dpth (ft) 6.22 Hydr. Depth (it) 4.53

Conv. Total (cfs) 73333.3 | Conv. (cfs) 73333.3

Length Witd. (ft) 201 Wetted Per. (ft) 74.77

Min Ch El (ft) 1326.5 | Shear (Ib/sq ft) 0.46

Alpha 1 Stream Power (lb/ft s) 4.2

Frctn Loss (ft) 0.45 Cum Volume (acre-ft) 0.05 38.33 0.07
C & E Loss (it) 0.07 Cum SA (acres) 0.09 8.83 0.13
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Plan: BerneilDitch River: Berneil Ditch Reach:Lower Reach Riv Sta: 15041 Profile: PF 2

E.G. Elev (ft) 1333.49 | Element Left OB | Channel| Right OB
Vel Head (ft) 2 Wt. n-Val. 0.018

W.S. Elev (ft) 1331.49 | Reach Len. (ft) 515 515 515
Crit W.S. (ft) 1331.49 | Flow Area (sq ft) 264.8

E.G. Slope (ft/ft) 0.00313 | Area (sq ft) 264.8

Q Total (cfs) 3002 Flow (cfs) 3002

Top Width (ft) 67.22 | Top Width (ft) 67.22

Vel Total (ft/s) 11.34 | Avg. Vel. (ft/s) 11.34

Max Chl Dpth (ft) 5.29 Hydr. Depth (ft) 3.94

Conv. Total (cfs) 53662 | Conv. (cfs) 53662

Length Wtd. (ft) 515 Wetted Per. (ft) 68.85

Min Ch El (ft) 1326.2 | Shear (Ib/sq ft) 0.75

Alpha 1 Stream Power (Ib/ft s) 8.52

Frctn Loss (ft) 1.06 Cum Volume (acre-ft) 0.05 36.96 0.07
C & E Loss (ft) 0.25 Cum SA (acres) 0.09 8.5 0.13
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Plan: BerneilDitch 71 St. Channel

Lower Reach RS:

31192 Profile: PF 1

E.G. Elev (ft) 1340.31 Element Left OB | Channel | Right OB
Vel Head (ft) 0.58 Wt. n-Val. 0.035

W.S. Elev (ft) 1339.73 Reach Len. (ft) 126 126 126
Crit W.S. (ft) 1337.9 Flow Area (sq ft) 135.2

E.G. Slope (ft/ft) 0.00255 Area (sq ft) 182.82

Q Total (cfs) 828 Flow (cfs) 828

Top Width (ft) 47.72 Top Width (ft) 47.72

Vel Total (ft/s) 6.12 Avg. Vel. (ft/s) 6.12

Max Chl Dpth (ft) 4.83 Hydr. Depth (ft) 4.83

Conv. Total (cfs) 16397.2 Conv. (cfs) 16397.2

Length Wtd. (ft) 126 Wetted Per. (ft) 28

Min Ch ElI (ft) 1334.9 Shear (Ib/sq ft) 0.77

Alpha 1 Stream Power (Ib/ft s) 4.71

Frctn Loss (ft) 0.49 Cum Volume (acre-ft) 0.03 6.73 0.02
C & E Loss (ft) 0.02 Cum SA (acres) 0.01 1.82 0.01

Plan: BerneilDitch 71 St. Channel

Lower Reach RS: 31192 Profile: PF 2

E.G. Elev (ft) 1342.78] Element Left OB |Channel [Right OB

Vel Head (ft) 0.47| Wt. n-Val. 0.035 0.035 0.035
W.S. Elev (ft) 1342.31] Reach Len. (ft) 126 126 126
Crit W.S. (ft) 1339.84| Flow Area (sq ft) 0.03 318.31 0.01
E.G. Slope (ft/ft) 0.001749| Area (sq ft) 0.03 318.31 0.01
Q Total (cfs) 1751 Flow (cfs) 0.01] 1750.99 0
Top Width (ft) 55.1] Top Width (ft) 0.06 55 0.04
Vel Total (ft/s) 5.5] Avg. Vel. (ft/s) 0.17 5.5 0.13
Max Chl Dpth (ft) 7.41] Hydr. Depth (ft) 0.51 5.79 0.21
Conv. Total (cfs) 41866.9| Conv. (cfs) 0.1] 41866.7 0
Length Wtd. (ft) 126] Wetted Per. (ft) 1.01 58.37 0.41
Min Ch El (ft) 1334.9| Shear (Ib/sq ft) 0 0.6 0
Alpha 1] Stream Power (Ib/ft s) 0 3.28 0
Frctn Loss (ft) 0.28] Cum Volume (acre-ft) 0.62 12.82 0.41
C & E Loss (ft) 0.04| Cum SA (acres) 0.26 2.06 0.21
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EXISITING CONDITIONS HEC-RAS OUTPUT TABLES



Plan: BerneilDitch 71 St. Channel
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Plan: BerneilDitch 71 St. Channel
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Plan: BerneilDitch 71 St. Channel
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Plan: BerneilDitch
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71 St. Channel

Lower Reach RS: 37808 Profile: PF 2
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Plan: BerneilDitch

o

71 St. Channel Lower Reach
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Plan: BemeilDitch 71 St. Channel
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Plan: BerneilDitch 71 St. Channel Lower Reach RS: 36912 Profile: PF 1
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Plan: BerneilDitch 71 St. Channel
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Plan: BemeiIDitoh 71 St. Channel Lower React! RS: 36306 Profile: PF 2
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Plan: BerneilDitch 71 St. Channel Lower Reach RS: 35845 Profile: PF 2
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Plan: Berneil Lower Reach RS: 35411 Profile: PF 1
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Plan: BerneilDitch
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Plan: BemeilDitch 71 St. Channel Lower Reach RS: 35252 Profile: PF 2
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