February 28, 2024

City of Tucson

Attn: John Beall

201 N. Stone Avenue
Tucson, Arizona 85701

Re: RITA 10 RSSP Amendment
Comment Response

Dear John,

This letter is in response to Commissioner Makansi’s request for hydraulic modeling
data for the RITA 10 RSSP Amendment area. Through existing modeling, fieldwork,
and the additional analysis that has been provided to the Commission, we have been
able to determine that there are opportunities to consolidate flows in a way that will
provide positive outcomes for both habitat and large-scale new development in
Tucson, while ensuring adequate floodplain management for the overall RITA 10
area. Psomas has identified relevant regulations and researched the extent of existing
floodplain studies available that have been completed for this area by Pima County
Regional Flood Control District (RFCD). Floodplain extents depicted on the attached
exhibit were obtained directly from those studies. Existing studies can primarily be
obtained online through the RFCD website shown below. Psomas has attached the
single study not currently available online, prepared by CMG for RFCD as part of
work being completed for two Psomas Projects: 1) South Houghton Road for the
County DOT and 2) Fairgrounds Channels for RFCD.

o RCFD Flood Studies Link: https://www.pima.gov/1505/Floodplain-Studies

Psomas has performed a review of the existing floodplain conditions and used the
accepted flow rates from the various studies to perform high-level proposed conditions
evaluations to support the potential flow consolidation, tying into existing and planned
consolidated channels through the Fairgrounds and SELC property to provide
continuity.

Once approval of the policy amendment is obtained, ASLD or future developers will
be required to complete additional studies during the PCD or secondary planning stage
to identify how and where the consolidated corridors will be created.

333 E. Wetmore Road
Suite 450
Tucson, AZ 85705-5256

Tel 520.292.2300
Fax 520.292.1290
www.Psomas.com



Comment Response Letter
Page 2 of 2
February 28, 2024

If you have any additional questions or comments, please feel free to contact me at

(520) 292-2300.

Sincerely,
PSOMAS

feqpan Beem
Regina Beem, P.E.
Sr. Project Manager
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SECTION 1.0 INTRODUCTION

This Drainage Report has been prepared to provide the Pima County Regional Flood Control
District (District) with drainage engineering analyses for the Fairgrounds North and Central
Channels located on the Pima County Fairgrounds property between Harrison Road and
Houghton Road. The Fairgrounds North and Central Channels are segments of the larger
channelization system being proposed for the Pima County Fairgrounds property and
downstream Southeast Logistical Center (SELC) properties. This report accompanies and
complements the preliminary channel plans that are being prepared by the project civil engineer,
Psomas. For this study, the District has contracted CMG Drainage Engineering, Inc. (CMG) to

provide project drainage design consultant services.

1.1 Project Description

The Fairgrounds Channels project is in unincorporated Pima County, Arizona. The study area is
in Sections 14 and 15, Township 16 South, Range 15 East, Gila and Salt River Meridian, Pima
County, Arizona. The downstream and upstream limits of the study are respectively, just
downstream of Harrison Road and just downstream of Houghton Road at the Fairgrounds
dragstrip alignment. This project is being coordinated with and will provide a downstream drainage
discharge channel for several of the new cross drainage culverts that are part of the Pima County
Department of Transportation (PCDOT) Houghton Road widening project that fronts the

Fairgrounds property on the east.

The intent of the project is to create an environmentally sensitive design that improves drainage
through the Fairgrounds by creating more defined channel system to convey flood flows through
the northern and central parts of the Fairgrounds property and make more land available for
Fairground’s operations. The channel designs utilize wide flow corridors in an effort to minimize
erosive velocities. At the direction of the District, bank protection and erosion control features
have only been designed at locations where they would conflict with other Fairgrounds property
operations. Examples of locations where erosion control measures were considered included
channel bends, drop structures and road crossings where the potential for localized erosion is

more pronounced. A vicinity / location map for the project is presented as Figure 1.

1.2 Proposed Improvements

The project is currently envisioned to consist of the following:

e Channel Grading

Fairgrounds S Houghton Channels 1
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o Erosion Protection

e Channel Stabilization Measures (Drop Structures and/or Grade Control Structures)
e Landscaping and irrigation

e Pedestrian Pathway and Passive Recreation Nodes (North Channel Only)

e Access Road Drainage Crossings

¢ Minor Reconfiguration of Fairgrounds Infrastructure to Accommodate Channels

Fairgrounds S Houghton Channels 2
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SECTION 2.0 FLO-2D MODELING

2.1 Expanded Existing Conditions FLO-2D Models

As part of the Pima County’s South Houghton Road Widening project (South of Intereste-10,
project no. 4SHRWD), The District provided the existing conditions FLO-2D models that cover
both 3-hour type Il & 24-hour type I, 100-year & 10-year storms (total 4 models). CMG reviewed
the models and made minor modifications to them. In addition, to evaluate the Fairground
Channel project’s downstream drainage impacts to Wilmot Road, the modeling domain for the
existing conditions FLO-2D models has been extended by CMG to Wilmot Road. The expanded
FLO-2D modeling limits are shown on Figure 1. The updated and extended existing conditions
FLO-2D models serve as the basis of providing the existing conditions hydrologic and hydraulic
data for this project. Hydrologic cross sections were cut in the FLO-2D models to determine the
quantities of flow at locations of interest. The expanded FLO-2D modeling parameters are

summarized in Table 1.

Table 1: Existing Condition FLO-2D Model Parameters
FLO-2D Model

Parameters Description
FLO-2D Pro Build e Build No. 21.08.23 was utilized because this version provides
No. enhanced upstream channel to floodplain interface.
FLO-2D Study Area e Approximately 22.9 square miles. See FLO-2D study area exhibit.
Grid Size e 15-ft grid. The FLO-2D model has total 2,834,292 grids.

Topographic Data

and Aerial Photos e 2015 PAG bare earth LIDAR data and 2015 aerial photos.

Storm Frequencies e 100- and 10-year rainfall events with both 3- & 24-hr rainfall
Evaluated distribution.

e NOAA 14 (upper 90%) rainfall depths: (1) 4.32" for 100yr/24hr; (2)
Rainfall Data 3.33” for 100yr/3hr; (3) 2.88” for 10yr/24hr; (4) 2.14" for 10yr/3hr
(RAIN.DAT) e 24-hour NRCS Type | or 3-hr NRCS Type Il distribution.

e No aerial reduction factors.

¢ Inflow hydrographs from the upstream Hydrologic FLO-2D models &

Inflow Hydrographs HEC-HMS models.

(INFLOW.DAT) e Aerial reduction factors applied to upstream HEC-HMS models,
based on HEC-HMS modeling areas only.

e Used SCS Curve Number method.

Infiltration e SCS Curve Numbers were obtained from hydrologic soils,

(INFIL.DAT) impervious cover densities, vegetation covers.

e Curve Number for paved streets is 99.

Fairgrounds S Houghton Channels 3
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Table 1: Existing Condition FLO-2D Model Parameters

FLO-2D Model o
Description
Parameters
¢ Manning’s roughness coefficients utilize Land Use based on 2015
Manning’s PAG aerial photos.
Roughness e Manning’s roughness coefficients follow guidance in FLO-2D
Coefficient Reference Manuals.

e Depth variable roughness coefficient (Shallow “N”) switch is OFF.

Limiting Froude
Number
(FPFROUDE.DAT)

Hydraulic Structures e  Exisii ert
(HYSTRUC.DAT) XISting CUlVerts.

Floodplain Area
and Width
Reduction
(ARF.DAT)

Boundary Condition e Inflow/Outflow.

e Limiting Froude No. utilized global limiting Froude No. of 0.95 (0.95 in
CONT.DAT), & varying limiting Froude No. ranging from 0.95 to 1.2.

e Building was coded for runoff blockage.

Special

Considerations « NA

The existing conditions FLO-2D flow depths and velocities are shown on Exhibits 1a/1b and

3a/3b, respectively in Appendix A.

2.2 Proposed Condition FLO-2D Models for North & Central Channels

The proposed North and Central Channels, collect runoff from the Houghton Road
culverts/dragstrip (with proposed dragstrip gate openings), convey the runoff through the
Fairgrounds, and then releases runoff at Harrison Road. The proposed conditions FLO-2D
models, incorporating the proposed Houghton Road roadway improvements (Final PS&E Phase),
Fairgrounds North & Central Channels improvements, and 90-ft (3 sets of 30-ft) gate openings
within the Central Channel alignment, have been prepared to evaluate this project’'s drainage
impacts on the Fairgrounds and downstream of the project area. Compared to the existing

conditions models, the proposed conditions models have the following major modifications:

e Incorporated Houghton Road improvements (Final PS&E Phase): Raised roadway,
proposed interceptor channels, and proposed culverts have been incorporated and
resulting updated TOPO.DAT, HYSTRUC.DAT, MANNINGS_N.DAT, and FROUDE.DAT.

e Incorporated North Channel improvement using the proposed channel surface from
Psomas. Manning’s value for the channels is 0.038, with Froude Number of 1.2. The north
channel has been modeled as “CHANNEL” component in the FLO-2D models. At the north
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entrance to the Fairgrounds, the drainage capacities for the proposed culverts (3-10'x4’
RCBC) and the roadway dip section have been obtained by using HY-8 program and have
been included in the HYSTRUC.DAT. The grids along the north entrance road have been
fully blocked (ARF.DAT) because the roadway dip section’s drainage capacity has already
been included in the HYSTRUC.DAT. At the very upstream end of the north channel, in
the vicinity of the dragstrip, fully blocked grids (ARF.DAT) have been utilized on the south
side of the channel to simulate proposed constructed features, such as berm. The purpose
of this proposed berm is to prevent upstream runoff from entering Fairgrounds overland
flow area. As a result, TOPO.DAT, MANNINGS_N.DAT, HYSTRUC.DAT, and ARF.DAT
have been updated. The channel components (CHAN.DAT, CHANBANK.DAT, and
XSEC.DAT) have been added.

Incorporated Central Channel improvement using the proposed channel surface from
Psomas. Manning’s value for the channels is 0.038, with Froude Number of 1.2. The
central channel has been modeled as “CHANNEL” component in the FLO-2D models. At
the very upstream end of the central channel, the channel extends to the south to intercept
upstream overland flow. As a result, TOPO.DAT, MANNINGS N.DAT, and
HYSTRUC.DAT have been updated. The channel components (CHAN.DAT,
CHANBANK.DAT, and XSEC.DAT) have been added.

Per instructions from the District, incorporated 90-ft (3 sets of 30-ft) gate opening at the
Central Channel alignment along the dragstrip barriers. Preliminary gate opening
evaluation has been detailed in the Dragstrip Gate Opening Analysis Report — Fairgrounds
South Houghton Channels (5FGSHC) dated July 22, 2021. The purpose of the gate
opening is to reduce the amount of runoff that breaks out to the north. Based on the flow
depth data along the dragstrip, the recommended gate opening locations should be
between dragstrip station 15+50 and 20+00 (see Exhibit 2a). As a result, LEVEE.DAT has
been added.

The proposed conditions North & Central Channels FLO-2D model parameters are summarized
in the Table 2 below:

Table 2: Proposed Conditions North & Central Channels FLO-2D Model
Parameters

FLO-2D Model

Parameters DS

No.

FLO-2D Pro Build e Build No. 21.08.23 was utilized because this version provides

enhanced upstream channel to floodplain interface.
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Table 2: Proposed Conditions North & Central Channels FLO-2D Model

Parameters
FLO-2D Model o
Parameters Description
FLO-2D Study Area e Approximately 22.9 square miles. See FLO-2D study area exhibit.
Grid Size o 15-ft grid. The FLO-2D model has total 2,834,292 grids.

e 2015 PAG bare earth LIDAR data, proposed Houghton Roadway
surfaces (Final Design Phase), proposed Fairground Phase 1
Channels, and 2015 aerial photos.

Topographic Data
and Aerial Photos

Storm Frequencies e 100- and 10-year rainfall events with both 3- & 24-hr rainfall
Evaluated distribution.

See detail discussions above the table
(1) HYSTRUC.DAT
(2) FPFROUDE.DAT
(3) MANNINGS_N.DAT
(4) TOPO.DAT
(5) FPXSEC.DAT
(6) ARF.DAT
See detail discussions above the table
e (1) channel components (CHAN.DAT, CHANBANK.DAT,
Added FLO-2D files XSEC.DAT)
e (2) dragstrip barrier with 90-ft opening (LEVEE.DAT).

Updated FLO-2D
files

Deleted these files to allow the models to regenerate the files based on
updated FLO-2D files.
e (1) CADPTS.DAT; (2) FPLAIN.DAT; (3) NEIGHBORS.DAT

Deleted FLO-2D
files

FLO-2D files with

No changes to all other input files (refer to Table 1).
no change

The proposed conditions FLO-2D flow depths and velocities are shown on Exhibit 2a/2b and
4al4b, respectively. In addition, Exhibit 5a/5b and 6a/6b show the changes (between existing and

proposed conditions) of flow depths and velocities. FLO-2D exhibits are in Appendix A.

Comparing the existing and proposed conditions flow depths & velocities data, the proposed North

& Central Channel have the following drainage impacts:

e The 100-year runoff are generally contained within the North & Central Channels, except
in the areas in the vicinity of the channel terminus at Harrison Road. The channel velocities
(average across the entire channel cross section) are up to approximately 6.3 fps within
the North & Central channels. The velocities within the low flow channel segments will
have higher than channel velocities. These high low flow channel velocities are erosive

for earthen channels.
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o With the proposed 90-ft (3 sets of 30-ft) gate opening, along the existing dragstrip barriers,
south of the east entrance road within the Central Channel alignment, the 100-year break
out runoff draining from Central Channel alignment to North Channel alignment is 194 cfs
(Cross Section 485 on Exhibit 2a).

o As shown on Exhibit 2a, at the upstream end of the Central Channel, there is 128 cfs
(Cross Section 491) breakout flow that will not be intercepted by the Central Channel. The
Central Channel could extend further south between the Motorcycle Training area and the
paved road/parking lot to intercept this breakout flow.

¢ As shown on Exhibit 2a, the 100-year runoff is contained within the Central Channel. No
berms are needed near the Motorcycle Training area.

o As shown on Exhibit 5a, at the downstream of the North Channel terminus at Harrison
Road, the in discharges, flow depths, and velocities generally decrease, while, at the
downstream of the Central Channel terminus, those generally increase. The

decreases/increases extend continuously to Wilmot Road. Along major flow corridors

downstream of North & Central Channels, the 100-year discharge rates (existing,
proposed, and difference) at representative Cross Sections are shown in Table 3. The

downstream drainage impacts should be reviewed and approved by the District.

Table 3: FLO-2D Discharge Changes
FLO-2D Cross

Section

Quo0Ext (Cfs)

Qo0 pre (CfS)

Q100 piFr (cfs)

Downstream of

North Channel Terminus at Harrison Road

117 3268 2734 -534
445 1482 1085 -397
438 645 622 -23
Downstream of Central Channel Terminus at Harrison Road
163 2188 2860 672
203 1934 1942 8
444 4080 4746 666
439 5019 5536 517

Fairgrounds S Houghton Channels
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SECTION 3.0 HYDRAULIC EVALUATIONS

3.1 Channel Alignment, Dimensions and Hydraulic Capacity

CMG generated channel plan and profile plans and hydraulic cross sections from the digital terrain
model surface files provided by Psomas for the proposed North and Central Channels. Channel
alignments and geometries were determined by coordination efforts between the District, Pima

County Fairgrounds staff and Psomas.

CMG performed HEC-RAS 1-dimensional steady-state hydraulic analyses on the proposed
channels based on the channel geometries and longitudinal slopes provided by Psomas.
Hydraulic profiles for the 100-yr and 10-yr floods were included. Design discharges taken from

the project FLO-2D models, and used in the HEC-RAS hydraulic analyses were as follows:

e North Channel:
0 Upstream of channel Sta. 31+00; 100yr = 2416 cfs, 10yr = 1120 cfs
o0 Downstream of channel Sta. 31+00; 100yr = 2508 cfs, 10yr = 1180 cfs

e Central Channel:
0 Upstream of channel Sta. 33+19; 100yr = 3803 cfs, 10yr = 1177 cfs
o0 Downstream of channel Sta. 33+19; 100yr = 4660 cfs, 10yr = 1204 cfs

By these analyses, most channel sections were found to have sufficient hydraulic capacity for the
design 100-yr discharges. In the North Channel, flow breakouts were shown to occur along the
south bank in the downstream approximate 300 feet of the study reach, upstream of Harrison
Road. In the Central Channel, similar flow breakouts may occur along the north bank for

approximately 600 feet upstream of Harrison Road.

The HEC-RAS hydraulic cross sections are shown on Figure 2 - North Channel Plan and Profile
and Figure 3 - Central Channel Plan and Profile. HEC-RAS runs for “subcritical” and “mixed flow”
flow regimes were included in the analyses. Subcritical results were evaluated for channel
capacity and comparison to FLO-2D results, and the mixed flow results were used in scour and
erosion control computations. Flow inundation limits were determined by the FLO-2D hydraulic
analyses and not by the HEC-RAS analyses, but water surface elevations have been provided
for each HEC-RAS cross section in tabular form on Figures 2 and 3. Both subcritical and mixed

flow hydraulic computation sheets for the HEC-RAS modeling are included in Appendix B.
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3.2 Erosion and Scour Evaluation

The mixed flow regime HEC-RAS hydraulic analyses referenced in the previous section
determined the following average flow velocities in the typical compound channel sections:
e North Channel:
o 100yr — Channel: between 8 - 10 ft/s, Overbanks: between 3 - 5 ft/s
0 10yr — Channel: between 5 - 7 ft/s, Overbanks: between 2 - 3 ft/s

e Central Channel:
0 100yr - Channel between 8 - 10 ft/, Overbank: between 3 - 5 ft/s
0 10yr — Channel: between 5 - 7 ft/s, Overbanks: between 2 - 3 ft/s

The 100-yr overbank (terrace) velocities are potentially erosive depending on the quality of
vegetative cover that can be maintained. However, velocities concentrated in the low-flow
channels are higher, as is confirmed by the FLO-2D results reported in Section 2.2 and 2.3. The
low-flow channel 100-yr velocities are up to approximately 8.6 fps for “typical” compound channel
sections, e.g., Sta 47+00, in the North channel, and 8.8 fps for “typical” compound channel
sections, e.g., Sta 31+00, in the Central channel. In response to these results, channel segments
at channel bends as well as in localized zones at channel drops or flow concentration points (such
as immediately upstream and downstream of the entrance or access road crossings and just
downstream of the Fairgrounds Drag Strip) have been recommended to include either shotcrete

or riprap bank protection to reduce erosion potential.

For the North Channel, erosion and scour control measures from the previous 50% design
submittal were generally carried forward into the final design. For the Central Channel, the
following erosion/scour control measures were removed from the project for final design at the
direction of the District:
¢ Low-flow channel bank protection along channel bends and other localized erosion-prone
locations.
e Transverse grade control structures spaced along the channel based on maximum 6-foot
deep cumulative general scour and long-term degradation estimates.
e Bank protection of the channel south slope along the approximate lower one-third of the

channel to protect channel bank from overbank inflows from the south.

Removal of the aforementioned erosion and scour protection measures could lead to unwanted

erosion and scour of the channel system during both the 100-year design flood and lesser floods.

Fairgrounds S Houghton Channels 9
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More frequent maintenance and repair efforts should be expected to keep the unprotected

segments of the channels in original design conditions.

Using the HEC-RAS hydraulic analyses results, general scour was evaluated for the typical
channel sections and local scour was estimated at proposed channel drops, grade control
locations, channel expansion or contraction locations, and at channel bends. The general scour
computations resulted in modest depths with recommended design depths generally defaulting
to a 3-foot minimum. At grade control locations the estimated local drop scour depth was
compared to the general scour computed for the channel and the larger depth was used in grade
control depth design. At channel bends where bank protection was being designed, bend scour

was also evaluated for the channels.

CMG evaluated drop scour over the north bank of the North Channel where offsite Brekke Road
flow enters the channel between Sta 26+00 and 33+00, but because the contributing flow is
dispersed over a long distance, the drop scour depth did not exceed the channel general scour,
which governed the toe down depths along the bank within this reach. Since the existing culverts
under the dragstrip at the upstream ends of both the North and Central Channels have limited
capacity compared to 100-yr discharges, the majority of flows will enter the Fairgrounds channels
as dragstrip overtopping flows. CMG also evaluated drop scour at the downstream toe of the
dragstrip embankment at Sta. 66+39 in the North Channel and Sta. 63+21 in the Central Channel

to determine the depth of toe walls needed to protect the embankment during overtopping floods.

Erosion protection in the form of at-grade riprap aprons were designed at the outlets of the three
culverts within the project limits, i.e., 1) the existing single barrel 36" diameter Spiral Rib Pipe
(SRP) culvert under the dragstrip at the North Channel, 2) the existing 6-barrel 36” diameter SRP
culvert under the dragstrip at the Central Channel, and 3) the proposed 3-barrel 10'x4’ Reinforced
Concrete Box Culvert (RCBC) under the north entrance road crossing of the North Channel.
Additional riprap protection blankets have also been provided at proposed channel drops, channel
expansion or contraction areas at access road crossings, and at channel bends in the North

Channel.

Riprap erosion control blankets, grade control structures, bank protection limits and toe down
depths are shown on Figures 2 and 3. Scour computations sheets can be found in Appendix C.

Culvert outlet protection computations are included in Appendix E.
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3.2.1

Impacts to Fairgrounds Outfall Sewer Along Harrison Road Alignment

The North Channel final interim design (prior to culverts being installed) includes a lowering of the

Harrison Road profile at the existing North Channel at-grade crossing just south of the Brekke

Road intersection. CMG’s preliminary evaluation found that the lowering of Harrison Road by

approximately 1 foot, and the associated lowering of the potential scour depth, may cause the

scour zone to encroach into the 2-foot clear zone above the existing pipe that Pima County RWRD

standards require. Our findings are summarized below:

There are uncertainties as to how this channelization project and future upstream and
downstream development will affect flow regimes in the area. There is also an historical
propensity for head cut erosion to develop in downstream watercourses within the Lee
Moore Wash study area. These factors, along with the equilibrium slope and scour
analyses results for this project, indicate that it would be prudent to protect against long-
term channel degradation at the sewer line crossing location. General channel scour at

this location is not the critical condition to consider.

Assuming the same equilibrium slope of 0.6% that we’ve used throughout the project, it
would only take a distance of approximately 600 ft downstream to undergo channel
degradation down to the computed equilibrium slope to develop a channel depth and
associated drop scour depth immediately downstream of the roadway crossing that
could encroach into the 2-ft clear zone above the sewer and equal or exceed the
proposed 6-ft deep ford wall depth during a 100-yr flood. We assumed this plausible
channel degradation condition to estimate potential scour in the computation sheet for
channel Sta. 15+03 in Appendix C. In actuality, there is not currently a profile control

structure in the downstream watercourse for many thousands of feet.

And, as you can see in Figure 2, by referencing the existing channel thalweg profile
downstream of Harrison Rd, even with the channel in somewhat stable conditions over
the past 10-plus years, there has been local scour develop immediately downstream of
the Harrison Rd crossing to a depth of 2+ ft. With the new channel modifications per this
project and upstream flow concentration/re-distribution by the Houghton Rd

improvements, this depth could very well increase.

The 6-ft cutoff wall depth at the sewer does not extend completely down below the

sewer line grade, nor below potential long-term degradation scour depth, but it is being
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proposed to provide protection during the interim period until permanent SELC Harrison

Rd improvements (culverts) are put into place.

o The risk mitigation that extending the asphalt pavement out over the sewer line provides,

exceeds its relatively low cost.

e Based on these conclusions, CMG recommends the extension of the Harrison Rd ford
crossing pavement and placement of a downstream 6-ft deep ford wall a minimum of 3-ft
offset west from the west edge of the 15-inch Fairgrounds trunk line sanitary sewer. This
cap and ford wall should extend along Harrison Rd throughout the limits of the dip

section.

e In addition, the Pima County Regional Water Reclamation Department (PCRWRD)
should be included in the plan development and review process to get their concurrence

that this scour mitigation approach meets their requirements.

3.3 Equilibrium Slope Estimations

In addition to channel scour computations, equilibrium slope estimations were performed for the
North and Central compound channels. An equilibrium slope, S¢q = 0.6% was estimated for both
channels using Equation 6.26 from the SMDD. It is anticipated that the upstream watersheds,
which are comprised mainly of rural undeveloped lands, will undergo a moderate (10% estimated)
degree of urbanization and reduction in sediment supply during the projected design life of the

channel improvements.

Equation 6.26 requires estimation of bottom widths of predevelopment natural channels in the
project area as well as estimated 10-year peak discharges associated with those channel widths.
Given that the floodplains in the Fairgrounds property area are comprised largely of small underfit
braided channels and exhibit dispersed sheet flood characteristics, even for the 10-year flood; the

project FLO-2D depth mapping was used to estimate 10-year “natural channel” bottom widths.

The equilibrium slope estimations are presented in more detail on computation sheets found in

Appendix D.

3.4 Grade Control Spacing for Compound Channel Sections

Based on the 0.6% equilibrium slope for the compound channels, compared to the proposed
channel slopes, Grade Control Structures (GCS) were designed starting at the channel daylight

transition points near the downstream terminus of the North and Central channels as beginning
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downstream control points. In the North Channel, new GCSs were progressively placed upstream
either at locations dictated by the changes in the channel geometry, or where the difference in
the equilibrium slope and proposed channel slopes created drop heights that would produce drop
scour depths that, when combined with the drop heights, would approach, but not exceed 6 feet.
This approach was taken to avoid potential structural design requirements for the standard vertical
wall GCSs. In the Central Channel, GCSs were placed at locations identified by the District. In
the immediate areas downstream of the new GCSs, existing scour depths could be increased due
to additional local scour associated with eventual channel drops that develop in long-term
degradation conditions. In these locations, the drop scour depth caused by the GCS was
compared to the general depth of scour computed by SMDD Eq. 6.3 and the greater depth was
used to determine the required grade control depth, and if applicable, adjacent bank protection

toe down depths.

Additional transverse cut-off walls were included in the design at the Harrison Road ford crossings
for both the North and Central Channels, the N Entrance Road crossing in the North Channel,
access road crossings in the Central Channel, and at the upstream channel limits just downstream

of the Drag Strip in both channels.

The design process resulted in 10 grade control structures / transverse cut-off walls for the North

Compound Channel at the locations shown in Table 4 below.

Table 4: North Channel GCS Design Summary

_ Proposed Drop Height Drop/Gen Total
GCS Station Channel Slope (1) Scour Depth Scour/GCS
(%) (ft) Depth (ft)
+-15+03 0.20 2.3 3.2/2.5 5.5/6.0
15+65 0.20 NA NA NA/3.0
20+00 0.75 NA NA NA/3.0
31+00 0.75 1.7 3.9/2.5 5.6/6.0
40+75 0.75 1.5 4.0/2.9 5.5/6.0

N Entrance Rd Culvert Crossing with Fully Lined Channel, Drop Inlet at

4145510 42+84 approximate Sta 42+84 & Energy Dissipator at Outlet
42+84 0.78 NA NA NA/4.0
47+00 0.78 0.8 2.8/2.6 3.6/4.0
54+00 0.82 1.5 4.0/2.5 5.5/6.0
61+00 0.82 1.5 4.0/2.5 5.5/6.0
66+39 0.82 8.6 3.0/0.5 3.5/4.0
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The design process resulted in 8 grade control structures / transverse cut-off walls for the Central

Compound Channel at the locations shown in Table 5 below.

Table 5: Central Channel GCS Desigh Summary

Proposed Drop Drop/Gen Total
GCS Station Channel Height | Scour Depth | Scour/GCS
Slope (%) (ft) (ft) Depth (ft)
+-14+62 0.21 NA NA NA/6.0
+-15+04 0.21 NA 0.0/2.5 2.5/3.0
43+53 (low-flow channel only) 0.80 4.3 6.6/3.2 10.9/11.0
43+53 Rt OB Terrace 0.80 4.3 2.211.9 6.5/7.0
44+36 0.80 NA 0.0/3.1 3.1/4.0
44+83 0.80 NA 0.0/2.2 2.2/3.0
56+42 0.80 2.3 3.5/12.7 5.8/6.0
56+68 0.61 NA 0.0/2.5 2.5/3.0
63+21 0.61 6.2 3.2/0.7 3.9/4.0

These equilibrium slopes and GCS spacings are only estimates. After channel construction is
complete, on at least an annual basis, the height of drops that develop downstream of the GCS
should be examined. If drop heights develop that are in excess of the design drop heights
contained in this analysis, flatter equilibrium slopes may be developing, and installation of

additional GCSs should be considered.

To provide design recommendations that can be constructed within the designated construction
budget, in earthen channel segments the proposed standard 1-foot-thick GCSs have been
proposed to extend laterally no further than the top of the channel terrace bank on each side of

the channel.

Summaries of the grade control spacing computations are provided in Appendix D, and the

proposed GCS locations are shown on Figures 2 and 3.

3.5 North Entrance Road Combination Crossing Culvert

Per the plans, a culvert with an upstream drop inlet was analyzed at the North Entrance Road
combination at-grade and culvert crossing on the North Channel. At the crossing it was found that
a 3—cell 10’ x 4 RCBC would fit beneath the proposed roadway profile and pass approximately
1546 cfs flow under the roadway with an additional 870 cfs overtopping the crossing in the 100-
yr design flood. The 10-yr design discharge equals 1120 cfs, so this culvert crossing design should

allow the crossing to remain flood free during floods up to and exceeding the 10-yr design storm.
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The culvert analysis results are summarized in Table 6 below and hydraulic computation sheets

for the proposed culvert are included in Appendix E.

Table 6: Proposed Cross Drainage Culverts

Design Outlet ]
Proposed X Design
Number |Channel | Roadway Structure Flow (Q100) Velocity HW Elev.
(cfs) (ft/s)
1 North |N Entrance | 3-10'X4’ RCBC 2416 cfs 12.9 3045.8
Fairgrounds S Houghton Channels 15
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APPENDIX A
FLO-2D EXHIBITS
Includes:

Exhibit 1a: Existing Conditions FLO-2D Flow Depth Map: 100-Year
Exhibit 1b: Existing Conditions FLO-2D Flow Depth Map: 10-Year

Exhibit 2a: Proposed Conditions FLO-2D, North & Central Channels, Flow Depth Map: 100-Year
Exhibit 2b: Proposed Conditions FLO-2D, North & Central Channels, Flow Depth Map: 10-Year

Exhibit 3a: Existing Conditions FLO-2D Velocity Map: 100-Year
Exhibit 3b: Existing Conditions FLO-2D Velocity Map: 10-Year

Exhibit 4a: Proposed Conditions FLO-2D, North & Central Channels, Velocity Map: 100-Year
Exhibit 4b: Proposed Conditions FLO-2D, North & Central Channels, Velocity Map: 10-Year

Exhibit 5a: Change in Flow Depth Map: 100-Year
Exhibit 5b: Change in Flow Depth Map: 10-Year

Exhibit 6a: Change in Flow Velocity Map: 100-Year
Exhibit 6b: Change in Flow Velocity Map: 10-Year
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APPENDIX B

PROPOSED CHANNEL HYDRAULIC COMPUTATIONS



NORTH CHANNEL



FG Channels-N Channel Subcritical Run

2022.09.13
HEC-RAS Plan: NChnl90%v2 River: River 1 Reach: Reach 1
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)

Reach 1 6500 100yr 90' gate 2416.00 3061.30 3064.85 3065.08 0.002992 4.08 645.84 254.26 0.43
Reach 1 6500 10yr 90' gate 1120.00 3061.30 3063.80 3063.94 0.003156 3.19 385.95 239.02 0.41
Reach 1 6300 100yr 90' gate 2416.00 3060.12 3063.32 3063.17 3064.12 0.007846 8.27 391.12 190.00 0.84
Reach 1 6300 10yr 90' gate 1120.00 3060.12 3062.41 3062.37 3062.97 0.007908 6.54 22413 178.78 0.80
Reach 1 6100 100yr 90' gate 2416.00 3058.48 3061.72 3061.54 3062.49 0.008332 8.11 393.34 186.71 0.82
Reach 1 6100 10yr 90' gate 1120.00 3058.48 3060.81 3060.73 3061.34 0.008302 6.39 228.14 177.59 0.77
Reach 1 5900 100yr 90' gate 2416.00 3056.84 3060.09 3060.84 0.008107 8.02 397.16 186.99 0.81
Reach 1 5900 10yr 90' gate 1120.00 3056.84 3059.17 3059.09 3059.69 0.008166 6.34 229.79 177.83 0.77
Reach 1 5700 100yr 90' gate 2416.00 3055.20 3058.43 3059.20 0.008304 8.09 393.76 186.71 0.82
Reach 1 5700 10yr 90' gate 1120.00 3055.20 3057.53 3057.45 3058.05 0.008116 6.33 230.19 177.74 0.76
Reach 1 5500 100yr 90' gate 2416.00 3053.56 3056.83 3057.56 0.007914 7.93 402.04 188.91 0.80
Reach 1 5500 10yr 90' gate 1120.00 3053.56 3055.90 3056.41 0.008185 6.33 230.50 179.63 0.77
Reach 1 5400 100yr 90' gate 2416.00 3052.74 3055.96 3056.74 0.008480 8.14 391.00 186.59 0.83
Reach 1 5400 10yr 90' gate 1120.00 3052.74 3055.07 3055.59 0.008188 6.35 229.49 177.90 0.77
Reach 1 5200 100yr 90' gate 2416.00 3051.10 3054.38 3055.11 0.007665 7.87 404.77 187.40 0.79
Reach 1 5200 10yr 90' gate 1120.00 3051.10 3053.42 3053.35 3053.94 0.008255 6.37 228.73 177.69 0.77
Reach 1 5000 100yr 90' gate 2416.00 3049.46 3052.73 3052.55 3053.51 0.008301 8.13 392.24 186.52 0.82
Reach 1 5000 10yr 90' gate 1120.00 3049.46 3051.86 3051.74 3052.36 0.007545 6.21 234.51 177.88 0.74
Reach 1 4800 100yr 90' gate 2416.00 3047.82 3051.15 3050.91 3051.88 0.007843 7.88 400.10 180.39 0.79
Reach 1 4800 10yr 90' gate 1120.00 3047.82 3050.17 3050.12 3050.72 0.008914 6.51 223.85 179.69 0.79
Reach 1 4700 100yr 90' gate 2416.00 3047.00 3049.98 3049.98 3050.94 0.010644 8.55 344.52 173.10 0.91
Reach 1 4700 10yr 90' gate 1120.00 3047.00 3049.11 3049.11 3049.75 0.010273 6.64 196.61 167.15 0.84
Reach 1 4600 100yr 90' gate 2416.00 3046.00 3049.24 3048.99 3050.02 0.006518 7.68 388.44 172.64 0.76
Reach 1 4600 10yr 90' gate 1120.00 3046.00 3048.20 3048.05 3048.75 0.006980 6.15 211.60 166.33 0.74
Reach 1 4500 100yr 90' gate 2416.00 3045.36 3048.34 3048.27 3049.26 0.008576 8.37 356.90 171.80 0.87
Reach 1 4500 10yr 90' gate 1120.00 3045.36 3047.53 3047.38 3048.06 0.006782 6.05 220.00 167.05 0.73
Reach 1 4344 100yr 90' gate 2416.00 3044.14 3047.47 3048.13 0.005433 7.16 416.61 173.96 0.70



Jerry
Text Box
FG Channels-N Channel Subcritical Run
2022.09.13


HEC-RAS Plan: NChnl90%v2 River: River 1 Reach: Reach 1 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)

Reach 1 4344 10yr 90' gate 1120.00 3044.14 3046.16 3046.16 3046.82 0.009133 6.69 193.94 166.09 0.84
Reach 1 4282 100yr 90' gate 2416.00 3043.66 3046.70 3046.70 3047.89 0.002066 9.16 362.39 172.17 0.94
Reach 1 4282 10yr 90' gate 1120.00 3043.66 3045.63 3045.63 3046.42 0.002255 7.20 181.01 165.62 0.91
Reach 1 4263 100yr 90' gate 2416.00 3041.60 3045.79 3045.79 3047.24 0.001694 9.80 305.01 165.87 0.88
Reach 1 4263 10yr 90' gate 1120.00 3041.60 3043.98 3043.98 3045.12 0.002617 8.56 130.91 58.01 1.00
Reach 1 4237 100yr 90' gate 2416.00 3039.10 3045.77 3044.34 3047.07 0.001032 9.32 343.32 164.28 0.70
Reach 1 4237 10yr 90' gate 1120.00 3039.10 3044.07 3042.32 3044.68 0.000536 6.22 180.19 42.14 0.50
Reach 1 4191 Culvert

Reach 1 4143 100yr 90' gate 2416.00 3038.38 3043.41 3043.41 3045.93 0.017384 12.72 189.87 172.59 1.00
Reach 1 4143 10yr 90' gate 1120.00 3038.38 3041.41 3041.41 3042.91 0.020643 9.85 113.70 167.04 1.00
Reach 1 4075 100yr 90' gate 2416.00 3037.88 3041.17 3041.92 0.006837 7.62 385.76 159.91 0.76
Reach 1 4075 10yr 90' gate 1120.00 3037.88 3040.09 3040.63 0.007777 6.21 214.94 155.57 0.76
Reach 1 3971 100yr 90' gate 2416.00 3037.09 3040.32 3041.17 0.007457 7.91 361.16 149.39 0.79
Reach 1 3971 10yr 90' gate 1120.00 3037.09 3039.29 3039.83 0.007492 6.13 210.07 143.19 0.75
Reach 1 3927 100yr 90' gate 2416.00 3036.75 3039.98 3040.83 0.007551 7.95 358.82 149.36 0.80
Reach 1 3927 10yr 90' gate 1120.00 3036.75 3038.95 3038.77 3039.50 0.007654 6.17 207.57 143.15 0.76
Reach 1 3700 100yr 90' gate 2416.00 3035.05 3038.30 3039.13 0.007385 7.90 362.14 149.43 0.79
Reach 1 3700 10yr 90' gate 1120.00 3035.05 3037.27 3037.80 0.007245 6.07 212.40 143.33 0.74
Reach 1 3500 100yr 90' gate 2416.00 3033.55 3036.76 3037.62 0.007712 7.99 356.91 149.26 0.81
Reach 1 3500 10yr 90' gate 1120.00 3033.55 3035.73 3035.57 3036.29 0.007883 6.22 206.19 143.10 0.77
Reach 1 3300 100yr 90' gate 2416.00 3032.05 3035.36 3036.15 0.006857 7.69 371.43 149.86 0.76
Reach 1 3300 10yr 90' gate 1120.00 3032.05 3034.31 3034.81 0.006760 5.92 218.12 143.61 0.71
Reach 1 3100 100yr 90' gate 2508.00 3030.55 3033.85 3034.71 0.007495 8.02 369.67 149.76 0.80
Reach 1 3100 10yr 90' gate 1180.00 3030.55 3032.80 3032.63 3033.37 0.007695 6.29 216.06 143.47 0.76
Reach 1 2900 100yr 90' gate 2508.00 3029.05 3032.35 3033.21 0.007497 8.03 369.64 149.81 0.80
Reach 1 2900 10yr 90' gate 1180.00 3029.05 3031.34 3031.88 0.007106 6.13 222.41 143.78 0.73




HEC-RAS Plan: NChnl90%v2 River: River 1 Reach: Reach 1 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)
Reach 1 2700 100yr 90' gate 2508.00 3027.55 3030.84 3031.71 0.007505 8.04 369.52 149.77 0.80
Reach 1 2700 10yr 90' gate 1180.00 3027.55 3029.77 3029.63 3030.36 0.008078 6.41 21217 143.29 0.78
Reach 1 2500 100yr 90' gate 2508.00 3026.05 3029.34 3030.20 0.007523 8.02 369.28 149.78 0.80
Reach 1 2500 10yr 90' gate 1180.00 3026.05 3028.40 3028.12 3028.90 0.006424 5.91 231.04 14414 0.70
Reach 1 2300 100yr 90' gate 2508.00 3024.55 3027.85 3028.71 0.007437 7.99 370.76 149.77 0.79
Reach 1 2300 10yr 90' gate 1180.00 3024.55 3026.69 3026.62 3027.34 0.009382 6.71 201.11 142.85 0.83
Reach 1 2100 100yr 90' gate 2508.00 3023.05 3026.81 3027.46 0.004825 7.02 451.86 197.40 0.65
Reach 1 2100 10yr 90' gate 1180.00 3023.05 3025.60 3025.99 0.004630 5.31 259.70 145.29 0.60
Reach 1 1900 100yr 90' gate 2508.00 3022.13 3025.48 3026.30 0.006943 7.82 379.42 150.11 0.77
Reach 1 1900 10yr 90' gate 1180.00 3022.13 3024.66 3025.05 0.004709 5.34 257.93 145.11 0.61
Reach 1 1800 100yr 90' gate 2508.00 3021.94 3025.04 3025.45 0.007555 5.21 494.39 237.45 0.60
Reach 1 1800 10yr 90' gate 1180.00 3021.94 3024.23 3024.45 0.006573 3.75 314.60 195.07 0.52
Reach 1 1700 100yr 90' gate 2508.00 3021.72 3024.32 3024.66 0.007816 4.71 532.30 267.64 0.59
Reach 1 1700 10yr 90' gate 1180.00 3021.72 3023.60 3023.78 0.006606 3.41 346.18 249.35 0.51
Reach 1 1630 100yr 90' gate 2508.00 3021.59 3023.65 3024.03 0.010252 4.95 506.43 290.05 0.66
Reach 1 1630 10yr 90' gate 1180.00 3021.59 3023.03 3023.23 0.009333 3.60 327.88 282.60 0.59
Reach 1 1565 100yr 90' gate 2508.00 3021.47 3023.04 3022.87 3023.53 0.005742 5.64 44458 316.88 0.84
Reach 1 1565 10yr 90' gate 1180.00 3021.47 3022.57 3022.36 3022.81 0.004635 3.97 296.96 305.04 0.71
Reach 1 1516 100yr 90' gate 2508.00 3021.34 3022.66 3022.66 3023.25 0.005614 6.17 406.79 348.96 1.01
Reach 1 1516 10yr 90' gate 1180.00 3021.34 3022.15 3022.15 3022.53 0.006470 4.93 239.19 318.87 1.00
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