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CONDITIONS OF USE

The policies and procedures presented in this Manual are to be used for the
preparation of hydrology reports, drainage reports, drainage statements, and other
drainage and flood-related studies required by the City of Tucson. Other appropriate
procedures not presented within this Manual may also be used, provided that approval

for their use is first obtained from the City Engineer.

The information contained within this Manual is based upon what the authors and
the City of Tucson believed to be the best procedures and techniques available at the
time of its writing. Every attempt was made to define the applicability and the limits
of the procedures and techniques presented herein. It is, however, the responsibility
of the user of this Manual to exercise proper engineering judgement in the application
of these procedures and techniques for the analysis and design of flood-control and

drainage improvements.

As further progress is made in the study of hydrology, hydraulics, and fluvial
geomorphology, appropriate modifications will be made to this Manual. The user should
therefore contact the office of the City Engineer, prior to the use of this Manual, to

obtain any modifications and errata sheets which may apply.

December, 1989
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July 29, 1998

Attention: All Users of the “Standards Manual for Drainage Design and Floodplain
Management in Tucson, Arizona” (Standards Manual)

Subject: (1)  New and Revised Hydrologic Procedures for Estimating Flood Peaks
within the City of Tucson
(2) New Balanced and Critical Basin Map for the City of Tucson
(3)  Threshold Retention Requirements and Stormwater Harvesting

Dear Manual Users:

Chapter IV (“City of Tucson Method for Estimating Flood Peaks and Flood
Hydrographs”) and Chapter XIV (“Detention/Retention Basins”) of the Standards Manual have
been revised. In addition, the “Table of Contents,” “List of Tables,” “Glossary,” “List of
Symbols,” “References and Selected Bibliographies,” and “Index” sections of the Standards
Manual have been updated to reflect the revisions to Chapters IV and XIV. Please replace
the appropriate pages of your Standards Manual with the enclosed revisions.

The revisions to Chapter IV were necessary in order to bring the existing procedures
in conformance with the City of Tucson’s recent adoption of new hydrologic procedures which
are the result of the regional hydrologic modeling that was completed during the formulation
of the Tucson Stormwater Management Study (TSMS), Phase Il, Stormwater Master Plan.
The City-wide hydrologic modeling has produced peak flow rates and flood hydrographs
which can be utilized for purposes of drainage design and floodplain management at many
locations throughout the City. Please check with the City’s Stormwater Section (791-4372)
for information regarding the hydrologic modeling. Specific guidelines have been enclosed
that describe the conditions under which the TSMS hydrologic data can be used. Additional
information is available on the City of Tucson's TSMS web site at
www.ci.tucson.az.us/transpor/stormwater/index.htmi.

It is the preference of the City of Tucson that TSMS hydrologic data be used, where
practicable, in lieu of the procedures presented within Chapter IV of the Standards Manual.
For areas where the hydrologic modeling is not available, or not appropriate for site-specific
applications, the revised procedures within Chapter IV can be used to calculate peak flow
rates which will be consistent with TSMS hydrologic modeling results.

The TSMS hydrologic modeling was approved by the Federal Emergency
Management Agency (FEMA) on May 12, 1996, for use with all watersheds within the City
except for the largest two—the Airport Wash and Julian Wash watersheds. The TSMS
hydrologic modeling for the Airport Wash and Julian Wash watersheds was approved by
FEMA on October 10, 1997.



All Users of the “Standards Manual” -2- July 29, 1998

The new “Balanced and Critical Basin” map (enclosed) shows the watersheds which
have been designated as Balanced or Critical Basins within the City limits. For those
watersheds which have not been designated as either balanced or critical, detention/retention
requirements may be waived for new development provided new or existing local stormwater-
conveyance facilities can safely release and convey the increased onsite runoff without
increasing flood hazards to adjacent properties. Chapter XIV of the Standards Manual has
been updated to reflect these changes. For site-specific applications, check with the City
Engineering Division (791-4914).

Requirements for retention were included within the Floodplain and Erosion Hazard
Regulations Ordinance adopted by Mayor and Council in 1990. However, compliance with
the Threshold Retention requirements had previously been waived, since reliable maps were
not available which showed Balanced and Critical Basins. Compliance with these Threshold
Retention requirements, which are described in the Stormwater Detention/Retention Manual,
is now required.

In addition, Mayor and Council has directed the City Engineer’s office to require new
developments to utilize stormwater harvesting to the maximum extent reasonably possible.
The volume utilized for stormwater harvesting may be used to offset the volume required for
Threshold Retention. Stormwater harvesting has been added as Design Policy #10 in
Chapter XIV of the Standards Manual. For site-specific requirements, check with the City
Engineering Division (791-4914).

For those watersheds designated as Critical Basins, a 15% reduction in the 2-, 10-,
and 100-year flow events will be required as a fair and equitable apportioning increment. The
15% reduction is consistent with requirements currently being imposed by Pima County.

VEry truly yours,
ayne Tn/%./E.
City Engineer

Enclosures: Revised portions of Standards Manual
Conditions of Use, TSMS Hydrologic Data
Balanced and Critical Basin Map for City
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October 24, 1997

Attention:  All Users of the “Standards Manual for Drainage Design and Floodplain
Management in Tucson, Arizona” (Standards Manual)

Subject: (1) New and Revised Hydrologic Procedures for Estimating Flood Peaks
within the City of Tucson
(2) New Balanced and Critical Basin Map for the City of Tucson
3) Threshold Retention Requirements and Stormwater Harvesting

Dear Manual Users:

Chapter IV (“City of Tucson Method for Estimating Flood Peaks and Flood
Hydrographs”) and Chapter XIV (“Detention/Retention Basins™) of the Standards Manual have
been revised. In addition, the “Table of Contents,” “List of Tables,” “Glossary,” “List of
Symbols,” “References and Selected Bibliographies,” and “Index” sections of the Standards
Manual have been updated to reflect the revisions to Chapters IV and XIV. Please replace the
appropriate pages of your Standards Manual with the enclosed revisions.

The revisions to Chapter IV were necessary in order to bring the existing procedures in
conformance with the City of Tucson’s recent adoption of new hydrologic procedures which are
the result of the regional hydrologic modeling that was completed during the formulation of the
Tucson Stormwater Management Study (TSMS), Phase II, Stormwater Master Plan. The City-
wide hydrologic modeling has produced peak flow rates and flood hydrographs which can be
utilized for purposes of drainage design and floodplain management at many locations throughout
the City. Please check with the City’s Stormwater Section (791-4372) for information regarding
the hydrologic modeling. Specific guidelines have been enclosed that describe the conditions
under which the TSMS hydrologic data can be used. Additional information is available on the
TSMS web site at www.ci.tucson.az.us/transpor/stormwater/index.html.

It is the preference of the City of Tucson that TSMS hydrologic data be used, where
practicable, in lieu of the procedures presented within Chapter IV of the Standards Manual. For
areas where the hydrologic modeling is not available, or not appropriate for site-specific
applications, the revised procedures within Chapter IV can be used to calculate peak flow rates
which will be consistent with TSMS hydrologic modeling results.

The TSMS hydrologic modeling was approved by the Federal Emergency Management
Agency (FEMA) on May 12, 1996, for use with all watersheds within the City except for the
largest two—the Airport Wash and Julian Wash watersheds. The TSMS hydrologic modeling for
the Airport Wash and Julian Wash watersheds was approved by FEMA on October 10, 1997.



All Users of the “Standards Manual” -2 - October 24, 1997

The new “Balanced and Critical Basin” map (enclosed) shows the watersheds which have
been designated as Balanced or Critical Basins within the City limits. For those watersheds which
have not been designated as either balanced or critical, detention/retention requirements may be
waived for new development provided new or existing local stormwater-conveyance facilities can
safely release and convey the increased onsite runoff without increasing flood hazards to adjacent
properties. Chapter XIV of the Standards Manual has been updated to reflect these changes. For
site-specific applications, check with the City Engineering Division (791-4914).

Requirements for retention were included within the Floodplain and Erosion Hazard
Regulations Ordinance adopted by Mayor and Council in 1990. However, compliance with the
Threshold Retention requirements has previously been waived, since reliable maps were not
available which showed Balanced and Critical Basins. Compliance with these Threshold
Retention requirements, which are described in the Stormwater Detention/Retention Manual, is
now required.

In addition, Mayor and Council has directed the City Engineer’s office to require new
developments to utilize stormwater harvesting to the maximum extent reasonably possible. The
volume utilized for stormwater harvesting may be used to offset the volume required for
Threshold Retention. Stormwater harvesting has been added as Design Policy #10 in Chapter
XIV of the Standards Manual. For site-specific requirements, check with the City Engineering
Division (791-4914).

For those watersheds designated as Critical Basins, a 15% reduction in the 2-, 10-, and

100-year flow events will be required as a fair and equitable apportioning increment. The 15%
reduction is consistent with requirements currently being imposed by Pima County.

Very truly yours,

G. Dewayne Tripp, P.E.
City Engineer

Enclosures: Revised portions of Standards Manual
Conditions of Use, TSMS Hydrologic Data
Balanced and Critical Basin Map for City
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Tucson Stormwater Management Study (TSMS)
Hydrologic Data

CONDITIONS OF USE

Regional hydrologic modeling has been performed for the City of Tucson for the purpose
of developing the TSMS Stormwater Master Plan. The TSMS hydrologic modeling was
accomplished using the Stormwater System Planner, a software package which includes a database
manager, the HEC-1 hydrologic model, and an AutoCAD mapping component. The Stormwater
System Planner allows the user to create a customized HEC-1 input file for hundreds of locations
throughout the City based upon the hydrologic data that are stored within the database. These
HEC-1 input files, along with summary information related to the hydrologic modeling, are
available from the Stormwater Section by calling 791-4372.

The TSMS hydrologic modeling was performed for the purpose of regional stormwater
planning, and not for site-specific applications involving flood-control design or floodplain
mapping. Neither the City of Tucson nor the consultants who developed the software package
warrant the accuracy of the input data or the HEC-1 modeling results. It is the sole responsibility
of the users of the TSMS hydrologic data to confirm that the TSMS input and output data are
reasonable for use with more detailed, site-specific applications. This can be accomplished using
the following general step-by-step procedure:

Step 1: Collect the basic data, including HEC-1 input files, 200-scale watershed maps,
watershed summary report, and routing-reach modeling report.

Step 2: Review the watershed summary report and 200-scale watershed maps for each
individual subwatershed to determine if estimated land uses are appropriate.
During formulation of the Stormwater Master Plan, land uses were determined
using 1983, 200-scale aerial topographic maps and 1990, 400-scale aerial photos.

Step 3: Review the watershed summary report and 200-scale watershed maps to determine
if the standard values for noncontributing area are appropriate for each individual
land use (see Standards Manual, Chapter IV). The City Engineer will require
sufficient supporting data, in the form of an analysis of aerial photos and field
verification (as necessary), for the values of the noncontributing areas.

Step 4: Review the routing-reach modeling report. Each routing reach utilizes one typical
cross-section. Compare the geometry of the cross-section versus more recent or
more detailed topographic information. The TSMS cross-sections were based on
the 1983, 200-scale aerial topographic maps.

Step 5: Determine if the regulatory (100-year) peak flow rates are reasonable. This can
be accomplished by comparing the results to regional regression equations and
gauge data, if available.
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GLOSSARY
The following technical terms are used in this Manual.

ALLEY is a secondary point of access to property, and is used typically for utility and
sanitary services.

ALL-WEATHER ACCESS is a safe vehicular route which either ordinary or emergency
vehicles require for the purpose of unimpeded access. This standard applies to
public or private streets, or to a designated route connecting a street and the
development or building in question. Storm runoff flowing either across or in the
direction of an all-weather access route shall not exceed one foot in depth during
the 10-year flood. In addition, the depth of flow, y, in feet, plus the velocity
head, /2g, in feet, shall not exceed the numerical value of 1.30 for a duration
in excess of thirty minutes during the 100-YEAR FLOOD.

ALTERNATE DEPTHS are the two depths of flow possible--one lower than critical and
one higher than critical--for a given rate of flow and a given SPECIFIC HEAD.
Also refer to the definition of CRITICAL DEPTH.

ARTERIAL STREET is a street that carries high levels of trafflc, typically serving over
12,000 vehicles per day.

AT-GRADE CROSSING is a depression or vertical sag in the roadway designed to allow
drainage to cross "at-grade" without using CULVERTS (also see DIP).

BACKWATER is the effect tailwater has upon upstream flow. Backwater can also refer
to the calculations that are performed to compute water-surface profiles in an
open channel.

BALANCED BASIN/WATERSHED means a drainage basin which contains floodwater
channels, natural or manmade, and/or flood-control structures that are adequate
to contain existing runoff from a BASE FLOOD produced by the basin; but in
which additional runoff cannot be safely contained by said channels or structures.

BANK PROTECTION is a form of channel lining wherein only the banks of the
WATERCOURSE are protected against flowing waters.

BANKING is the lowering or tilting of the inside of the floor around a bend in a
totally lined drainage channel in order to counteract the effects of superelevation
of the water surface along the outer bank.

BASE FLOOD is a flood stage or height that, statistically, has a one percent chance of
being equaled or exceeded in any given year. The Base Flood is often referred to
as the ONE-HUNDRED-YEAR (100-YEAR) FLOOD.

CARRYOVER FLOVW is GUTTER flow that is not intercepted by a pavement inlet on a
continuous grade.

CATCH BASIN refers to an appurtenance to STORM-DRAIN inlets which is used
primarily to capture runoff and secondarily to trap solid, waterborne debris.
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GLOSSARY--Continued

CHANNEL refers to a drainageway which has been created or extensively modified by
man for the purpose of conveying floodwaters, and is no longer a WASH or a
WATERCOURSE in its natural condition.

CHANNEL LINING is erosion-resistant armoring or protection that is placed along the
bottom and/or sides of drainage channels.

CLOSURE, when used in the context of FLOODPROOFING, refers to a structural
alteration made to a window, door, or other opening of a building in order to
keep floodwaters from entering.

COLLECTOR CHANNELS are drainage channels normally designed to capture dispersed
surface flow (sheet flow) so that it can be concentrated for conveyance to a
desired point using a CONVEYOR CHANNEL.

COMBINATION INLET is a pavement inlet consisting of a combined GUTTER inlet and
CURSB inlet.

CONVEYOR CHANNELS are drainage channels which generally receive flow from
upstream COLLECTOR CHANNELS for conveyance to some downstream location.

CRITICAL BASIN/WATERSHED means a drainage basin which contains floodwater
channels, natural or man-made, and/or flood-control structures that cannot
contain existing runoff produced by a BASE FLOOD within the basin; and which
has a documented history of severe flooding hazards.

CRITICAL DEPTH is the particular depth of flow in an open channel with a given
discharge at which the specific energy is at a minimum. The given discharge may
flow at an ALTERNATE DEPTH above or below CRITICAL DEPTH in a given
channel, but the specific energy of the flow at either ALTERNATE DEPTH will be
greater than that for flow at CRITICAL DEPTH.

CRITICAL FLOW occurs when flow is at CRITICAL DEPTH, and it is the state at
which the specific energy of flow is at a minimum for a given unit discharge.
This state occurs when the inertial and gravitational forces are balanced.

CROSS-SLOPE is the transverse slope of the pavement of a street, measured at a 90°
angle to the direction of traffic flow.

CULVERT is a short, closed conduit employed for the purpose of passing surface runoff
under an embankment. A rectangular or square concrete structure for passing
such runoff is referred to as a BOX CULVERT.

CURB is a concrete barrier, usually six to eight inches high, found at the edge of
street pavement.

CURB INLET is a STORM-DRAIN inlet consisting of an opening in a vertical curb, in

combination with an underground CATCH BASIN, which allows the entrance of
stormwater runoff into the STORM-DRAIN SYSTEM.
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DETENTION BASIN is a type of flood-control system which employs a reservoir as a
means of delaying the downstream progress of floodwaters in a controlled manner.
This is generally accomplished through the combined use of temporary storage
areas and a metered outlet device (such as a WEIR or orifice) which reduces
downstream flood peaks, and thereby causes a lengthening of the duration of flow.

DEVELOPMENT means any man-made chahge to improved or unimproved real estate,
including but not limited to buildings or other STRUCTURES, mining, dredging,
filling, grading, paving, excavation, or drilling.

DIP is a depression or vertical sag in the roadway designed to allow drainage to cross
"at-grade" without using CULVERTS (also see AT-GRADE CROSSING).

DISPERSED FLOW is characterized by wide, shallow, "sheet-flow" runoff conditions,
usually found in areas where no CHANNELS or well-defined drainageways exist to
serve as the primary runoff-conveyance systems.

DRAINAGE BASIN means any watershed or runoff catchment area.

DRAINAGE REVIEW ZONE is an area delineated on a base map prepared and
periodically updated by City Floodplain Section staff. Any building permit
application within a "drainage review zone" will be marked by the City Building
Safety Division with a note stating that a Drainage Report, Grading Permit,
and/or Floodplain Use Permit will be required prior to the issuance of a Building
Permit.

DRAINAGEWAY is a route or WATERCOURSE along which storm runoff moves, or may
move, to drain a catchment area.

DRY FLOODPROOFING is a form of FLOODPROOFING that is intended to keep all
floodwaters out of the STRUCTURE, and is used whenever it is important to
protect the entire interior of a building from flooding.

DRY WELL is an engineered hole with a grated inlet designed to dispose of floodwaters
through a process of passive infiltration of floodwaters into the vadose zone (i.e.,
the unsaturated sediments commonly found above the water table).

DWELLING UNIT means a place of residence which may be located in a single or
multiple dwelling building, or a manufactured home.

EASEMENT CURVES, when used in the context of open-channel design, refer to the
alignment transition curves that have a relatively large radius of curvature, and
are located between a straight reach of a channel and a circular curve having a
smaller radius of curvature.

ENCROACHMENT, EQUAL DEGREE OF means the advancement or infringement of land
uses, fill, or structures onto the FLOOD PLAIN in a manner which reduces the
flow capacity of the CHANNEL and/or FLOOD PLAIN of a WATERCOURSE. An
equal degree of encroachment is a standard applied to the evaluation of the
effects of development upon increases in flood heights. This standard assumes
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that if a development is permitted to encroach onto a FLOOD PLAIN, the
approval to do so confers upon all property owners on both sides of the
WATERCOURSE an equal right to encroach to the same hydraulic degree within
that reach. Since the factors affecting hydraulic efficiency are usually not
uniform within a reach, this will usually not result in equal distances between
the FLOODWAY limits and the sides of the WATERCOURSE.

ENERGY GRADE LINE (EGL) is the elevation line which represents the total unit
energy of flowing water. Points on the EGL are located above the water-surface
elevation a distance equal to the VELOCITY HEAD plus the PRESSURE HEAD.

ENGINEER means a person who, by reason of special knowledge of the mathematical
and physical sciences and the principles and methods on engineering analysis and
design acquired by professional education and practical experience, is qualified to
practice engineering as attested by his or her registration in the State of Arizona
as a Professional Engineer.

ENGINEERED BASIN FLOOR or ENGINEERED BOTTOM is a rock-filled hole or volume
within the bottom of a larger stormwater storage facility which is designed for
the purpose of temporarily storing runoff and subsequently disposing of same
within the sub-surface through the process of infiltration.

EROSION refers to the removal and transport of soil particles by flowing water.
FEMA is an abbreviation for Federal Emergency Management Agency.
FIRM is an abbreviation for Flood Insurance Rate Map.

FLOOD means a temporary rise in flow or stage of any CHANNEL, stream, WASH, or
WATERCOURSE that results in water overtopping the banks and inundating
adjacent areas.

FLOOD PLAIN means areas of land adjoining or near the CHANNEL of a
WATERCOURSE which have been, or may be, covered by floodwaters.

FLOODPROOFING refers to the combination of structural changes to buildings or the
external adjustments to properties subject to flooding, primarily for the purpose
of reducing flood hazards. As used in this Manual, FLOODPROOFING is primarily
intended to mean improvements made to protect existing buildings which have
their lowest finished floors below BASE (100-YEAR) FLOOD ELEVATIONS.

FLOODWALL is a form of floodproofing consisting of an artificial barrier located
between the structure and the source of flooding.

FLOODWAY is an area along a WATERCOURSE which will allow passage of the
REGULATORY FLOOD without increasing flood elevations by more than one foot
after a hypothetical encroachment has been made into the FLOODWAY FRINGE.

FLOODWAY FRINGE is that portion of the REGULATORY FLOOD PLAIN that lies
outside of the FLOODWAY.
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FLOW-THROUGH WALL OPENING (also referred to as a WEEP HOLE) is a relatively
small wall opening placed at the bottom, or base, of perimeter walls. These
openings are used both to accept runoff onto and/or release runoff out of
developments enclosed by solid walls. FLOW-THROUGH WALL OPENINGS are
normally located in surface depressions such that the existing drainage patterns,
both entering and leaving the developed parcel, can be maintained without
significant ponding and/or without concentrating runoff.

FREEBOARD is the extra vertical distance between the calculated maximum level of the
water surface in a conduit, CULVERT, reservoir, tank, DETENTION/RETENTION
BASIN, CHANNEL, or canal and the top of the confining structure, which is
provided so that waves or other movements of the water surface will not overtop
such confining structures. The term is also used when referring to the vertical
distance from the calculated, maximum water level in a DETENTION/RETENTION

BASIN, CHANNEL, or WASH, to the base of any man-made STRUCTURE, such as
the minimum finished floor of a building.

FRICTION (HEAD) LOSSES are losses in the unit energy of flowing water attributable
to friction between the water and the perimeter of the conduit.

FRICTION SLOPE is the slope of the ENERGY GRADE LINE, if minor losses are
ignored.

FROUDE NUMBER is a dimensionless ratio used in hydraulic design which defines the
relationship between inertial forces and gravitational forces of flowing water.
Typically, a Froude number greater than one indicates SUPERCRITICAL FLOW
conditions in which flow depths are controlled by upstream hydraulic conditions.
Similarly, when the Froude number is less than one, the flow conditions are said
to be SUBCRITICAL, and are controlled by downstream hydraulic conditions.

GRATE INLET is a pavement inlet, normally consisting of an iron or steel grate set
flush with the pavement or GUTTER, in combination with an underground CATCH
BASIN which allows the entrance of stormwater runoff into the STORM-DRAIN
SYSTEM.

GUTTER is the low area adjacent to the CURB of a crowned street, and is used for
conveying stormwater runoff.

HEADCUTS are vertical drops in the profile of earthen channels. Headcuts normally
move in an upstream direction as a result of EROSION.

HYDRAULIC GRADE LINE (HGL) is a line which represents the static head plus
PRESSURE HEAD of flowing water.

HYDRAULIC JUMP is an abrupt rise in the water surface which occurs in an open

CHANNEL when water flowing at a supercritical flow state is forced to flow at a
subcritical flow state.
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INFILTRATION TRENCH is a rock-filled trench, possibly containing a perforated pipe,
designed for the purpose of temporarily storing runoff, and then subsequently
disposing of same within the sub-surface through the process of infiltration. (An
INFILTRATION TRENCH is similar to, yet narrower than, an ENGINEERED BASIN

FLOOR.)

INVERT is the floor, bottom, or lowest portion of the internal cross section of a
conduit.

KEY-INS refer to the extensions of BANK PROTECTION either (1) below the surface of
the ground at the top of the constructed or existing bank; or (2) at the upstream
and downstream limits of a bank-protected reach.

LETTER OF MAP AMENDMENT (LOMA) is a document from FEMA describing approved
changes to the regulatory flood plain. Approval is based on prescribed
administrative procedures in which FEMA reviews the scientific or technical
submissions of an owner or lessee of property who believes his property has been
inadvertently included in designated A, A0, A1-A99, V0, and V1-V30 Zones as a
result of the transposition of the curvilinear flood water surface to either street
or other readily identifiable features shown on FIRMs. The necessity for a LOMA
procedure in order to make map corrections is due in part to the technical
difficulty of accurately delineating the curvilinear line or floodwater surface on a
FIRM. Where there has been a final determination of a BASE FLOOD
ELEVATION, any alteration of the topography shall not be subject to this
procedure. The Federal requirement for flood insurance does not apply to
unimproved land, because flood insurance is available only for STRUCTURES and
their contents. However, if construction is proposed on land within a Special
Flood Hazard Area (SFHA), a CONDITIONAL LOMA can be issued provided that
the proposed structural information meets the established criteria for a standard
LOMA. After construction is completed, certified as-built information must be
submitted to FEMA for the purpose of obtaining a LOMA. The information
required for a CONDITIONAL LOMA is basically the same information that is
required for a LOMA. Property owners and developers should note that a
CONDITIONAL LOMA merely provides a comment on the proposed plan, and does
not amend the map or waive the requirement to purchase flood insurance.

LETTER OF MAP REVISION (LOMR) is a document from FEMA which describes
changes to effective FIRMs. The LOMR gives a detailed description of the BASE
FLOOD ELEVATION (BFE) and graphic changes that will be made to the SFHA
currently delineated on the effective FIRM and/or Flood Hazard Boundary Map
(FHBM). FEMA will then revise the effective Flood Insurance Study (FIS) to
reflect the new information which shows the original FIS to be incorrect, such as
physical changes which invalidate the original FIS analyses or presentation of
data. Updated or corrected topographic mapping, hydrologic data, or hydraulic
data constitutes new information which may warrant a revision. Flood-protection
projects and any form of topographic alterations (e.g., cut and fill) constitute
physical changes which may also warrant a map revision. The map-revision
process cannot be initiated without the community’s endorsement, since it is the
community that adopts the effective FIS. Therefore, any individuals requesting a
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GLOSSARY--Continued

change to the FIS must do so through the community. The community, in turn,
may support the request and forward the information to FEMA for evaluation.

LEVEE is an embankment of compacted soil, often covered with an impermeable veneer,
which is built to redirect or impede the flow of floodwaters.

LOCAL DETENTION/RETENTION BASIN is a relatively small-scale stormwater storage
facility which is owned, built, and maintained by developers, or their assigns, for
the purpose of satisfying Section 23-469 of the Tucson Floodplain Regulations.

MAJOR WATERCOURSE or MAJOR WASH is any WATERCOURSE which has a
contributing drainage area of less than 30 square miles and a 100-year peak
discharge of 2,500 cubic feet per second (cfs), or greater. Examples of Major
Washes include, but are not necessarily limited to, the West Branch of the Santa
Cruz River at Valencia Road; Pima Wash at its confluence with the Rillito Creek;
Rodeo Wash at its confluence with the Santa Cruz River; Silvercroft Wash at its
confluence with the Santa Cruz River; Alamo Wash at its confluence with Rillito
Creek; Tucson Arroyo at its confluence with the Santa Cruz River; and the Cholla
Wash at its confluence with the West Branch of the Santa Cruz River.

MANHOLE is an opening into a storm-drain system from- the ground surface through
which access to the drain is obtained for the purpose of routine and/or
emergency inspection and maintenance.

MINOR (HEAD) LOSSES are losses in energy of flowing water not attributable to
friction losses (e.g., expansion losses, contraction losses, bend losses, etc.)

MINOR WATERCOURSE or MINOR WASH is a WATERCOURSE which has a 100-year
peak discharge of less than 2,500 cfs, but more than 100 cfs.

NORMAL FLOW is open-channel flow under uniform conditions of depth, discharge,
slope, and channel cross section. Under normal flow, the ENERGY GRADE LINE
is parallel to the slope of the CHANNEL or conduit.

OBSTRUCTION is any physical alteration in, along, across, or projecting into any
CHANNEL, WATERCOURSE, stream, lake, or REGULATORY FLOOD PLAIN which
may impede or divert floodwaters, either in itself or by catching or collecting
debris carried by such floodwaters, or that is placed where a flow of water might
carry the same downstream to the damage of life or property. Examples include,
but are not limited to, the following: any dam, wall, wharf, embankment, levee,
dike, pile, abutment, projection, excavation, channel rectification, bridge, conduit,
CULVERT, building, wire, fence, rock, gravel, refuse, fill, STRUCTURE or
vegetation.

ONE-HUNDRED-YEAR (100-YEAR) FLOOD is a flood stage or height that, statistically,

has a one percent chance of being equaled or exceeded in any given year. The
ONE-HUNDRED-YEAR FLOOD is often referred to as the BASE FLOOD.
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ONE-HUNDRED-YEAR FLOOD ELEVATION is the water-surface elevation of the 100-
YEAR FLOOD. For watercourses where supercritical flow velocities are
encountered, the critical depth of flow shall be wused in conjunction with
establishing a BASE FLOOD ELEVATION, rather than the lower, supercritical
water-surface elevation.

OVERBANK FLOODING is floodwaters which overtop the banks of an existing or
improved channel section.

OVERNIGHT PARKING shall exist when a motor vehicle is left unattended during the
hours from sunset to sunrise.

PARKING AREA ACCESS LANE is the area providing access to vehicular parking
spaces. Sometimes this term is abbreviated as P.A.A.L., or PAAL.

PARKING LOT is an area devoted to more than four off-street parking spaces, as
defined in Tucson Development Standard 3-01.1.4. Parking lot is synonymous with
the term PARKING AREA.

PAVEMENT INLET is an opening in the street, GUTTER, or CURB made for the
purpose of removing water from the street cross section. -

PRESSURE FLOVW is the flow of water within a closed conduit without a free surface
open to atmospheric pressure.

PRESSURE HEAD is equal to water pressure, at a specific point, divided by the
specific weight of water. PRESSURE HEAD is usually expressed in units of
length.

REGIONAL DETENTION/RETENTION BASIN collects runoff from a relatively large area,
and has been designed to use storage as a means of reducing downstream flood
peaks, reducing possible flood damage, or reducing downstream channel
construction costs. Regional facilities are usually multi-purpose, and normally are
the responsibility of either the City of Tucson or the Pima County Department of
Transportation and Flood Control District.

REGIONAL WATERCOURSE is a large, intermittent stream which has a contributing
drainage area of 30 square miles, or greater. Examples of Regional Watercourses
include, but are not necessarily limited to, the Santa Cruz River; Rillito Creek;
Pantano Wash; Tanque Verde Creek; and the Cainada del Oro Wash.

REGULATORY FLOOD is a 100-YEAR FLOOD with a peak discharge of 100 cubic feet
per second (cfs), or greater, and which has a one percent (1%) chance of being
equaled or exceeded in any given year.

REGULATORY FLOOD PLAIN is any portion of a flood plain, as well as any areas

which are subject to sheet flooding, that would be inundated by a REGULATORY
FLOOD.
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RETENTION BASIN is a facility which stores surface runoff, but is not provided with a
positive outlet. No flow 1is discharged directly into a downstream watercourse
from a RETENTION BASIN, but may be drained into the subsurface by infiltration.

RETROFITTING, when used in reference to FLOODPROOFING, refers to those
structural improvements made to a building after its construction.

RILL EROSION is a pattern of narrow, vertical troughs formed in relatively steep
earthen embankments by floodwaters cascading down the embankment.

SAG is a specified low point sometimes found within a street profile where stormwater
runoff water is expected to collect.

SEALANTS are materials that can be applied or attached to the walls of a building to
prevent floodwaters from entering.

SETBACK is the minimum horizontal distance between a STRUCTURE and a CHANNEL,
stream, WASH, WATERCOURSE, or DETENTION BASIN. A channel setback is
measured from the top edge of the highest channel bank or from the edge of the
100-year water-surface elevation, whichever is closer to the channel centerline.

SHEET FLOODING is a condition which occurs within those areas which are subject to
flooding of about one foot in depth, more or less, during the REGULATORY
FLOOD; and where a clearly-defined CHANNEL does not exist so that the path of
the flooding is often unpredictable and indeterminate.

SHEET FLOW is shallow, diffuse runoff such as would be produced from rainfall on a
large, flat surface. It is characterized by an approximately equal depth of runoff
across a broad width of flow.

SIGNIFICANT WATERCOURSE is any WATERCOURSE with a contributing drainage area
equal to or greater than one standard acre (i.e., 43,560 square feet) in size.

SLOTTED INLET is a pavement inlet consisting of a long, narrow slot, typically two to
four inches in width, and usually welded to the soffit of a corrugated metal pipe.

SOFFIT is the highest point within the cross section of a closed conduit.

SPECIFIC ENERGY (SPECIFIC HEAD) is the energy per pound of water at any section
of a CHANNEL measured with respect to the channel bottom.

STORM DRAIN (or STORM-DRAIN SYSTEM) is a combination of underground conduits
and surface-inlet structures constructed for the purpose of removing runoff from
the ground surface, wusually from street pavement, and conveying it to some
downstream discharge point.

STORMWATER-INFILTRATION SYSTEM is a term used to refer to DRY WELLS,
ENGINEERED BASIN FLOORS, INFILTRATION TRENCHES, or any combination
thereof.
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STRUCTURE is anything constructed or erected, the use of which requires either its
location on the ground or its attachment to some foundation having a location on
the ground.

SUBCRITICAL FLOW is tranquil flow (i.e., the FROUDE NUMBER is less than 1.0) in
which gravitational forces are dominant over inertial forces. SUBCRITICAL FLOW
is controlled by downstream conditions.

'SUMP is synonymous with sag.

SUPERCRITICAL FLOV is rapid flow (i.e., the FROUDE NUMBER is greater than 1.0)
in which inertial forces are dominant over gravitational forces. @nSUPERCRITICAL
FLOW is controlled by upstream conditions.

TAILWATER is the flow condition encountered at the downstream end of any hydraulic
structure, or hydraulic condition, under investigation.

TIME OF CONCENTRATION is the time required for storm runoff to flow from the
hydraulically most remote point of a catchment or drainage area to the outlet or
point under consideration.

TOE-DOWN is the vertical extension of BANK PROTECTION below the channel bed to
prevent scour from undermining the protection on the channel sides.

TRANSITIONS are longitudinal sections of a channel within which the flow width is
expanded or contracted in a predetermined manner.

UNATTENDED VEHICLE shall mean a vehicle which the owner or authorized driver
cannot reasonably remove before flooding occurs.

VELOCITY HEAD is the kinetic energy per pound of flowing water.

WASH refers to a natural WATERCOURSE that has not been significantly disturbed by
development, and the native vegetation is therefore still present.

WATERCOURSE is any naturally occurring lake, river, stream, creek, WASH, arroyo, or
other body of water or channel having banks and bed through which waters flow
at least periodically and any depression serving to give direction to a current of
storm water, provided that, it shall, upon rule or order of the City of Tucson,
also include other designated, naturally occurring areas where substantial flood
damage may occur.

WEIR (BROAD-CRESTED) is an open-channel control section, with a horizontal crest
above which fluid pressure may be considered hydrostatic.

WET FLOODPROOFING is the FLOODPROOFING of a portion of a building, while
allowing the rest of the building to be flooded.
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LIST OF SYMBOLS

Following is a list of the majority of symbols used within the text of this
Manual. Some symbols appear only in a figure, where they are defined; these symbols
are not included within this list.

A = Area, usually cross-sectional area of flow, in square feet, or surface area, in
acres.

a = Gutter depression, in inches.

a = Embankment or encroachment length measured normal to the edge of the

floodplain or channel bank, in feet.

B, b = Bottom width of a channel or box culvert, in feet.

BF = Bulking factor.

b, = Bottom width of channel under natural conditions, in feet.

B, = Horizontal distance from the base of curb to the crown in a pavement cross
section, in feet.

b, = Pier width normal to the flow direction, in feet.

s = Effective pier width, in feet.

b, = Bottom width of channel under urbanized conditions, in feet.

C = Coefficient, as identified by its use within this Manual.

G, = Correction factor for channel alignment.

Gy = Correction factor for bank slope.

C. = Coefficient of contraction.

Cy = Correction factor for flow depth.

Ce = Coefficient of expansion.

G = Weighted creep ratio.

€. = Weighted runoff coefficient.

Cwi00 = Weighted runoff coefficient for a 100-year flood.

D = Diameter of a pipe or culvert, height of a box culvert, or height of a flow-

through wall opening, in feet.

d = Critical depth in a culvert or storm drain, in feet.
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LIST OF SYMBOLS--Continued
Total height of a cut-off wall or grade-control structure, from top to toe,
including the drop height drop, A, in feet.

Difference between hydraulic grade-line elevation and invert of a storm
drain, in feet.

The grain-size diameter for which xx% of the material consists of smaller
particles, where xx represents a number from 0 to 100 (for example, Dg).

Dimensionless scour-hole geometry.

Energy grade line.

Efficiency of a curb or grate inlet.

Design headwater elevation, in feet.

Outlet-control headwater elevation for a culvert, in feet.
Upstream invert elevation of a culvert, in feet.

Outlet invert elevation of a culvert, in feet.

Streambed elevation at the culvert face, in feet.

Ratio of frontal flow at a grate to total pavement flow, or ratio of flow in
the depressed section to total gutter flow.

Froude number.

Freeboard in a constructed channel, in feet.

Transition Froude number.

Upstream Froude number.

Froude number upstream of hydraulic jump.

Weighting parameter used for mean-slope determination, in feet.
Gravitational constant = 32.2 ft/secz.

Specific head (energy), head on structure, or culvert head loss, as identified
by its use within this Manual, in feet.

Height, drop height, wave height, or curb opening depth, as identified by its
use within this Manual, in feet.

Vertical drop in water surface through an open-channel junction, in feet.
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Bend head loss, in feet.

Crown height of pavement cross section, in feet.

Specific (energy) head downstream of a channel drop, in feet.

Vertical drop in channel bottom through an open-channel junction, in feet.
Entrance head loss, in feet.

Friction (barrel) head loss, in feet.

Elevation of hydraulic gradient, in feet.

Hydraulic grade line.

Culvert headwater under inlet control, in feet.

Junction head loss, or height of a hydraulic jump, in feet, as identified by
its use within this Manual.

Head loss through a culvert, in feet.

Minor head losses, in feet.

Manhole head loss, in feet.

Outlet head loss, culvert headwater under outlet control, or difference in
height between a culvert outlet invert and the hydraulic grade line, as

identified by its use within this Manual, in feet.

Total drop in head over a grade-control structure, measured from the
upstream energy grade line to the downstream energy grade line, in feet.

Transition head loss, in feet.

Transition head loss at a contraction, in feet.

Transition head loss at an expansion, in feet.

Specific (energy) head upstream of a channel drop, in feet.
Velocity head of flowing water, in feet.

Velocity head downstream of a channel drop, in feet.
Velocity head upstream of a channel drop, in feet.

Total headwater for a culvert, weir, or flow-through wall opening, in feet.
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Design headwater depth for a culvert, in feet.
Required headwater depth at a culvert, in feet.
Rainfall intensity, in inches per hour.

Weighted impervious cover of a watershed, in percent.
100-year rainfall intensity, in inches per hour.

Flow conveyance factor. (Also used to represent a coefficient, as identified
by its use within this Manual.)

Normal size of Dg, rock to be wused in riprap design, in feet, or a
coefficient, as identified by its use within this Manual.

Bend-loss coefficient.

Entrance head-loss coefficient.

Manhole head-loss coefficient.

Adjusted size of Dy, rock to be used in riprap design, in feet.
Equivalent roughness height, in feet.

Length, in feet, as identified by its use within this Manual.

Distance of maximum superelevation downstream of a curve in a channel
conveying supercritical flow, in feet.

Confluence length of a channel junction, in feet; length of a curve, in feet;
or length of hydraulically longest watercourse within a watershed, in feet, as
identified by its use within this Manual.

Length along the hydraulically longest watercourse of a watershed, measured
from the watershed outlet to the geographical center of the watershed area,
in feet.

Total length of a curve connecting two channels at a junction, in feet.

Length of easement curve, in feet.

Horizontal, or flat, contact distance used to determine the weighted-creep
ratio, in feet.

Length of curb-opening inlet, or length of the i*" reach of a watercourse in
weighted basin-factor determination, in feet.
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LIST OF SYMBOLS--Continued

The individual distance between rows of buildings in the floodplain, or
distance between Point of Tangency, PT, and a junction apex, in feet, as
identified by its use within this Manual.

Length of a reach along a flood profile or channel parallel to the direction
of flow, or reach length between adjacent grade-control structures, in feet,
as identified by its use within this Manual.

Length of scour hole, in feet.

Length of scour hole below culvert, in feet.

Reach length wused in computing a composite roughness coefficient for
overbank flooding, in feet.

Curb-opening length required to intercept 100 percent of gutter flow, in
feet.

Length of expanding transition section, in feet.

Vertical, or steep, contact distance used to determine the weighted-creep
ratio, in feet.

Momentum of a moving mass of water.
An unspecified number, or number of reaches along a watercourse.
Manning’s roughness coefficient. ‘

Manning’s roughness coefficient for an approach channel (used in computing
sedimentation at culvert crossings).

Basin factor for use in peak-discharge determination.
"Composite" basin factor.

"Normal" basin factor.

"Underfit" basin factor.

Weighted basin factor.

Manning’s channel roughness coefficient.

Basin factor for the i*P reach of a watercourse in weighted basin-factor
determination, in feet.

Manning’s roughness coefficient for a natural or existing channel.

Manning’s roughness coefficient for area between buildings in a floodplain.
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Manning’s roughness coefficient for a culvert (used in computing
sedimentation at culvert crossings).
Manning’s roughness coefficient for urban conditions.

Wetted perimeter, in feet, or rainfall depth, in inches, as identified by its
use within this Manual.

The beginning point of curvature of a circular curve, or upstream point of
curvature at the centerline radius of curvature, as identified by its use
within this Manual.

Perimeter of a grate inlet, in feet.

Hydrostatic pressure.

Horizontal component of hydrostatic pressure on the channel invert.

Retardation force of friction.

Axial component of hydrostatic pressure on the channel walls.

The point of intersection of two lines tangent to a circular curve, or
plasticity index of a soil, as identified by its use within this Manual.

n-hour precipitation depth, in inches.

Point of tangency of a circular curve, or downstream point of tangency to
the centerline radius of curvature, as identified by its wuse within this
Manual.

Precipitation depth at time of concentration, in inches.

One-hour rainfall depth, in inches.

Areally reduced 100-year, one-hour rainfall depth, in inches.

Flow rate, or discharge, in cubic feet per second.

Mean-annual discharge, in cubic feet per second.

Discharge in approach channel (used in computing sedimentation at culvert
crossings), in cubic feet per second.

Bank-full channel capacity, in cubic feet per second.
Discharge capacity, in cubic feet per second.

Carry-over flow past a pavement inlet, in cubic feet per second.
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LIST OF SYMBOLS--Continued

Design, or maximum allowable discharge, in cubic feet per second.

Rate of discharge over the end of a grate opening, in cubic feet per second.
Frontal flow passing over a grate, in cubic feet per second.

Frontal flow intercepted by a grate, in cubic feet per second.

Discharge into a pavement inlet or grate opening, in cubic feet per second.
Lateral flow into a side street, in cubic feet per second.

Discharge in the left overbank of a channel or street, in cubic feet per
second.

For a normally crowned street, the discharge measured between the curbs of
a main, water-carrying street, in cubic feet per second; and for an inverted
crowned street, only that portion of the total discharge above the elevation
of the crest of a side street.

Peak-discharge rate under natural conditions, in cubic feet per second.

Overbank flow intercepted by a side street, in cubic feet per second.

Peak flow rate (discharge), or total culvert discharge, in cubic feet per
second.

Percent of peak discharge that is contained within the banks of the channel.
Peak discharge for the n-year flood, in cubic feet per second.

Percent of peak discharge that is outside of the channel.

Peak discharge for the 100-year flood, in cubic feet per second.
Representative discharge, in cubic feet per second.

Discharge in the right overbank of a channel or street, in cubic feet per
second.

Side flow at a grate inlet, in cubic feet per second, or sediment discharge,
in cubic feet per second, as identified by its use within this Manual.

Side flow intercepted by a grate inlet, in cubic feet per second.

Total flow reaching a pavement inlet, or total gutter flow, in cubic feet per
second.

Peak-discharge rate under urbanized conditions, in cubic feet per second.
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LIST OF SYMBOLS--Continued ‘
Only that portion of the total discharge below the elevation of the crest of
a side street, in cubic feet per second.
The 100-year peak discharge, in cubic feet per second.
Unit discharge, in cubic feet per second per foot.
Hydraulic radius, in feet.
Radius of curvature, or radius of a circular conduit, in feet.

Hydraulic radius of flow in approach channel (used in computing
sedimentation at culvert crossings), in feet.

Radius of curvature of channel centerline, in feet.
Ratio of frontal flow intercepted by a grate to total frontal flow.

Hydraulic radius of flow within a culvert (used in computing sedimentation at
culvert crossings), in feet.

Sediment-transport ratio (channel to culvert).

Reduction factor for sediment supply. . ‘
Ratio of side flow intercepted by a grate to total side flow.

Channel slope or culvert slope, in feet per foot.

Longitudinal slope of approach channel (used in computing sedimentation at
culvert crossings), in feet per foot.

Minimum setback distance from the top edge of the highest channel bank or
from the edge of the 100-year water-surface elevation, whichever is closer
to the channel centerline, in feet.

Critical slope, in feet per foot, or mean basin slope, in feet per foot, as
identified by its use within this Manual.

Energy slope, or equivalent cross-slope of a depressed or composite gutter,
in feet per foot.

Equilibrium slope of a channel, in feet per foot, as identified by its use
within this Manual.

Friction slope, in feet per foot.
Channel slope for the P reach of a watercourse in weighted basin-factor

determination, in feet per foot. '
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Initial channel bed slope, in feet per foot.
Longitudinal slope of a main, water-carrying street, in feet per foot.
Natural or existing channel slope, in feet per foot.

Outlet slope of a culvert, slope of ground surface, street, culvert, or storm
drain in the direction of flow, in feet per foot.

Longitudinal slope of a culvert, in feet per foot.
Longitudinal slope of side street, in feet per foot.
Saturated shear strength, in pounds per square inch.

Cross-slope of a gutter, measured from the cross-slope of the pavement, S,
in feet per foot.

Pavement cross-slope normal to the direction of traffic flow, in feet per
foot.

Top width of water surface or channel, in feet, or a unit of time, as
identified by its use within this Manual.

Cumulative time from beginning of runoff in a runoff event, in minutes, or a
coefficient as identified by its use within this Manual.

Time of concentration, in minutes.

Time of concentration for the n-year flood (T, < Tj00), in minutes.
Time of concentration for the 100-year flood, in minutes.

Rise time of a hydrograph, in minutes.

Channel top width, in feet.

Tailwater elevation, in feet.

Flow velocity, in feet per second, or total runoff volume in acre-feet, as
identified by its use within this Manual.

Maximum allowable flow velocity in an unlined channel, in feet per second.

Basic maximum allowable flow velocity in an unlined channel, in feet per
second.

Channel velocity downstream of a culvert, in feet per second.

Approach flow velocity for a culvert, in feet per second.
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Mean channel velocity, average velocity of flow, or flow velocity, in feet per
second, as identified by its use within this Manual.

Gutter velocity at which splash-over first occurs at a grate inlet, in feet per
second.

Average velocity of flow at the peak of a 100-year flood, in feet per second.
Sediment volume, in cubic feet.

Volume of scour hole below culvert, in cubic feet.

Accumulated runoff volume of a hydrograph at time ¢, in acre-feet.

Width, in feet.

Width of a main, water-carrying street, in feet.

The individual widths between buildings in the floodplain measured
perpendicular to the direction of flow, in feet.

Width of scour hole below culvert, in feet;
Width of a side street, in feet.

Total width of floodplain, in feet.
Horizontal distance, in feet.

Horizontal distance from the downstream face of a grade-control structure to
the point of maximum scour downstream of the structure, in feet.

Depth of flow, or channel depth, in feet, as identified by its use within this
Manual.

Depth of flow, in feet.

Critical depth of channel flow, in feet.

Depth of flow at the curb face, in feet.

Critical depth of side inflow to a channel, in feet.

Equivalent depth of flow at a culvert outlet, in feet.

Depth of flow at the grade break between gutter and pavement, in feet.
Hydraulic (mean) depth of flow, in feet.

Depth of water at lip of curb opening, in feet.
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Maximum depth of flow, in feet.

Normal depth of flow, in feet.

Effective head on the center of a curb-opening orifice throat, in feet.

Average depth of overbank flow intércepted by a side street, in feet.

Maximum depth of flow at the peak of a 100-year flood, in feet.

Vertical elevation, in feet; channel side-slope (horizontal/vertical), in feet
per foot;, or invert of pavement cross-slope, in feet per foot; as identified by
its use within this Manual.

Anti-dune trough depth, in feet.

Bend scour depth, in feet.

General scour depth, in feet.

Low-flow thalweg depth, in feet.

Depth of local scour, in feet.

Depth of scour hole below a culvert, in feet.

Depth of local scour due to an embankment, in feet.

Depth of local scour due to a free-overfall drop, in feet.

Depth of local scour due to a pier, in feet.

Depth of local scour due to a submerged drop, in feet.

Vertical rise of the pavement elevation along distance x of a parabolic
curve, in feet.

Design scour depth, in feet.

Angle, or empirically derived coefficient, as identified by its use within this
Manual.

Empirically derived coefficient.

Angle, or empirically derived coefficient, as identified by its use within this
Manual.

Unit weight of rock, in pounds per cubic foot.
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. = Unit weight of water, in pounds per cubic foot.

AH = Change in watercourse elevation, used for mean-slope determination, in feet.

AL = Change in watercourse length, used for mean-slope determination, in feet.

AY = Rise in water-surface elevation (superelevation) around the outside of a

channel bend, in feet.

) = Angle, or empirically derived coefficient, as identified by its use within this
Manual.

0, = Slope angle of abutment face, measured from the horizontal, in degrees.

. — i e 2

v = Kinematic viscosity, in ft”/sec.

T = Mathematical constant s 3.1416.

p = Density of water, or fluid density, in slugs per cubic foot.

o = Statistical standard deviation.

T = Tractive stress, in pounds per square foot.

T = Critical tractive shear stress, in pounds per square foot.

Too = Tractive stress for an infinitely wide channel, in pounds per square foot.

un = Allowable tractive stress on an unlined channel bank, in pounds per square
foot.

T = Actual maximum tractive stress on sides of straight trapezoidal channels, in
pounds per square foot.

Toc = Actual maximum tractive stress on sides of trapezoidal channels within a
curved reach, in pounds per square foot.

Tt = Actual maximum tractive stress on sides of trapezoidal channels in straight
reaches immediately downstream from curved reaches, in pounds per square
foot.

¢ = Angle of approach flow in relationship to pier wall, in degrees.

#R = Angle of repose of soil, in degrees.

v = A symbol which indicates the vertical location of the water-surface
elevation.
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CHAPTER I: INTRODUCTION

1.1 Objectives

This Manual is intended to serve as a multi-purpose document which addresses the
issues associated with drainage policies, drainage design, and floodplain management
within the City of Tucson. It is the overall and primary objective of the City of
Tucson to promulgate Floodplain and Drainage Standards which protect the general
health, safety, and welfare of the citizens of the community. This is best accomplished
by providing a comprehensive set of policies and analytical procedures for evaluating
and designing both public and private improvements which are located within or near
areas of flood hazard.

Step-by-step analytical procedures are provided herein which are intended to
standardize the methodologies by which routine drainage engineering problems are
approached and solved. Besides providing simplified, step-by-step analysis and design
procedures, this Manual also provides performance criteria which allows for non-
standard designs to be submitted and approved.

This approach is intended to allow the engineer the flexibility either to apply
innovative concepts or to minimize engineering effort by utilizing a conservative,
simpler approach to drainage projects. Secondary benefits which are intended to be
gained from this Manual include: (1) minimizing review time for drainage report
submittals, (2) minimizing public expenditures on flood-control projects, and (3)
maintaining eligibility in the National Flood Insurance Program by simplifying
procedures for compliance with Flood Plain Ordinance requirements.

A summary of general drainage policies is provided within Section 1.3 of this
chapter. It is important that this section be read and understood prior to applying the
step-by-step procedures presented within the body of this Manual. By reading Section
1.3, a greater understanding of the purpose and philosophy of drainage regulation
within the City of Tucson can be gained by the interested reader, as well as by the
experienced engineer.

Chapter II and Chapter III of this Manual address the policies, procedures, and
planning principles associated with drainage design and floodplain management within
the City of Tucson. Chapter IV through Chapter XIV of this Manual address the
technical engineering details associated with the analyses of the various drainage-
related facilities which are or may be located within the City of Tucson. The material
contained within these chapters is targeted for use by practicing engineers in drainage
and flood-control related fields, or other individuals with equivalent knowledge or
training. Consequently, an understanding of the basic concepts of hydrology and
hydraulics has been assumed throughout this Manual.

Little attempt has b