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1.0 Introduction

The Federal Aviation Administration (FAA) issued a Federal Register Notice on
August 19, 2016, announcing its intent to prepare an Environmental Impact Statement
(EIS) for the Proposed Airfield Safety Enhancement Project (ASEP) including real
property transactions at Tucson International Airport (TUS or Airport) in Pima County,
Arizona (the Proposed Action).

The FAA is the lead federal agency for preparation of the EIS and will do so in compliance
with National Environmental Policy Act of 1969 (NEPA) and Council on Environmental
Quality (CEQ) Regulations for Implementing the Procedural Provisions of NEPA (40 Code
of Federal Regulations [CFR] Parts 1500-1508), as well as FAA'’s policies and procedures
for complying with NEPA found in FAA Order 1050.1F, Environmental Impacts: Policies
and Procedures and FAA Order 5050.4B, NEPA Implementing Instructions for Airport
Actions. The FAA has invited the United States Air Force (USAF) and the National Guard
Bureau (NGB) to participate as cooperating agencies as described under 40 CFR §
1501.6 and both have accepted FAA’s invitation.

The Proposed Action includes the construction of a new air carrier runway parallel to the
primary Runway 11L/29R. This new runway would replace the existing general aviation
Runway 11R/29L. The purpose of the project is to enhance the safety of the airfield by
eliminating areas in which risk of runway collision and incursion are heightened.
Construction of an additional runway will simplify the current airfield’s complex geometry,
thus, enhancing the overall safety of the runway and its operations.

The key project elements include the following:

¢ Relocate Runway 11R/29L to the southwest and construct it to a total length of
10,996 feet and width of 150 feet

e Construct new full-length parallel taxiway between Runway 11L/29R and
Runway 11R/29L

e Construct supporting connector taxiways between Runway 11R/29L and both
outboard and centerline parallel taxiways

e Construct bypass taxiways for Runways 11L and 11R

e Closure of segments of taxiway A2 between taxiway A and Runway 3/21 and
taxiway A2 and Runway 3/21

e Construct/maintain Arizona Air National Guard (AANG) extended blast pads for
Runways 11L/29R and 11R/29L

e Construction of additional drainage detention areas to support additional
impervious pavement areas

e Construction of replacement Earth Covered Magazines on U.S. Air Force Plant
44 (AFP 44)

e Construction of a Munitions Storage Area on land identified as "Parcel H" by
the National Guard Bureau

TY-LININTERNATIONAL

engineers Planners scientists



m Tucson International Airport

Airfield Improvement Project

X CONSTRUCT FULL LENGTH PARALLEL RUNWYAY
2 ie
-

A CONSTRUCT NEW CENTER PARALLEL TAXIWAY

CONSTRUCT NEW OUTBOARD PARALLEL TAXIWAY

TOHONOJO,COHAM] Mk fEsl-
INDIANJRESERVATION .

DEMOLITION OF 12 MAGAZINES &

S AN SAIVOONS

Legend =i ; o X
[ Proposed Full Length Parallel Runway EE | E L I : :
I Froposed Texiway Pavement e L2
— o DIEENE %,
Replacement Magazines 4 > %
== Parcel F -
Parcel G PARCEL i G 3
= Parcel H .
Source: Tucson Airport Authority and Landrum & Brown, 2016 v, X
Y o y LN _
DRAFT ; ‘ 7
p— 7

Figure-1: Proposed Airfield Improvements

This Storm water drainage plan is to be used by the FAA to document the conceptual
design with recommendations of drainage improvements including conveyance facilities
and detention basins to mitigate increases in runoff discharge and volumes associated
with the Proposed Action.
1.1 Purpose of Report

This report focuses on development of conceptual drainage improvements in support of
the Proposed Action. The report evaluates existing hydrologic conditions and develops
a conceptual plan for storm water management including an evaluation of pre versus post
runoff conditions at offsite discharge locations. This report documents the conceptual
design with recommendations of drainage improvements including conveyance facilities
and detention basins to mitigate increases in runoff discharge and volumes.

1.2 Location

The Airport is located on 8,343 acres in Tucson, Arizona in Pima County south of the city
of Tucson central business district. The Airport is near both Interstate 10 and Interstate

TY-LININTERNATIONAL 4
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19. The United States Air Force (USAF) owned land, known as Air Force Plant 44 (AFP
44), is located along the southwest border of the Airport.

The Airport is bounded by Valencia Road (north), Alvernon Way (east), Aerospace
Parkway (south) and Nogales Highway (west) within the city of Tucson, Arizona.

Tucson International

Pima County

Figure-2: Location Map

2.0 Tucson International Airport

2.1  Existing Conditions

The TUS airfield is comprised of three runways; one set of close parallel runways
separated by a distance of 706 feet (oriented in a northwest/southeast direction) and one
crosswind runway (oriented in a northeast/southwest direction).

Parallel Runways 11L/29R and 11R/29L measure 10,996 feet long by 150 feet wide and
8,408-feet long by 75-feet wide, respectively. The crosswind runway, Runway 3/21,
measures 7,000 feet long by 150-feet wide.

Runway 11L/29R is the primary runway at TUS and is the runway generally used by air
carrier and military aircraft. During adverse wind conditions, air carrier and military aircraft
occasionally use crosswind Runway 3/21. The crosswind runway is also used for
convenience by General Aviation (GA) aircraft when conditions allow. Runway 11R/29L,
originally built as a taxiway, has been converted to a runway primarily used by GA aircraft,
due to its length and width.

The taxiway system provides aircraft access between the runways and the passenger
terminal complex, general and corporate aviation areas, military facilities, airfreight
terminals, and other aircraft parking areas.

TY-LININTERNATIONAL
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There are five major drainages close to the Airport, Airport Wash, Valencia Wash, El Vado
Wash, Santa Clara Wash, and Hughes Wash, all of which are part of the larger Santa
Cruz River watershed. These washes are considered ephemeral streams because they
only conduct water during and immediately following precipitation events. Perennial
streams conduct water all year long and intermittent streams are dry for part of the year,
but conduct water for periods longer than ephemeral streams. During a precipitation
event, storm water runoff from the Airport is conveyed by a system of manmade channels
and culverts to these drainages, which flow from southeast to northwest toward the Santa
Cruz River.

Airport Wash concentrates on the northeast side of the 11L/29R and the terminal area is
conveyed around TUS via the Airport Wash channel, which ultimately discharges north
of Valencia Road east of Park Avenue. Hughes Wash conveys flow from subbasins 5
and 6 (see Exhibit 5 in Appendix C) as well as flow from AFP 44 which ultimately
discharges west of Nogales Highway south of Hermans Road.
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Figure-3: Offsite Drainage Flow Paths
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Within the airfield, a smaller local watershed identified as the Airfield watershed collects
and conveys onsite runoff from existing airport facilities and currently conveys and
discharges storm water runoff at a number of local outfalls located adjacent to the Nogales
Highway. Three existing culverted crossings of the railroad and the highway, between
Valencia Road and Aero Park Boulevard, discharge flow to the west side of the Nogales
Highway where the storm water is typically conveyed within existing natural washes to
the northwest toward the Santa Cruz River.

There are four areas where ponding may occur at the Airport during heavy rain events.
These are: 1) within the airfield, 2) the area west of Bombardier Aerospace at the railroad,
3) the area west of the Triple Hangars at the railroad, and 4) within Airport Wash. Ponding
on the airfield occurs between all runways and taxiways. The ponding is temporary in
nature, and only occurs in a significant amount during storms with frequencies greater
than 10 years.

2.2 Previous Studies

The following previous studies have developed existing conditions hydrology and
hydraulics for the Airport area and were reviewed as part of this effort.

e Airport Wide Drainage Basin Study (AWDBS). May 1992.

e Airport Wide Drainage Basin Update. Stantec Consulting, Inc. August, 2004. This
report is an update of the original 1992 report to incorporate changes in land use,
current agency requirements and revised Master Plan conditions.

TY-LININTERNATIONAL
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3.0 Existing Conditions Hydrology

Offsite hydrologic analysis was not performed with this study. Instead, the results of a
previous study (Airport Wide Drainage Update Report (Report), prepared by Stantec
Consulting, Inc. 2004) will be used. This report refers to some data from the Airport Wide
Drainage Basin Study (AWDBS) completed in May 1992, while providing additional
modeling results and updated analysis.

In the 2004 study, U.S. Army Corps of Engineers (USACE) HEC-1, Flood Hydrograph
Package computer program was used to determine the storm water runoff discharges of
the existing airport conditions for the 2, 5, 10 and 100-year return periods. At the time, the
HEC-1 model was used in place of the standard Pima County hydrology methodology
because of the nature of the contributing watersheds. The HEC-1 model was used to
account for the extensive ponding throughout the watershed, which largely affects the
peak discharges.

3.1 Existing Conditions

Per the 2004 report, several watersheds contribute to the study area or adjacent
surrounding areas. These watersheds are the Airport Wash, Hughes Wash and the
Airfield Wash watersheds. Discharges and projected volumes of the hydrologic analysis
can be found in the report. No additional offsite analysis was performed as a part of this
study.

3.2 Previous Study Model Results

The existing airfield drainage facilities have generally been designed in accordance with
the FAA qguidelines. FAA Advisory Circular AC 150/5320-5B, “Airport Drainage,” July
1970 recommends that airfield drainage facilities be designed for the 5-year frequency
storm runoff. Per the results found in tables 4 & 8 of the report (AWDB-Update), the peak
5-year baseline flows from the site is listed as 222 cubic feet per second (cfs).

Table 3.2 — Airfield Discharge

Storm Baseline Post-Development Detention
Frequency Flow Flow Basin Volume
[cfs] [cfs] [ac.-ft.]
- 108 152 4
Airfield 222 305 4
Watershed

(Point C) 10 322 379 5
100 904 981 5

Notes: 1) Hydrology modeled using HEC-1 hydrographs and stage-storage-discharge relationships.
2) Uncertain if detention basins were constructed. Listed as ‘future’ development in the
Stantec report (2004).
3) Results in table based upon ‘on-line’ detention basins in Airfield Wash and 20% oversizing.
The detention basin volume shown in Table 3.2 is indicated as future development within

the Stantec report. It is not clear if the detention basin was constructed.

TY-LININTERNATIONAL
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3.3 Airfield Wash, Airport Wash, and Hughes Wash Hydrology

There are three distinct outfalls from the Airfield Wash watershed, two distinct storm water
outfalls from the Hughes Wash watershed, and one distinct storm water outfall from the
Airport Wash watershed (see Exhibit 5 in Appendix C). Each of these outfalls has a
distinct drainage area contributing storm water runoff. These six sub-basins of Airfield
Wash, Airport Wash, and Hughes Wash watersheds are analyzed to determine the peak
discharges reaching each outfall. The City of Tucson’s hydrologic method is used to
develop onsite discharges with the following results.

Existing Conditions Sub-basin Runoff

Table 3.3 — Airfield Wash, Airport Wash, and Hughes Wash Watersheds

Drainage Outfall Contributing | Weighted 5-year 100-year
Areas Location Area Runoff C Discharge | Discharge
[acres] [cfs] [cfs]

1 Valencia Road to Airport Wash 41.8 0.73 80.1 228.8

2 Nogales Hwy to Valencia Wash 160.9 0.85 275.6 787.6

3 Nogales Hwy to El Vado Wash 77.3 0.80 124.3 355.2

4 Nogales Hwy to El Vado Wash 618.7 0.78 609.2 1740.7

5 Hermans Road to Hughes Wash 593.3 0.77 469.9 1342.6

6 Hermans Road to Hughes Wash 64.8 0.86 115.2 329.3

The results of the existing conditions analysis determine the base flow rate which are not
to be exceeded by proposed conditions in the Proposed Action.

TY-LININTERNATIONAL
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4.0 Hydrology

4.1 Design Criteria
Section 1.5 of the AWDB-Update designates that future drainage facilities be designed in
accordance with the following City of Tucson, Pima County and FAA guidelines:

e Detention basins will hold runoff for a period of time before releasing it to
downstream facilities, and must drain within 24-hours per Pima County DOT &
Flood Control District (FCD) regulations. The basins will be designed such that
post-development 2, 5, 10 & 100-year peak flows from the site will not exceed the
predevelopment values.

e Detention volumes in onsite ponding areas and detention basins will bleed-off flow
such that the basins will drain within 24-hours.

e Per FAA guidelines, future onsite drainage facilities mush have capacity for the 5-
year frequency storm runoff. Additionally, temporary ponding from storms with a
return period of 10-years will be checked for encroachment into the runway and
taxiway safety areas. Ponding in the airfield is allowed only as a result of runoff
exceeding the 5-year design capacity. Detention basins within the runway and
taxiways will not be allowed. Temporary or short term ponding in the airfield caused
by runoff from rainfall events greater than the 5-year event must drain within 24-
hours.

e Detention basins shall be located as far from runways as possible.

e Buildings, structures and adjacent facilities shall be protected from the 100-year
frequency storm runoff.

¢ No changes in drainage patterns impacting downstream areas will be allowed.

4.2 Proposed Airfield Improvements

The Proposed Action includes, among other things, construction of a full length parallel
runway designated 11R/29L, a new center parallel taxiway, new outboard parallel
taxiway, addition of supporting and bypass taxiway systems (see Figure 1). These
improvements are entirely located within the Airfield Wash watershed and constitute an
overall increase in the total impervious area located within the watershed resulting in a
net increase in storm water runoff discharge and volume.

The nature of the improvements can be observed by comparing the existing onsite
development (Exhibit 5) with the proposed shown in Exhibit 6 in Appendix C. The change
in land use can be classified into three categories:

e Impervious which is now pervious, resulting from the removal of an impervious
surface

e Pervious which is now impervious, resulting from the addition of new impervious
surfaces; and

e Impervious which will remain impervious, resulting from a modification in the
Proposed Action but from one impervious surface to another.

TY-LININTERNATIONAL 10
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The netincrease in impervious surface is approximately 80.0 acres which is primarily split
between subbasins 4 & 5. Subbasins 1, 2 and 6 were essentially unchanged while
subbasin 3, although modified, resulted in a zero-net change in impervious surface.

4.3 Proposed Conditions Onsite Hydrologic

The three of the six watersheds have been modified to reflect physical changes to the
existing conditions. The proposed conditions drainage boundaries between watersheds
4 and 5 are adjusted to account for changes in contributing watershed based upon the
runway and taxi way configuration (see the differences between exhibits 3 and 6 in
Appendix C).

The drainage analysis follows the guidelines within the Standards Manual for Drainage
Design and Floodplain Management in Tucson, Arizona, July 1998 (Tucson Drainage
Manual). A base rainfall intensity is found in the Tucson Drainage Manual which is used
to calculate 100-year discharges. Other storm frequencies are determined using a factor
found in Table 4.5. This methodology applies a weighted runoff coefficient by soils and
land use categories, and a rainfall intensity taken from Table 4.1 in the City’s manual. The
following results are documented in the calculations and this summary:

Table 4.3a — Airfield Wash, Airport Wash, and Hughes Wash Watersheds
Proposed Conditions Watershed Runoff

Drainage Outfall Contributing | Weighted 5-year 100-year
Areas Location Area Runoff C Discharge | Discharge
[acres] [cfs] [cfs]

1 Valencia Road to Airport Wash 41.8 0.73 80.1 228.8

2 Nogales Hwy to Valencia Wash 160.9 0.85 275.6 787.6

3 Nogales Hwy to El Vado Wash 77.3 0.80 124.3 355.2

4 Nogales Hwy to El Vado Wash 588.8 0.83 589.7 1684.9

5 Hermans Road to Hughes Wash 623.1 0.84 510.9 1459.8

6 Hermans Road to Hughes Wash 64.8 0.86 115.2 329.3

The discharges for watersheds 1, 2, 3 and 6 are the same as existing conditions (see
table 3.3). Even though the impervious cover increased in watershed 4, the area
decreased resulting in a net decrease in discharge when compared to existing conditions.
The area and the impervious cover for watershed 5 both increased resulting in a net
increase of about 120 cfs (see tables 4.3b and 4.3c).

The net change in impervious area is calculated and reported as approximately 80 acres.
In order to attenuate the increase in storm water runoff (both discharge and volume),
storm water storage is needed within the Airfield watershed to attenuate both the
discharge and the volume of runoff released from the watershed. Table 4.3b summarizes
the change in 5 and 100-year discharges.

TY-LININTERNATIONAL "
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Table 4.3b — Pre vs. Post Discharges

Existing Conditions

Proposed Conditions

Watershed | Contributing | Weighted 5-year 100-year | Contributing | Weighted 5-year 100-year
ID Area Runoff C | Discharge | Discharge Area Runoff C | Discharge | Discharge
[acres] [cfs] [cfs] [acres] [cfs] [cfs]
1 41.8 0.73 80.1 228.8 41.8 0.73 80.1 228.8
2 160.9 0.85 275.6 787.6 160.9 0.85 275.6 787.6
3 77.3 0.8 124.3 355.2 77.3 0.80 124.3 355.2
4 618.7 0.78 609.2 1740.7 588.8 0.83 589.7 1684.9
5 593.3 0.77 469.9 1342.6 623.1 0.81 510.9 1459.8
6 64.8 0.85 115.2 329.3 64.8 0.86 115.2 329.3
Table 4.3c — Net Change in Discharges
Existing Conditions Proposed Conditions
Watershed 5-year 100-year 5-year 100-year 5-year 100-year
ID Discharge | Discharge | Discharge | Discharge | change change
[cfs] [cfs] [cfs] [cfs] [cfs] [cfs]

1 80.1 228.8 80.1 228.8 0.0 0.0

2 275.6 787.6 275.6 787.6 0.0 0.0

3 124.3 355.2 124.3 355.2 0.0 0.0

4 618.7 1740.7 589.7 1684.9 -29.0 -55.8

5 469.9 1342.6 510.9 1459.8 +41.0 +117.2

6 115.2 329.3 115.2 329.3 0.0 0.0

Since the improvements were restricted to watersheds 4 and 5 there is no change in peak
discharge for Watersheds 1-3 and 6. It is important to note that the rational methodology

in

the Tucson

Drainage Manual

does not

account

for

Retention/Detention is handled external to the runoff calculations.

retention/detention.

New detention basins are proposed for watersheds 4 and 5 and are further discussed in
Section 5.4. The basins are designed to provide specific attenuation of the runoff from the
proposed improvements. The following table includes the proposed conditions discharges
at the outfall points of the watersheds after attenuation.
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Table 4.3d — Airfield Wash, Airport Wash, and Hughes Wash Watershed
Proposed Conditions Watershed Discharge

Drainage Outfall Contributing | Weighted 5-year 100-year
Areas Location Area Runoff C Discharge | Discharge

[acres] [cfs] [cfs]

1 Valencia Road to Airport Wash 41.8 0.73 80.1 228.8

2 Nogales Hwy to Valencia Wash 160.9 0.85 275.6 787.6

3 Nogales Hwy to El Vado Wash 77.3 0.80 124.3 355.2

4 Nogales Hwy to El Vado Wash 588.8 0.83 572 1487

5 Hermans Road to Hughes Wash 623.1 0.81 517 1327

6 Hermans Road to Hughes Wash 64.8 0.86 115.2 329.3

TY-LININTERNATIONAL 13
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5.0 Hydraulics

5.1 Proposed Drainage Improvements

In many respects the airfield drainage will be similar to existing conditions in that storm
water will still collect in the infield areas between the runways and taxiways. However,
the collection system to convey the storm water away from the airfield will, by necessity,
be revised to meet the needs of the airfield improvements.

There are currently two outfalls for storm water runoff within the airfield. These are:

1. An existing channel located approximately mid-field near Aero Park Boulevard
conveys storm water runoff southwesterly and discharges to a retention/detention
area on the south side of Hermans Road adjacent to Nogales Highway. This
discharges to Hughes Wash (Subbasin 5).

2. An existing channel located near the norther end of the airfield, south of and
nearly adjacent to runway 3/21. This channel conveys flow westerly to an existing
crossing of Nogales Highway located approximately 1500-feet south of Los
Reales Road (Subbasin 4).

The proposed drainage concept (see Exhibit 6 in Appendix C) connects the infield areas
between the runways and taxi ways using culverted crossings and discharge to the two
existing conveyance channels. New in-line detention facilities will be located within
open/available spaces (away from the airfield) to mitigate discharges to acceptable pre-
project rates to meet drainage design guidelines.

5.2 Pipe Culverts

In order to accommodate and effectively convey the onsite flows through the infield areas
of the airfield, pipe culverts are required to route storm water through the infield areas.
The size, length and dimensions of the pipe are determined based upon the conveyance
of the accumulated 5-year discharge reaching each culvert. The pipe material is to-be-
determined based upon available cover and airport loading over the top of the pipe. Itis
recommended that Class V rubber gasket reinforced concrete pipe (RGRCP), or a
suitable material able to withstand aircraft loading, be used with a minimum of 3-feet
cover.

Local onsite hydrology methods are used to determine the discharge based upon an
accumulating contributing watershed and a lengthening time of concentration. These local
discharges determine the required conveyance capacity for culverts located within
subbasins 4 and 5 (see table 5.2).

TY-LININTERNATIONAL 14
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Table 5.2 — Culvert Summary

Subbasin  Culvert 5-year Culvert Subbasin  Culvert 5-year Culvert
ID ID Discharge Diameter ID ID Discharge Diameter
[cfs] [inches] [cfs] [inches]
4 C-1 19.0 30 5 C-16 108.2 48
4 C-2 24.9 30 5 C-17 130.6 54
4 C-3 41.6 36 5 C-18 21.3 30
4 C-4 52.2 42 5 C-19 41 36
4 C-5 50 42 5 C-20 171.1 60
4 C-6 20 30 5 C-21 170.7 60
4 C-7 20.7 30 5 C-22 185 60
4 C-8 48.7 36 5 C-23 37.9 36
4 C-9 35.5 36 5 C-24 52.3 42
4 C-10 47.3 36 5 C-25 112 54
4 C-11 56.4 42 5 C-26 20.9 30
4 C-12 31.7 36 5 C-27 279.5 2-54
4 C-13 59.7 42 5 C-28 98.4 48
4 C-14 89.4 48 - - - -
4 C-15 186.7 60 - - - -

Per the drainage design guidelines in Section 4.1, culverts shall have, at a minimum, the
ability to convey the 5-year discharge. The 10-year is allowed to temporarily pond as long
as storm water does not pond into the runway or taxiways. This is an important distinction
and special care should be taken during final design to ensure that the culverts are sized
properly to meet both criteria.

Culverts can also become blocked due to debris, so regular maintenance should be
performed. A minimum pipe diameter should be considered (recommend at least 24-
inches in diameter) so that the culverts are less susceptible to debris blockage. Upsizing
the culvert diameter a half size (6-nches) should also be considered if regular
maintenance is problematic.

5.3Channels

The existing channels identified in Section 5.1 have been evaluated for capacity based
upon a rough estimate of top and bottom width, sideslope, depth and longitudinal slope.
The channel segments may need to be enlarged depending upon existing capacity,
proposed conveyance and detention basin location.

Based upon existing conditions, it is estimated that the existing channel network has
capacity for between a 5 and 10-year storm event based upon physical location,
dimensions depth and longitudinal slope. Storm water runoff in excess of the capacity of

TY-LININTERNATIONAL 15
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the channel would sheet flow generally following the slope of the terrain and between built
up areas.

Tucson International Airport

In some areas the channel is relatively clean with a consistent trapezoidal shape. In
others areas the channels are roughly graded with varying levels of vegetation. The
capacity of the existing channel can be improved through maintenance by removing
dense sections of vegetation in multiple reaches. Channel capacity could also be
improved by through consistent grading and dimensioning of the channel shape and
slope.

5.4 Detention Basins

Pima County’s method for sizing detention and retention storage facilities is used to
attenuate peak discharges to below that of existing conditions. Calculations are provided
in Appendix A and B.

The net change in impervious area is determined through review of changes in the Land
Use as described in Section 4.2 which alters the proposed conditions runoff coefficient.
Other adjustments include a change in the contributing drainage area within each
subbasin based upon modifications to the flow patterns within the runway and taxiway
areas.

The hydrologic results were used to identify locations with increase in peak discharges
and then 100-year detention facilities were developed to reduce the outflow of watersheds
4 and 5. The project improvements generated 28 new sub-basins within the two
watersheds which runoff, collect and convey onsite discharge through a network or
channels located within the infield areas. Culverts convey flow between infield areas in a
generally westerly direction. Once the flows have progress beyond the proposed airfield
improvements the discharge is routed through inline detention basins. The outfall of the
basins are designed to attenuate the inflow while discharging a much smaller baseflow
which is conveyed to the ultimate outfalls for each watershed. Due to the layout,
watershed 4 has three detention basins, while watershed 5 only has one.

Table 5.4 — Detention Basin Summary

TY-LININTERNATIONAL
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Weighted | 100-year 100-yr 100-yr Duration of Ponding
Watershed Runoff 1-hour Retention | Detention Discharge Ponding
ID Area Coefficient | Rainfall Volume Volume Rate Duration
[acres] [inches] [acre-ft] [acre-ft] [cfs] [hours]

4 28.3 0.81 2.45 4.7 4.1 19 2.6

4 50.4 0.86 2.45 8.8 8.2 20.0 5.0

4 122.1 0.83 2.45 20.7 19.1 40.0 5.8

5 249.5 0.80 2.45 40.8 36.7 80.0 5.5
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The outflow from each detention basin is counted as baseflow and added directly to the
runoff from the remainder of each watershed resulting in the proposed lowered
discharges reported in Table 4.3d.

Detention Basin sizes and locations (see Exhibit 7) are proposed which would effectively
attenuate the storm water discharge and volume as a result of the Proposed Action.

Detention facilities are sized based upon the available footprint of the basin, the design
depth with a positive slope to the outfall which will reasonably allow for detention only, the
availability of an adjacent outfall, and a strategic location to design a bleed-off facility
which will allow for release of detained flow such that the basin will discharge all runoff
within a 24-hour period.

Four detention basins are proposed. Three in Watershed 4, one in Watershed 5 and are
identified on Exhibit 7 as Basins 1-4 respectively. These basins are approximately sized
to meet the needs of the Proposed Action, however, adjustments to size, shape and
location can be made to avoid utilities, planned development, safety areas, etc. However,
it is important to maintain the connectivity between the collection and delivery channels
/pipes which bring storm water to the basin, and then from the basin downstream
conveyance to the outfalls.

TY-LININTERNATIONAL 17
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NOAA Atlas 14, Volume 1, Version 5

** source: USGS

POINT PRECIPITATION FREQUENCY ESTIMATES

Location name: Tucson, Arizona, USA* sf“m""‘%
Latitude: 32.1192°, Longitude: -110.9428° S %
Elevation: 2592.28 ft** 3! £

* source: ESRI Maps "‘e%\“ ,*ff;

Sanja Perica, Sarah Dietz, Sarah Heim, Lillian Hiner, Kazungu Maitaria, Deborah Martin, Sandra
Pavlovic, Ishani Roy, Carl Trypaluk, Dale Unruh, Fenglin Yan, Michael Yekta, Tan Zhao, Geoffrey
Bonnin, Daniel Brewer, Li-Chuan Chen, Tye Parzybok, John Yarchoan

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PE_graphical | Maps_&_aerials

|

PF tabular
| PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)?
) | Average recurrence interval (years) |
Duration
[ 1 [ 2 |[ 5 || 10 || 25 || 5 | 100 | 200 | 500 | 1000 |
5-mi 0.252 0.324 0.428 0.507 0.614 0.695 0.779 0.862 0.974 1.06
-min (0.226-0.284)|/(0.291-0.366)||(0.382-0.481)|((0.449-0.569)|((0.537-0.687)|((0.599-0.779)|((0.661-0.877)||(0.720-0.975){(0.792-1.11) | (0.844-1.22)
10-mi 0.383 0.493 0.651 0.772 0.935 1.06 1.19 1.31 1.48 1.61
-min (0.344-0.433)|/(0.443-0.558)||(0.580-0.732)||(0.682-0.866)|| (0.816-1.05) || (0.912-1.19) || (1.01-1.34) || (1.10-1.49) | (1.21-1.69) || (1.28-1.85)
15-mi 0.475 0.611 0.808 0.956 1.16 1.31 1.47 1.63 1.84 2.00
-min (0.426-0.536)|/(0.549-0.692)||(0.719-0.908)|| (0.846-1.07) || (1.01-1.30) || (1.13-1.47) || (1.25-1.66) || (1.36-1.84) || (1.49-2.10) || (1.59-2.30)
30-mi 0.639 0.823 1.09 1.29 1.56 1.77 1.98 219 2.48 2.69
-min (0.574-0.722)|(0.739-0.931)|| (0.969-1.22) || (1.14-1.45) || (1.36-1.74) || (1.52-1.98) || (1.68-2.23) || (1.83-2.48) || (2.01-2.82) || (2.14-3.09)
60-mi 0.791 1.02 1.35 1.59 1.93 2.19 2.45 2.71 3.06 3.33
-min (0.710-0.894)|| (0.914-1.15) || (1.20-1.51) || (1.41-1.79) || (1.69-2.16) || (1.88-2.45) || (2.08-2.76) || (2.26-3.07) || (2.49-3.50) || (2.65-3.83)
2:h 0.917 1.17 1.52 1.79 217 2.46 2.76 3.06 3.48 3.79
-hr (0.827-1.03) || (1.06-1.32) || (1.37-1.70) || (1.59-2.00) || (1.91-2.41) || (2.14-2.73) || (2.36-3.07) || (2.57-3.42) || (2.84-3.92) || (3.04-4.32)
3h 0.973 1.23 1.58 1.86 2.25 2.55 2.88 3.21 3.69 4.06
-hr (0.877-1.09) || (1.11-1.38) || (1.42-1.77) || (1.66-2.08) || (1.98-2.50) || (2.22-2.84) || (2.45-3.22) || (2.68-3.61) || (2.98-4.19) || (3.20-4.66)
6-h 1.10 1.38 1.73 2.03 243 2.75 3.09 3.44 3.93 4.33
-hr (0.993-1.24) || (1.24-1.55) || (1.55-1.94) || (1.80-2.26) || (2.13-2.71) || (2.38-3.07) || (2.63-3.45) || (2.88-3.86) || (3.19-4.45) || (3.45-4.95)
12-h 1.24 1.55 1.93 2.23 2.66 2.99 3.33 3.68 4.16 4.54
N (1.12-1.38) || (1.41-1.73) || (1.73-2.15) || (2.00-2.48) || (2.35-2.95) || (2.61-3.33) || (2.86-3.72) || (3.11-4.14) || (3.43-4.72) || (3.67-5.20)
24-h 1.39 1.74 217 2.52 3.00 3.38 3.78 4.18 4.74 517
-nr (1.28-1.53) || (1.60-1.91) || (1.99-2.38) || (2.30-2.77) || (2.72-3.30) || (3.04-3.72) || (3.36-4.18) || (3.68-4.65) || (4.11-5.33) || (4.43-5.86)
2.d 1.52 1.90 2.37 2.76 3.28 3.70 4.14 4.58 519 5.67
-day (1.40-1.67) || (1.75-2.09) || (2.18-2.60) || (2.52-3.02) || (2.99-3.60) || (3.33-4.07) || (3.69-4.57) || (4.05-5.10) || (4.51-5.85) || (4.85-6.46)
3 1.62 2.02 2.53 2.95 3.54 4.02 4.52 5.05 5.79 6.39
-day (1.49-1.77) || (1.86-2.22) || (2.32-2.77) || (2.69-3.23) || (3.21-3.88) || (3.61-4.42) || (4.02-5.01) || (4.43-5.63) || (4.97-6.53) || (5.39-7.28)
4d 1.71 214 2.68 3.14 3.80 4.34 4.91 5.52 6.40 711
-day (1.58-1.88) || (1.96-2.35) || (2.45-2.94) || (2.86-3.44) || (3.43-4.17) || (3.88-4.78) || (4.34-5.44) || (4.81-6.16) || (5.43-7.22) || (5.92-8.11)
7-d 1.97 2.46 3.10 3.64 4.42 5.06 5.76 6.50 7.57 8.45
-day (1.81-2.17) || (2.25-2.71) || (2.83-3.41) || (3.31-4.00) || (3.98-4.87) || (4.51-5.60) || (5.07-6.41) || (5.64-7.30) || (6.42-8.62) || (7.04-9.74)
10-d 2.21 2.75 3.45 4.03 4.86 5.54 6.27 7.04 8.14 9.04
-day (2.02-2.42) || (2.52-3.02) || (3.14-3.78) || (3.67-4.42) || (4.38-5.34) || (4.94-6.11) || (5.52-6.95) || (6.11-7.88) || (6.90-9.22) || (7.52-10.4)
20-d 2.88 3.60 4.51 5.25 6.27 7.08 7.92 8.81 10.0 1.0
-day (2.65-3.15) || (3.30-3.94) || (4.12-4.93) || (4.78-5.73) || (5.67-6.85) || (6.34-7.76) || (7.02-8.73) || (7.71-9.78) || (8.61-11.3) || (9.29-12.5)
30-d 3.50 4.36 5.38 6.19 7.27 8.10 8.95 9.81 1.0 1.9
-day (3.24-3.80) || (4.03-4.74) || (4.96-5.84) || (5.69-6.71) || (6.64-7.90) || (7.36-8.83) || (8.07-9.80) || (8.76-10.8) || (9.64-12.2) || (10.3-13.3)
45-d 4.26 5.30 6.47 7.35 8.49 9.32 10.1 10.9 11.9 12.6
-day (3.95-4.61) || (4.92-5.74) || (6.00-7.00) || (6.81-7.96) || (7.83-9.20) || (8.55-10.1) || (9.25-11.0) || (9.89-11.9) ||(10.7-13.1) || (11.2-14.0)
60-d 4.83 6.01 7.33 8.33 9.62 10.6 1.5 12.4 13.5 14.3
-day (4.47-5.22) || (5.56-6.51) || (6.78-7.93) || (7.69-9.01) || (8.85-10.4) || (9.69-11.5) || (10.5-12.5) || (11.2-13.6) || (12.1-15.0) || (12.7-16.0)
1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates
(for a given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds
are not checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
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PF graphical

PD5-based depth-duration-frequency (DDF) curves
Latitude: 32.1192°, Longitude: -110.9428"
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Small scale terrain
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Large scale aerial
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NOAA Atlas 14, Volume 1, Version 5

Location name: Tucson, Arizona, USA*
Latitude: 32.1192°, Longitude: -110.9428°

Elevation: 2592.28 ft**
* source: ESRI Maps
** source: USGS

POINT PRECIPITATION FREQUENCY ESTIMATES
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Sanja Perica, Sarah Dietz, Sarah Heim, Lillian Hiner, Kazungu Maitaria, Deborah Martin, Sandra
Pavlovic, Ishani Roy, Carl Trypaluk, Dale Unruh, Fenglin Yan, Michael Yekta, Tan Zhao, Geoffrey
Bonnin, Daniel Brewer, Li-Chuan Chen, Tye Parzybok, John Yarchoan

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PE_graphical | Maps_&_aerials

PF tabular
| PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches/hour)’ |
Duration | Average recurrence interval (years)
urati
[ 1 2 5 10 25 50 100 || 200 500 1000
5-mi 3.02 3.89 5.14 6.08 7.37 8.34 9.35 10.3 17 12.7
-min (2.71-3.41) || (3.49-4.39) || (4.58-5.77) || (5.39-6.83) || (6.44-8.24) || (7.19-9.35) || (7.93-10.5) || (8.64-11.7) || (9.50-13.3) || (10.1-14.6)
10-mi 2.30 2.96 3.91 4.63 5.61 6.35 7.1 7.87 8.90 9.68
-min (2.06-2.60) || (2.66-3.35) || (3.48-4.39) || (4.09-5.20) || (4.90-6.27) || (5.47-7.12) || (6.04-8.01) || (6.57-8.91) || (7.23-10.2) || (7.70-11.1)
15-mi 1.90 2.44 3.23 3.82 4.64 5.24 5.88 6.51 7.35 8.00
-min (1.70-2.14) || (2.20-2.77) || (2.88-3.63) || (3.38-4.29) || (4.05-5.18) || (4.52-5.88) || (4.99-6.62) || (5.43-7.36) || (5.97-8.39) || (6.37-9.18)
30-mi 1.28 1.65 2.18 2.58 3.12 3.53 3.96 4.38 4.95 5.39
-min (1.15-1.44) || (1.48-1.86) || (1.94-2.45) || (2.28-2.89) || (2.73-3.49) || (3.04-3.96) || (3.36-4.46) || (3.66-4.96) || (4.02-5.65) || (4.29-6.18)
60-mi 0.791 1.02 1.35 1.59 1.93 2.19 2.45 2.71 3.06 3.33
-min (0.710-0.894)|| (0.914-1.15) || (1.20-1.51) || (1.41-1.79) || (1.69-2.16) || (1.88-2.45) || (2.08-2.76) || (2.26-3.07) || (2.49-3.50) || (2.65-3.83)
2:h 0.458 0.586 0.761 0.897 1.08 1.23 1.38 1.53 1.74 1.90
-hr (0.414-0.515)|((0.528-0.658)||(0.682-0.852)|| (0.796-1.00) || (0.954-1.21) || (1.07-1.37) || (1.18-1.54) || (1.29-1.71) || (1.42-1.96) || (1.52-2.16)
3h 0.324 0.409 0.524 0.618 0.748 0.849 0.958 1.07 1.23 1.35
-hr (0.292-0.363)|((0.369-0.460)||(0.472-0.589)|((0.551-0.692)|[(0.659-0.834)|/(0.738-0.946)|[ (0.816-1.07) || (0.893-1.20) || (0.992-1.39) || (1.07-1.55)
6-h 0.184 0.230 0.289 0.338 0.406 0.459 0.516 0.575 0.656 0.723
-hr (0.166-0.206)|/(0.207-0.258)|/(0.259-0.324)||(0.301-0.378)||(0.356-0.453)|((0.398-0.512)|((0.439-0.576)||(0.481-0.644)|((0.533-0.742)||(0.575-0.826)
12-h 0.103 0.129 0.160 0.185 0.221 0.248 0.276 0.306 0.345 0.377
-hr (0.093-0.115)||(0.117-0.144)|((0.144-0.178)|/(0.166-0.206)||(0.195-0.245)/((0.217-0.276)||(0.238-0.309)|[(0.258-0.344) ||(0.285-0.392) | (0.305-0.432)
24-h 0.058 0.073 0.091 0.105 0.125 0.141 0.157 0.174 0.197 0.215
-nr (0.053-0.064)|((0.067-0.080)||(0.083-0.099)|((0.096-0.115)|{(0.113-0.138) (|(0.127-0.155)|((0.140-0.174){(0.153-0.194)||(0.171-0.222)|((0.184-0.244)
2 0.032 0.040 0.049 0.057 0.068 0.077 0.086 0.095 0.108 0.118
-day (0.029-0.035)|/(0.036-0.043)||(0.045-0.054)||(0.053-0.063)|((0.062-0.075)|((0.069-0.085)|((0.077-0.095)||(0.084-0.106)/[(0.094-0.122)|{(0.101-0.135)
34 0.022 0.028 0.035 0.041 0.049 0.056 0.063 0.070 0.080 0.089
-day (0.021-0.025)|/(0.026-0.031)||(0.032-0.038)||(0.037-0.045)||(0.045-0.054)|((0.050-0.06 1)|[(0.056-0.070)||(0.061-0.078)/[(0.069-0.091)|{(0.075-0.101)
4d 0.018 0.022 0.028 0.033 0.040 0.045 0.051 0.058 0.067 0.074
-day (0.016-0.020)|/(0.020-0.024)||(0.026-0.031)||(0.030-0.036)|((0.036-0.043)|((0.040-0.050)|((0.045-0.057)||(0.050-0.064)|((0.057-0.075)|(0.062-0.084)
7d 0.012 0.015 0.018 0.022 0.026 0.030 0.034 0.039 0.045 0.050
-day (0.011-0.013)/(0.013-0.016)/|(0.017-0.020)||(0.020-0.024)|/(0.024-0.029) ||(0.027-0.033)||(0.030-0.038)||(0.034-0.043)||(0.038-0.051)||(0.042-0.058)
10-d 0.009 0.011 0.014 0.017 0.020 0.023 0.026 0.029 0.034 0.038
-day (0.008-0.010)|/(0.010-0.013)|(0.013-0.016)||(0.015-0.018)||(0.018-0.022)|((0.021-0.025)|[(0.023-0.029)||(0.025-0.033)/{(0.029-0.038){(0.031-0.043)
20-d 0.006 0.008 0.009 0.011 0.013 0.015 0.017 0.018 0.021 0.023
-day (0.006-0.007)|/(0.007-0.008)||(0.009-0.010)||(0.010-0.012)||(0.012-0.014)||(0.013-0.016)|[(0.015-0.018)||(0.016-0.020)|{(0.018-0.024){(0.019-0.026)
30-d 0.005 0.006 0.007 0.009 0.010 0.011 0.012 0.014 0.015 0.016
-day (0.004-0.005)|/(0.006-0.007)||(0.007-0.008)||(0.008-0.009)|((0.009-0.011)|((0.010-0.012)[(0.011-0.014)|{(0.012-0.015)/{(0.013-0.017)/{(0.014-0.019)
45-d 0.004 0.005 0.006 0.007 0.008 0.009 0.009 0.010 0.011 0.012
-day (0.004-0.004)|/(0.005-0.005)|/(0.006-0.006)||(0.006-0.007)||(0.007-0.009)|((0.008-0.009)|((0.009-0.010)|{(0.009-0.011){(0.010-0.012)|{(0.010-0.013)
60-d 0.003 0.004 0.005 0.006 0.007 0.007 0.008 0.009 0.009 0.010
-day (0.003-0.004)|/(0.004-0.005)|/(0.005-0.006)|((0.005-0.006)||(0.006-0.007)|((0.007-0.008)|((0.007-0.009)|((0.008-0.009)/{(0.008-0.010){(0.009-0.011)
1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for
a given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not
checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
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PF graphical

PD5-based intensity-duration-frequency (IDF) curves
Latitude: 32.1192°, Longitude: -110.9428"
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Large scale aerial
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Conceptual Drainage Design

Appendix A.2 — Calculations



|e211IDQgNS £L8°0 00T S'6LC ¥S-¢ cLE 0S00°0 €100 440-£LC 8 LC-9T -Vd LCD
|eanogns 860 A°) 6'0¢ (019 LS'T 0s00°0 €100 9T -vd 9¢-D
|ea1IDgnNS L8°0 6’8 0'¢tt 145 12583 0¥700°0 €100 ¢T'6T'8T - va S¢O
|eangns 88°0 VL €'¢S [4% (474 0%700°0 €100 ze'eT -va v¢-0
|ea1IDgnNS L6°0 VL 6'LE 9¢ 70'¢ 0S00°0 €100 ¢c-vda €0
[eanagns 880 L0T 0'S8T 09 Ty 0s00°0 €100 440-£¢'17'9T'st've’eT'1e'oz - va [440)]
[eanoqgns L6°0 L0T L0LT 09 08¢ 0S00°0 €100 440-£7'LT'9T'ST' V'€’ T - va T¢-D
[eanuagns S9°0 6 T'TLT 09 0S'v 8€00°0 €100 440-£2'17'9T'st've’er - va 0¢-D
|e21IDgnNS €80 T'L 0Ty 9¢ 8¢'¢ ¥¥#00°0 €100 SZ'9¢-va 6T-0
|eangns L6°0 S'9 €T¢C (019 6S'T 0s00°0 €100 9¢-vd 8T-D
|e21IDgnNS 99°0 L8 9'0€T 145 €0’y 6€000 €100 440-£2°LT'vT - va LT-D
|eandgns cL0 T'6 ¢'80T 81 09°¢ 0s00°0 €100 440-£2'LT-Vva 91-D
|e21IDgnNS 680 6 7’86 1514 LT'E 0S00°0 €100 440 L¢-vd 8¢0
[eanuagns L8°0 L0T €981 09 STV 0s00°0 €100 ZT'6'0T'TT'ET'VI'ST - va ST-D
|ea1IDgnNS L6°0 T'6 7’68 87 16'¢C 0sS00°0 €100 ETPT'ST - vda ¥1-0
|eanogns L6°0 €8 L'6S [4% Sv'e 0s00°0 €100 ¥T'ST-va €10
|ea1IDgnNS 680 99 L'TE 9¢ v6'T 0%700°0 €100 ST-vd ¢T-D
|eanogns 00T '8 799 [4% SE'C 0s00°0 €100 6°0T'TT -Vva TT-D
|e21IDgnNS 180 9L €LY 9¢ LY'C 0S00°0 €100 0T‘TT-Vva 0T-2
|eanogns 660 €L q'qE 9¢ v6'T 0s00°0 €100 TT-vd 6-0
|ea1IDgnNS LL°0 9L L8V 9¢ 99'¢ 0S00°0 €100 v'L9-va 80
|eanogns 860 79 L°0¢C (015 99’7 0sS00°0 €100 L-Vvd LD
|ea1IDgnNS 660 79 0°0¢ (013 €S'T 0sS00°0 €100 9-vd 9-0
|eanogns 880 €L 0'0s [4% 9¢'¢ 6€00°0 €100 T-vd S0
|ea1IDgnNS 880 VL (A4S (474 v'e 0%700°0 €100 '€'s'8-vda -0
|eanogns ¢6'0 S'L 91Ty 9¢ 6T'¢C 0s00°0 €100 €'6'8-va €D
|ea1IDgnNS 160 99 6'1¢ (013 8L'T 0sS00°0 €100 §‘'8-vd 0
|eanogns TL°0 'S o6l (019 9L'T 0€00°0 €100 8-vdad T-0
[s/4] [s49] [saydul] (4] (34/34]
a2dA] mo|4 ‘ON 9phoJ4  Aud0|9A  984eydsig  J91Lwelq yydag ado|s *}1490) suiseqqns 3uianglIauo) al
JedA-G adid

9|qel Alewwng 1aAN)
1odJly Jeuonneusalu| uosony |euolnjeudalu] uIAL




S-¢ S'6LC 7900°0 S'6v7¢ 440-LT 8 LT9T
o€ 6'0¢ 6700°0 06 9T
S o¢tt T900°0 V'[9 (44}
[4% €¢s 6900°0 9'ce (44}
9¢ 6'LE 6900°0 8'LT [44
09 0°G8T S900°0 6'67T 440 £T'LT'9T'se've’ec’'Teoe N
09 L'0LT 7900°0 SVET 440 £T'LT'9T'ST'vT'ET'Te
09 T'TLT T900°0 o'cel 440 £T'LT'9T'sT've’ee
9¢ 0Ty S800°0 L0¢C 97'se
(013 €T¢C €C10°0 '8 9¢
S 9'0€T 8500°0 S'16 440-£2°1T'vC
1174 T'v0T 8TT00 S'LL 440-L2°LC
09 €981 89000 A4 *CT'6OT'TT'ETPT'ST
174 768 8900°0 6'0S ETPT'ST
[47 L'6S ¥900°0 S'Ce vT'sT
9¢ L'TE €L00°0 oVl ST €
[47 99 79000 €0¢ 6'0T'TT
9¢ €LY 9900°0 V'ec OT‘TT
9¢ S'qE ¢L00°0 S99t 1T
9¢ L8V 8500°0 6'CC «V'L9
(013 £°0C T900°0 '8 L [4
0€ 0'0¢ 0900°0 '8 9
[47 0°0S 6€00°0 €'8¢ xT
[47 [ 0900°0 S'LT +C'€'S’8
9¢ 9’1y 8500°0 €0¢ €'6'8 T
o€ 6't¢ ¢900°0 S0t G'8
144 06T 8600°0 T'L 8
(u1) paJinbay (s) (4/4) (seu0e) al essv W
9zIS adid JA g - 984eyosig 2do|S 19]3n0 ealy 98euleaq 934eyasiq - dnouo yq

‘(349) 866T AINr ‘euoziy ‘uosan] uj Juawaseuel ulejdpool{ pue ugisaqg aSeulelq Joj |eNUBIAl SPJEPUR)S

810¢/.2/L
BUOZIIY ‘U0SON|

0990
Arewwng

1oduly [BUOnBUISIU| UOSON |

ESIEVETE}Y
:9)eq
:uoljeoso]
:oyyny
:;Joalgng
:309load




paJdinbay induj Jasn = 4 (T

1S910N

TSIT £6C€E T'9 T'61 760 88°0 an 8€0°0 [ "pul/wwod 0€ 79000 LL9'YY S'S 788 S'S 788 5 [ 3 288 v9LT 24 875¢€ 879 (LSIX3) 9-SM
6697 9°TYET 6T S€9 96°0 780 ao'e 8€0°0 “pul/ wwiod o€ 0£00°0 €85°L8T S'LT ST'ST6E S'LT ST'ST6E SLe ST'ST6E St ST'ST6E | S0S8L 0Tt TOLST £°€65 (1SIX3) S-Sm
7'609 LOpLT 9€ TLy 96°0 780 ao'e | 8e00 | “pul/wwod 0'€ S500°0 yI§'L2T €1 Y9ET €1 Y9€T €1 v9€T €1 Y9ET 87LY 49 95v6 L'819 (LSIX3) -SM
24t T'SSE 8's L1 S6°0 80 o' 8€0°0 | "pul/wwod 0'€ 1900°0 906'0S 9 5'066 9 5066 9 5066 9 5'066 86T 174 296€ €LL (LS1X3) €-SM
9'SLT 9'/8L 09 10T 760 L8°0 an 8€0°0 | "pul/wwod 0'€ 0£00°0 v62'81 L S£'900T L S£'900T L S£'900T L S£'900T ¥10T 8 L20% 6091 (LS1X3) T-SM
1°08 8'877 L SET 860 8L°0 an 8€0°0 | "pul/wwod 0'€ 2£00°0 £€7'97 14 655 2 655 |2 655 2 655 8111 91 9€2T 8Tt (LSIX3) T-SM
9'9€ €Lyl oY oy S6'0 ¥8°0 ad'a | 8e00 | “pul/wwod 0'€ £900°0 LTT'OTT ST 0s2¢ ST 052 ST 0sze ST 052z 005t 09 0006 6'16€ lened dg-SM
626 T'800T 9y S'TE 560 £8°0 an 8E0'0 | "pul/wwod 0'€ £500°0 85128 8 00ST 8 00ST 8 00ST 8 00ST 000€ [43 0009 £'88€ lenJed dy-Sm
TSIT £'6C€E 1’9 T'61 760 88°0 an 8€0'0 | "pul/wwod 0'€ 79000 LL9'YY S'S 788 S'S 788 S'S 788 S'S 788 v9LT [44 87S€ 8'%9 (d0yd) 9-SM
601 8'657T 6T 979 960 ¥8°0 ao'e | 8e00 | “pul/wwod 0'€ 0£00°0 €85'£8T gLt | szseee | sLe | szseee | sit | seseee | sitr | szseee | s0s8L ott T0LST T'€29 (do¥d) S-Sm
£°68S 67891 9€ 89 960 €8'0 ao'e | 8e00 | “pul/wwod 0'€ $500°0 YIS'LTT €1 Y9€T €1 Y9ET €1 v9€T €1 Y9€T 87LY 49 95v6 8'885 (d0¥d) ¥-Sm
€T T'SSE 8's L1 S6°0 ¥8°0 o' 8€0°0 | "pul/wwod 0'€ 1900°0 906'0S 9 5'066 9 5066 9 5'066 9 5'066 1861 24 296€ €LL (d0yd) €-SM
9'SLT 9'/8L 09 10T 760 L8°0 an 8€0°0 | "pul/wwod 0'€ 0£00°0 v62'81 L 579001 L S£'900T L S£'900T L 579001 ¥10T 87 L20v 6091 (doyd) Z-sm
1°08 8'877 L SET 860 8L°0 an 8€0°0 | "pul/wwod 0'€ 2£00°0 £€9'97 14 655 2 655 |4 655 |2 655 8TTT 91 9€2T 8Tt (40Yd) T-SM
7'86 018 6'S L°0T 00'T 89°0 ad'a | 8e00 | “pui/wwod 0'€ €6000 | 6VE €8S ot SL0T ot SL0T ot SL0T ot SL0T 0sTZ or 00€Y 9°0L 440 £z-va
TLT 68t S8 18 €6'0 68°0 2 8€0°0 | "pul/wwod 0 €2100 | SL0°T99YT S 5’901 S S'907 S 5907 S 5901 €18 4 9791 69 LTva
€1C 609 9'8 08 760 760 a 8€0°0 | "pul/wwod 0'€ €2100 | 699°TOLYT S ST'LOY S STLOY S ST'LOY S STLOY S8 14 6291 7’8 9z-va
€92 0'sL 9L STT 760 S8°0 an 8€0°0 | "pul/wwod 0 yv00°0 |99z0ev0z | ST S'6E€E ST S'6EE ST S'6EE ST S'6E€E 6.9 9 8GET €71 sTva
8'8C s L €€l S6°0 S8°0 a9 8€0°0 | "pul/wwod 0 6€000 |T6T'vPLVT| ST SL'G8€ ST SL'S8€ ST SL°S8E ST SL'G8€E (73 9 €vST 0vT vz-va
S0T L85 S'L T S6°0 v8°0 2 8€00 [ "pul/wwo) 0 86000 |otsseere| sz SL'8T€ ST SL'8T€ STT SL'8T€ STT SL'8T€ 859 S STET 86 €2-va
6'LE 7'80T v'L € S6°0 98°0 a 8€00 | "pul/wwod 0'€ 69000 |T5°087pT| S€ 805 S'€ 805 S'€ 805 S'€ 805 910T v z€0T 8'L1 Teva
SLt 9'8L 6L ot S6°0 ¥8°0 2 8€00 [ "pul/wwod 0'€ 85000 | v5'806LT 4 STTYE z STTYE z STTYE z STTYE 589 8 69€T A T2-va
9vE L'86 18 96 S6'0 €8°0 2 8€00 [ "Pul/wwod 0'€ 9800°0 €0TPLT S€ SLYOY S'€ SLYOY S'€ SLYO0Y S'€ SLYO0Y o018 v 6191 ¥'ST 0z-va
8T 8'€6 8L 60T 96°0 98°0 a 8€00 | "pul/wwo) 0'€ 02000 | T0"00L0T € STEY € STEY € STEY € STEY €98 4 9zLT 8YT 61-va
L'EE 7’96 69 LT S6°0 98°0 a 8€00 | "pul/wwo) 0'€ 8v000 | z£'zs96T ST 9Ts ST 9T ST 91S ST 9Ts z€otT ot 90T 0Lt 81-va
344 9'92T oL [aa S6°0 780 2 8€0°0 | "pul/wwod 0'€ 99000 | 50€'88967 14 %09 ¥ 09 14 709 ¥ %09 80CT 9T 9THT e L1-va
607 9'65 08 00T 760 88°0 a 8€0°0 | "pul/wwod 0'€ 6000 |SsvoeoscT| ST ST'90€ ST ST'90€ ST ST'90€ ST ST'90€ €19 9 144 06 91-va
LTE L'06 6L €01 96°0 S8'0 a 8€0°0 | "pul/wwod 0'€ €£000 |TvZ'ZOT6T € 601 € 601 € 607 € 601 818 41 9€91 vl ST-va
v'or 9'sTT 9L [ai S6°0 98°0 a 8€0°0 | "pul/wwod 0'€ €000 |clz89zere| st SLLLY g€ SLLLY S'€ SLLLY S€ SLLLY 956 T 1161 v'8T vI-va
0'8€ S'80T S'L 0Tt S6°0 €8'0 2 8€0°0 | "pul/wwod 0'€ 89000 |eesz81€r| STE 8Ly STE 8Ly STE 8Ly STE 8Ly 956 €1 [4134 7’81 €1-va
8'6L 1'82C v'L 97T L6°0 8L°0 2 8€0°0 | "pul/wwod 0€ 0000 |zzeosesz| s 105 S'€ 108 S'€ 10S S'€ 105 2001 T 00T 607 T-va
§'se S'T0T 9L LT 96°0 S8°0 a 8€0°0 | "pul/wwo) 0 7000 |zooeveez| S€ S'98y S€ 598y S€ 5'98% S'€ 5'98% €L6 v 96T S'9T 11-va
9'8T TES 6 19 760 68°0 a 8€0°0 | "pul/wwod 0 2000 |869Lv9z8 | STT SLYLT ST SLYLT STT SLYLT STT SLYLT 0s€ S 669 69 01-va
18T LTS €6 65 760 98°0 2 8€0°0 | "pul/wwod (k3 ¥800°0 |S695Te8L| ST 6LT ST 6LT ST 6LT ST 6LT 8¢ 9 9TL 69 60-va
0'6T €S 6 09 S6°0 L8°0 a 8€0°0 [ "Pul/wwod 0'€ 86000 |TETSTLES 4 S'70T z S'Y0T z S'70T z S'70T 601 8 818 T'L 80-va
L°0T T'65 8'8 L 760 L8°0 a 8€0°0 | "pul/wwod 0 19000 |99s°6€S0T | STT §'50T STT §'S0T STT §'50T STT 4 1347 S 443 78 L0-Va
00T TLS 88 €L 760 S8°0 2 8€0°0 [ "pul/wwod 0 09000 |z8rvL90T| SzT sT'L0T ST sT'L0T STT ST'L0T STT sT'L0T STy S 628 '8 90-va

S'6 0Lt 96 TS 260 60 a 8€00 [ "pul/wwo) 0'€ 0s000 | €19°02S 0] SL°00T S0 SL°00T S0 SL°00T S0 SL°00T (44 4 €0y €€ S0-va
S'9T oLy 68 TL 760 S8°0 2 8€00 | "Pul/wwo) 0'€ ¥S000 | ¥v6'€000T T STY8T T STY8L T STY8T T STY8T 69€ v LEL 99 v0-va
ST T0L 68 0L 96°0 €8'0 a2 8€00 [ "pul/wwod 0'€ 12000 | TS'€900T ST SLTTT ST SLTTT ST SLTTT ST SLTTT (244 9 L8 66 £0-Va
9'81 0'€S €6 65 760 v8°0 2 8€00 | "pul/wwo) 0'€ 99000 |vTL6'8SYL T STST T SIST T SIST T STST €0€ v 909 L z0-va
0'0S 0'ErT 5’9 69T 96°0 18°0 ) 8E0'0 | "pul/wwo) 0'€ 6€000 |6vLTsTee 4 91§ z 91§ z 91 z 91§ Z€0T 8 90T €87 10-va
(s) (s) (u/w) | (saanuw) | [ uspyeod | adAL | oo adAL . (/4 (0a)) | (wa)) | (ea) | (wa)) | (eay) | (wa) | (08) | (199)) (3933) ) () (sau0e) aleay
“0 Ei) Cch G, d Jouny 110S Y | poausiorem, o ’s ° YHV [\ FHV £V HVx v THV v = HV 1e eaiy ageureiq

S'v alqeL v'valqeL | €'valqeL Z'v3l9eL Tt alqeL
866T AIN[ PasiAay ‘euozuy ‘uosan| uj juawaseue|y uiejdpoo|4 pue ugisaq aSeuleiq Joj [enuelA SpJepuels 190uaIafay

8102/.2/. :a¥ea
euoZ|ly ‘'UoSoN] :uo)EesoT
AV Hoyiny
suolenoje) sysuQ :3valgng
poduly [euoljeussul uoson :3oafoid




SE0 9-va-4v (x3)
SE0 S-va-4v (xa)
SE0 v-va-4v (x3)
SE0 €-va-4v (x3)
SE0 T-va-4v (x3)
SE0 1-va-4v (X3)
SE0 9-¥Q-4V (dO¥d)
SE0 §-va-4v (d0¥d)
SE0 7-¥Q-4V (d0¥d)
SE0 €-vQ-4V (d0¥d)
SE0 T-¥Q-4V (d0Yd)
SE0 1-VA-4V (dO¥d)
SE0 LE-YQ
SE0 9€-va
SE0 se-va
SE0 vE-va
SE0 £€-va
SE0 ze-va
SE0 1€-va
SE0 0€-va
SE0 62-va
SE0 87-va
SE0 LT-va
SE0 9z-va
SE0 sz-va
SE0 vz-va
SE0 €2-va
SE0 Teva
SE0 T2-va
SE0 0z-va
SE0 61-va
SE0 81-vd
SE0 L1-va
SE0 91-va
SE0 ST-va
SE0 y1-va
SE0 €1-va
SE0 z1-va
SE0 11-va
SE0 o1-va
SE0 60-va
SE0 80-va
SE0 £0-va
SE0 90-va
SE0 S0-va
SE0 v0-va
SE0 £0-va
SE0 z0-va
SE0 10-vd
al eaJay
S'p 9|qel woly 101oed, S

‘(143) 866T AInf ‘euoziy ‘uoson] uj Juswaseue|p ule|dpool pue uSisaq aSeuleiq 10} |ENURIA SPJBPURLS [30U3J2[aY

2102/12/LL

euoZUY ‘uoson]

090

G'p ©|qe L WOy siojoe4 oney
podury [euoneulsul uoson |

:ajeq
:uoneso
Loyiny
:3oalgng
:309foud



3w|831 moyy [eaR1IGNS jowoud 03 %570 J0 3do|s wnwixew e yyum pausdisap aJe sadid ay3 ‘3| qe|

Ae 3q Aew ado|s a1ow ySnoyije (7

Jutod a81eyosIp € sa3e21puI , Ue (T 5310y
[ S6LT S'86L T 13 960 080 a8 8E00 | "pul/wiio) 0 ¥9000 | Tvsv86 szt SLE96T | STT  SLE96T | ST SL'E9ET | ST SL'EIET | SLT6E 05 ss8L | seve 440-(T 8 29T
(i3 60z 965 08 oot 60 88°0 a 8600 | "pul/wwod o€ 6v000 | 9€0s.T ST szooe | ST szooe | ST sz9oe | ST szooe | €19 9 fraas 06 9t
s [ik423 6'61€ 8's vz 60 98°0 a 8600 | “pui/wwod (3 19000 | 8'€6905 9 SL'186 9 SLL86 9 sL'186 9 scus6 | s'set vz TS6€ v29 TT'6T'8T
w €15 S6vT E 44 S60 980 a 8600 | "pul/wwod o€ 69000 | zostsy 59 S'6€6 s9 S'6€E6 s9 S'6€6 s9 s6g6 | s68C 9 8SLE 9TE 433
3 6L€ 7801 ve € 60 98°0 a 8600 | “pui/wwod (3 69000 | 908wz 3 805 st 805 3 805 st 805 9gtor T ze0T L1 [44
09 0's8T 9825 Ly 80€ 160 120 av'e 8€00 | “pui/wwod ot $9000 | 9vvoss ot szeest | ot szeest | or  szerst | O szeesT | Ss'8s0E or 119 | eerT 10 £T'LT'9T'ST VT ETTT0T
09 Lot g8y 61 762 160 9t0 a2 8€00 | "pul/wwiod o€ 9000 | S'69£69 6 66€T 6 66€T 6 66€T 6 66T | 862 9 96ss | sver H0 LT LT9TSTYTEL T s
09 TIT 288y r's T 160 900 ave 8600 | “pui/wwod 3 19000 | sszevs 59 €901 s9 £90T 59 €901 s9 g0t | ozz 9t ey | o 40 LTLTIT'STYTEL
9€ 0Ty (7331 69 L9t €60 880 ad 8600 | "pul/wwiod o€ s8000 | zes0eE s9 S'€9L s9 s€9L s9 S'E9L s9 sear | czst 9z S0E roz 9z's
3 314 609 98 08 260 260 a 8600 | “pul/wwod [} g1o0 | cTovr s szLor s szLov s szLor s stiov | st8 14 6291 v'g 14
s 90ET TELE rs 8L 660 1734 av'e 8600 | “pul/wwod 33 85000 | zovisy s 898 s 898 s 898 s 898 9ELT 0z v ST6 Ho-LT'LTT
8y 0T €167 95 (434 660 690 a2 8600 | “pul/wwod ot 81100 | svesvs st stevt | szt stsvr | sut sTsvt | suT sTsvr | egee oL 9265 s HH0-12 'tz
8y 86 018¢ 65 roz 00T 890 a2'g 8600 | “pui/wwo) ot £6000 | e€8soy ot SL0T ot SL0T ot S0t ot scor_| ostz or 00EY 9oL 44022
09 €981 €S SS L€t 960 €80 a2 8E00 | Pul/wwo) 0t 89000 | LW¥eSLS 3 SLT8IT 3 SLT8TT 3 SLT8IT 8 SLT8IT | S'S9ET 3 TeLy | veat ZU60TTIETPT'ST
8y 768 v'sse 9 981 60 580 as 8600 | “pui/wwod ot 89000 | zoesew 9 sz188 9 sz1s8 9 sz188 9 sziss | szoct vz szse 605 ETVT'ST
w 165 roct 7’9 (A S60 980 a 8600 | “pui/wuwiod (33 9000 | s'€vosE s 8L s 8L s 8L s 8L 29sT 0z veTE STE T'sT
9 r1g 106 6L €01 960 580 a 8600 | “pul/wwod (3 ££000 zzot6T 3 607 € 60v 3 607 € 60v 818 a3 9£9T 0T st v
w 795 TT9T 59 69T 60 980 ad 8€00 | “pui/wwod ot 19000 | s6eEvLe st scesc | sy szeec | sy seeec | sy szeec | s99T 8T 34 £0€ 60T'TT
9 €Ly T'SET oL YT S60 980 a 8€00 | "pul/wwiod o€ 99000 | €88967 [ 09 v 09 v 09 v 09 8021 9t 9tve vee or'Tt
9t s'se ST0T 9L L11 960 80 a 8600 | “pui/wwo) o€ 2000 | oeveez SE 598y st s'98v SE 598 st s'98v £L6 T 9v6T s9r hid
9€ L8y T6ET SL 61T v6°0 980 ad 800 | Pul/wwio) o€ 85000 | TSTZeT ST [ ST 3 ST [ ST [ 798 ot 8TLT 6C L9
3 roz T65 88 TL 60 180 as 8€00 | “pui/wwod [}3 19000 | 96esor STt ssoz | set ssoc | st ssor | sz ssoz 272 s w8 4 L v
3 00z TLs 88 €L 60 80 b 86000 | “pui/wwod o€ 09000 | swzo0r seT steor | szt szeor | ser  szeoe | szr szuor | sty s 628 T8 9
T 005 0ErT 59 69T 960 180 ad 8E0°0 | "pul/wuio) o€ 6000 | LTSTEE z 91S [3 91s z 9IS [3 91S ZE0T 8 790z €82 LT
42 (44 €607 r9 6T 60 98°0 ad 8E00 | “pui/wwod (13 09000 | sT8IYE v 5899 v 5'€99 v 5899 v se99 | czer 9T vs9T sz LTESB
9€ 9Ty 6'8TT [ et 60 980 as 8600 | "pul/wwod o€ 85000 | e9vzsz € se8IS € sz1s € sT8IS € sets | s'9g0t 3 €L0T €0z €58 [
3 (344 372 £ €6 60 680 a 8600 | “pul/wwod 3 29000 | svoeor z sTEE 4 sTEE 4 5743 4 sTZE €09 8 9821 sot 58
4 06T £15 6 09 S60 180 a 8600 | "pui/wwod ot 86000 s128 z S90¢ z S0z z S90¢ z S0z 60v 8 818 TL 8
oot
ﬁwﬁﬁi ) (o) | b | nu) |y pousaena| 1 iy adhy ey o) . Gea) | Geay) | Gea) | Gea | Gee) | Geay | Geay | Geap | Geay | () W | one) areawy -
a215 ot “o ) e R ealy o * | paysizrem, * ’s YHV* a\723 HV* £V HY= (123 HV* v l HV e ealy ageureiq
Sy 2lgeL vpolgel | evolqel Z2lqeL Ty alqeL
9661 AINf pasinay ‘euozily ‘uosan] uj uawiadeuey ue|dpool4 pue uBisaq aBeuleiq 1oy [eNUB|N SPIEpUElS ra0uaiafoy
8102/.2/L 9¥ed
BUOZIY ‘UOSON] :UORED0T
AV Hoyny
buizig adid :308lqng
Hodliy [euojeussiu| uoson ] :38foid




Tucson International Airport

Conceptual Drainage Design

Appendix A.3 — Airfield C-Values Calculations



00'T 890 00 09¢€ €L L6V 000 (474 0T°0T 0T'SE 9'0L 440 LT-va
€60 680 9'CL 00 V'L 00 ¥0'S 00°0 06'T 00°0 v6'9 £2-va
60 760 SLL EX44 00 00 059 68T 000 000 6€'8 9z-va
60 580 €95 vy €'6€ 00 999 750 S9'v 00°0 €8'TT S-va
560 580 981 oy 0'TT 00 089 99°S VST 000 T vZ-va
560 80 6'7S 00 T'sty 00 or's 00°0 €'y 00°0 €8'6 €2-va
96°0 080 440-£2 ‘LT Y3noayy 9T 560 980 S'S SvS 00 00 4% (743 000 000 v8'LT -va
60 880 9T 560 80 S'€S 00 S99 00 999 00°0 8L'S 00°0 vyt Tz-va
S6°0 980 [441%:19 560 £€8°0 905 00 a4 00 08'L 000 £€9°L 000 EV'ST 0z-va
S6°0 980 [4439 96°0 980 244 T'ss 00 00 99 ST'8 000 000 6LVT 61-vd
S6°0 980 w 560 980 6'Ly 1'es 00 00 ET'8 78’8 000 000 L6791 81-vd
L60 LLO 440-LT'LT'9T'ST v ET'TT'0T 560 80 L'Ly 00 €75 00 V01T 000 e 00°0 ST'EC L1-va
L60 9,0 440-£2°LT'9T'STvTET'TT 60 880 0'6S 0Ty 00 00 0€'S 89°€ 000 000 86'8 91-vd
L6°0 9,0 440-LT'LT'9T'STvT e 96°0 580 444 8'SS 00 00 €79 88'L 000 000 TVl ST-va
€60 88°0 ST'9T 560 980 6'87 T1s 00 00 06 e 000 000 £7'8T 1-va
60 60 9T 560 €80 061 00 0TS 00 €0'6 000 8E'6 00°0 Tv'8T €T-va
660 [7AY] 440-£T°LT'vT L60 8L0 0'ze 00 0'89 00 OT'ET 000 8LLT 000 88°0 z1-va
66°0 69°0 440-LT'LT 96°0 580 L'ty €'LS 00 00 €0°L ' 000 000 TLY9T 11-va
00'T 89°0 440-LC 60 680 S99 S'LE 00 00 EEV 09°C 000 00°0 €6'9 0T-va
960 €80 «CT'60T'TT'ETVT'ST 60 980 8'T9 00 (413 00 44 000 £€9°C 000 689 6-va
S6°0 S8°0 ET'YT'ST 560 480 SvS S'Sy 00 00 L8E (143 000 000 TL 8-va
S6°0 980 1St 60 180 665 FX44 S'LT 00 681 v8'T EV'T 00°0 9T'8 Lva
960 580 ST 60 S80 7’85 00 9Ty 00 €LY 000 LEE 000 8 9-va
S6°0 980 60T'TT 760 760 L'9L €'€T 00 00 9T 080 000 000 e S-va
S6°0 980 [aas 60 580 €95 00 L'EY 00 VL€ 000 06°C 000 99 -va
96°0 S8°0 1T 96°0 €80 1244 9'LT €8¢ 00 SEV (744 6L°C 00°0 98'6 €-va
60 980 «VL'9 60 80 0'SS 00 0'st 00 S6'€ 000 €CE 00°0 8T'L va
60 £8°0 L 96'0 180 8T 00 785 00 vS'1T 00°0 S0'9T 00°0 V6S5°LT T-va
v6°0 S8°0 9 60 880 LS [34 9T 00 6T°9€ 09T V0T 000 S9T°E9 9-SM
96°0 80 *T 560 80 4 0T 66T 6'€ 9TV6T 10T 9T'6CT €C'ST 68679 S-SM
S6°0 980 T'e's'’s 560 €80 14 TLT 9'9€ 0 [4%T14 €1'86 £8°0TC 6C'T 9TV'SLS 7-SM
S6°0 980 €98 560 80 €S 00 L&44 €€ LT'TY 00°0 ST'ZE 6V 8'SL €-SM
60 680 S8 60 80 S'19 'St 434 00 96'86 ELVT 0€'LE 000 £86°09T TSM
S6°0 £8°0 8 860 8L°0 6'LT 8'€S [4:14 00 66'8 00°LT STVT 00°0 105 T-SM
I seory I Rl Y @a | > | s | bui | Gwa | bus | Gwe fsou0e]
paysiam | paysiam Houny easy je101 alealy
uiseqqns 238338y paiysiam adA| |10S jo a8ejusdiad adA] |10S Aq eauy
960 snoiasadw|
LL°0 a
L0
90
jual J20) Jjouny

s8YoUI 0°€ = "d Uidep [leures yim €' aige

866T AINr pasinay ‘euoziy ‘uosan] uj Juawageuey ulejdpool4 pue udisaq a8eulelq 10) [ENUBIA SPIEPURIS

810¢/L2/L

BUOZUY ‘UOSON |

AV

sanfep-0 payybiam

poduly euoieussiu| uoson |

130uaiafay

:3oafoud




Tucson International Airport

Conceptual Drainage Design

Appendix B — Basin Sizing



pasn |jejuiey ¥T YVON 4noy-T 4edA-00T (T :S910N
) 008 S6TL6ST £'9¢€ 060 008 S'86L 8'0v 14 080 S'6ve 440-£LC 8 LC-9T S,vd S
8'S oov 995°c€8 16l 60 0'ov €°CES L0¢C 144 €80 Teea ST 01 6-vd 14
0's 0'0¢ LSL8S€E 8 €60 0°0¢ §'88¢ 8'8 14 980 '0S 8-¢s.\va 14
9'C 6T 6LL°9LT v L8°0 06T 0'evT L'y 14 180 €8¢ 1-va 14
[sanoy] [s40] [14-n2] [1-340e] [s49] [s10] [14-340€] [sayoui] [sauoe]
uoneing aley awnjoA awn|oA [op/10]-T °0 ko] awn|oA Jejurey 1US1D1}420) ealy al seasy al
Sulpuod a8ueyasiqg papuod uonualag oney a8Jeyasiq a84eyosiq uonualay Jnoy-t Jouny Sunnguiuo) aSeuleig paysJalem
3ulpuod jo uoneing JA-00T MO|}3N0 mojju| JA-00T JA-00T 1eaA-00T pa1ysiam
$T0OC 2unf 19141517 |041U0D POO|4 |euoiSay Aluno) ewld ‘UoI1UD1aY PUE UOIIURIS( J91eMWIO]S J0) spaepuels udisaq  :aaualafay
810z/.Z/L o¥eq
BUOZIIY ‘UOSON] :uol}esoT]
AV Hoyiny
Buizig uiseg uonusieq :30algng
uodily |euonjeulajul uoson] :3oafoad




Tucson International Airport

Conceptual Drainage Design

Appendix C — Exhibits



V/n Tucson International Airport

Conceptual Drainage Design

Appendix C.1 — Exhibit 1 — Soils Map — Existing Conditions

Vii



-
+ / ‘ - g
Airport Washl =~ : g Airport Wash

©
&
o
N
<
=
i
=
S
-
o]

©
a

Legend

—m—m Existing Culvert Crossing
= = Wash/Flow Path

= Existing Watershed
Existing Conditions Soils

MUSYM SCsiID
y n

Casino & Hotel T
L
I:l 78 A (B used)
I [¢]
| cc
| LeB
B

Existing [ wmnB

Conditions I:l ReC

TY-LININTERNATIONAL Tucson Internatial Airport Exhibit 0 750 1500

_engineers | planners | scientists Soils Map - Existing Conditions 1 Drawn by: R Halligan




Tucson International Airport

Conceptual Drainage Design

Appendix C.2 — Soils Map — Proposed Conditions

viii



Airport Wash

©
-—
o
N
=
=
pa
=
o
-

[O)
=

©
o

Legend

—m—m Existing Culvert Crossing

= = Wash/Flow Path

=== Proposed Watershed
Proposed Conditions Soils
MUSYM sCs D

A (B used)
C

TY-LININTERNATIONAL Tucson Internatinal Airport Exhibit 0 750 1500

_engineers | planners | scientists Soils Map - Proposed Conditions 2

Drawn by: R.Halligan




Tucson International Airport

Conceptual Drainage Design

Appendix C.3 — Land Use — Existing Conditions



v
774 -4 _
Airport Wash)™ = = 3 . - ‘Airport Wash

©
-
o
N
<
=
i
=
S
-
o]
©
a

Legend
Existing Watershed
- N MWW Existing Culvert Crossing
Casino & Hotel Land Use

I:I 15% Developed
:I 5% Developed

*All non-delineated
regions within the
watershed are counted
as impervious ground

TY-LININTERNATIONAL Tucson Internatial Airport Exhibit 0 750 1500

_engineers | planners | scientists Land Use - Existing Conditions 3 Drawn by: R Halligan




Tucson International Airport

Conceptual Drainage Design

Appendix C.4 — Land Use — Proposed Conditions



77 RN
Airport Wash"' & = 3 v i ‘Airport Wash

©
-
o
N
<
=
i
=
S
-
o]
©
a

Legend

WO Existing Culvert Crossing
Proposed Watershed
Land Use

D 15% Developed

D 5% Developed

I:l 60% Developed
Proposed TUS Additions

*All non-delineated

regions within the | ( Impervious )
watershed are counted prea

as impervious ground

TY-LININTERNATIONAL Tucson Internatioal Airport Exhibit 0 750 1500

_engineers | planners | scientists Land Use - Proposed Conditions 4

Drawn by: R.Halligan




Tucson International Airport

Conceptual Drainage Design

Appendix C.5 — Longest Flow Path - Existing

Xi



- —

- -

& (_Q Ay : Airport, Wash
Airport Wash ] -

©
&
o
N
<
=
i
=
S
-
o]

©
a

Legend

—mc Existing Culvert Crossing
= 1 Washes

= Existing Watershed

= Longest Flow Path

Existing
DA Tc(minutes) Q-5yr (cfs) Q-100yr (cfs)
1

TY-LININTERNATIONAL Tucson Internatioal Airport Exhibit 0 750 1500

_engineers | planners | scientists Longest Flow Path - Existing 5 Drawn by: R Halligan




Tucson International Airport

Conceptual Drainage Design

Appendix C.6 — Proposed Conditions - Workmap

Xii



nt 100-yr Flo

attenuated

TY-LININTERNATIONAL

engineers | planners | scienfists

£y
“Airport Wash ERLt

Post development 100-yr Flow: 1,327,cfs

Flow differential attenuated in basin.

|Hughes Wash)

Tucson International Airport
Proposed Conditions - Workmap

Airport Wash

Legend
: Proposed Basin
=me=m Proposed Pipes
—m—m Existing Culvert Crossing
s Proposed Watershed
= Proposed Airfield Major Flow Path
Proposed TUS Additions
Airfield Sub-Watershed
“ TUS Additions Drainage Areas

Exhibit
6

Q-5yr Pipe Size

Concentration  Pipe ID (cfs) (Inches)

Point

C1 19.0 24
[ 3 | a6 | 3 |

Date: 10/11/2018




Tucson International Airport

Conceptual Drainage Design

Appendix C.7 — Basin Exhibit

Xiii



Date: 10/11/2018

—

Legend

@ss Proposed Culverts
—mcmo Existing Culvert Crossing
@ Proposed Watershed
=m=mw Proposed Pipes
Proposed TUS Additions
Existing Majors
Existing Minors
— — — Existing Conveyance
Potential Basin
= = Washes

oy s Q;
TYLININTERNATIONAL Potential Basin Locations Exhibit Exhibit

engineers | planners | scienfists 7

0 500 1,000




Tucson International Airport

Conceptual Drainage Design

Appendix D — FlowMaster (Pipe Sizing)

Vi



[eanuaqns L8°0 96'6 S°6LC vS-¢ Le S000 €100 440-£LT B LZ-9T -vd LTD
|B211IDgNS 860 €v'9 6°0¢ (013 LS'T S000 €100 9T -va 9¢-D
|eandgns L80 588 (49" 14 re'e 7000 €100 tT'61'8T - vd S¢-D
|eandqgns 880 8¢'L €'¢S (474 e 000 €100 7’61 -vda | 740
jeanugns L6°0 (444 6'LE 9¢ o't S00°0 €100 ¢z -vda €D
[eanudqns 880 69°0T S8T 09 (4% S000 €100 340-£2LT'9T'sT'vT'€T'TT'0T - va [440]
[e3anaqgns L6°0 S9°01 L'0LT 09 8t S000 €100 440-£2°22'9T'se've'se'T - va 1¢-D
jeanidgns <90 616 TTLT 09 Sy 8¢€00°0 €100 440-£2°£2'92'ST'vT'€T - va 0Z-D
[eaiIdqns €80 1L 1374 9¢ 8T'C ¥¥00°0 €100 S¢'9z-va 61-0
[e311Dqgns L6°0 9%'9 €1¢ o¢ 65T S00°0 €100 9Z -vdad 8T-D
[eanuaqns 990 69’8 90T 12°] €0V 6£00°0 €100 440-LT°L2'vT - va LT-D
[e211IDqNS ¢L0 606 ¢'801 8 9't S000 €100 410-£Z'LZ-va 91-2
[eannqns 680 126 7’86 174 LT'E S00°0 €100 440 LT-VvQ 8¢
jeandqns L8°0 69°0T €987 09 STV S000 €100 TT'6OT'TT'ETVT'ST - va ST-D
jeandgns L6°0 (4N} 7’68 114 16'C S000 €100 ETVI'ST -va vi-0
[eandgns L6°0 8’8 L'6S [474 Sv'e S000 €100 ¥T'ST-va €T-D
--|eIuJgnS 680 S99 L'TE 9¢ V6’1 000 €100 ST -vd 10
1eanungns T '8 ¥'9g (474 Se'e S00°0 €100 6°0T'TT - va T1-D
jeanugns 180 19°L €LY 9¢ LYt S000 €100 OT'IT-Vva 0t1-D
[esndgns 660 €eL S'GE 9¢ 6’1 S000 €100 T1-vd 6-D
feanpgns LLO 6S°L L8V 9¢ 95°¢ S000 €100 v'.'9-va 8-D
|eanudqns 86°0 w9 L'0¢C (0}3 99T S000 €100 L-vd LD
ieandgns 66°0 LE9 0¢ (0}3 €91 S000 €100 9-vda 9-)
|eandgns 880 S YAVA 0s [47 9¢g°'¢ 6€00°0 €100 T-VvQ S-D
[eandqns 880 8¢’L (a4 [47 e 7000 €100 7'e's'8-va )
[e21142gns 60 €S°L 9’1ty 9¢ 6T'¢ S000 €100 €6'8-va o0
|eandgns 160 ¥9'9 6'v¢ (013 8L'T S000 €100 S‘8-vd [40)
[eanupqgns TL0 €T'S 6T o¢ 9.1 €000 €100 8-vd -2
[s/y] [s30] [sayoul] (Y] (/4]

adA] mol4 "ON apnoJi4  AldojdA  #8ieydsiq Jalowelq  yidag ado|s ‘190D suiseqqgns sunnguuo) al

adid
9|gel Alewwing 1aAN)
8102/92/L HodJly [euoijeulaju| uosang [euoneuIdu| UIAL




Tucson International Airport

Conceptual Drainage Design

Appendix E — Stantec Report

Vii



1.0 INTRODUCTION

1.1 Goals and Objectives

The objective of this study is to provide the Tucson Airport Authority (TAA) with an updated
stormwater drainage management plan for the Tucson International Airport (TIA) and its
adjacent landside facilities. The current Airport Wide Drainage Basin Study (AWDBS) was
completed in May 1992. In the subsequent 10-years, significant property has been
acquired, new development and improvements have been constructed on both the air and
landside aspects of the airport, and future development plans have changed. An update is
warranted to address the new development and future development for the planning period
through 2023. The goals of the updated report are to maintain the existing format of the
1992 AWDBS, incorporate the current appended drainage reports/statements, address
locations of detention basins and other drainage facilities in relation to the Airport Master
Plan Update (Master Plan), and address the 100-year floodplain along Airport Wash
downstream of Tucson Blvd., and upstream of the box culverts under Taxiway D. The TAA
has developed an updated Master plan for the Year 2023, which includes future airport
improvements and its landside development at the TIA. The purpose of the stormwater
drainage management plan is to develop conceptual drainage plans consistent with the
Master Plan. In addition, the drainage management plan must consider the effects of on-
site runoff on the areas downstream of the airport. The drainage management plan will
allow for future development and airfield improvements at the TIA without causing a
significant drainage impact on the airport facilities or the areas downstream on the airport.
A current aerial photo was obtained (flight dates 3/6/03 and 4/18/03) for TIA in conjunction
with the updated AWDBS and was utilized to update exhibits and to evaluate Master Plan
improvements.

The AWDBS is specifically for drainage on and across the TIA facilities. The objective is to
update a management plan that controls drainage runoff impacting the airport and runoff
from the airport impacting downstream areas. This study does not address water quality
issues and/or permitting. A brief discussion of the regulatory requirements of the Arizona
Pollutant Discharge Elimination System (AZPDES) program are included in Section 5.4.

1.2 Location and Description of Study Area

The study area includes the Tucson International Airport and the surrounding land within
the future property boundary as defined by TAA's adopted Master Plan for the year 2023.
More specifically, the area includes Sections 16 thru 22, 26 thru 30, and 32 thru 35,
Township 15 South, Range 14 East and Sections 2, 3 and 11 of Township 16S, Range 14E
within Pima County, Arizona. The sub-watersheds within the study area consist of both
developed and undeveloped areas. Developed areas include the airfield (runways,
taxiways, and aprons) and adjacent landside facilities (terminals, hangers, industrial
facilities, access roads, parking lots, etc). Development within these areas is
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predominantly industrial. The remaining portion of the study area constitutes undeveloped
areas, which are predominantly of natural vegetation.

1.3 Description of Surrounding Area

The watersheds downstream of the study area cover approximately 8 square miles and
extend approximately 2.5 miles west to the Santa Cruz River. The area north of Los
Reales Road is mostly residential with some small commercial developments. South of
Los Reales Road, the area is predominantly undeveloped and consists of natural
vegetation.

The three major watersheds upstream of the study area are the Airport Wash, the Hughes
Wash, and the Franco Wash (see Figure 2). The Airport Wash watershed extends
approximately 10 miles east of the developed portion of the airport (at Country Club Road)
and covers about 18 square miles. The Hughes Wash watershed is south of Airport Wash
and extends approximately 6 miles east from Old Nogales Highway. The Hughes Wash
watershed covers about 6.5 square miles. The Franco Wash watershed is south of the
Hughes Wash watershed and extends approximately 27 miles east of Old Nogales
Highway. The Franco Wash watershed covers about 37 square miles. The land within the
upstream portions of the watersheds is mostly undeveloped with natural vegetation except
for a portion of the Hughes Wash watershed which contains the Raytheon Missile Systems
Facilities. A fourth watershed, the Airfield watershed, begins on-site and extends westward
to the Santa Cruz River. This watershed is almost entirely developed.

1.4 Background

The TIA is located on property owned by the City of Tucson and leased to the TAA.
However, the majority of the airport is located in Pima County. A coordination meeting was
held between representatives of the City of Tucson (COT) Department of Transportation,
the Pima County Department of Transportation and Flood Control District (PCDOT&FCD),
and the Tucson Airport Authority. All agreed that the City of Tucson will function as the
review agency for drainage related projects at TIA (see letter in Appendix A). City of
Tucson involvement and concurrence on developments within the airport is necessary
because of potential downstream impacts in the City. The Federal Aviation Administration
(FAA) and the Arizona Department of Transportation (ADOT) Aeronautic Division provide
improvement funding and review of the airport Master Plan and airport improvements.

In addition to the City, County and State, the Union Pacific Transportation Company
(UPTC) and the Tohono O’Odham Nation have properties west of the airport. The UPTC
has the Nogales Spur, which abuts the airport property on the west. Permits are required
from the UPTC for any work on their right-of-way. Any construction activity directly related
to their facilities must be reviewed by the UPTC and can take many months to complete.
The Tohono O’Odham Nation San Xavier District must also be notified of any development
or improvements that would affect their land.
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PCDOT&FCD and COT design standards call for consideration of the 100-year frequency
storm event, retention for most commercial development, and detention in areas with
known drainage problems, which have been designated as “balanced”, or “critical basins”.
In 1992, only a portion of the TIA site was located in a designated “balanced basin” (Airport
Wash Watershed). Because significant drainage problems exist downstream, within the
City of Tucson, PCDOT&FCD believed the remainder of the TIA site should be designated
as a “balanced basin”. (See Appendix A for PCDOT&FCD letter dated March 20, 1990).
The policy for balanced basins is that, at a minimum, the post-development two-, ten-, and
100-year peak discharges from a site shall not exceed the predevelopment values. The
policy for retention in commercial developments is that the increase in runoff volume (as a
result of development) for a five-year storm event shall be retained for infiltration purposes.

Although the aforementioned PCDOT&FCD March 20, 1990 letter suggested designating
the remainder of TIA as a “balanced basin”, that portion will remain a non-designated basin.
Discussions with PCDOT&FCD revealed that there are no downstream problems within the
Hughes Wash drainage basin. As a result, no detention is required in the Hughes Wash.
However, retention is necessary. (See Appendix A for PCDOT&FCD letter dated
December 2, 1991). No development is proposed in the Franco Wash Watershed.
Detention/Retention in the Franco Wash Watershed will be addressed in the future, at such
time development is anticipated.

Pima County also has a policy, which requires that some form of mitigation be provided in
the event retention is not feasible. One form of mitigation is the use of over-detention. In a
July 22, 1992 letter from PCDOT&FCD (see Appendix A), the County stated that if over-
detention is the selected alternative to not utilizing retention, then, “peak flows for future
development at the TIA site must be restricted to no greater than 90% of existing flows.”

TAA has a policy that does not allow retention or long-term detention basins on the airport
property, as they may attract birds, which pose a danger to aircraft. Additionally, because
of the existing volatile organic compound (VOC) — contaminated shallow groundwater
concerns along the western side of the airport, retention is not desirable since retained
stormwater could be a potential source of recharge.

To satisfy retention requirements without the use of over-detention, a compromise has
been reached between PCDOT&FCD and TAA. The solution is to allow for threshold
retention volume within the detention basins and on-site ponding areas. Furthermore, as is
outlined in an October 2, 1991 letter from PCDOT&FCD (see Appendix A), “Instead of
containing the volume within the basin such that only outflow occurs as infiltrating through
the basin bottom, the retention volume will drain at a slow rate through outflow constructed
in the side of the basin, such that the basin will drain within the required 24 hours”. In a
separate letter (see Appendix A) from PCDOT&FCD (also dated October 2, 1991), the
County has agreed that “the retention volume can be used as part of the detention storage
volume when determining the stage-storage-discharge relationship for routing.”

PCDOT&FCD policy regarding flooding near buildings is that structures, which will be
inhabited, shall be protected from the 100-year frequency storm runoff. PCDOT&FCD does
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not have a policy regarding drainage in runway and taxiway systems. Therefore, flooding
within the airfield is not a concern of the PCDOT&FCD.

Existing airfield drainage facilities have generally been designed in accordance with
Federal Aviation Administration (FAA) guidelines. FAA Advisory Circular AC 150/5320-5B,
“Airport Drainage,” July 1970 recommends that airfield drainage facilities be designed for
the five-year frequency storm runoff: “The drainage or inconvenience which may be
caused by greater storms is insufficient to warrant the increased cost of a drainage system
large enough to accommodate a storm expected once in a period longer that 5 years”.

The FAA guidelines also make a provision for temporary accumulation of runoff or
‘ponding” between runways, taxiways and aprons from storm return periods longer than 5
years. The FAA Advisory states, “Ponding of more than a temporary nature may be
acceptable on an airport site other than between runways, taxiways, and aprons. A
frequency curve for 10 years should also be plotted for verifying ponding capacity”.
Although FAA guidelines maintain it is desirable to keep ponding away from the runway
and taxiway safety areas, the Advisory states, “ ...gentle drainage swales, ...which because
of their function, require location in the runway safety area, may be permitted.” The safety
areas for runways and taxiways are 250 ft and 85.5 ft, respectively, either side of the
runway or taxiway centerline.

1.5 Design Criteria

The following design criteria and considerations have been developed for this study. These
criteria and considerations take into account the concerns of the TAA, the City of Tucson,
PCDOT&FCD and ADOT.

1. Detention basins will hold the runoff for a period of time before releasing it to
downstream facilities and will be permitted as long as they drain within 24
hours per PCDOT&FCD regulations. The basins will be designed such that
post-development two, 10- and 100-year peak flows from the site will not
exceed the predevelopment values per PCDOT&FCD policies. The baseline
values for predevelopment peak discharges will be the runoff from the
development and drainage facilities existing on the study area on January 1,
1991.

2. Strict threshold retention requirements will not be implemented because it has
the potential of attracting birds and exacerbating groundwater contamination.
However, retention volumes will be incorporated into on-site ponding areas
and detention basins such that the basins drain within 24 hours.

3. Future drainage facilities on the airfield will continue to be designed in
accordance with FAA guidelines to have capacity for the five-year frequency
storm runoff. Per FAA guidelines, temporary ponding from storms with a
return period of 10-year will be checked for encroachment into the runway
and taxiway safety areas. Ponding in the airfield is allowed only as a result of
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runoff exceeding the five-year design capacity. Detention basins within the
runways and taxiways will not be allowed. Temporary or short-term ponding
in the airfield caused by runoff from rainfall events greater than 5 years must
drain within 24 hours.

Detention basins should be located as far from runways as possible.
Detention will not be required in the Hughes Wash watershed (see December
2, 1991 letter in Appendix A).

Proposed airport buildings and structures and adjacent facilities will be
protected from the 100-year frequency storm runoff.

No changes in drainage patterns impacting downstream areas will be
allowed.
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2.0 EXISTING CONDITIONS

2.1 Existing Drainage Patterns

As stated previously, the majority of runoff from the study area flows into three watersheds
crossing the study area: the Airport Wash, Hughes Wash, and the Airfield watershed (see
Figure 3). In addition to these three watersheds, a small portion of the study area in the
south half of Section 32 and southwest corner of Section 33 and portions of Sections 2 and
3 flow into the Franco Wash watershed.

Runoff from the study area flows to the west into the Santa Cruz River. The lands between

the study area and the Santa Cruz River are either under the jurisdiction of Pima County,
City of Tucson, State of Arizona, or the San Xavier District of the Tohono O’Odham Nation.

Airport Wash Watershed

Generally, the sub-watersheds within the airfield northeast of the main runway, runway
11L-29R (see Figure 3), flow into the Airport Wash watershed. Airport Wash flows
northwest from the airport into the Santa Cruz River within the corporate limits of the City of
Tucson.

Airfield Watershed

Runoff from the sub-watersheds southwest of runway 11L-29R and northwest of the
diversion channel (see Figure 3) flow into the Airfield watershed. Flow from the Airfield
watershed crosses the Union Pacific Railroad Nogales Spur and the Old Nogales Highway
at three locations south of Valencia Rd. and continues west to the Santa Cruz River in
existing drainage facilities and as overland flow in roadways.

Hughes Wash Watershed

Runoff from the sub-watershed southwest of runway 11L-29R and southeast of the
diversion channel flows into the Hughes Wash watershed. Flow from the airfield is carried
in the diversion channel to Hughes Wash at Old Nogales Highway, and continues west to
the Santa Cruz River.

Franco Wash Watershed

Runoff from a small, undeveloped portion of the airport property flows into the Franco Wash
watershed. The Franco Wash also traverses the southeast portion of the undeveloped
airport property. Flow from the Franco Wash watershed also crosses the railroad and the
Old Nogales Highway before reaching the Santa Cruz River.
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2.2 Existing Drainage Problems

On-Site Flooding

Drainage problems within the study area occur in the airfield, along the western boundary,
and along the Airport Wash. Drainage problems include: 1) ponding and overtopping of
runways and taxiways in the airfield: 2) ponding at the railroad, Old Nogales Highway, and
Valencia Road along the western boundary; 3) and flows overtopping runway 3-21, taxiway
2 and the Valencia Road bridge at the Airport Wash crossings.

Drainage problems in the airfield are due to insufficient capacity of existing drainage
facilities. The airfield drainage facilities are designed for a five-year rainfall event. Runoff
from rainfall events greater than 5 years temporarily accumulates at the drainage structures
causing ponding between the runways and taxiways. The ponding is temporary in nature
and is typically gone within 24 hours.

Drainage facilities under the railroad also have limited capacity. The railroad is elevated
along the southern reaches and approaches adjacent grade elevations toward the north at
Valencia Road. Ponding occurs at the undersized culverts and where the tracks are
elevated. Flows continue north until they are able to cross under the railroad and the Old
Nogales Highway just south of Valencia Road. This excess water overburdens the existing
culvert under the railroad and Old Nogales Highway.

Drainage problems at runway 3-21 and taxiway 2 are caused by insufficient capacity of the
culvert crossings at Airport Wash. The runway and taxiway culverts are overtopped and
the surrounding area is subject to backwater when the capacity of the culverts is exceeded.
The capacity of both Airport Wash culverts is estimated to be between the 10- and 100-
year flood events.

Downstream Flooding

Numerous drainage problems exist downstream of the airport. In particular, the area west
of Old Nogales Highway and south of Valencia Road is prone to flooding. This area is
relatively flat and sheet flooding commonly occurs when the capacities of existing roadway
and area drainage facilities are exceeded.

Additional downstream flooding problems have occurred due to the construction of berms
by area residents to protect personal property. The berms redirect flows onto adjacent
properties and cause flooding. Clogged catch basin inlets and clogged culverts are also
responsible for flooding problems downstream. A summary of the drainage complaints filed
with the City of Tucson between 1987 and 1990 is listed in Table 1.
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Table 1

Summary of Drainage Complaints
City of Tucson

Location Description Complaint No.
Santa Clara Wash Trailer Parked in Wash Blocking Flow 649
Santa Clara Wash Debris Clogging Drainage 679
Santa Clara Apts. Ponding in Parking Lot 687
Elvira Elementary School Clogged Storm Drain 763
Drexel at 121" Avenue House in low-lying area flooded 783
Nogales Highway & Medina Clogged box culvert 798
5950 South Park Ponding in Parking Lot 806
El Vado & Valencia Flooding due to illegal berming 855
Bilby & Randall Road Washing away 895
826 W. Nebraska Bridge clogged with debris 897
El Vado & Nogales Hwy Flooding due to illegal berming 904
Nogales Hwy & Drexel Clogged Unit 924
6965 S. Missiondale Ponding in low-lying area 961
El Vado & Nogales Hwy Flooding due to illegal berming 987
802 Calle Colorado Flooding in low-lying area 1006
Nebraska & 17" Avenue Clogged strom drain 1016
967 West Valencia Ponding 1214
31 West Los Reales Road Pipes from Indian Reservation directing

flows into street casuing flooding 1232
Valenica & 12" Avenue Clogged Storm Drain 1265

2.3 Previous Drainage Reports

Previous drainage reports have been written for downstream development and
development on the airport. These reports were reviewed for possible flooding
considerations downstream of and on the airport. Previous reports on the downstream
watersheds include:

e George M. Feltovic “Drainage Report for Tierra Del Sol Apartments”, November 18,
1983.

e Greiner Engineering, “Valencia Road — Old Nogales Highway Drainage Study”, 1985

e CMG Drainage Engineering, “Drainage Report for American Fence Company,
Valencia Road/Park Avenue Property”, February 25, 1987.

e Jerry Jones & Associates, “Master Drainage Report for Patmor International
Business Park”, October 25, 1988.
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Previous drainage reports on the airport prior to 1992 include:

e Camp Dresser & McKee — “Hydrologic Report of the Tucson Airport Parking
Structure”, October 1988.

e Parsons Brinckerhoff — “Drainage Report for Lockheed Aeromod Center”, April 1990.

Drainage reports on the airport after 1992 to the present are summarized in Appendix G

2.4 Tucson Stormwater Management Study (TSMS)

A citywide Stormwater Master Plan was completed in 1995 by the City of Tucson as part of
The City of Tucson Stormwater Management Study (TSMS). The Stormwater Master Plan
includes citywide HEC-1 modeling for 59 TSMS watersheds. TSMS HEC-1 concentration
points or nodes are indicated on Figure 3. The associated 100-year peak discharge
values are summarized in Appendix C.

2.5 404 Permits

The U.S. Army Corps of Engineers (COE) conducted a field investigation of the Airport and
Hughes Washes to determine the limits of jurisdiction of the COE for Section 404 permit
authority in 1991. The letter of determination from the COE is contained in Appendix B.
Jurisdictional limits of the COE are shown in Figure 2. Figure 2 includes the areas studied
during the field investigations, and the upstream or downstream areas could also be
considered as part of the jurisdictional limits. The COE should be notified of construction
activities affecting tributaries of the areas shown in Figure 2. The jurisdictional limits
established by the COE remain in effect for 3-years. After 3-years, the COE reserves the
authority to retain or establish new limits. Therefore, the COE should be contacted prior to
activities in the Airport, Hughes and additionally, Franco Washes.

The application process for a Section 404 permit is described in detail in Section 6.1. An

application for an individual Section 404 permit will be required for any construction activity
within; or any activity that discharges dredged or fill material into, the jurisdictional limits.
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3.0 HYDROLOGIC ANALYSIS

3.1 Existing Conditions Analysis

Boundaries and parameters for major upstream watersheds were defined using 7.5 minute
quadrangle maps available from the United States Geological Survey (U.S.G.S.). Existing
aerial photographs were also used in conjunction with the quadrangle maps to define the
major watersheds.

Watershed boundaries and parameters for the sub-watersheds in the Airfield and Airport
Wash watersheds were defined using 1"=200’ scale, two-foot contour mapping prepared
specifically for the 1992 study by Cooper Aerial Survey Company. The mapping covered
approximately 9 square miles of the airfield and surrounding area and was based on aerial
photography dated October 1990. The mapping was supplemented by ground survey of
existing storm drain structures. Quadrangle maps (7.5 minute) were used for the
remainder of the airport property outside the limits of the aerial mapping.

Approximately 8 square miles of downstream watersheds between the airport and the
Santa Cruz River were delineated. Downstream watersheds extending beyond the airport
were delineated using existing 1”=200’ scale, two-foot contour maps, dated May 1983 to
July 1984. Quadrangle maps (7.5 minute) were used where 200-scale mapping was not
available.

Entire watershed boundaries have been delineated on 7.5 minute quadrangle maps. The
maps have been spliced together and are included in Appendix C as Figure 12.

Stormwater runoff for existing conditions on all watersheds was determined using the U.S.
Army Corps of Engineers HEC-1, Flood Hydrograph Package Computer Program. The Soil
Conservation Service (SCS) Unit Hydrograph method was used. Runoff for existing
conditions was calculated for storms with a two-, five-, 10- and 100-year return period.

HEC-1 was utilized in place of the Standard Pima County hydrology method because of the
nature of the contributing watersheds. There is extensive ponding throughout, which
effectively delays and/or reduces peak discharges. Consequently, HEC-1 was used
because it yields more accurate values for this type of watershed.

It is important to note that the HEC-1 program was calibrated to match flow generated
using the Pima County method, (see hydrologic data sheets on appendix C) as outlined in
the PCDOT&FCD “Hydrology Manual for Engineering Design and Floodplain Management
within Pima County, Arizona”, September 1979. SCS curve numbers were calibrated so
the peak runoff was within 10 percent of that determined using the County method. The
curve numbers were calibrated based on the watershed size, imperviousness, and cover
using pairs of watersheds with similar characteristics. The resultant curve number was
used in the HEC-1 for all watersheds having similar characteristics. Five representative
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watershed groups were selected for calibration. A comparison of the five representative
sub-watershed flows using the County method versus the HEC-1, is shown in Table 2.

HEC-1 was used to compute runoff hydrographs and perform storage-routing through the
existing drainage structures within the developed portion of the airport, the airfield, and the
Union Pacific Railroad Nogales Spur and Old Nogales Highway crossings. Rating curves
were developed for each structure based on ground survey data collected in November
1990. Capacities of the structures at varying water surface elevations were rated using
Federal Highway Administration, HDS No. 5, “Hydraulic Design of Highway Culverts”.
Culvert hydraulics have been summarized in a table in Appendix E. The HEC-1 routing
procedure allowed hydrograph detention and approximate ponding elevations to be

determined.
Table 2
Comparison of Flows Determined Using
HEC-1 and Pima County Method
Watershed 10-Year Flow 100-Year Flow
Designation County HEC-1 %Diff. County HEC-1  %Diff.
18 77 73 +5 152 146 +4
21 96 92 +4 189 187 +1
22 187 182 +3 458 455 +1
49 251 244 +3 577 586 -2
46 184 198 -7 338 359 -6
47 103 92 +11 200 190 +5
29 99 104 -5 219 218 +1
30 105 102 +3 244 236 +3
50 47 45 +4 76 70 +8
53 43 43 0 66 65 +2

Parameters used in the HEC-1 program were:
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1. Rainfall, “SCS Type Il rainfall distribution for large basins, and the SCS Type IIA
distribution for the smaller basins less that 0.5 square miles.

2. Lag Time (TLAG) = 0.6 Time of Concentration. Time of Concentration was estimated
utilizing City of Tucson, “Standards Manual for Drainage Design and Management in
Tucson, Arizona”, December 1989.

3.  Runoff curves based on SCS method. Runoff curves were calibrated by utilizing the
Pima County Hydrology Method.

4. Basin Factors used in the Pima County Method for calibration:

Runway/Taxiway Areas: 0.028
Undeveloped Areas: 0.030 to 0.035
Developed Airport Areas: 0.018 to 0.025

5.  Mannings “n” values for routing runoff through various conveyance facilities:

Storm Drains: 0.020
Overland Flow Between

Runways and Taxiways: 0.025

Natural Channels: 0.040 to 0.070

The HEC-1 storage routing procedure was used to model the runoff storage occurring
between runways and taxiways. The SA, SE, and SQ records were used to identify the
sub-watershed storage and discharge characteristics. The ST, SW, and SE records were
used to describe the “top-of-dam” geometry of the runways and taxiways. Rating curves
developed for each sub-watershed and 200-scale topography mapping were used to
develop the record data. In addition, field survey information was used for culvert invert
data.

The HEC-1 diversion procedure was used when flows overtopped the runways and
taxiways into sub-watersheds other than those receiving the culvert-directed flow. The DI
and DQ records were used to identify sub-watershed inflow and corresponding outflow over
the runways and taxiways. The outflow was determined by subtracting the culvert capacity
under the available head from the corresponding peak flow. The available head and peak
flow were obtained from the dam overtopping summary at the end of each HEC-1 computer
printout (See Appendix F).
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The HEC-1 kinematic wave channel routing was used to route flow from one sub-
watershed to the concentration point of the next. Data for the RK records was obtained
from 200-scale topography maps and the U.S.G.S maps. In some instances multiple RK
records were required due to a program warning requesting shorter lengths on the RK
record.

Drainage structures for downstream watersheds were rated for maximum capacity utilizing
record drawings and the HDS No. 5 “Hydraulic Design of Highway Culverts”. No
verification of existing downstream structure size and capacity was made. The results of
the rating curves are approximate only.

3.2 Future Conditions Analysis

The hydrologic analysis for future conditions was performed utilizing the same methodology
as in the existing conditions analysis. The approved Airport Master Plan for the Year 2005
(dated August 1996) was used to determine future land use and development for the airport
(see Appendix B for Year 2005 Airport Layout Plan) for future condition HEC-1 analyses.
The areas of future landside development were assumed to be fully developed. The future
condition modeling is applicable to the Master Plan Update. Future land uses and future
overall airfield development is essentially unchanged (from a hydrologic standpoint) and the
landside areas are already considered fully developed. Therefore, a revision to the future
conditions HEC-1 models was not warranted with the Master Plan Update. The 2023
Master Plan is attached as Figure 4. Development that has occurred post May 1992, and
the Master Plan impacts are examined further in Section 6.

Future landside developments were modeled by utilizing watershed parameters for
developed industrial areas. Flood hydrographs for the two-, five-, 10-, and 100-year
frequency storm were developed for future conditions and routed through the airport storm
drain facilities, the Union Pacific Railroad culverts, and the Old Nogales Highway culverts.

The proposed terminal and airfield complex located south and east of the existing complex
was analyzed to estimate the potential increase in runoff due to the increased impervious
areas of runways, taxiways, aprons, and structures. Because the proposed terminal
complex is schematic at this time, a detailed hydrologic and routing analysis was not
performed.

Future expansion of airfield facilities (taxiways, runways and aprons) was based on the
Airport Master Plan. Culverts for the future airfield facilities were sized on a preliminary
basis to provide capacity for runoff from a five-year storm, per FAA guidelines. Ponding
areas were estimated based on existing topography. Rating curves were developed for
the proposed culverts utilizing HDS No. 5. Proposed culvert sizes are shown in Table 3,
and the culvert locations are shown in Figure 5. Culvert hydraulics are included in a table
in Appendix E.
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Table 3

Culvert Sizes for Future Airfield Facilities

Sub-watershed Five-Year
Number Culvert size Flow (cfs)
13B 2-42” RCP 46
22A 3-42” RCP 137
22B 2-48” RCP 111
22C 1-36” RCP 26
22E 1-48” RCP 62
22F 1-30” RCP 18
27A 1-42” RCP 28
28A 1-48” RCP 47
30A 4-48” RCP 220
30B 2-42” RCP 66
31B 1-48” RCP 47
31C 3-48" RCP 164
55A 1-36” RCP 26
54A 1-36” RCP 26
28B 1-36” RCP 26

For final project designs, the proposed culvert sizes should be verified based on
runway/taxiways elevations, grades, ponding areas, etc. determined at the time of design.
For example, an arch pipe with the same capacity may be required because of limited
vertical clearance. If future culverts are designed with the same criteria utilized herein; i.e.
capacity for the five-year frequency storm, the impact on this hydrological analysis will be
negligible. Drainage patterns should be maintained, however. The estimated cost for the
Airfield culverts is approximately $785,000.

3.3 Results of Analysis

Existing Conditions

The results of the analysis indicate there are four areas where ponding occurs within the
study area. These are: 1) the airfield, 2) the area west of Bombardier Aerospace/Learjet
Corporation at the railroad, 3) the northwest corner of the airport at Valencia and Old
Nogales Highway, and 4) the Airport Wash. The approximate existing ponding areas
caused by the 10- and 100-year frequency storm are shown in Figures 6 and 7,
respectively.
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Ponding on the airfield occurs between all runways and taxiways. The ponding is
temporary in nature, and only occurs in a significant amount during storms with frequencies
greater than 10 years.

Ponding west of Bombardier Aerospace/Learjet Corporation occurs at the Southern Pacific
Nogales Spur where the existing culvert capacity is insufficient for flow greater than a two-
year event. When the capacity of the railroad culvert is exceeded, flow overtops the airport
maintenance road on the north and continues north along the railroad, adding to the
ponding in the northwest corner of the airport at Valencia Road and Old Nogales Highway.
The flow then overtops Old Nogales Highway and sheet flows to downstream roadways
and drainage facilities.

Ponding (backwater) along the Airport Wash occurs at structures that do not have sufficient
capacity to convey the larger flows. Structures along Airport Wash that are impacted
include the bridge at Valencia Road, the culverts under runway 3-21 and taxiway 2, and the
culvert crossing on Los Reales Road. Capacities of the bridge at Valencia Road and the
culvert crossings are estimated to be between the 10 and 100-year events.

Ponding also occurs at the Hughes Wash crossing of the Old Nogales Highway. On-site
flows contributing to the Hughes Wash watershed are detained by ponding in the airfield.
The contributing flow, together with the flows from the entire watershed, overtop Old
Nogales Highway and continue to the Santa Cruz River when the culvert capacity is
exceeded. Ponding at this location does not affect the TIA.

Future Conditions

Under future conditions, ponding occurs in the same areas as the existing conditions.
However, because of development, runoff is increased and ponding in some areas is
increased. Figures 8 and 9 show the approximate ponding areas for the 10- and 100- year
future condition peak flows with no drainage improvements to the existing system. Ponding
in the existing airfield is not affected by the future development, and ponding areas do not
change from existing conditions. However the HEC-1 indicates ponding elevations west of
Bombardier Aerospace/Learjet Corporation and at Valencia and Old Nogales Road
increase slightly due to the additional runoff created by future landside development.
Ponding areas also increase where Airport Wash crosses under Taxiway 2 and Runway 3-
21.

The addition of future runways and taxiways does not significantly change runoff from the
airfield itself. The ponding areas created by the future runways and taxiways offset the
increased runoff from additional impervious areas. The results of the analysis comparing
existing baseline flows to post-development flows for the Airfield watershed is shown in
Table 4 at the end of this section.

Ponding volumes at runways and taxiways associated with the future five-year storm event
are part of the solution to satisfy threshold retention requirements for the TIA site.
Volumetric calculations for these ponding areas as well as calculations for required
retention volumes are included herein (see Tables 5 and 6).
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Apron and landside developments within the Airport Wash watershed downstream of the
confluences of the North and South Fork do not significantly impact peak runoff in the
Airport Wash for return intervals greater than five years. This is due to the difference in
time of concentration between the Airport Wash watershed and the sub-watersheds on the
airport. Another reason is that there are no significant improvements downstream of the
confluence. Runoff form rainfall event less that a five-year return interval are contained in
the Airport Wash channel and do not affect the airport or downstream structures.

The future terminal and airfield complex upstream of the confluence of the North and South
Fork of the Airport Wash increase flows into the watershed. The results of the analysis
comparing existing baseline to post-development flows in the Airport Wash watershed is
shown in Table 4 at the end of this section. In addition, the 100-year floodplain for the
Airport Wash impacts these areas and future channel improvements will be required. It
should be noted that application for a Section 404 permit will be necessary for development
within the Airport Wash. A detailed description of the 404 process is included in Section
6.1.

Future landside development in the Hughes Wash watershed increases runoff from the
watershed. The contributing area from the sub-watersheds is small (0.9 square miles) in
comparison to the entire watershed area (6.5 square miles). The sub-watershed 100-year
peak flow of 552 cfs is also small in comparison to that of the Hughes Wash watershed
(3579).

No future landside developments are planned in the Franco Wash watershed at this time.
However, in the future, any new development that is planned should address future
drainage conditions, including detention/retention requirements.

The results of the analysis for existing baseline flow conditions and post-development flow

conditions without constructing detention facilities or improving existing facilities are shown
in Table 4. The corresponding concentration points are shown in Figure 9.
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Table 4

Runoff From Basins Affecting the Airport

(cfs)
Baseline Flows Post-Development Flows*

Concentration Storm Frequency

Points 2 5 10 100 2 5 10 100
A 733 1529 2108 6763 898 1614 2497 7589
B 304 1201 2091 6939 463 1428 2479 7715
C 108 222 322 904 152 305 379 981
D 113 119 127 181 122 171 173 206
E 128 206 250 369 45 80 88 183
F 67 111 143 207 187 207 225 275
G 230 354 394 701 340 418 496 689
H 228 861 1255 3938 458 995 1539 4313

*Assumes no detention facilities constructed.

Table 4 shows that runoff for each return interval generally increases with development.
Therefore, basin management strategies will be needed in some areas to satisfy the design
criteria of a reduction in peak runoff, after development, back to existing values. Detention
facilities could be used to decrease post-development flows to meet the design criteria. The
detention facilities would decrease the post-development flows to the baseline flows shown
in Table 4.

3.4 Retention Discussion

Threshold retention requirements are such that increased runoff volumes resulting from
development for a five-year storm must be retained on-site. This volumetric determination
is included in the HEC-1 analysis (see Appendix F). Review and comparison of the existing
and future five-year HEC-1 models reveal the increased runoff volumes.

Points of comparison used to determine retention volumes are at the confluence of the
North and South Fork of the Airport Wash, the Airfield watershed at Nogales Highway, and
the Hughes Wash at Nogales Highway. The North and South Fork confluence was used
because future development in the Airport Wash, within the project limits, occurs upstream
of that point. Future and existing runoff volumes are shown in the HEC-1 models FAP5
(Future Airport 5 Year) and APS (Airport 5 Year), respectively.

Airfield watershed (Hec-1 Watershed 33) development impacts (i.e., increased runoff

volume) can be seen by reviewing HEC-1 models 5YR33 (existing) and N5YR433 (Future;
New 5 Year Watershed 33).
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The Hughes Wash watershed has been modeled into the HEC-1 runs 5YR44 and N5YR44
for existing and future conditions, respectively. Future development is expected within the
Hughes Wash upstream area as well as in local watersheds 42 and 45. As a result, the
increased volume within the Hughes Wash watershed was utilized for retention
requirements.

The following table summarizes retention volumes for the project area.

Table 5

Retention Volumes

Five-Year Runoff Volumes (ac. ft.)

Watershed Existing Future Increase
Airport 441 464 23 ac. ft.
Airfield 19 24 5 ac. ft.
Hughes — 183 218 35 ac. ft.
Total 63 ac. ft.

As was discussed in Sections 1.4 and 1.5 of this report, strict retention (i.e., for infiltration)
is not required at TIA. Instead, retention volumes will be contained in onsite detention
basins. Rather than capturing and retaining the runoff volume until it has percolated into
the ground, the runoff will be allowed to discharge at a slow rate (approximate rate of 30
cfs). By controlling the runoff volume at the slow discharge rate, impacts to downstream
properties resulting from increased volumes will be mitigated.

Future and existing drainage facilities within TIA will contain the required 63 ac. ft. of
retention volume. A portion of the volume will be contained within the existing and future
ponding areas between runways and taxiways. The remaining volumes will be contained in
the future detention basins.

In calculating the portion of the volume at runways and taxiways, the average discharge of
30 cfs was used as a guideline. As a result, all ponding areas within TIA were analyzed for
volumetric capacity equating to a discharge of 30 cfs or less during a FIVE-YEAR STORM
EVENT. Volumes are included in three future condition HEC-1 models; they are 5YR1,
N5YR33 and N5YR44. Results of the volumetric analysis are shown in the following table.
Volumes were determined from information shown on the SA, SQ, and SE records in the
HEC-1 runs. Volumes were calculated from equations for pyramids (1/3 height times base)
and frustrums of pyramids (1/3 height times (top)+(bottom)+ sq. rt (top)(bottom)).
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Subbasin

Water
Elevations

Surface
Area (acres)

Five-Year Storage Volumes

(cfs)

Table 6

Discharge

Volume (ac. ft.)

In Airport Watershed (5 YR1)

55
54
53
52
51
50
10

“NWHhOIO N 0O

In Airfield Watershed ( N5YR33)

2620.37
2608.06
2603.31
2597.84
2591.32
2586.60
2605.44
2595.09
2593.06
2582.47
2583.08
2574.86
2572.53
2570.40
2568.50
2565.97

19
20A
29B
26
18
17
16
27A
28A
27B
24
15
23
37
38
48
35
36
34
33

2592.71
2584.95
2583.03
257417
2582.00
2580.00
2572.97
2577.25
2572.30
2575.19
2559.37
2569.02
2560.52
2556.06
2555.40
2550.44
2548.36
2547.58
2550.97
2537.68

0.36
0.17
0.87
0.35
0.11
0.86
0.63
0.30
0.04
0.02
0.74
0.68
0.52
0.31
0.40
0.24

1.17
0.30
0.05
0.01
0.09
0.10
3.97
0.17
0.23
1.02
0.11
0.81
1.42
0.56
1.27
0.01
0.05
0.04
0.25
0.45

19

30*
30*
22
19
26
25
25
30*
30*
30*
13
10
10
11
11
12
Total

24
20
30*
26
30*
30*

30*
30*
30*
30*

16
30*
30*
30*
30*
30*
30*
30*
Total

0.12
0.06
0.56
0.40
0.08
0.50
0.43
0.32
0.02
0.00
0.62
0.48
0.32
0.05
0.43
0.12
4.51

0.60
0.30
0.05
0.00
0.06
0.03
2.8

0.13
0.20
0.64
0.07
0.46
0.94
0.37
0.65
0.00
0.02
0.01
0.04
0.12
7.49
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Table 6 (continued)
Five-Year Storage Volumes

Water Surface Discharge
Subbasin Elevations Area (acres) (cfs) Volume (ac. ft.)

In Hughes Watershed (N5YR44)

22D 2635.59 0.17 19 0.09
14 2638.72 0.35 30* 0.14
22B 2627.25 0.23 30* 0.10
13B 2629.43 0.26 30* 0.12
13A 2629.67 1.16 29 0.88
22A 2622.95 0.62 30* 0.20
22E 2640.42 0.83 17 0.39
22C 2628.49 1.15 13 0.80
31C 2618.83 0.04 30* 0.01
31A 2606.83 0.11 30* 0.03
12 2624.16 0.48 2 0.33
11 2613.13 0.02 30* 0.00
21 2610.62 0.09 30* 0.02
30A 2596.63 0.28 30* 0.06
20 2602.63 0.29 30* 0.10
31B 2608.96 0.33 30* 0.22
30B 2591.43 0.43 30* 0.20
30C 2590.71 0.01 30* 0.00

Total 3.69

*Correspond to maximum outflow = 30 cfs

Volumes in the preceding table do not account for volumes in those areas that are planned
for development (areas 25, 39, 40, 42, 45, 47, and 49), because grading changes will likely
occur. Volumes within each separate watershed area will be applied toward the overall
retention requirement for that area.

Results are as follows:

Airport Wash: 23 ac. ft. — 4.5 ac. ft. = 18.5 ac. ft.
Airfield Watershed: 5ac.ft. —7.5ac.ft. = 0 ac.ft.
Hughes Wash: 35 ac. ft. — 3.7 ac. ft. = 31.3 ac. ft.

Retention volumes will be incorporated into detention basins. Discharge from the retention
portion of the major basins must insure drainage within 24 hours. The following equations
were used to determine average outflows to insure a ponding duration of less than 24
hours in the detention basins.
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Airport Wash:

18.5 ac. ft. X 43560 cu. ft. X hr. = 93cfs
24 hrs ac. ft. 3600 sec.
Airfield Wash:

Requirement is fulfilled.

Hughes Wash:
31.3 ac. ft. X 43560 cu. ft. X hr. = 15.8 cfs
24 hrs ac. ft. 3600 sec.

The above calculated outflows are the average discharges over a 24-hour period. The
maximum outflow can be as much as 30 cfs per PCDOT&FCD requirements for this project
(see October 2, 1991 letter in Appendix 1)
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4.0 FUTURE DEVELOPMENT

4.1 Selection of Detention Alternative

In the 1992 AWDBS, detention basin management alternatives were selected and
evaluated to meet design criteria as outlined in Section 1.4. In summary the criteria were:

1.0  No retention for infiltration purposes. Instead, retention will be accommodated within
detention basins and airfield ponding areas.

2.0 Post-development runoff rates from TIA Airport and Airfield watersheds do not
exceed runoff rates from baseline conditions (January 1, 1991).

3.0  Retention, but no detention, is required for the Hughes Wash.

4.0 Airfield facilities designed to have capacity for runoff from the five-year frequency
storm per FAA design guidelines.

5.0 Proposed building and structures should be protected from the 100-year frequency
storm runoff (i.e., by means of elevating buildings above the regulatory flood levels,
or strategic location of detention facilities).

The basin management alternatives considered were:

1. Two detention basins which would control discharge into the basins downstream of
the Airport Wash and Airfield watersheds, and a retention basin within the Hughes
Wash watershed.

2. A detention basin associated with each increment of development that will limit flow
from each development to baseline conditions.

3. No detention basins. Improve all downstream drainage facilities to convey increased
post-development runoff without flooding.

Alternative 1 was the chosen alternative, which consists of utilizing two subregional
detention basins, and one retention basin to control flows in each of the three major
watersheds crossing the study area. Figure 10 shows approximate locations for the
detention and retention basins in the Hughes, Airport and Airfield watersheds. The basin
locations shown in Figure 10 were selected based on, runway centerline locations,
proposed future development and location in watersheds to ensure sufficiently attenuated
flow peaks. The basin locations are general and the number and size of basins can be
varied as long as adequate capacity is provided. The detention or retention basin
locations should be determined at the time conceptual plans for any developments are
being considered.
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Detention basin sizes have been developed in accordance with the estimating volume
procedures outlined in the PCDOT&FCD/COT “Stormwater Detention/Retention Manual.
Table 8 summarizes parameters used to determine storage volumes. Basins were
assumed to be fenced, unlined and uncovered. The detention basin areas are based on a
6-foot depth with 4 to 1 side slopes. Table 9 lists the area requirements and estimated
construction costs for each basin. The costs include engineering, construction,
construction administration, and inspection.

Table 8

Detention Basin Storage Volumes

Total
Volume Storage
Storm of Runoff Qi Qo Volume
Watershed (Yr) (ac. ft.) (cfs) (cfs) (ac. ft)
Airport Wash 2 312 898 733 13
(PTA) 10 817 2497 2108 24
100 1588 7589 6763 23
Airfield 2 12 152 113 4
Watershed 10 28 379 322 5
(Pt. C) 100 53 981 904 5

Note: Table is based on “off-line” detention for Airport and “ on-line” for Airfield Wash. See “Stormwater
Detention/Retention Manual” (see References ) for equations. However, in the equation, the value for the
total volume of runoff has been replaced by HEC-1 volumes.

Qi = Post-Development Flows (see Table 4)
Qo = Baseline Flows (see Table 4)

Storage Volume = Result of calculation plus 20%. The largest value per watershed was used for area
determination.
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Table 9

Detention and Retention Basin Sizes and Costs

Area Required Estimated

Detention Basin Type (Acres) Cost ($)*
2004

Airport Wash Basin Off-line 8 788,000

Airfield Watershed Basin ~ On-line 3 301,000

**Hughes Wash Basin On-line 9 970,000

*Based on one basin per watershed; earthwork at $10.00/cu. Yd.; 6 ft high fencing with access gate at
$20.00/linear ft.; outlet structure at $90,000/each (2004); and a factor of 1.5 for contingencies, engineering,
construction, construction administration, and inspection.

**RETENTION ONLY (no detention required). Size is based on 31.3 ac-ft of volume.

Figure 11 depicts a typical detention basin.

The detention basins can be covered, if desired. The costs vary with the type of cover
used and the size of basin. The type of cover used can vary from a plastic floating cover at
approximately $7.50 per square foot to a concrete decking that can withstand traffic loads
at approximately $75.00 per square foot. For instance, covering the Airfield detention basin
would increase the total costs to $1,280,000 for a plastic cover and $10,100,000 for
concrete decking.

4.2 Staged Detention Requirements

Discussions between TAA and Pima County led to an agreement which allows for
implementation of staged detention basin construction at TIA. Construction must follow
the staging sequence outline in a February 12, 1992 letter to Pima County. The
sequencing was agreed to by Pima County in a February 24, 1992 response letter. Both
letters are contained in Appendix D.

Appendix D also contains the staged detention basin analysis. The analysis was
performed to determine hydrologic results relating to 10%, 30%, 50% and 100% level of
development at TIA. Results were used to determine the construction sequencing.

Hydrologic results summarized in the February 12, 1992 letter are not meant to supersede
those provided in this report. The results presented in the letter are for comparison
purposes only in determining levels of staged development. The analysis was performed
using the South Fork of the Airport Wash only. Future development will occur in the North
Fork as well.
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Concentration points utilized for this analysis were chosen at points downstream of all
planned development within TIA. These points are:

1. the Airport Wash at the confluence of the South and North Fork;
2. the downstream end of watershed 47 which includes areas 25, 39, 40, 46 and 49 of the
Airfield watershed.

Table 11 lists the individual sub-watershed areas with future development in each major
watershed (circa 1992). Both the sub-watersheds with future industrial development and
runway\taxiway development are listed. The areas listed are at 0%, 10%, 30%, 50% and
100% level of development with zero percent being the current baseline developed
acreages (refer to Figures 2 and 10, aerial photographs of existing development at TIA).
The total areas of development (both existing and future) according to levels of
development are also shown for each major watershed.

Table 11
Total Development Area in Stages
(Acres)
Total Baseline Area
Watershed Area Developed 10% 30% 50% 100%
Airport North Fork 130 0 13 39 65 130
Wash South Fork 480 0 48 144 240 480
Airport (101F) 61 6 115 22.5 33.5 61

Airport Wash Total 671 6 72.5 205.5 338.5 671
Airfield 25 19 10 10.9 12.7 14.5 19
Wash 27& 28* 21 9 10.2 12.6 15 21

29* 20.4 10.4 11.4 13.4 15.4 20.4

38 17 13 13.4 14.2 15 17

39 32 13.5 15.4 19.1 22.8 32

40 38 28 29 31 33 38

46 58 36.6 38.7 43 47.3 58

47 51 32.2 34.1 37.8 41.6 51

49 128 34 43.4 62.2 81 128
Airfield Wash Total 384.4 186.7 206.5 246 285.6 384.4
Hughes 13* 14.2 12.9 13 13.3 13.6 14.2
Wash 22* 454 8.4 12.1 19.5 26.9 454

30* 20.4 104 11.4 13.4 15.4 20.4

31* 27.4 26.2 26.3 26.6 26.8 27.4

42 38 20 21.8 25.4 29 38

45 6 1 1.5 2.5 3.5 6

south 544 0 54 .4 163.2 272 544
Hughes Wash Total 695.4 78.9 140.5 263.9 387.2 695.4

*Watersheds with runway/taxiway development only. Staged construction numbers shown for comparison
only.

25 Q:\PSHIA Infield\Tucson TIA\Working\Reference\rpt_tia_04.doc



Table 12 summarizes hydrologic results specific to the staged detention analysis. Peak
discharges are shown for the baseline, 10%, 30%, 50% and 100% levels of development.

Table 12

Hydrologic Results for Staged Detention

Baseline 10% 30% 50% 100%
Watershed Flow (cfs) cfs %* cfs %* cfs %* cfs*
Airport
- North Fork 3826 3828 2 3859 30 3875 44 3937
- South Fork 3427 3479 12 3568 32 3653 52 3681
Airfield Wash 986 1057 9 1195 26 1346 45 1784

*Indicates percent increase between baseline flow and 100% development.
The Hughes Wash watershed is not included in Table 12 because detention is not required.
However, retention is required. The following table shows the retention volumes based on
the 10%, 30%, 50% and 100% level of development.

Table 13

Hydrologic Results for Staged Retention

10% 30% 50% 100%
Watershed (ac ft) (ac ft) (ac ft) (ac ft)
Hughes Wash 3.5 10.5 17.5 35.0

The February 12, 1992 letter includes a staged construction schedule based on percentage
of new development. The recommended schedule stated therein is “that construction
begins at TIA after 30% of development occurs and that the basin be built to the 50% level
at that time. Development beyond 50% should relate to staged construction either by
matching the percentage of increased development or in 10% increments.” “Development”,
as defined by Pima County in the February 24, 1992 letter included herein, “includes any
disturbance to an area such as roads, runways or taxiways, grading, etc.” Graded areas
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that are subsequently successfully revegetated will not be considered as development
areas.

Table 14 summarizes the total area of development within each major watershed according

to level of development based upon 1992 development levels. The total areas shown do
not include the baseline development areas.

Table 14

New Development Area (Acres) 1992

Watershed 30% 50% 60% 70% 80% 90% 100%
Airport Wash 199.5 3325 399 465.5 532.0 5985 665.0
Airfield Wash 59.3 98.9 1186 1384 1582 1779 197.7
Hughes Wash 185 308.3 369.9 4316 493.2 5549 6165

To verify the amount of post 1992 development, drainage reports on file with the Tucson Airport
Authority (TAA) were reviewed and summarized. The summary of total area of development within
each major watershed according to the current level of development was updated and is
summarized below in Table 15. A detail summary of post 1992 development is included in
Appendix G.

Table 15

Post 1992 New Development Area (Acres)

Watershed 30% 50% 60% 70% 80% 90% 100%
Airport Wash 189.8 322.8 389.5 4558 522.3 588.8 655.3
Airfield Wash 28.2 67.8 87.5 107.3 1271 146.8 166.6
Hughes Wash 175.1 298.4 360 421.7 4833 545 606.6

The information provided herein is intended as a baseline reference to the detention and
retention basin staged construction. The staged construction schedule must be followed in
accordance with the Pima County letter as development occurs.
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4.3 Airport Master Plan

Detention/Retention Basins

As previously stated, the detention/retention basins have been located in consideration of
the proposed Airport Layout Plan (ALP). Based upon the 2023 Master Plan, TAA
proposed development in the next 20-years will result in an increase of approximately 201
acres of impervious areas in the Airport Wash Watershed (includes approximately 160 acre
ground cargo area) and approximately 89 acres in the Airfield watershed (includes
approximately 80 acres of future 11R/29L runway. No TAA development is currently
proposed in the Hughes watershed through the 20-year planning period and beyond.
Based upon the Planning Demand Level (PDL), the Airport Wash detention will not be
required within the 15-year planning period. The Airport Wash basin will be required when
the Ground Cargo area is developed in PDL 4, 2018-2023. The Airfield basin(s) will need
to be constructed when the future runway 11R/29L is constructed during PDL 2, 2008-
2013.

Airport Wash

Several planned facilities are impacted by the Airport Wash. The General Aviation (GA)
area to be developed east of Airport Wash south of Taxiway D (PDL 1, 2004-2008), the
TSA police office buildings (PDL1, 2001-2008), the Airfield Maintenance area (PDL 1,
2004-2008) and the Country Club Rd. extension (PDL 2, 2008-2013) are planned within
the 100-year floodplain for the Airport Wash. In addition, future taxiway F (2023+) will
require a drainage structure across the Airport Wash. The finished floor elevations for
habitable structures must be elevated 1 ft above the 100-year water-surface elevation for
the Airport Wash and outside of the erosion hazard setback for unprotected channel banks
(approximately 70 ft). Previous preliminary HEC-RAS analyses (see Appendix H and
Reference Section) indicated that encroachment into the 100-year floodplain for the GA
area is acceptable, provided structures are constructed outside of the erosion hazard
setbacks. Preliminary analysis for the police office buildings (Mannings ratings of the
Airport Wash utilizing 1998, 2 ft. contour interval topography, see Appendix H), and their
proximity to the wash indicate that bank protection may be required in the vicinity of these
structures. A preliminary cost of $162,000 is estimated for gunite bank protection. The
impacts of the proposed Airport Maintenance area on the Airport Wash floodplain needs to
be evaluated once current topography is obtained. = Development of this building must be
considered in conjunction with the extension of Country Club Rd. A drainage crossing may
be desired at Country Club and the construction of this structure could impact the
downstream airfield maintenance area. To adequately determine the impacts of the Airport
Wash on future development, a detailed hydraulic model of the reach of the Airport Wash
from Country Club to Taxiway D and associated drainage structures is recommended prior
to plan preparation for these facilities. Wash improvement may require Army Corps of
Engineers 404-permitting and W.A.S.H. Ordinance mitigation (see Section 5). A Federal
Emergency Management Agency (FEMA) Letter of Map Revision (LOMR) is also
recommended. See Section 5 for further LOMR discussion.
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5.0 AGENCY REQUIREMENTS FOR FUTURE DEVELOPMENT

Development at the TIA will require coordination with several agencies. The Corps of
Engineers will be involved through the Section 404 permit process; the City will issue
building permits and review development projects for drainage compliance; Pima County
will require permitting for altered riparian habitat and the Arizona Department of
Environmental Quality (ADEQ) will require compliance with the Arizona Pollutant Discharge
Elimination System (AZPDES) program.

5.1 Section 404 Permits

Future development which impacts COE jurisdictional limits is subject to the Section 404
Permit process. Currently there are approximately 12 Nationwide Permits (NWP) relevant
to airport development however, the maximum acreage limits for impacts to jurisdictional
areas for the Nationwides are 0.1 acres without preconstruction notification (PCN) to 0.5
acres with PCN. The use of more than one NWP for a single and complete project is
prohibited, therefore use of NWP is limited. An individual permit will be required once
jurisdictional impacts surpass the NWP threshold within the airport boundary.

The individual permit process includes application for 401-certifciation from ADEQ. Public
notice is issued and the application for individual permits is reviewed by the public, special
interest groups local, state and federal agencies. In addition, endangered species and
archaeological surveys are required. Currently, a time frame of six months to one year is
estimated to obtain an individual 404-permit.

It is strongly recommended that a pre-application meeting be held with all review agencies
for any development within the jurisdictional limits on the Airport property. The conceptual
plans should be presented to obtain preliminary comments for possible mitigation. The
issues which should be addressed for the 404 permit and at the pre-application meeting
include whether the area can be avoided by locating the facility elsewhere, whether the
impact can be minimized by re-orienting the improvements, and what type of mitigation is
possible.

5.2 City of Tucson Requirements

During preparation of conceptual development plans, a pre-submittal meeting should be
arranged through the Development Services Center. The purpose of the meeting is to
inform the appropriate City agencies of the proposed development and generate relevant
input prior to submitting any plans for review. Depending on the complexity of the project,
the review process could take from two to four weeks. The project will be reviewed by the
City to verify compliance with pertinent codes and ordinances effective at the time of
development.
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A drainage report referencing this study will be required. The COT will verify compliance
with this drainage study and other effective codes and ordinances. A floodplain use permit
may be required depending on the location, type, and extent of proposed site
improvements. The permit may reference new regulatory measures, recommend finished
floor elevations, or include discussion of ordinances for maintaining natural washes. These
requirements should be verified when site plans are developed. The review process
generally requires two to three weeks per submittal.

The Watercourse Amenities, Safety and Habitat (WASH) ordinance and Environmental
Resource Zone (ERZ) Ordinance include regulations which strive to maintain the natural
integrity of existing washes within the City. A portion of the Airport Wash is classified as a
W.A.S.H Ordinance wash. Portions of the Franco Wash and associated tributaries and
tributaries to the Hughes wash are classified as ERZ washes (see Figure 2).

5.3 Pima County Requirements

PCDOT&FCD has agreed that City of Tucson will be the reviewing agency for projects
within TIA, which include drainage components. The City of Tucson will be responsible to
include Pima County on specific projects per their discretion.

Portions of the Airport, Hughes and Franco washes are identified as Xeroriparian Habitat
(A, B and C) on the Pima County Watercourse and Riparian Habitat Protection and
Mitigation Requirements riparian habitat maps (Chapter 16.54 Pima County Floodplain and
Erosion Hazard Ordinance). Permitting, and possibly mitigation, shall be required if these
riparian areas are altered.

5.4  Arizona Department of Environmental Quality

In addition to 401-certification previously mentioned in the Section 404 permits, ADEQ
oversees compliance with the Arizona Pollutant Discharge Elimination System (AZPDES)
permit program for storm water quality. Any construction project that disturbs an area of 1
acre or more is required to obtain permit coverage under the AZPDES program. To obtain
an AZPDES permit, a Notice of Intent (NOI) must be submitted to ADEQ and a Stormwater
Pollution Prevention Plan must be prepared and retained onsite.

5.5 Federal Emergency Management Agency (FEMA)

The Airport Wash and portions of Franco Wash are mapped as Special Flood Hazard
Areas (Zone A) on the currently effective FEMA Flood Insurance Rate Map for Pima
County Arizona. (February 8, 1999). Federal flood insurance is required for habitable
structures which are constructed in these areas. Zone A is an approximate mapping
method for determination of the limits of the 100-year floodplain. Based upon TSMS
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modeling, the FEMA peak discharge values for the Airport Wash were revised in October of
1997 (see FEMA letter in Appendix H). The corresponding TSMS 100-year peak discharge
for the Airport Wash at Valencia Rd is 4957 cfs (N0620). Based upon recent (2001) HEC-
RAS modeling of the Airport Wash downstream of Plumer Ave., which utilized a 100-year
peak discharge of 6978 cfs, the FEMA 100-year floodplain for the Airport Wash may be
reduced in the General Aviation (GA) area upstream of Taxiway D (see exhibit in Appendix
H). Preliminary analyses utilizing a 100-year peak discharge of 4957 cfs indicates that the
100-year water-surface for the Airport Wash may be further reduced, on average, an
additional 1 ft in depth. Mannings ratings of the Airport Wash utilizing 1998, 2 ft. contour
interval topography and a 100-year peak discharge of 4957 cfs indicates a change in the
Zone A delineation of the Airport Wash floodplain between Tucson Blvd. and Plumer Ave.
Processing of a Letter of Map Revision (LOMR) for the Airport Wash is recommended. The
LOMR process includes submittal of hydrologic and hydraulic modeling data to FEMA
along with completed FEMA forms. A review fee of approximately $4200.00 is also
required.
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6 RECOMMENDATIONS

Two subregional detention basins and one retention basin will be utilized to control flows in
the three major watersheds. Detention basins will be implemented in the Airport and
Airfield watersheds and a retention basin will be implemented in the Hughes watershed.
Figure 10 shows approximate location of the basins. The basin locations are general and
may be varied as to size and number. Basin construction will be phased based upon future
development threshold within the airport per Section 4.2. Based upon the Master Plan
planned development levels, PDLs, the Airfield basin will be required in conjunction with
construction of Runway 11R/29L in PDL 1, 2004 -2008. The Airport Wash basin will be
required in PDL 4, 2018-2023. The Hughes wash retention basin is not foreseen in the 20-
year planning period and beyond.

The basins should comply with the PCDOT&FCD/Cot “Stormwater Detention/Retention
Manual” and the other design considerations presented in this report. The operation and
maintenance of the detention basins is the responsibility of the TAA. A comprehensive
maintenance program must be established for the detention/retention basins. The TAA
must establish a program that ensures the basins are operating properly and the basin
capacities are not compromised due to vegetation and silting.

Several facilities are proposed adjacent to the Airport Wash in PDL 1. A detail study of the

Airport Wash from Country Club to Taxiway D is recommended prior to concept
development of these facilities to address floodplain design, permitting and FEMA issues.
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