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SECTION 1 INTRODUCTION

1.1

Project Background

This report was prepared as part of the Pima Road Design from Pinnacle Peak Road to
Thompson Peak Parkway and also documents work performed for the analysis of
infrastructure elsewhere along the Pima Road corridor. Figure 1.1.1 Vicinity Map shows
the general project location, and general subdivision layout for the area. The drainage
analyses of the area have been an on-going process for several years that has been affected
not only by watershed characteristics, but also by public concerns expressed to the City. The
area has experienced significant drainage problems and flooding in the past and, if no
improvement is made, the issues will persist.

The general grade and drainage pattern in the project area is from the northeast to the
southwest with various culverts and wet-crossings along Pima Road. It is along Pima Road
itself and adjacent lands where the majority of the drainage issues addressed in this report are
focused. This report documents the drainage analyses that have taken place for the project
area, both on-site and off-site hydrologic and hydraulic analyses.

Additionally, this report addresses the hydrologic and initial hydraulic analysis of the Sierra
Pinta outfall into the Pima Road channel referred to as the Sierra Pinta Outfall and Pima
Road Improvements. The purpose of this portion of the project was to incorporate the initial
design of the Sierra Pinta collector channel by Wood/Patel & Associates, Inc. (Reference 33)
into the hydrologic model, and assess the impacts of the improvements along the Pima Road
corridor. The various proposed improvements and sections are divided as shown in Figure
1.1.2.
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. SECTION 2 EXISTING CONDITIONS
2.1 General Existing Conditions

2.1.1 Pinnacle Peak to Deer Valley

In general, storm runoff reaches the drainage facilities along the Pima Road alignment via
a series of natural washes, roadways and drainage structures. Currently, the existing
grade of Pima Road from the Pinnacle Peak Parkway to the Deer Valley Road Alignment
follows the existing topography with significant off-site flow crossing Pima Road at
various culverts and wet crossings. The City has received numerous complaints from
residents regarding the perceived inadequacies of the existing drainage conditions and
infrastructure. A complete description of the existing hydrologic conditions can be found
in SECTION 5.

The east and west sides of Pima Road has been developed mainly as single family and
master planned communities between Country Club Trail and Pinnacle Peak with the
neighborhood commercial centers located near Pinnacle Peak Road. On the south % of
the project (Country Club Trail to Deer Valley Road alignment) the land to the east is an
undeveloped State Land parcel with the exception of a City owned pump station. On the
west side of Pima Road lays Los Gatos, an existing large lot residential gated community.
The Los Gatos subdivision has constructed a perimeter wall along Pima Road. The wall

. was not designed as a flood wall and may or may not withstand hydrostatic and
hydrodynamic forces generated by a significant runoff event. The various developments
in the area have provided some retention, mainly along the east side of Pima Road, and a
wide drainage easement exists along the east side of Pima Road from Pinnacle Peak
Parkway to the undeveloped State Land parcel (approximately 1/2 mile south of Pinnacle
Peak). Additionally, a drainage easement with some infrastructure exists along the Deer
Valley alignment west of Pima Road along the northern boundary of the Grayhawk
subdivision.

2.1.2 Deer Valley to Thompson Peak

The DC Ranch development exists on the east side of Pima Road between Deer Valley
and Thompson Peak Parkway. This development provided a desert landscaped area next
to the roadway containing a small channel and a concrete path. The west side of Pima
Road is mostly undeveloped land within the Grayhawk planned development but still
under State Trust Land Department control. The northwest corner of Thompson Peak
and Pima Road contains a commercial development which includes a detention basin and
a channel along the west side of Pima Road. The Pima Road storm drain begins at the
northeast corner of Thompson Peak and Pima Road with 2-60 pipe inlets.
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2.1.3 Thompson Peak to Union Hills

This portion of the watershed is affected hydrologically by the Reata Pass alluvial fan.
The presence of this fan creates some uncertainties regarding the distribution of flow in
any given flood event. This makes it difficult to predict the exact amount of flow
reaching any one location associated with the project as the various splits at apex can
change with any given storm event. In a similar manner to the drainage area north of
Deer Valley, flows in this portion of the watershed tend to flow in a southwesterly
direction, collecting along Pima Road and continuing south beyond there. Various
subdivisions have been built within this portion of the watershed including DC Ranch
east of Pima Road and north of Sierra Pinta, Pima Acres just south of DC Ranch and
Grayhawk along the west side of Pima Road.

A previous drainage study was conducted by Entellus and approved by the City for the
Pima Road realignment from AZ101 to Thompson Peak Parkway that incorporated this
portion of the watershed. The report is entitled Pima Road DCR AZ101 to Thompson
Peak PKWY Final Hydrology and Preliminary Drainage Design Report (Reference 31).
Details regarding the assumptions made for this portion of the watershed can be found in
the above referenced report.

2.2 Desert Greenbelt Project

Many existing developments in the watershed were designed and constructed based on the
assumption that the Scottsdale Desert Greenbelt Flood Control Project improvements were in
place. However, the Desert Greenbelt project was terminated in 2000 by the City without the
construction of the proposed channel and basin network. These proposed improvements
included, but were not limited to the channelization of the Reata Pass flows to stabilize the
alluvial fan, retention basins at key locations including Happy Valley Road, Deer Valley
Road and others, and a Pima Road collector channel. Because the Desert Greenbelt and the
proposed improvements were never implemented in their full regional drainage solution form
as originally designed, many of the existing upstream drainage structures may be
inadequately sized creating the potential for flow diversions and possible flooding, which add
to the unpredictable nature of flow direction and quantity within the watershed.
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. SECTION 3 PROPOSED DRAINAGE PLAN

As the duration of time that this project entails is significant (2005 — 2009), numerous memoranda
have been created to document some of the steps and decisions that have occurred in the process.
These memoranda are summarized in the following sections.

3.1 Memoranda and Analyses

Various analyses regarding off-site flows have been prepared by Entellus, Inc. on the
watershed since 2005. A memorandum was prepared for each analysis conducted and they
are summarized in the following sections. Additionally, several analyses for the area south
of Thompson Peak parkway have been produced regarding the Sierra Pinta Channel Outfall
into the Pima Road channel. These are also contained in the following sections. Full copies
of each of the memorandum and analyses can be found in SECTION 8 and the supporting
models and documentation can be found on the accompanying CD.

3.1.1 Memorandum Dated February 11", 2005

This memorandum documents a preliminary 100-year, 6-hour hydrological analysis along
the 1 mile stretch of Pima Road between Pinnacle Peak Road and Deer Valley. This
analysis utilizes a model that is an updated version of the Core North Detention Basin
model by Ward and others and assumes fully developed conditions entitled FU100-6.1H1
from the Pima Road Three Basins project as performed by Stantec (Reference 10).

. Flows were estimated along this 1 mile stretch of Pima Road between Pinnacle Peak and
Deer Valley for the purpose of a preliminary sizing of a possible channel or storm drain
along the Pima Road alignment. No field visit or verification was conducted. It was
assumed that all flow would be conveyed via the potential infrastructure, so no flow was
allowed to cross Pima Road, and it was also assumed that the Stantec model was
sufficient for this preliminary analysis which was the ultimate Desert Greenbelt
conditions, with a few minor modifications.

This memorandum can be found in its entirety in Section 8.2 and the HEC-1 files can be
found on the CD in APPENDIX E.

3.1.2 Memorandum Dated October 19th, 2005

This memorandum to Alex McLaren at the City of Scottsdale analyzes the existing
conditions and three (3) potential flow scenarios along the Pima Road corridor north of
the Deer Valley channel. The base model for this analysis was the model utilized for the
2005//02/11 Memorandum (100-year, 6-hour). A field visit was conducted on
2005/10/14 to verify the diversion and flow path assumptions along Pima Road. The
assumptions were that all wet crossings conveyed the full flow across Pima Road to the
west, and culverts would flow to their existing capacity. In particular, with regards to the
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diversion at the Los Gatos entrance (HEC-1 ID D1B2), “Through a field visit it was
determined that all the flow crosses Pima Road by this point, therefore all flow was
routed across Pima Road at this point” and through the Los Gatos subdivision. A brief
description of each of the three (3) scenarios is as follows:

e Scenario 1: Collects all flow along Pima Road in a storm drain from
Pinnacle Peak to Deer Valley, except flow that currently crosses Pima
Road through existing culverts and conveys it south to Deer Valley.

e Scenario 2: Similar to Scenario 1 with the addition of allowing flow to
cross Pima Road via additional culverts at some of the existing wet
crossing. Those locations are at Pariaso Dr, Country Club Trail and Los
Gatos Drive.

e Scenario 3: Similar to .Scenario 1 with the addition of potential off-line
storage along the Pima Road alignment to reduce the peak flows in the
storm drain.

This memorandum can be found in its entirety in Section 8.3 and the HEC-1 files can be
found on the CD in APPENDIX E.

3.1.3 Preliminary HEC-1 Analyses for Potential Off-Line, On-Line, and Channel

Configuration June 16", 2006

A simple HEC-1 analysis was conducted to determine the effects of on-line, versus, off-
line, versus channelized flow along the Pima Rd. corridor north of Deer Valley Road.
This analysis was never formalized into memorandum form but was the initial analysis
and basis for the memorandum in Section 3.1.4. The HEC-1 models can be found on the
attached CD in APPENDIX E.

3.1.4 Memorandum Dated November 15"', 2006:

This memorandum analyzed the effect of additional on-line storage along the Pima Road
alignment. The additional storage was located at various locations on the east side of
Pima Road between Pinnacle Peak Parkway and the Deer Valley Road alignment. The
analysis was performed for the 2, 5, and 100-year 6-hour storm events.

This memorandum can be found in its entirety in Section 8.4 and the HEC-1 files can be
found on the CD in APPENDIX E.
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3.1.5 Memorandum Dated March 1st, 2007:

This memorandum summarizes the results of previous memoranda (2005/02/11 and
2005/10/19), generally states what the City of Scottsdale roadway design codes are for
drainage, and describes some of the project constraints (topography, previous drainage
complaints). The finality of the memorandum was a meeting request with the City to
discuss the project constraints, budgetary limitations and socio-political atmosphere
regarding the project.

This memorandum can be found in its entirety in Section 8.5.

3.1.6 Memorandum Dated October 8th, 2007:

This memorandum is a result of the progress meeting with the City of Scottsdale and
Entellus on September 24", 2007. At the meeting it was determined that the drainage
solution should mimic existing conditions per the City’s current ordinance. Culverts
would be constructed to collect storm water on the east side of Pima Road at locations
where runoff currently crosses Pima Road and discharges to existing flow paths. Four
alternatives were discussed and are summarized below:

e Alternative 1 - Culverts naturally outfall without revising the
proposed grades of Pima Road: This alternative will allow a minimum
of one foot of cover, mimic historical conditions but will require
additional easement on private property to daylight culvert outlets.

e Alternative 2 - Construct bubble-up structures between the proposed
roadway and sound wall: This alternative would mimic historical
conditions and eliminate points of discharge but will create potential
maintenance problems and potential utility conflicts.

e Alternative 3 - Raise roadway to allow culverts to outfall naturally
between the roadway and sound wall: This alternative requires a
minimum 48-inch pipe, mimics historical conditions and minimizes utility
conflicts, but will create point of discharges, outfall on private property
and require the re-design of existing roadway.

e Alternative 4 - Intercept storm water on the east side of Pima Road
and route to the Deer Valley Channel: This alternative would intercept
storm water along the east side of Pima Road via a channel for half (}2) a
mile and then convey the flow to the Deer Valley Channel in a culvert for
the last half (’2) mile.

&2
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. It was determined at the meeting that alternatives 1 and 2 were not acceptable alternatives
in terms of impact to the property owners and long-term impacts. A comparative cost
analysis was prepared for alternatives 3 and 4. This memorandum can be found in its

entirety in Section 8.6.

3.1.7 Memorandum Dated February 22" 2008:

This memorandum summarizes the results of FLO-2D modeling conducted between
Pinnacle Peak and Deer Valley. The proposed improvements were analyzed here to
determine how they would perform hydraulically along the corridor. The proposed
improvements included a %2 mile channel from Pinnacle Peak Road to approximately Via
de Luna capable of carrying the 100-year event, a box culvert from Via de Luna to Deer
Valley Road capable of conveying the 100-year event within the right-of-way, the
upsizing of the culverts across Pinnacle Peak, improvements to basins on the northeast
corner Pima and Pinnacle Peak, and potential improvements to the Deer Valley channel.
The existing conditions inundation limits were compared to the proposed conditions
inundation limits.

The existing conditions HEC-1 assumptions for this model included the routing of all
flow across Pima Road near or through the Los Gatos subdivision. No off-site flow
continued south along Pima Road beyond the Los Gatos subdivision. This was verified
in the existing conditions FLO-2D model, which showed the flow crossing Pima Road.

. This memorandum can be found in its entirety in Section 8.7, and the associated FLO-2D
and HEC-1 files can be found on the report CD.

3.1.8 Memorandum Dated August 25", 2008:

The purpose of this memorandum was to determine if the designed Sierra Pinta Outlet by
Wood/Patel & Associates, Inc. (Reference 32) met City of Scottsdale requirements for
storm drain design. The analysis concluded that while pressurized flow and very high
velocities existed for much of the pipe length, the design did in fact appear to meet City
of Scottsdale requirements for storm drain design. This memorandum can be found in its
entirety in Section 8.8).

3.1.9 Memorandum Dated August 26", 2008:

The purpose of this memorandum was to size the rip-rap and protection requirements for
the Sierra Pinta Outfall into the Pima Road channel. Based on the analysis it was
determined that rip-rap with a Dsy of approximately 1 ft for approximately 260 feet
beyond the outlet would suffice. If energy dissipaters were utilized the length of rip-rap
could be decreased to approximately 200 ft. This memorandum can be found in its
entirety in Section 8.9.
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3.1.10Memorandum Dated October 16™, 2008:

The purpose of this memorandum was to identify and quantify the modifications that can
be attributed to the design and construction of the Sierra Pinta channel and Pima Road
Outlet. The following items were examined:

Verify and modify existing conditions hydrology models
Create future conditions hydrology models (post Sierra Pinta Channel)

Determine the quantity of flow under existing and future conditions on the
west and east portions of Pima Road

Determine changes in flow, maximum channel velocity and maximum
flow depth that occur due to the addition of the Sierra Pinta channel and
outlet

HYDROLOGY

The hydrology was based on the previously submitted and approved hydrologic models
from Entellus Pima Road DCR AZ101 to Thompson Peak PKWY Final Hydrology and
Preliminary Drainage Design Report (Reference 31). It was assumed at this point that
no flow continued south along Pima past the Deer Valley alignment. Various
assumptions from the existing conditions HEC-1 model were analyzed.

Y
¢
Q Entellus-

The Pima Road storm drain diversion was increased from 255 cfs to 600
cfs.

The diversion at Thompson Peak and Pima Road was looked at and it
determined that indeed a split occurred to the west along Thompson Peak.
No additional analysis was conducted to determine the quantity of the
split.

The assumption of a 30% split at Sierra Pinta and Pima Road out of the
watershed was evaluated. Upon the investigation it was determined that
some flow could potentially overtop the flood wall parallel to the Pima
Road channel, but it appeared unlikely that the diversion would be
substantial, therefore the model was modified so no flow along the Pima
Road channel was allowed to leave the watershed at Sierra Pinta.

The assumption that some of the flow from Sierra Pinta Drive reaches the
intersection of Pima Road instead of simply flowing south was looked at.
The previous Entellus drainage report documents the validity of this
assumption (Reference 31). Upon field visits it appeared as though flow
could potentially enter the intersection from the subbasin immediately
adjacent to Pima Road along Sierra Pinta Drive, thus it was assumed that
this assumption was valid.
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. e In the original Pima Road model, it was assumed in the HEC-1 model that
the future Sierra Pinta channel was in place and would have a capacity of
2200 cfs (based on the master plan). The future Sierra Pinta channel was

thus removed from the existing conditions HEC-1 model.

e The Sierra Pinta channel was added to the future conditions model with a
flow of 1330 cfs as shown in the improvement plan (Reference 32). It
was assumed that the Sierra Pinta channel would take the first 1330 cfs
and all additional flow arriving at the Sierra Pinta alignment would pass
unimpeded.

Additionally, 2-year and 10-year 6-hour HEC-1 models were generated.

HYDRAULICS

The hydraulic analysis focused on quantifying the flow on the east and west sides of
Pima Road near the Sierra Pinta alignment, and the effects of the proposed Sierra Pinta
channel on the Pima Road channel. The results revealed that the east portion of Pima
Road could carry approximately 550 cfs. Flow beyond this would weir across to the west
side of Pima Road and the associated channel.

This memorandum can be found in its entirety in Section 8.10 and all associated HEC-1
and HEC-RAS models can be found on the CD.

. 3.1.11 Memorandum Dated December 17"', 2008:

It was discovered normal depth routing had been utilized for a portion of the HEC-1
models that were being utilized for this project, but were being left unmodified as
previously modeled by others not associated with the current project. The associated
NSTP for each of these normal depth routes had been left at 1 and not specifically
calculated for the individual routing reach. The memorandum identified the routes in
question, briefly explained the theory behind NSTPS and why it was important to modify
the routing NSTPS, gave a recommendation on what the NSTPS should be and explained
the difference in peak discharges associated with NSTP adjustment. This memorandum
is included in Section 8.11.

3.1.12 Meeting with City of Scottsdale December 22", 2008

A meeting between Entellus and the City of Scottsdale was held on December 22", 2008
at the City of Scottsdale. This meeting followed a field visit to the Pima Road project
area by Entellus and the City on December 12", 2008. The purpose of the field visit was
to determine the existing conditions assumptions to be applied for the Sierra Pinta
modeling effort. During the field visit it was concluded that negligible flow would be
able to leave Pima Road and enter the Deer Valley Channel from the road. Additionally,
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in regards to the Los Gatos subdivision and diversion, it was concluded that although not
designed to withstand the hydrostatic and hydrodynamic forces that accompany a large
flood, flow would be modeled as not being able to cross or penetrate the Los Gatos wall
on the west side of Pima. Instead flow would be routed south past Deer Valley along
Pima Road and continue on to Thompson Peak Parkway

In order to accomplish this task a combined hydrologic model of the Sierra Pinta model
HEC-1 with portion north of Deer Valley Road, which up to this point had been two
independent models, was created. Section 8.12 contains the materials provided to the
City at the meeting including an explanation of what was needed to combine the two
hydrologic models and an explanation of the flows for the Sierra Pinta Outlet channel.

3.1.13Memorandum Dated December 23"', 2008

There are several drainage reports covering the Deer Valley and Pima Road area. The
City asked Entellus to prepare a review of the various reports and summarize the finding
in a memorandum. The assumptions made by the various reports were widely varied and
often times conflicting. The memorandum can be found in its entirety in Section 8.13.

3.1.14Memoranda Dated January 12, 2009 and Revised on January 19" 2009

Twho memoranda were produced on January 12" and subsequently revised on January
19" 2009.

SIERRA PINTA OUTFALL CHANNEL AND STORM DRAIN ANALYSIS

The first memorandum involved the hydrologic and hydraulic modeling of the Sierra
Pinta outfall channel. Several modifications were made to the hydrologic models
including the addition of 2 subbasins along the west side of Pima Road, and the running
of various alternatives: A Pima Road channel from Pinnacle Peak to Deer Valley and A
split at Deer Valley Road, and an alternative with the Pima Road channelization but
assuming all flow continues south along Pima Road past Deer Valley. Additionally 2-
year models were created for the alternatives.

The first memorandum also documented the hydraulic modeling of the Sierra Pinta
outfall channel. Several recommendations were made to the hydraulic analysis at two
locations: downstream from Sierra Pinta Outfall and the Deer Valley/Pima channels
split. The recommendations were suggested based upon the results in these areas not
accurately reflecting existing flow conditions. Other issues were noted which include
hydraulic jumps and locations of critical depth within the reach.

PIMA ROAD CHANNEL SCOUR ANALYSIS
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The purpose of the memorandum is to present the scour analysis of the Pima Road
Channel south of Sierra Pinta Drive. Both the 100-year 6-hour and 2-year 6-hour flood
events were considered. The analysis performed includes channel vertical stability, total
scour, and lateral migration.

These memoranda can be found in their entirety in Section 8.14 and all associated HEC-1
models, HEC-RAS models, and scour analysis calculations can be found on the
accompanying CD.

3.2 Proposed Improvement

There are several locations where improvements are proposed and these locations have been
analyzed separately and will be discussed separately in detail in the following sections. See
Figure 1.1.2: Pima Road Drainage Improvements General Map for the location of the
various improvements. The need and configuration of proposed infrastructure was based on
hydrologic and hydraulic modeling for various portions of the entire Pima Road corridor (See
SECTION S5 for details regarding the hydrologic and hydraulic modeling).

3.2.1 Pima Road Channel - Pinnacle Peak Road To Via De Luna Drive

The Pima Road Channel on the east side of Pima Road from Pinnacle Peak to
approximately Via De Luna Drive is designed to convey flow along the eastern side of
Pima Road. The flows that are conveyed come primarily from the north. Flooding
complaints from the commercial area at the southwest corner of Pinnacle Peak and Pima
Road are very common. This is due to the inability of the existing infrastructure to
convey flows south. As the FLO-2D analysis shows (see Section 5.3) flows during a
large storm event sheet across the intersection of Pima Road and Pinnacle Peak and into
the commercial area. Flows cross Pima Road by either sheeting across the road, through
a small set of culverts or through a wet crossing further downstream. The purpose of the
Pima Road Channel from Pinnacle Peak to Via De Luna Drive was to alleviate these
flooding hazards.

The proposed Pima Road Channel is within the existing drainage easement currently
containing several small detention basins along the east side of Pima Road. There is a
typical cross-section for the Pima Road channel. The typical cross section was developed
in an effort to maintain a natural and aesthetically pleasing looking channel. The typical
cross section entails a 12 foot bottom width, an inner channel slope of 2% for 21.7 ft on
both sides, followed by bank slopes of 4H:1V with a flow depth of 4 feet, for a total top
width of 92 feet that includes 1 foot of freeboard. The proposed channel section is
designed to be earthen channel with a Manning’s roughness of 0.040 for the main
channel and both overbanks.

The existing slope along Pima Road is approximately in the range of 2 to 3%, which is
substantial. Building a channel at the existing grade would result in extremely large
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' velocities and super-critical flow. In an effort to reduce the channel velocity to a
manageable level during a 100-year storm event, a milder channel slope of approximately
0.4% is proposed with various drop structures of a maximum drop of 4 feet at a IH:1V
slope. These drop structures will be protected to mitigate the higher velocities produced
by the steeper slopes. See the construction plans for detailed drawing of the channel and
drop structures.

The existing drainage easement contains various retention basins for the developments
along the east side of Pima Road and these retention basins will be removed and the area
utilized for the channel. These retention basins were mostly ineffective in capturing and
reducing peak flows along Pima Road, therefore their removal is of little consequence.
An equestrian path is proposed as part of the Pima Road improvements approximately
from Pinnacle Peak Road to Via de Luna Drive. The proposed Pima Channel is designed
to accommodate the equestrian path within the channel.

Near Via De Luna Drive, the channel outlets into a proposed Pima Road storm drain.
The proposed channel outlets into a proposed outfall structure that conveys flow into the
proposed storm drain. In addition to the channel itself, drainage improvements need to
extend further north beyond Pinnacle Peak in order to adequately capture and direct
runoff into the drainage channel. However, a further investigation north of Pinnacle Peak
is beyond the scope of work of this project and it is highly recommended that additional
analysis needs to be determined for this area. See the Conceptual Plans in APPENDIX
K for details regarding the Pima Road channel.

3.2.2 Pima Road Storm Drain — Via De Luna Drive to Deer Valley

The inlet of the proposed Pima Road storm drain is the downstream end of the Pima Road
Channel near Via De Luna Drive. The storm drain extends south to the Deer Valley
Road alignment where it outfalls into the proposed Deer Valley Channel improvements.
This proposed storm drain begins along the eastern portion of Pima Road as a double 78”
RGRCP until approximately E. Los Gatos Drive where the storm drain crosses the road
and transitions into a triple 78” RGRCP. The proposed storm drain continues to the Deer
Valley Road alignment where it outfalls into the improved Deer Valley Channel.

There are various inlets along the storm drain alignment to intercept local flow from the
east along Pima Road. The inlets typically consist of small sediment basins that capture
flow from the east in a small channel along the east side of Pima Road. See the
construction plans for full detailed drawing of the storm drain inlets and sediment basins
as well as the Conceptual Plans in APPENDIX K.

3.2.3 Deer Valley Channel

The existing Deer Valley Channel is two separate channels that have no connection. The
first channel begins just west of Pima Road and continues for approximately ' mile
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before entering the Grayhawk Golf Course through an existing 1 — 10° x 5 RCBC. The
second channel begins just west of the end of the first channel and continues for another
% mile ending at a small sediment basin that outfalls into the Grayhawk Golf Course.

The proposed Deer Valley Channel will consist of a single continuous channel from Pima
Road to % mile west of Pima Road at the existing sedimentation basin. The proposed
infrastructure includes a control side-outlet to the Grayhawk golf course (end of first
existing channel) which is designed to mimic the flows entering the golf course under the
existing design without freeboard by PACE (Reference 37). Details regarding the
proposed alternatives and hydraulic analysis of the Deer Valley Channel can be found in
the Project Assessment Report for Deer Valley (Reference 34).

3.2.4 Pima Road Improvements — Deer Valley to Thompson Peak Parkway

There is a significant amount of flow entering Pima Road along this reach from the east
in addition to local flows continuing south of Deer Valley along the west side of Pima
Road. The best location to intercept the flow from the east is along the east side of the
road before it crosses at the intersection of Pima Road and Thompson Peak Parkway. A
proposed channel on the east side of Pima Road would be placed to convey the flows
from the north and east of Pima Road. The entire flow would be conveyed in a proposed
trapezoidal earthen channel with a bottom width of 72 feet and 4H:1V side slopes. This
channel would be located within the existing drainage easement. For large storms, the
flow could be conveyed in the channel and a small portion of the flow could be conveyed
along the northbound roadway of Pima Road. A preliminary normal depth analysis of the
conceptual plan shows that the total depth for the 100yr-6hr storm is approximately 5.5
feet, with velocities of 6.3 ft/s, and a slope of 0.4%. A Manning’s roughness of 0.040 for
the main channel and overbanks was used; and 0.015 for the roadway. Additional
analysis of this proposed channel area would need to be conducted prior to final design.

At the downstream end of the proposed channel, several box culverts are proposed to
convey the flow south of Thompson Peak Parkway. The proposed 10 — 10’ x 5 RCBC’s
would parallel 2-60” existing storm drain pipes and cross underneath Pima Road and
Thompson Peak Parkway and outlet at the southwest corner of the intersection. The
proposed box culverts would be the downstream constraints. As a result of the proposed
box culvert improvements to the northwest commercial drainage area the existing 3 — 8’
x4’ culverts would not be needed. As the design presented herein is a conceptual design
only, additional analysis of these proposed box culverts, the proposed drainage channel,
and the drainage area of the commercial development would need to be completed prior
to final design. See the Conceptual Plans in APPENDIX K for details.

Although the existing drainage infrastructure is insufficient to handle the existing offsite
flows, the proposed roadway improvements do not worsen the drainage conditions. The
proposed conceptual drainage improvements could be further analyzed and implemented
when funds are available at a future date.
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3.2.5 Sierra Pinta and Pima Road Improvements South of Thompson Peak Parkway

The Sierra Pinta channel was designed by Wood/Patel & Associates, Inc. (Reference 32)
to intercept flows arriving at the DC Ranch subdivision from the north and allow control
of flows to continue to the south while the majority of the flow would be conveyed to the
Pima Road channel (located on the west side of Pima Road). The Sierra Pinta channel
was part of the original Desert Greenbelt project and a dual 96” pipe crossing under Pima
Road was constructed several years back and buried awaiting the implementation of the
plan. The Sierra Pinta Channel is proposed to cross Pima Road via a double 96” (existing
buried) pipes into the proposed channel along the west side of Pima Road. This report
details the hydrologic and hydraulic modeling of the structures. The final design of the

improvements is to be carried out by others and is not a part of the scope of work.

3.2.6 Pima Road Roadway Pavement Drainage Plan — Pinnacle Peak to Deer Valley

Roadway drainage for Pima Road from Pinnacle Peak to south of Deer Valley will be
handled by various catch basins and scuppers. These improvements will drain to either
the proposed Pima Road Channel, the proposed Pima Road storm drain, other roadside
ditch or will be carried within the roadway by maintaining the required dry roadway lane

criteria.
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SECTION 4 SPECIAL CONDITIONS

As proposed, construction of the drainage improvements along Pima Road from Pinnacle Peak Road
to Deer Valley Road and along Deer Valley Road from Pima Road to the west will outlet into
Grayhawk Golf Course at two existing inlets into the golf course approximately 2100 feet and 5000
feet west of Pima Road. The amount of flow proposed to go into the golf course at these two
locations is based on the drainage study performed by PACE for Grayhawk. Since analysis of the
existing golf course was outside of Entellus’ scope of work, no analysis of the drainage system
within the golf course was done by Entellus. The City and Entellus presented this concept to the
Grayhawk HOA and Grayhawk developer in a meeting towards the end of 2009 and they both
agreed with the proposed approach.

As part of the drainage study for Pima Road, Entellus developed a concept plan to convey the flows
impacting Pima Road from approximately Deer Valley Road to just south of Thompson Peak
Parkway. In developing this concept plan, two items were identified that will require additional
consideration by the City. They are as follows:

1. The existing drainage facilities located downstream of Thompson Peak Parkway do not have
adequate capacity to convey the 100-year flows being conveyed to this location by the
proposed concept plan developed in this study. Entellus recommends that the City evaluate
the downstream conditions and that the necessary improvements be constructed downstream
of Thompson Peak Parkway to convey the flows along the downstream portion of the
drainage system before proceeding with the construction of improvements along Pima Road
from south of Deer Valley Road to Thompson Peak Parkway.

2. The existing channel at approximately the Deer Valley Road alignment east of Pima Road
does not have the necessary capacity to convey the 100-year flows to the proposed
improvement along Pima Road. As a result, flows for the 100-year event will impact the
residential development to the south. Entellus recommends that this existing channel be
improved so it can convey the 100-year flows to the proposed channel along Pima Road from
Deer Valley Road to Thompson Peak Parkway.

The FLO-2D analysis between Deer Valley and Thompson Peak Parkway (see Section 5.4) shows
that there is a considerable amount of flow that does not travel south along the Pima Road alignment
or west along the Thompson Peak alignment. Instead this flow leaves the intersection in a
southwesterly direction which is the historical flow direction. It is unclear as to the ultimate outfall
of this flow but through aerial photography it appears the southwesterly flow may either continue
through the existing subdivision or be redirected towards Pima Road or a combination of the two
may occur. Additionally, a wall exists along the Pima Road channel south of Thompson Peak
Parkway that may restrict flow from entering the Pima Road channel from the subdivision. It is
recommended that an analysis be conducted regarding the ultimate outfall of this southwesterly flow
and any downstream impacts caused by its redirection.
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. SECTION 5 DATA ANALYSIS METHODS
5.1 Offsite Hydrology

5.1.1 Previous Hydrology Models

Nearly all of the current hydrology for the region is based on original modeling
developed for the Core North State Land parcel by Robert L. Ward, hereto after referred
to as the Core North Model. It should be noted that the current hydrology is a
compilation of various modeling efforts, and is not solely the product of Mr. Ward. For
this project Entellus utilized The City of Scottsdale Desert Greenbelt, Pima Road Three
Basin Project by Stantec Consulting Inc., dated March 1999; hereto after referred to as
the Three Basins Model (Reference 10). The Three Basins Model makes many
assumptions based on the implementation of the Scottsdale Desert Greenbelt Flood
Control Project improvements. In order to model current existing conditions, it was
necessary to modify the Three Basins Model to adequately account for current
conditions. This was first explored in the drainage report prepared for the design of
offsite drainage for the south portion of Pima Road. Detailed information regarding the
modeling utilized can be found in the Pima Road DCR AZ101 to Thompson Peak Pkwy
Final Hydrology and Preliminary Design Report (Reference 31).  Additional
modifications were documented in the memorandum dated October 19", 2005, and
included in Section 8.3.

. Portions of the Grayhawk Villages 2 and 3 (Reference 22) composite model (filename
GH23E1K.H1I) were utilized and inserted to model the Deer Valley channel as designed.
This appears to be the model that was utilized by Grayhawk to design the Deer Valley
channel and other downstream drainage improvements.

In addition to the incorporation of the Deer Valley channel from the Grayhawk model,
other modifications were required to the Three Basins model including additional
subdivision of some of the subbasins, modifications to split flow parameters, and the
addition of some new routes. These modifications are discussed in the following
sections.

5.1.2 Recent Hydrologic Modeling Efforts

In addition to the previously mentioned hydrologic modeling, various recent hydrologic
modeling refinements have been incorporated into the base model. Many of these are
documented in Section 3.1 Memoranda and Analyses. Entellus initially modified the
hydrologic model for Pima Road south of Deer Valley. This hydrology model was part
of the Pima Road DCR AZI10l to Thompson Peak Parkway Final Hydrology and
Preliminary Drainage Design Report (Reference 31), hereto after referred to as the Pima
Road South Model, and accepted by the City of Scottsdale. Subsequent efforts were
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engaged to model the Pima Road corridor north of Deer Valley, hereto after referred to as

‘ the Pima Road North Model (see Section 3.1 Memoranda and Analyses for details
regarding the development of the Pima Road North Model) by modifying the Three
Basins Model. These were initially modeled as hydrologically separate models, however,
based on some field visits and discussions with the City of Scottsdale regarding possible
drainage solutions for the entire Pima Road corridor, it was decided to combine the
previously accepted Pima Road South Model with the Pima Road North Model to form a
single hydrologic model with which to model various alternatives through the corridor.
This combined model is the model described in the following sections.

5.1.3 Definition of Existing Conditions

Numerous iterations have been under taken to define what constitutes existing conditions
for the watershed. At the heart of the issue is whether or not what appears to be a non-
engineered wall (not a flood wall), which could potentially cause a significant diversion
during a large flood event, should be modeled as diverting the flow or as though the wall
did not exist. The wall in question is that of the Los Gatos subdivision along the west
side of Pima Road immediately north of Deer Valley Road. The wall has various small
openings to allow some flow through, but the quantity of flow allowed to pass would be
minimal and many of these have been blocked or rendered inoperative.

The Three Basins Model by Stantec ignored the existence of the Los Gatos wall allowing

' all flow to cross through the subdivision along the washes historic paths. The initial
modeling for the Pima Road corridor carried the same assumption forward from the
Three Basins Model that the wall in essence did not exist. Although it is improbable that
the wall would withstand the hydrostatic and hydrodynamic forces associated with a large
flood event this assumption was revisited, the finality of which was the decision to model
2 existing conditions scenarios: with Los Gatos wall, and without Los Gatos wall. These
two existing conditions scenarios are described further later in this report.

5.1.4 Model Notation

The same model notation from the Three Basins Model was utilized for the Pima Road
North Model. The only differentiating items are the inclusion of subbasin boundaries
from the Deer Valley Road Channel Spillway Improvement Project performed by
Engineering and Environmental Consultants, Inc (EEC) for the City of Scottsdale
(Reference 33). The subbasin boundaries were generated by EEC and provided to
Entellus by the City. The notation of the subbasins, routes and concentration points
reflects the original generator of the work with the prefix notation “SEEC”, “REEC”, and
“CEEC” for subbasins, routes and concentration points, respectively. Additionally all
model notation as previously utilized in the Pima Road South Model was kept as modeled
in the combined Pima Road Model. See Conceptual Plans
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Plate 1: Hydrology Map.

5.1.5 Subbasin Parameters

It was assumed that for all subbasins that did not require subdivision, the parameters in
the Three Basins model were adequate. For the remaining subbasins (including the added
subbasins from EEC) kinematic wave parameters were assigned based on current
conditions. Some of the modified subbasins also included increases in the percent
impervious to reflect current conditions in the subbasin.

Additionally, two small subbasins have been added to the hydrologic model. One
subbasin (52A0) of 0.0369 sq miles begins on the west side of Pima at Deer Valley and
continues to Thompson Peak Parkway, and the second (52B0) of 0.0188 sq miles begins
on the west side of Pima at Thompson Peak Parkway and continues until Sierra Pinta.
The TR-55 program was utilized to compute the SCS curve number for these additional
subbasins. It was determined that both subbasins fall within an area of hydrologic soil
group B and the majority of both subbasins are of the land use type open desert
landscape, with a small portion of roadway and 52A0 contains a commercial site. The
calculated CN for 52A0 and 52B0 are 85 and 83 respectively. Additionally, kinematic
wave parameters were determined for the two subbasins.

5.1.6 Diversions and Storage

There where several diversions and splits incorporated or modified in the models to
reflect existing conditions. The diversions identified apply to both the existing conditions
with the Los Gatos wall and without Los Gatos wall unless otherwise specified. The
model modifications are as follows:

e Pima Road and Happy Valley Road: In the Three Basins model, some of the flow
arriving at Happy Valley Road was allowed to flow along Pima Road. From a
field visit a large wet crossing and hump in Pima Road was observed that would
prevent any flow from continuing along Pima Road and instead forces flow
towards the Alta Sonora development. The diversion south along Pima Road was
set to zero.

e Pima Road and a : mile south of Happy Valley Road (De La O Road): From a
field visit it was determined flow will cross Pima Road either just north or just
south of De La O Road and enter Pinnacle Peak Estates. The flow continuing
south along Pima Road was set to zero.

e Pima Road just north of Pinnacle Peak Road: An existing 2-3’x4.5 RCBC
diverts flow to the west under Pinnacle Peak Road. Flow was diverted to the west
up to the estimated capacity of the box culvert (234 cfs). All additional flow was
allowed to continue south along Pima Road. See model for details (HEC-1 ID
D36RI1C).
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Pima Road ~ 500ft to 1000ft south of Pinnacle Peak Road. From field
observations it was determined that all flow will cross Pima Road (whether by the
existing 2-36” culverts or over the road) at or near C1A2F and flows into subbasin
SEECO1 and the diversion card was modified to reflect this. See model for details
(D1A2F).

Pima Road and Paraiso: From field observation it was determined that all flow
will cross Pima Road at or near C1A2E and enter subbasin SEEC04. A diversion
was added to the model to reflect this. See model for details (D1A2E).

Pima Road and 200’ north of 91* St.: From field observation it was determined
that all flow will cross Pima Road at or near CIA2D. A diversion was added to
the model to reflect this. See model for details (D1A2D).

Pima Road 250° north of Country Club Trail: This diversion accounts for the
flow that crosses Pima Road just south of the intersection of Pima Road and 91st
St. Based on the FLO-2D results (see Section 5.3), it was determined that a flow
split in which approximately 87% of the flow crosses Pima Road to the west and
through the Pinnacle Peak Country Club subdivision exists and the remaining
13% of the flow continues south along Pima Road. A diversion was added to the
model to reflect this. See model for details (D1A2G).

Pima Road and 1000ft north of E. Los Gatos Dr.:

o With Los Gatos Wall: With the wall in place the flow simply crosses from
the east side of Pima Road to the west side of Pima and continues south
along the east easement. Therefore no flow is allowed to enter the Los
Gatos subdivision at this point, and it is simply routed south along Pima
Road. See model for details (D1B4)

o Without Los Gatos Wall: Flow is allowed to cross the Los Gatos Wall,
and at this location without the wall to contain the flows all runoff would
enter the Los Gatos subdivision. See model for details (D1B4)

Just north of Pima Road and E. Los Gatos Dr. This diversion occurs along the
east side of the Los Gatos subdivision and Pima Road north of Los Gatos Dr.
This diversion accounts for the flow that enters through the Los Gatos entrance,
but actually crosses Pima Road north of the entrance. Based on the FLO-2D
analysis (see Section 5.3) it was determined that all flow on the west side of the
Pima Road (from concentration point C1B3) enters the Los Gatos subdivision
through the entrance at E. Los Gatos Dr.. However, the flow coming from the
east side of the Pima Road (subbasins S1B1 and S1B2) does not contribute to the
flow entering the subdivision at this location. Thus this diversion occurs after the
flow has been routed from C1B3 to the Los Gatos entrance but before the
combine with flows from the east (C1B2). This condition exists for both existing
conditions — with and without the Los Gatos wall. See model for details (D1B3)

Pima Road and Los Gatos Dr:
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o With Los Gatos Wall: This diversion only considers flow arriving at the
intersection of Pima Road and Los Gatos Dr. from the east via subbasins
S1B2 and S1B1. It was assumed that all flow arriving at this intersection
from the north (route R1B3) had already crossed Pima Road and entered
the Los Gatos subdivision at Los Gatos Dr. Based on the results of the
FLO-2D analysis (see Section 5.3) flow from the east does not cross Pima
Road at this intersection, instead, this flow crosses Los Gatos Dr. and
continues south along Pima Road beyond Deer Valley. This assumes that
the wall along the east side of the Los Gatos subdivision is in place and
withstands the forces of the flood event. See model for details (D1B2).

o Without Los Gatos Wall: Similar to the with Los Gatos wall scenario
except that flow continues south a distance and crosses Pima Road and
enters the Los Gatos subdivisions. See model for details (D1B2).

Pima Road and Deer Valley: It was assumed that flow along the Pima Road
corridor reaching the Deer Valley Road alignment would continue south along
Pima Road and not enter the Deer Valley channel. See model for details
(D51.1D).

Deer Valley Channel Diversion to Grayhawk Golf Course ~ /> mile west of Pima
Road: Under existing conditions all flow is directed towards the golf course and
there is no diversion continuing west on the Deer Valley corridor. The existing
Deer Valley Channel ends at this location and empties into the golf course to the
south. See model for details (37AE).

Pima Road and Thompson Peak Parkway: This diversion was previously
modeled as a 30% diversion out of the watershed. However a FLO-2D analysis
was conducted at this location to determine the existing conditions split. A rating
curve was developed from the results showing a maximum of approximately 9.5%
of the flow leaving the study area to the west. See Section 5.4 for the analysis
and detailed rating curve.

Pima Road Storm Drain at Thompson Peak Parkway: The Pima Road South
Model had previously assumed that the existing 2-60” inlets to the Pima Road
storm drain were the only inlets to the storm drain. This assumption however, is
no longer valid. Additional inlets to the Pima Road storm drain have been created
including 48” inlet pipes at two separate locations, and numerous curb inlets
along Thompson Peak Parkway near the Pima Road intersection (including one in
an apparent sump condition) as well as other curb inlets along Pima Road closer
to Sierra Pinta Drive. Because of this, the previous model, which only allowed
255 cfs to enter the storm drain, was modified to allow storm water to enter the
pipe up to the pipes assumed capacity of 600 cfs. This was accomplished by
modifying the diversion route PRSDEX in the HEC-1 model to allow the first 600
cfs into the storm drain.
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Pima Road Between Thompson Peak Parkway and Sierra Pinta: Previously a
30% diversion had been modeled as leaving the watershed over the Grayhawk
wall and out of the model. Upon close examination of the channel and wall along
the west side of Pima Road it was noted that there are two walls. One is a screen
wall for Grayhawk and the other is a retaining wall protecting the buried storm
drain pipe mentioned previously. At the location where the storm drain crosses
Pima Road the retaining wall ends and at this location flow could spill over the
top of the screening wall. Based on field observations, flow appears to have spilt
over the wall in the past, but it is unlikely that a significant amount of flow would
leave the system at this location. This loss is relatively inconsequential and may
occur only during low frequency events (high flows); therefore the assumption
was modified to allow no flow (0%) to spill over the wall to the west at this
location. This was accomplished by modifying diversion D52W in the HEC-1
model.

Sierra Pinta and Pima Road: The Pima Road South Model had assumed that
flow from Sierra Pinta Drive reaches the intersection of Pima Road instead of
simply flowing south. The previous Entellus drainage report documents the
validity of this assumption (Reference 31). Upon field visits it appeared as
though flow could potentially enter the intersection from the subbasin
immediately adjacent to Pima Road along Sierra Pinta Drive, thus it was assumed
that this assumption was valid.

Sierra Pinta Channel: The previous Pima Road South Model (existing
conditions), Entellus was directed by the City of Scottsdale to include the
conceptually designed Sierra Pinta channel (maximum flow of 2200 cfs). This
was subsequently removed from the existing conditions models and diversion
associated with the design by Wood/Patel & Associates, Inc. (Reference 32) was
included only in proposed conditions model.

There are several locations under existing conditions where storage was assumed and
added to the model. Those locations are as follows:

Y
¢
Q Entellus:

Happy Valley Road Detention Basin: This detention basin was modeled in the
original Three Basins model but does not currently exist. However, for the
purpose of this report we were directed by the City to model this basin based on
the 10% design plans developed by Stantec (Reference 23). See model for details
(HVDB-I).

La Mirada Pinnacle Peak / Pima Shopping Center #7DR-95: From field
observations three detention basins act as online storage at this location. Online
storage was added to the model by means of a diversion card totaling 1.61 acre-ft.
See the model for details (DS-R1D).

Desert Village Retail Center #1365: From field observations detention basins act
as online storage at this location. Online storage was added to the model by
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means of a diversion card totaling 3.18 acre-ft (Reference 42). See the model for
details (DS-A2E).

o Mirage Village #25-DR-96: From field observations a detention basin acts as
online storage at this location. Online storage was added to the model by means
of a diversion card totaling 0.81 acre-ft (Reference 43). See the model for details
(DS-A2A).

e Canada Vistas WP#93075: From field observations a detention basin acts as
online storage at this location. Online storage was added to the model by means
of a diversion card totaling 1.67 acre-ft (Reference 44). See the model for details
(DS-1B4).

e Pima Road and Deer Valley Detention Basin: This is the DC ranch detention
basin on the corner of Pima Road and Deer Valley. Online storage was added to
the model by means of a diversion card totaling 4.5 acre-ft. (DETPDV)

e Grayhawk Sedimentation Basin along Deer Valley Road: A stage-storage-
discharge relationship was added for the online basin along the Grayhawk
property and Deer Valley alignment approximately 1 mile west of Pima Road.
The maximum storage of the basin was approximated as being 4.04 acre-ft. This
was based on field survey of the basin (See APPENDIX A). See model for
details (D37A2).

5.1.7 Route Parameters

Whenever possible the original routing parameters from the Three Basins Model (normal
depth) or Pima Road South (normal depth and kinematic wave) models were maintained.
However, several new routes were added and a few existing routes were modified to
better meet the needs of this project. The normal depth methodology was used in the
development of all routes that were added to the model with the exception being the
modeling of the Pima Road storm drain under the proposed conditions which utilizes
kinematic wave routing. The geometry for the new normal depth routes were obtained
from the topography and aerial photography supplied by the City. Modifications to
existing kinematic wave routes were limited to minor adjustments to better represent the
current conditions.

5.1.8 Precipitation Input

No modification to the precipitation data was needed for the 100-year 6-hour analysis.
The Three Basins models utilized a 6-hour duration storm with a total precipitation depth
of 3.40 inches (NOAA 2) and used the PH card to input the hypothetical storm into the
model. The PH card was modified to model the 10 and 2-year storm events. The
additional precipitation data was generated as part of the Pima Road DCR AZI0I to
Thompson Peak Parkway Design report (Reference 31) and is shown in APPENDIX A.

Q/,/ Page 5-7 GITY "
: . OF
Entellus SCOTTSDALE.




5.1.9 Model Modifications for Proposed Conditions

There were several modifications that were needed in order to model the proposed
conditions as shown on Figure 1.1.2.

5.1.9.1 Pima Road Retention
Existing retention along the east side of Pima Road between Pinnacle Peak and
Country Club Trail was removed from the model. This is due to the Proposed Pima
Road channel that replaces these retention basins.

5.1.9.2 Pima Road Channel and Storm Drain (North of Deer Valley)

The routes along the proposed alignment of the Pima Road channel were modified to
reflect the proposed geometry and slope of the channel. Additionally, the proposed
Pima Road storm drain (north of Deer Valley) was added by modifying the route
geometry at that location. Kinematic wave modeling in HEC-1 allows for the input
of pipes within the model, and so this was utilized for the storm drain. Only single
pipes can be modeled using this methodology in HEC-1, so diversions and parallel
routings equal to the number of pipes were utilized to model the multiple pipes.

5.1.9.3 Pima Road Diversions

The diversions along Pima Road from Pinnacle Peak to Los Gatos Dr. were modified.
The proposed improvements remove all flow diversions across Pima Road south of
Pinnacle Peak and north of Los Gatos Dr. with the exception of the existing pipe
culverts (2-36” pipes) approximately 500’ south of Pinnacle Peak Road. The
proposed improvements allow up to the estimated existing capacity of the culverts
(100 cfs) to continue crossing Pima Road (HEC-1 ID D1A2F). No modifications
were made to diversions north of Pinnacle Peak.

The diversion into the Grayhawk golf course (HEC-1 ID 37AE) was modified. The
proposed improvements mimic the design flows of the Deer Valley channel (without
freeboard). Thus a rating curve based on the conceptual design of a structure at that
location was created and added to the HEC-1 model. The flow into the golf course
matches the design flow into the golf course by PACE (Reference 37). See the Deer
Valley Project Assessment Report for details (Reference 34).

Diversions for the Sierra Pinta Channel were modified to reflect future improvements
along Sierra Pinta Channel and Pima Road. These diversions, DVSP1, DVSP2 and
DVSP3 remove all flow up to the maximum capacity of the Sierra Pinta channel
(1328 cfs) as designed by Wood/Patel & Associates, Inc. (Reference 32) and route it
to the Pima Road channel. All flow above the channel design capacity continues
south along its natural course through the Pima Acres subdivision.
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5.1.10 Existing Conditions Hydrology Results

Table 5.1 lists key HEC-1 ID’s and their descriptions. While there are many other key
locations in the models those listed are of particular interest to the proposed drainage
solutions in this report. See Conceptual Plans

Plate 1 and Plate 2 for locations of concentration points.

HEC-11D | HEC-1 ID Description

C36R1C North of Pinnacle Peak (prior to box culvert
diversion across Pima Road)

C36R1D Total flow arriving at intersection of Pima Road
and Pinnacle Peak.

C1A2F Flow along Pima Road, ~500-1000 ft south of
Pinnacle Peak prior to pipe and wet crossing
C1A2E Pima Road at E. Paraiso Dr.

C1A2D Pima Road ~200-300 ft north of 91* St.

C1A2C Pima Road at 91" St.

Cl1A2G Pima Road ~ 250 ft north of Country Club Trail

C1B4 Pima Road ~ 400 ft south of Country Club Trail
C1B3 Pima Road ~ 600 ft north of E. Los Gatos Drive
C1B2 Pima Road: flow arriving along east side of Pima

Road that does not cross Pima Road through the
Los Gatos entrance

CD1A2G | Total flow entering the Los Gatos subdivision
near the Los Gatos entrance (includes flow just
north of E. Los Gatos Dr. from C1B3 and flow
just south of e. Los Gatos Dr.)

DO1B2 Flow continuing south along Pima Road beyond
the Deer Valley alignment.

D51.1D Pima Road and Deer Valley — This is the split
flow to the Deer Valley Channel from Pima

Road

CEECO05 Flow arriving at diversion to Grayhawk golf
course (37AE/37AW)

37AE Approximately %2 mile west of Pima Road along
Deer Valley alignment — Diversion into
Grayhawk golf course

C37A2 Approximately 1 mile west of Pima Road along
Deer Valley alignment — Flow arriving at
Grayhawk detention basin prior to entering golf
course.
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HEC-1ID HEC-1 ID Description

C52A Flow arriving at the intersection of Pima Road
and Thompson Peak from the east

DV52AW | Pima Road and Thompson Peak — Split flow to
the west and out of the watershed.

PRSD Flow entering the Pima Road storm drain just
northeast of the intersection of Pima Road and
Thompson Peak.

CPCH3 Pima Road and Sierra Pinta — Total flow arriving
at the intersection.

DV52W Pima Road between Thompson Peak and Sierra
Pinta - Split flow over wall and out of watershed
UHIC2 Pima Road and Union Hills — Flow along Pima
Road Channel

Table 5.1: Summary of HEC-1 ID Descriptions

The results of the existing conditions hydrologic modeling follows what was observed in
the field along Pima Road. That being that runoff flows along Pima Road along the east
and west sides, in some instances but eventually all flow crosses and exits the roadway to
the west mostly through a series of wet crossing along the road.

Table 5.2 shows a summary of peak flows for different storm frequencies at some of the
key project drainage facility locations. See Conceptual Plans

Plate 1 and Plate 2 in APPENDIX K for the hydrology map and APPENDIX A for the
HEC-1 output files.
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With Los Gatos Wall | Without Los Gatos Wall

2-Yr | 10-Yr | 100-Yr | 2-Yr | 10-Yr | 100-Yr

[efs] | [cfs] [cfs] | [cfs] | [cfs] [cfs]
C36R1C 103 | 399 | 1140 | 103 | 399 1140
C36R1D 36 | 317 | 1300 36 317 1300
C1A2F 36 | 318 | 1306 36 318 1306
C1A2E 0 0 0 0 0 0
C1A2D 4 13 33 4 13 33
Cl1A2C 9 38 169 9 38 169
C1A2G 10 36 174 10 36 174
C1B4 1 4 21 1 4 21
C1B3 22 82 256 20 79 239
C1B2 9 36 115 9 36 115
CD1A2G | 21 82 254 29 112 343
DO1B2 9 36 115 0 0 0
D51.1D 0 0 0 0 0 0
CEECO05 59 196 632 70 227 743
37AE 0 0 0 0 0 0
C37A2 106 | 381 1504 | 106 | 381 1504
C52A 384 | 1351 | 3388 | 381 | 1338 | 3355
DV52AW ] 6 121 274 6 120 273
PRSD 377 | 600 600 375 | 600 600
CPCH3 437 | 1511 | 3995 | 434 | 1500 | 3963
DV52W 0 0 0 0 0 0
UHIC2 861 | 3170 | 8732 | 858 | 3153 | 8689

Table 5.2: Existing Conditions Hydrology Summary Table

5.1.11 Proposed Conditions Results

The proposed conditions entails significantly higher peak flows along Pima Road from
Pinnacle Peak to Deer Valley due to the removal of the diversions to the west. The full
100-year peak discharge is carried in the proposed Pima Road channel south of Pinnacle
Peak, the Pima Road storm drain, and the Pima Road channel south of Deer Valley. The
peak discharge in the Pima Road channel south of Pinnacle Peak was estimated as being
approximately 1300 cfs prior to the 2-36” culvert diversion across Pima Road and
approximately 1200 cfs after the diversion. The estimated peak discharge to the Pima
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. Road storm drain is approximately 1260 cfs and the estimated discharge for the Pima
Road channel south of Deer Valley is approximately 3350 cfs.

The first segment of the proposed Deer Valley channel (prior to the diversion to the golf
course) has an estimated peak discharge of approximately 1310 cfs with approximately
640 cfs being diverted into the Grayhawk golf course and the remaining 670 cfs
continuing along the Deer Valley channel to the west. The peak discharge arriving at the
Grayhawk sedimentation basin at the end of the Deer Valley channel is approximately

1075 cfs.

Proposed Conditions

2-Yr | 10-Yr | 100-Yr

[cfs] | [cfs] [cfs]
C36R1C 103 | 399 1140
C36R1D 36 317 1300
CI1A2F 34 310 1291
C1A2E 28 270 1188
C1A2D 28 266 1185
C1A2C 28 271 1206
C1A2G 27 264 1199
C1B4 27 265 1202
CIB3 39 278 1241
C1B2 47 284 1258

® CDIA2G | 0 | o | o
DO1B2 47 284 1258
D51.1D 47 284 1257
CEECO05 80 297 1308
37AE 40 150 669
C37A2 134 | 400 1074
C52A 379 | 1331 | 3337
DV52AW | 114 | 401 273
PRSD 267 | 600 600
ERCHS 792 | 2531 | 5291
DV52W 0 0 0
UHIC2 821 | 2994 | 8723
Table 5.3: Proposed Conditions Flow Summary
5.2 Pavement Drainage Facilities

5.2.1 Criteria

The pavement drainage analysis was performed for the proposed Pima Road roadway
improvements which include Pima Road from Pinnacle Peak to 1400 feet north of

@
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Thompson Peak Parkway to size and space catch basins and scuppers. The design
criteria were to maintain one 12 foot dry driving lane in each direction and not to overtop
the curb during a 100-year storm event.

5.2.2 Methods

The pavement flows were estimated by utilizing the Rational Method as described in the
Flood Control District of Maricopa County’s Hydrology Manual (Reference 35). This
methodology bases peak flow estimates on contributing area, rainfall intensity and a run-
off coefficient. Rainfall intensity was determined through utilizing the District’s
published IDF (intensity-duration-frequency) curves, and the velocity was estimated by
manning’s equation. A run-off coefficient of 0.95 was utilized for all pavement
calculations. HY-22 (Reference 36) was then utilized for the sizing of all catch basins
and scuppers, the determination of the roadway flow spread and all other hydraulic

calculations.

5.2.3 Results

A summary of the contributing area and peak flows can be found in Table 5.4. Table 5.5
summarizes the outlet location and the opening type. Drainage areas 1 and 2 will outfall
into existing 36-inch box culverts at station 205+00. Drainage area 3, 4, and 6 will
outfall into proposed channel. Drainage area 5 will outfall to the golf course through wall
openings, south of Paraiso Drive. Drainage areas 7 to 16 will outfall into proposed storm
drain pipes. Drainage areas 17 to 20 will outfall into existing road side ditches. See the
plans and APPENDIX B for details.
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Drainage | Contributory Quo Q100
Area # Area [ ft’] [efs] [fs]
West Side of Pima Road
1 24,000 3.1 4.7
3 32,000 4.2 6.3
5 17,100 2.2 3.4
7 46,000 6.0 9.0
9 34,000 4.4 6.7
11 29,800 3.9 5.8
13 15,700 21 3.1
15 20,000 2.6 3.9
17 42,300 3.5 8.3
19 24,300 3.2 4.8
East Side of Pima Road
2 28,000 3.7 3.5
4 37,900 5.0 7.4
6 32,400 4.2 6.4
8 35,500 4.6 7.0
10 34,800 4.6 6.8
12 26,200 3.4 5.1
14 21,200 2.8 4.2
16 20,100 2.6 3.9
18 42,000 55 8.2
20 29,000 3.8 5.7

Table 5.4: Pavement Analysis Peak Flow Summary
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Location of Outlet | Drainage Area ID | Opening [ft] | Q By-Pass [cfs] | Opening Type
West Side of Pima Road
205+25 1 14.5 0.2 catch basin
199+30 3 2.5 0.0 catch basin
196+40 5 12 0.1 scupper
185+57 i 22.5 0.5 catch basin
177+00 9 14.5 1.0 catch basin
171+60 11 22.5 0.0 catch basin
167+00 13 14.5 0.0 catch basin
162+00 15 14.5 0.1 catch basin
152+00 17 16 0.9 scupper
146+34 19 16 0.5 scupper
East Side of Pima Road

205+74 2 14.5 0.4 catch basin
198+84 4 22,5 0.2 catch basin
192+55 6 14.5 0.8 catch basin
185+57 8 2.5 0.2 catch basin
177+00 10 22.5 0.1 catch basin (sump)
171+60 12 10.5% 0.0 catch basin
167+00 14 14.5 0.3 catch basin
162+00 16 14.5 0.2 catch basin
152+10 18 16 1.2 scupper
145+50 20 16 0.8 scupper

Table 5.5: Pavement Analysis Outlet Location and Opening Summary

5.3 FLO-2D Analysis — Pinnacle Peak to Deer Valley

This FLO-2D analysis was initially performed in 2007. Two base models were generated
originally, one for existing conditions assuming the Los Gatos wall failed and the other
assuming a conveyance structure along Pima road would intercept most of the flow (similar
to the current proposed infrastructure). A third model was generated in 2009 to model the
existing conditions with the Los Gatos wall in place. The modeled flows and proposed
infrastructure does not exactly match what is currently being proposed in this drainage report.
The concept of picking up all flow along Pima Road and conveying it south towards the Deer
Valley alignment via a channel and subsequent storm drain remains the same. The concept at
the time for the existing conditions was to assume that the Los Gatos wall did not prevent the
passing of flow and all flow was allowed to continue through the Los Gatos subdivision. It
was not until early 2009 that through ensuing discussions and analyses with the City it was
decided to look at two different existing conditions for the drainage plan: one with the Los
Gatos Wall in place and one without the wall. Additionally, the initial FLO-2D models were
generated utilizing FLO-2D version 2006.01 (Reference 29).
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. A follow up to these initial models targeted at determining the flow split through the Los
Gatos entrance with the varied existing conditions assumptions that the Los Gatos Wall was
in place was performed in 2009 utilizing FLO-2D version 2007.06 (Reference 38). See

Section 5.3.11 for details on this analysis.

5.3.1 Models and Assumptions

The flood flow simulation was modeled utilizing the FLO-2D Flood Routing Simulation
model version 2006.01 (Reference 29). FLO-2D is a quasi-2 dimensional numerical
model that is accepted by FEMA as meeting the requirements for use under the National
Flood Insurance Program (Reference 30). A flood simulation was performed for three
model conditions:

e Existing topographic conditions (assuming Los Gatos wall was not in place 2007)
e Proposed conditions (channel / storm drain on east of Pima Road 2007)
e Existing topographic conditions (assuming Los Gatos wall in place 2009)

5.3.2 FLO-2D Grid

FLO-2D utilizes a square grid cell over which parameters are lumped and estimated. The

model run time is directly dependant on the number of grid cells in the model and thus

the selected grid size. For this model, a 15-foot grid was chosen resulting in a modeling

grid composed of approximately 75,000 cells. A model simulation time of 10 hours was
. adequate to route all flows through the system.

5.3.3 Model Elevation Datasets

Three elevation datasets were utilized for the FLO-2D modeling. The base elevation
dataset for both the existing conditions and proposed conditions model was an existing
conditions DEM provided by the City of Scottsdale in 2007 with supplemental survey
performed by Entellus along the Pima Road corridor (2005 to 2007). The Entellus survey
data was exclusively utilized along the roadway corridor. The proposed improvements
model utilized Autodesk’s Civil 3D software to generate elevation data for the
preliminary Pima Road and Pima Road Channel. This elevation data replaced the
existing elevation data which was checked for accuracy, and modified as necessary to
accurately represent proposed condition configuration.

5.3.4 Manning’s “n” Values

Manning “n” values are defined for the entire modeling area for existing and future
conditions and can be seen in Figure 5.3.1 and Figure 5.3.2. Minor modifications were
made for the future conditions. Manning “n” values were assigned in a very broad scale
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utilizing the aerial photography provided by the City of Scottsdale and are summarized

below in Table 5.6.
Manning’s “n” Value Description
0.016 Roadway
0.022 Commercial
0.028 Residential
0.030 Golf Course
0.035 Desert Landscape

Table 5.6: FLO-2D Manning's ''n"' Values

5.3.5 Model Boundary

The boundary chosen for the FLO-2D model was selected based on the needs of the
program to model the area from Pima Road to the Deed Valley Channel which requires
the model to begin a sufficient distance upstream of Pinnacle Peak Road and continuing
to the Deer Valley Channel.

5.3.6 Flow Input/Outflow locations

There are 15 input locations used in the FLO-2D model as shown in Figure 5.3.3. The
inflow hydrographs were taken from the existing conditions hydrologic model and placed
just upstream of the concentration point locations. This allows the flow to spread over
many cells, as would occur in normal conditions prior to reaching Pima Road instead of
being a point discharge. The original purpose of the model was to determine the impacts
directly on Pima Road under existing and proposed conditions. Thus only inflow
hydrographs for areas draining to Pima Road were included in the model. No inflow
locations to the west of Pima Road were considered in this modeling effort. Outflow
locations were placed on the western and southern model boundary to allow flows to exit
the model. If no outflow locations are specified the model simply show ponding against
the lowest boundary cells.

5.3.7 Cross-Section Locations

FLO-2D can provide hydrographs for any cross-section of adjacent cells specified within
the simulation area. Cross-sections can be placed in strategic locations such as existing
culverts, wet crossings and current areas of interest throughout the model to determine
the flow passing through it. 43 cross-sections were placed for the existing conditions
model. See Figure 5.3.4 for existing conditions FLO 2D cross-section locations.
Additional cross-sections were placed along the preliminary proposed Pima Road channel
alignment and the existing Deer Valley channel to evaluate future conditions. Some of
the cross section numbers changed from the existing FLO 2D model. See Figure 5.3.5
for future conditions cross-section locations. Because FLO-2D version 2006.01 limits
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‘ the number of cells that can be utilized in a given cross-section, in order to get the
complete flow for some reaches multiple cross sections must be combined (such is the
case for cross-sections #3 and 4).

5.3.8 Existing Conditions (2007 Flo-2D Model)

Figure 5.3.6 through Figure 5.3.11 show the existing conditions flow depth for the 2, 5,
10, 25, 50 and 100-year events for the modeling area without Los Gatos wall. Figure
5.3.12 illustrates the FLO 2D, existing conditions velocity for the 100-year event. A
summary of the cross-sectional peak flows can be found in Table 5.7.

As shown in Figure 5.3.6 through Figure 5.3.14, large flows cross Pima Road through
culverts and along wet crossings following the existing topography. These flows are
discharged westward to existing residential and commercial development including
Pinnacle Peak Country Club and Los Gatos and eventually arrive at the Deer Valley

Channel.
FLO-2D Existing Conditions Flow Summary
100yr-

X-Section | 2yr-Peak | Syr-Peak | 10yr-Peak | 25yr-Peak | 50yr-Peak Peak
ID [cfs] [cfs] [cfs] [cfs] [cfs] [cfs]
X-Sec 1 0.16 5.57 20.70 116.81 162.89 259.53
X-Sec 2 0.00 0.31 16.81 58.27 98.16 141.24
’ X-Sec 3.4 0.00 1.29 6.68 43.74 67.10 103.04
X-Sec 5,36 0.00 3.86 53.37 67.89 71.13 71.56
X-Sec 6 0.00 1.80 36.61 48.75 51.74 52.34
X-Sec 8,9 2.81 6.15 21.86 24.20 25.98 28.44
X-Sec 12 0.00 11.49 84.64 83.75 85.87 87.38
X-Sec 15 5.17 14.21 35.32 53.23 56.41 89.58
X-Sec 17 3.30 10.47 23.00 39.21 42.58 69.67
X-Sec 18 2.59 11.31 22.97 38.56 46.50 69.50
X-Sec 20 0.00 1.35 2.62 7.83 18.15 27.06
X-Sec 22 18.45 42.38 67.18 117.80 170.30 206.40
X-Sec 23 16.34 37.83 55.64 99.19 145.12 178.07
X-Sec 24 7.04 14.97 25.45 52.37 74.00 101.23
X-Sec 25,26 14.21 38.07 62.57 99.14 136.66 179.37
X-Sec 27 2.40 5.37 9.97 22.14 33.49 56.90
X-Sec 30,31 0.08 3.75 4.97 10.17 17.63 24.10
X-Sec 32 0.76 2.32 4.92 7.34 11.00 19.38
X-Sec 33 1.76 4.42 9.92 24.59 37.40 51.14
X-Sec 34 0.00 6.04 19.00 48.91 85.88 125.50
X-Sec 35 1.56 4.78 9.29 18.02 26.27 38.73
X-Sec 37 2.37 5.18 51.42 102.42 150.08 175.99
X-Sec 38 46.36 112.84 135.26 186.57 270.62 333.76
X-Sec 39 7.70 20.43 60.24 81.72 108.33 116.62
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X-Sec 40 0.00 26.17 125.12 197.78 246.60 268.27
X-Sec 41 46.00 138.74 271.79 387.80 484.39 563.49
X-Sec 42 119.20 198.27 141.60 164.67 214.38 289.74
X-Sec 43 0.05 0.08 12.47 45.95 69.04 100.97

Table 5.7: FLO-2D Existing Conditions Flow Summary

5.3.9 Future Conditions (2007 FLO-2D Model)

The proposed infrastructure modeled was a channel along the east side of Pima from
Pinnacle Peak to the beginning of the State Land parcel with sufficient capacity to convey
the 100-year flows followed by a storm drain with sufficient capacity to convey the 50-
year flows and maintain the 100-year flow within the street cross-section. As mentioned
before this model was prepared prior to the final configuration of the proposed
improvements were finalized and may not match this final configuration.

Figure 5.3.13 illustrates the proposed conditions flow depth for the 100-year event and
Figure 5.3.14 shows the velocity for the same event. A summary of the peak flows for
the more relevant cross-sections are shown below in Table 5.8. As can be seen in the
plates, the channel is able to convey the flow south without inundating the road, and at
the transition to the storm drain flow is allowed to leave the channel area and flow within
the street. The only spillage out of the street cross section occurs when local flows enter
the roadway. These could be minimized by storm drain lintels along this stretch of Pima
Road. Additional storm drain inlets, however were not modeled in the FLO-2D analysis.

Y
)
Q Entellus:

Proposed Conditions Flow Summary
X-Section 100yr-Peak X-Section 100yr-Peak
ID [efs] ID [cfs]
X-Sec 1 0.26 X-Sec 37 266.07
X-Sec 3 91.90 X-Sec 38 0.85
X-Sec 4 999.48 X-Sec 39 299.82
X-Sec 6 1309.58 X-Sec 40 1.02
X-Sec 8,10 106.13 X-Sec 41 4.80
X-Sec 9 243.93 X-Sec 42 284.67
X-Sec 11 16.09 X-Sec 43 274.25
X-Sec 12 1169.97 X-Sec 44,45 7.09
X-Sec 16 1172.52 X-Sec 46 293.01
X-Sec 24 1200.93 X-Sec 47 1024.74
X-Sec 29 0.98 X-Sec 48 1023.38
X-Sec 30 154.75 X-Sec 49 1021.41
X-Sec 31 0.00 X-Sec 50 1017.50
X-Sec 32 233.22 X-Sec 51 650.00
X-Sec 34 3.15 X-Sec 52 200.00
X-Sec 35 56.30 X-Sec 53 105.00
X-Sec 36 285.17 X-Sec 54 1030.00
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Table 5.8: FLO-2D Proposed Conditions Flow Summary

Cross-section 6 was placed near the input hydrograph and utilized to ensure that the
model was inputting this hydrograph correctly. The data matches well: Subbasin S1A3F
- 1306 cfs while cross-section 6 - 1310 cfs.

As shown on the corresponding plates, the proposed alternative will significantly
decrease the amount of flow crossing Pima Road. In this initial analysis flows were
allowed to cross Pima Road along existing culvert locations including just north of
Pinnacle Peak and approximately 500 feet south of Pinnacle Peak. Proposed conditions
cross-section #52 was placed downstream of the existing culvert just north of Pinnacle
Peak Road and resulted in flows for a 100-year, 6-hour event of 200cfs and proposed
conditions cross-section #53 was placed downstream of the culvert 500 feet south of
Pinnacle Peak and had a peak flow of 105 cfs..

The Los Gatos residential development has had a history of drainage complaints
including storm water crossing Pima Road via wet crossings. Cross-sections 30 through
32 were placed in strategic locations to evaluate existing flooding conditions. The model
shows that under proposed conditions the flows entering the Los Gatos subdivision are
substantially reduced. These flows could be completely removed by modifying the street
cross section, and/or increasing the capacity of the storm drain and adding additional
inlets to the storm drain for local flows.

Proposed conditions cross-sections 6, 12, 16 and 24 were placed along the preliminary
proposed Pima Road Channel alignment to evaluate future conditions. Since the
preliminary Pima Road channel designed for flows of a magnitude of approximately 1300
cfs, the FLO 2D model shows that flows will be contained within the proposed channel.
At the end of Pima Road channel near Via de Luna, proposed cross-section #54, 1030 cfs
peak flow for the 100-year 6 hour event, represents the amount of flow that the storm
drain will have to carry. The 100-year flow for this analysis was allowed to spill out of
the culvert but was restricted to within the new Pima Road cross-section.

The total maximum peak flow that exits the model along Pima Road at Deer Valley is
approximately 300 cfs. This flow was not combined in the Deer Valley channel. The
model shows that the peak flow in the Pima Road channel ranges from 1100 to 1300 cfs.
Also, the 100-year peak flow in the Deer Valley channel is 1025 cfs, however this flow
does not include local flows contributing from the west side of Pima Road.
Modifications were made to the model to contain the flow within the existing Deer
Valley channel. This may be due to the lack of adequate elevation data (at the time of the
analysis), or lack of channel capacity. No field survey or verification as to the exact size
or capacity of the channel was conducted at the time of this analysis for this modeling
exercise.
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‘ This hydraulic analysis shows that the initial proposed infrastructure is hydraulically
feasible and would potentially provide significant flood reduction and protection to the
area.

5.3.10Summary of the Initial Proposed Improvements along Pima Road Corridor for
FLO-2D Analysis (2007)

The following list summarizes the modeling outcomes as to the proposed improvements
that would be required along the Pima Road corridor from the 2007 FLO-2D analysis.
These items are taken primarily from the memorandum produced for the FLO-2D
analysis and can be found in their entirety in Section 8.7. These do not necessarily
represent the current proposed improvements along the Pima Road corridor.

e Improve basins on the northeast corner of Pinnacle Peak and Pima Roads - These
improvements may include the construction of a dike to prevent flow from
spilling into Pima Road. This could also be hydraulic improvements to convey
the flow into the Pima Road channel.

e Upsize culvert across Pinnacle Peak from basins to proposed Pima Road channel

e Construct %2 mile Pima Road channel from Pinnacle Peak Road to Via de Luna.

The new channel would be designed following the City of Scottsdale standards.

This area would require an earthen channel with a bottom width of approximately

60 feet and side slopes of 4 to 1 feet with a total capacity of approximately 1,300 -

. 1,400 cfs. All culverts along the proposed channel location would need to be
upsized appropriately to convey the capacity of the channel flow.

e Design and construction of an approximate %2 mile long storm drain. The storm
drain would need to be adequately designed depending on final design criteria
(allowing spillage onto Pima Road, 50 vs. 100-yr etc.), but would consist
approximately of a four barrel 10’ X 5° box culvert

e Deer Valley channel improvements. If the City decides to daylight the storm
drain into the Deer Valley channel, the upstream end of the channel would need to
be modified to be able to daylight the culvert as well as an increase in capacity to
handle the increased peak discharge. It appears that adequate easements are in
place to be able to improve this channel.

e Pima Road Storm drain: If the City decides to continue the proposed storm drain
further south along Pima Road additional analysis will be needed to determine its
impacts on the downstream area.

5.3.11 Existing Conditions with Los Gatos Wall (2009 FLO-2D Model)

In 2009, various discussions regarding the “existing conditions™ versus what constituted
“historical conditions” of the watershed were held. The finality of the discussions was
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(as described in Section 5.1.3) to model two separate existing conditions: one with the
Los Gatos wall and one without Los Gatos wall. Additional discussion was held
regarding flows entering the Los Gatos entrance at E. Los Gatos Dr. To determine the
flow entering the Los Gatos entrance, another FLO-2D model was utilized.

This FLO-2D model utilized the latest version of FLO-2D version 2007.06 (Reference
38) and took the previous existing conditions model (without the Los Gatos wall) and
added a wall to the model. The wall was added by simply raising the grid cells along the
wall alignment by 10 feet. Additional cross-sections were added to the model to
determine the various flow splits at the entrance. The maximum flow depth and added
cross-sections can be seen on Figure 5.3.15. As can be seen in the figure, the flow from
the north of the Los Gatos entrance crosses to the west side of Pima Road (shown as
higher flow depth) and then almost completely enters the Los Gatos entrance at E. Los
Gatos Dr. Flow from the east of E. Los Gatos Dr. crosses and continues south without
adding significant flow into the Los Gatos entrance.

The finality of this model was to modify the existing conditions (with Los Gatos wall)
HEC-1 model to properly model the flow splits along the Los Gatos subdivision.
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FLO-2D Analysis — Deer Valley to Thompson Peak Parkway

This FLO-2D analysis was performed to determine the flow split at the Pima Road and
Thompson Peak Parkway intersection as it is under the existing conditions. Findings from
this analysis will help in determining the best option to convey the flow through the
intersection preserving the existing condition flow split.

5.4.1 Method Description

The flood flow simulation was modeled utilizing the FLO-2D Flood Routing Simulation
model version 2007.06 (Reference 38). FLO-2D is a quasi-2 dimensional numerical
model that is accepted by FEMA as meeting the requirements for use under the National
Flood Insurance Program (Reference 30).

5.4.2 FLO-2D Grid

FLO-2D utilizes a square grid cell over which parameters are lumped and estimated. The
model run time is directly dependant on the number of grid cells in the model and thus
the selected grid size. For this model, a 10-foot grid was chosen resulting in a modeling
grid composed of approximately 33,000 cells. A model simulation time of 5.5 hours was
adequate to route all flows through the system.

5.4.3 Model Elevation Datasets

Two elevation datasets were utilized for the FLO-2D modeling. The base elevation
dataset was an existing conditions DEM provided by the City of Scottsdale (Reference
41) with supplemental survey performed by Entellus in January 2009, at the Pima Rd.
and Thompson Peak Parkway intersection. The Entellus survey data was exclusively
utilized along the roadway corridor near the intersection.

5.4.4 Manning’s “n” Values

Manning “n” values are defined for the entire modeling area and can be seen in Figure
5.4.1. Manning “n” values were assigned in a very broad scale utilizing the aerial
photography provided by the City of Scottsdale and are summarized below in Table 5.9.
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‘ Manning’s “n” Value Description
0.016 Roadway
0.022 Commercial
0.028 Residential
0.030 Golf Course
0.035 Desert Landscape

Table 5.9: FLO-2D Manning's '"n"' Values

5.4.5 Area Reduction Factors

Area reduction factors (ARF) were utilized for residential and commercial areas to
properly model the building obstructions in the existing conditions. The ARF’s are used
to model areas where flow is blocked due to the existence of structures such as
commercial or residential buildings by limiting the grid elements area available for
volume storage. An ARF of 0.5 and 0.2 (50% and 20% reductions) were used for
commercial and residential areas respectively and can be seen in Figure 5.4.3. A high
reduction value was utilized for the commercial areas due to the increased flow and
volume restriction that might occur due to the large building. A complete removal of the
commercial and residential grid elements from the model was not appropriate as flooding
will likely occur in these structures, thus allowing for some storage within the buildings
grid element. The FLO-2D user’s manual states that for the simulation of large flood
events such as this model, the utilization of ARF’s will generally have only a minor
‘ impact on the inundated area (Reference 38).

5.4.6 Model Boundary

The boundary chosen for the FLO-2D model was chosen based on the need to begin the
model a sufficient distance upstream of Pima Road and Thompson Peak Parkway
intersection.

5.4.7 Flow Input/Outflow locations

There are 3 input locations used in the FLO-2D model as shown in Figure 5.4.2. The
inflow hydrographs (see APPENDIX D) were taken from the existing conditions
hydrologic model and placed just upstream of the concentration point locations. This
allows the flow to spread over multiple cells as it progresses downstream, as would occur
in normal conditions, prior to reaching Pima Road and Thompson Peak intersection. The
purpose of the model was to determine the flow split at the aforementioned intersection
under existing conditions. Thus only inflow hydrographs for areas draining to the area of
interest were included in the model. The largest inflow hydrograph comes from
concentration point C52A. This inflow was split in half and inputted into two grid cells
in the channel upstream of the Deer Valley Detention basin. This was done to improve
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the model run time. Outflow locations were placed on the western and southern model
boundaries to allow flows to exit the model.

5.4.8 Cross-Section Locations

FLO-2D can provide hydrographs for any cross-section of adjacent cells specified within
the simulation area. Cross-sections can be placed in strategic locations such as existing
culverts, wet crossings and current areas of interest throughout the model to determine
the flow passing through it. Figure 5.4.4 shows the 34 cross-section locations placed
throughout modeling area.

5.4.9 Existing Conditions

Figure 5.4.5 and Figure 5.4.6 show the existing conditions flow depth and velocity for
the 100-year event for the modeling area. A summary of the cross-sectional peak flows
can be found in Table 5.10 below.

Existing Conditions Flow Summary
ID Peak Flow [cfs] ID Peak Flow |[cfs]
X-Sec 1 659 X-Sec 23 2136
X-Sec 2 711 X-Sec 24 849
X-Sec 3 215 X-Sec 25 90
X-Sec 4 2 X-Sec 27 1115
X-Sec 5 698 X-Sec 28 983
X-Sec 6 726 X-Sec 29 26
X-Sec 8 306 X-Sec 30 489
X-Sec 9 1000 X-Sec 32 362
X-Sec 11 1077 X-Sec 37 667
X-Sec 12 249 X-Sec 38 904
X-Sec 13 308 X-Sec 41 481
X-Sec 14 94 X-Sec 42 897
X-Sec 15 1756 X-Sec 43 74
X-Sec 16 213 X-Sec 44 322
X-Sec 17 928 X-Sec 45 1297
X-Sec 18 14 X-Sec 46 311
X-Sec 19 & 20 2825 X-Sec 47 260
X-Sec 21 441 X-Sec 48 1265
X-Sec 22 & 26 133 X-Sec 52 88

Table 5.10: FLO-2D Existing Conditions Flow Summary

As shown in Figure 5.4.5 the entire Pima Road and the intersection at Thompson Peak
Parkway are inundated under the 100-year event. A portion of the flow is conveyed
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south through the existing channels located on both sides of Pima Road. A portion of the
flow from the east channel enters the existing 2 — 60” storm drains, whereas the majority
spills into the intersection. On the west side of Pima Road the 3 — 8°x4” RCBC conveys
flow southerly under Thompson Peak Parkway. The results show that of the flow
reaching Pima Road and Thompson Peak intersection (Figure 5.4.7), a peak flow as
determined by FLO-2D of about 260 cfs (X-section # 47) continues west, 971 cfs (X-
section # 42 & 43) continues south while 1746 cfs (X-section # 41 & 48) crosses
Thompson Peak in a southwesterly direction away from both Thompson Peak and Pima
Road. Further analysis is needed to determine the ultimate destination of the flow that
leaves the intersection in a southwesterly direction. For this analysis it was assumed that
this flow would ultimately end up in the Pima Road channel further south.

Figure 5.4.8 shows the output flow data retrieved from the FLO-2D model run and the
rating curve that was created from the FLO-2D output and subsequently utilized in the
HEC-1 model. Both the rising and falling limbs of the hydrographs (which can be seen
in APPENDIX D) were utilized for the determination of the rating curve. As stated
above it was assumed that all flow to the southwest would end up in the Pima Road
channel downstream (consisting of X-Sections #41, 42, 43 and 48). X-section #47 was
utilized to represent the flow to the west along Thompson Peak Parkway. Table 5.11
shows the rating curve found in Figure 5.4.8 in tabular format. Thus, as shown in Figure
5.4.8 as well as Table 5.11 below, about 8 to 9.5% of the high flows entering the Pima
Road and Thompson Peak intersection continues west along Thompson Peak Parkway
and the remaining 90.5 to 92% continues south along the Pima Road corridor. The
precise percentage varies based on the flow.

The results show that the channel conveying flow to the sedimentation basin on the
southeast corner of Pima and Deer Valley Roads does not have the capacity to convey the
full upstream flow. As a result a portion of the flow spills over the channel and follows
the historical topography in a southwesterly direction, flooding the residential areas on
the east side of Pima Road. It is recommended that this channel be re-evaluated and its
capacity potentially increased. This would reduce the potential for flooding on the
residential developments along the east side of Pima Road.
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South West Total
% Flow | Flow [cfs] | % Flow | Flow [cfs] | Flow [cfs]

0.0% 0 0.0% 0 0
99.0% 99 1.0% 1 100
98.5% 246 1.5% 4 250
98.4% <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>