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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

ii




1

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 been made to discuss theory or derivations of the methods
presented herein, rather step-by-step approaches are presented. Should additional
information be desired, the user is encouraged to consult the "References and Selected
Bibliographies" section at the end of this Manual. In some cases where a methodology
has been adequately documented within a easily obtained reference, the reader has been
directed to the reference in order to obtain the procedure. Copies of most of these
sources are available, for viewing, in a reference library at the Office of the City
Engineer. Additionally, a Recommendations Report (Simons, Li & Associates, Inc., 1987)
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which presents much of the background work that went into the preparation of this
Manual is also on file at the office of the City Engineer for review by the interested
reader.

1.2 Applicability

The methods, procedures, criteria and policies presented within Manual are
applicable to the planning, analysis, and design of both public and private drainage
facilities within the incorporated limits of the City of Tucson. Many of the specific
items contained within this Manual have limited ranges of applicability. An attempt
has been made to specify these ranges, whenever and wherever possible. However, it
is the responsibility of the practicing engineering to utilize good engineering judgement
when applying any procedure found in this Manual to a particular site condition.

1.3 General Policies

This section provides a summary of the general policies relating to drainage and
flood-control within the corporate limits of the City of Tucson. This section does not
reiterate all of the provisions and requirements contained within the City of Tucson
Floodplain Ordinance, nor does it provide specific engineering criteria for drainage
design and analysis.

The general policies contained herein are numbered by chapter and policy number.
Since policies are periodically modified or amended, the user of this Manual should
contact the City of Tucson prior to commencing on a new project to insure awareness
of any new policies, as well as design criteria and ordinance provisions.

The drainage policies of the City of Tucson, as explained within the appropriate
chapters of this Manual, are as follows:

Chapter II: Policies and Procedures for Submittals of Drainage Reports

1'; The City Engineer shall require, for review and approval, the submittal of a
drainage report, drainage statement, or an application for a Floodplain Use
Permit whenever development and/or grading is proposed in areas that either
(1) are within a regulatory flood plain; (2) are within an erosion/building-
setback zone; or (3) are within a watercourse that might otherwise be
obstructed by the proposed development/grading.

2. All drainage submittals given to the City Engineer or his staff for review

shall be . prepared by an Arizona Registered -Professional Civil Engineer, or
his/her bona-fide employee, and stamped by same.

Chapter III: Planning

See Chapter III of this Manual for an in-depth presentation of planning policies
and concepts.
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Chapter IV: City of Tucson Method for Estimating Flood Peaks and Flood Hydrographs

The City of Tucson Flood Peak Estimator Procedure shall be wused to
determine the design 100-year flood peak for drainage basins less than ten
square miles in size. Because of the current City policy which requires
detention/retention within all new developments, flood peaks are to be
estimated assuming both existing and future hydrological conditions for on-
site watersheds.

Floodplain Delineation

All Tentative/Final Plats, Site Plans, and Development Plans (when
requested) that are submitted to the City of Tucson for review and approval
shall clearly show the floodplain limits for all 100-year floods with peak
discharges equal to or greater than 100 cubic feet per second (cfs).

For those proposed developments that are to be located within areas
designated as regulatory flood plains by FEMA, as well as those proposed
developments that are to be located within other flood plains identified by
the City Engineer, the owner/developer shall provide (1) a certificate of
finished-floor elevation, prepared by an Arizona Registered Professional Civil
Engineer or Land Surveyor, once the foundation and floor have been placed
(i.e., following the issuance of a foundation-only permit and before the
issuance of a building permit); and (2) an application for, and obtaining of,
an approved Floodplain Use Permit prior to the issuance of any grading or
building permits.

Chapter VI: Erosion and Sedimentation

See Chapter VI of this Manual for an in-depth presentation of erosion and
sedimentation policies and concepts.

Chapter VII: Erosion-Hazard/Building-Setback Criteria

See Chapter VII of this Manual for an in-depth presentation of erosion-hazard/
building-setback policies and criteria.

Chapter VIII: Open-Channel Design

Open channels shall be designed to convey at least the 100-year peak
discharge within the main channel and its adjoining overbank flow areas, as
needed.

All constructed channels shall have a parallel access and maintenance

easement on one or both sides of the channel. These easements shall form
an interconnected network of limited-access, multi-purpose rights-of-way.
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Development within these rights-of-way shall not interfere with either
vehicular or pedestrian movement.

3. Lined and unlined open channels shall be designed to minimize overall costs
to the City of Tucson, including costs for rights-of-way, construction,
operation/ maintenance, and possible liability.

4. All open channels shall include an appropriate degree of visual-impact

mitigation, such as landscaping, adding color -and texture to bank-protection
materials, and placement of screen walls, where applicable.

5. Whenever feasible, open channels shall be designed to accommodate
pedestrian and bicycle access.
Chapter IX: Channel Stabilization and Hydraulic Structures
See Chapter IX of this Manual for an in-depth presentation of channel stabili-
zation policies and techniques, and policies regarding the use of hydraulic structures.
Chapter X: Storm Drains

See Chapter X of this Manual for an in-depth presentation of storm-drain policies
and design.

Chapter XI: Culverts

1. To minimize backwater effects, the rise in headwater elevation on the
upstream side of a culvert shall not exceed one foot above the existing
water-surface elevation. In addition, any increase in floodplain width caused
by the roadway and/or the culvert shall remain within a public or private
right-of -way, drainage easement, or a flowage easement; and, in all cases,
the increased flow depth shall not reduce the one-foot freeboard criterion
established as the minimum difference allowable between the 100-year water-
surface elevation and the finished-floor elevations of any existing or
proposed residential, commercial, and/or industrial buildings, as stipulated in
Section 23-464.2 of the Tucson Zoning Code.

Chapter XII: Street and Parking Lot Drainage

1. Runoff from a 10-year storm must be contained between the curbs of the
street. On arterial streets or multi-laned roadways, at least one travel lane
in each direction shall be free from flooding during a 10-year flood.
Otherwise, storm drains, drainage channels, or other acceptable methods shall
be required where all-weather access cannot be achieved.
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2. The primary purpose of streets shall be to serve as conveyors for vehicular
traffic and to permit access to all lots and properties served by any given
street. Although it is realized that streets will convey a certain amount of
drainage, such as stormwaters draining from adjacent lots and stormwaters
resulting from rainfall directly upon the streets themselves, new streets shall
not be designed to convey flows other than those of local origin.

3. The conveyance of stormwater runoff in streets shall be limited, and
controlled to the extent that interference with vehicles and pedestrian
traffic is minimized.

4. Street flows shall be controlled to prevent damage to the street surface by
limiting the flow velocity. Street flow shall be contained within the street

right-of-way, or within the right-of-way plus drainage easement, in order to
prevent damage to adjacent properties.

Chapter XIII: Floodproofing

See Chapter XIII of this Manual for an in-depth presentation of floodproofing
policies and techniques.
Chapter XIV: Detention/Retention Basins

1. Except for large-scale, regional detention/retention basins, the City of

Tucson shall not accept small-scale, local detention/retention basins for
operation, maintenance, or liability.

1.4 Implementation

Several alternatives exist for the implementation or execution of agreements to
provide drainage improvements during the development process. These alternatives
include posting of assurances for subdivisions, the execution of a Private Improvement
Agreement for private construction within public right-of-way, the formation of an
Improvement District, and the construction of private improvements on private

property.

1.4.1 Subdivision Assurances

Under State Statutes and the City Code, all subdivision improvements, including
drainage and flood-control improvements, require assurances for securing adequate
completion by the developer. For more information, refer to Tucson Development
Standard 1-04.0, which describes subdivision assurance procedures and policies.

1.4.2 Private Improvement Agreement

A Private Improvement Agreement (PIA) is made in order to allow for the
expeditious design, construction, and inspection of drainage improvements by private
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parties within public rights-of-way. Typically, once the PIA has been finalized, and
the improvement plans have been approved, construction and construction inspection
becomes the responsibility of the developer. Upon satisfactory completion of the
project, and upon engineering certification of substantial completion, the City will
accept the long-term maintenance of the drainage improvement. The Subdivision
Engineer in the City Engineer’s Office should be contacted for current PIA policies and
procedures.

1.4.3 Public Improvement District

Upon the demonstration of public need and upon the concurrence of the majority
of affected property owners, the City of Tucson will form a Public Improvement
District, often simply called an Improvement District, to provide public improvements,
including drainage improvements. The design, construction, and construction inspection
of these drainage improvements are coordinated by either the City Engineer or a duly
authorized representative. Partial repayment for the improvements by the affected
property owners is typically in accordance with the assessment formulas described in
an intra-departmental memorandum between the City Engineer and the Assistant
Director of Transportation dated July 10, 1986, and entitled "Administrative Policy on
Establishment of Improvement Districts by Petition of the Property Owners". The
Improvement District Coordinator in the City Engineer’s Office should be contacted for
current Improvement District policies and procedures.

1.4.4 Private Drainage Improvements .

Drainage improvements on private property are subject to review by either the
City Engineer or a duly authorized representative. Depending upon the size of the
proposed drainage improvement, approval by the City may be in conjunction with the
review of a Development Plan, a Building Permit Application, a Floodplain Use Permit
Application, or a Grading Permit Application. The City Floodplain Engineer, the
Subdivision Engineer with the City Engineer’s Office, and the Plans Examiner with the
Building Safety Division should be contacted for their current policies and procedures
relating to private drainage improvements.

1.5 Maintenance of Drainage Improvements

Maintenance of drainage improvements within Public rights-of-way or within a
public drainage easement is the responsibility of the Operations Division of the City of
Tucson. Except for the enforcement of floodplain regulations by the City of Tucson,
maintenance of, and liability for, watercourses outside of public rights-of-way or public
drainage easements is the responsibility of the private property owner.

However, all watercourses must be dedicated to the City as either drainage
rights-of-way or drainage easements for maintenance purposes, unless certain
requirements are met. These requirements are:

1. A mechanism must be provided by which some person, private party, or
association is responsible for maintenance of the drainageway. The
responsible entity must have sufficient financial resources to adequately ‘
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maintain the drainageway in the future. For instance, a certain portion of
the revenues of a homeowners’ association must go for maintenance, and this
must be clearly stated in the covenants, conditions, and restrictions of the
association.

2. The responsible entity must have a visible interest in adequately maintaining
the drainageway. In other words, should the drainageway fail through lack
of maintenance, the responsible entity must be the one to suffer the
consequences.

3. Inadequate maintenance of the drainageway must not result in conditions
that could cause loss of life or damage to other property.

If the City Engineer is satisfied that the above conditions are met, the
drainageway may be owned and maintained privately, and there are no requirements as
to maintenance access lanes or minimum bottom width. However, a flowage easement,
granted to the City, is still required over the drainageway. The flowage easement shall
not give the City maintenance responsibility, but shall give the City the right to allow
drainage water to flow freely (i.e., unobstructed) through the drainageway. Therefore,
if necessary, the City shall have the right, by easement, to order the drainageway
cleaned or repaired by the responsible entity. @ The flowage easement shall also give
the City the right, should the required maintenance not be performed in a timely
manner, to perform the maintenance and be reimbursed by the responsible entity.

In addition, privately owned and maintained drainageways that are not built to
minimum City standards for maintenance access may not be dedicated to the City,
unless they are first modified to conform to City standards at private expense.

1.5.1 Maintenance of Drainageways

As a condition of approval of Subdivision Plats and Development Plans, the City
of Tucson will require that all drainageways be encumbered by either a drainage
easement or a flowage easement, depending upon whether or not public maintenance is
desired or required.

Whenever private maintenance is required or needed, a Homeowners’ or Business-
Owners’ Association shall be established for all subdivisions in order to create the
authority and responsibility for maintaining all small washes and small, constructed
channels within the subdivision. All major washes going through a subdivision shall be
maintained by the City of Tucson, after the recordation of appropriate easements. For
the smaller washes and constructed channels, Covenants, Conditions, and Restrictions
shall be written and recorded stating that both scheduled and unscheduled maintenance
of drainageways will be performed by, or for, the Homeowners’/Business-Owners’
Association or the Owner(s) of the non-residential development; and that a Professional
Civil Engineer, registered in the State of Arizona, shall be retained by the
Association/Owner(s) at least once a year, and also following any damaging floods, in
order to inspect and to certify compliance with the drainageway and detention/
retention basin maintenance-inspection criteria contained in the approved drainage
report for the development or subdivision. A copy of the Engineer’s annual inspection
reports and certifications of compliance shall be kept on file by the Association/
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Owner(s), and be made available to the City of Tucson upon request. In addition, a
note shall be placed on the Final Plat or Development Plan granting the City of
Tucson easements and rights of access to assure that an adequate level of maintenance
is being performed.

All large washes and large, constructed channels forming the main stem of a
major watercourse will be maintained by the City of Tucson upon receipt of
appropriate easements. As a condition of Development Plan or Subdivision Plat
approval, the individual reaches of major watercourses passing through the development
shall be covered by recorded access/maintenance and drainage easements dedicated to
the City of Tucson.

All drainageways, whether or not they are maintained by the City of Tucson,
including natural washes and constructed channels, require unobstructed
access/maintenance easements beside the channel or wash. Normally, these
access/maintenance easements shall be at least 16 to 20 feet wide, free of any
structures, and be located on both sides of the City-maintained channel or wash; unless
the City of Tucson specifically accepts either a wider or narrower easement, or accepts
an access/maintenance easement on only one side of the wash/channel.

All drainageways that are intended for maintenance by the City of Tucson shall
be designed for low maintenance, using approved design and construction procedures.
Natural washes may require periodic grade-control structures in order to prevent
gradual channel degradation. An approved engineering study may be required to
confirm otherwise. Unlined channels must be hydraulically designed by assuming that
natural vegetation becomes re-established, and is not removed by periodic City
maintenance. Constructed channels that are to be maintained by the City of Tucson
shall have a minimum bottom width of ten feet, and shall have frequent access ramps
into the bottom of the channel in order to provide adequate vehicular access.

1.5.2 Maintenance of Detention/Retention Basins

Small, local detention basins constructed in compliance with Section 23-469 of the
Tucson Zoning Code will not be accepted by the City of Tucson for maintenance or
liability.  All local detention/retention basins shall be constructed according to current
design standards, and they must include appropriate access and maintenance easements,
including an unobstructed access route into the basin.

As part of the drainage report submitted in conjunction with the Development
Plan, Tentative Plat, or Site Plan, a detailed inspection list and basin-performance
criteria shall be included for subsequent reference by the Engineer responsible for
annual and as-needed maintenance inspections of the basins and drainageways.

Refer to Tucson Development Standard 10-01.0 (i.e., the "Stormwater Detention/
Retention Manual") for design and maintenance criteria for small detention/retention
basins. Also, the Floodplain Engineer and the Subdivision Engineer in the City
Engineer’s Office should be contacted for current policies and procedures concerning
private maintenance of detention/retention basins and their attendant drainageways.
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CHAPTER II: POLICIES, PROCEDURES, AND FORMATS FOR DRAINAGE
REPORTS, HYDROLOGY REPORTS, AND DRAINAGE STATEMENTS

2.1 Introduction

The purpose of this chapter is to present criteria for submittals of drainage
reports, hydrology reports, and drainage statements to the City of Tucson, including
the necessary information that should be included as part of such submittals. The
basic purpose for preparing and submitting any of these studies is to adequately
determine the finished floor elevations (FFEs) of proposed structures. In addition to

.this purpose, a hydrology study should specifically identify existing runoff patterns and

floodplain areas, identify existing flood hazards, and determine the effect of proposed
construction upon existing flows and water-surface elevations. In addition, drainage
reports should specify stormwater detention/retention requirements, as well as identify
required drainage improvements and structures.

Before preparing a -drainage report, hydrology report, or drainage statement, the
consulting engineer is strongly encouraged to discuss the proposed drainage design with
the Floodplain Engineer, or his designated representative, and obtain specific
hydrologic, hydraulic, and design requirements for developing the subject parcel.
Additional planning information can also be obtained as a result of this meeting,
including City drainage policies found in documents with limited distribution, such as
the Tucson Comprehensive Plan, Basin-Management Plans, Neighborhood Plans, and
Specific Plans.

2.1.1 Drainage Report

A drainage report is a report which is required for any site greater than one acre
in size or for any site subject to detention requirements. The drainage report shall
contain all elements of a hydrology report, as well as the appropriate components for
the required detention facility design. In addition, a drainage report shall be required
for any site where extensive structural improvements for mitigating drainage impacts
are required.

2.1.2 Hydrology Report

A hydrology report is a report required for developments which are not subject to
detention requirements, nor which require extensive structural improvements for
handling drainage; but which are impacted by flows from significant watercourses
and/or affected by 100-year flows of 100 cfs, or more. The objective of a hydrology
report is to establish finished-floor elevations which assure that all structures are free
from flooding during a regulatory flood. Additional objectives of a hydrology report
are to establish the size and configuration of flow-through wall openings and other
minor drainage features; and, if required, to develop a grading plan which demonstrates
adequate site drainage.

2.1.3 Drainage Statement

A drainage statement is a brief description of drainage conditions applicable for a
site which is not affected by 100-year flows of 100 cfs, or more, and is neither subject
to detention requirements nor impacted by flows from a significant watercourse. The
objective is to demonstrate adequate site drainage, and to establish finished-floor
elevations which assure that all structures are free from flooding during a 100-year
flood.
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2.2 Conditions Requiring Report or Data Submittal

The review and approval of drainage reports, hydrology reports, and drainage
statements by staff in the Floodplain Section of the City Engineer’s Office are
typically in response to reports and statements submitted in order to satisfy one of the
following: (1) a requirement of rezoning;, (2) a specific requirement for approval of a
subdivision plat or a development plan; (3) approval of a disclosure statement prepared
in conjunction with a condominium conversion; (4) the request for a floodplain,
building, or grading permit for a parcel located within either a regulatory floodplain
(sometimes called a drainage-review 2zone), an erosion/building-setback zone, or an
identified flood-hazard area; or (5) application for a Letter of Map Amendment (LOMA)
or a Letter of Map Revision (LOMR) from the Federal Emergency Management Agency
(FEMA).

The complexities of  drainage reports, hydrology reports, and drainage statements
depend upon many factors, such as development size, severity of existing drainage
problems, extent of drainage improvements needed to satisfy Floodplain Regulations and
development standards, and the need to provide detention/retention basins. A brief
description of the amount of drainage information that will be required for wvarious
development settings is provided below.

2.2.1 Rezoning Applications

In addition to architectural elevations and a generalized site plan, the Preliminary
Concept Plan submitted to the Planning Director, in conjunction with an application for
a Building Zone Map amendment, must show the approximate size and location of all
proposed, major, drainage improvements. For the benefit of the City Engineer’s staff,
who will be reviewing the application, it must be shown how the drainageways and
detention/retention basins, if required, will satisfy Floodplain Regulations and Drainage
Standards. It must also be shown that these drainage features will serve as
appropriately landscaped, and visually appealing, multi-use elements of the site design,
so that they will be perceived as amenities by the community. Therefore, before the
applicant formulates a Preliminary Concept Plan for a particular parcel, they are
encouraged to be familiar with and be able to incorporate the planning and design
concepts contained in the following City of Tucson documents: (1) Section 3
(Character and Appearance) of the Comprehensive Plan Amendment (Resolution Number
14047, June 8, 1987); (2) the "Stormwater Detention/Retention Manual," adopted as
Tucson Development Standard 10-01.0; and (3) the "Interim Watercourse Improvement
Policy," adopted June 27, 1988. Those applicants wishing technical and/or drainage-
planning assistance are urged to contact the Floodplain Engineer, or his designated
representative.  Typically, no drainage report, hydrology report, drainage statement, or
computations will be needed at a preliminary stage, unless the drainage information
appears severely inadequate and/or the Floodplain Engineer considers site drainage to
be an important and limiting factor in the successful development of the site.

2.2.2 Subdivision Plats and Development Plans
In accordance with Sections 23-409, 23-433, and 23-439 of the Tucson Zoning
Code, approval of some Development Plans and all Tentative/Final Subdivision Plats

submitted to the Planning Director for review and approval will be withheld until an
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appropriate drainage plan has been approved by the City Engineer. Unless specifically
requested by the City Engineer, a drainage report, hydrology report, or drainage
statement shall not be required for a Development Plan. The City Engineer should be
consulted to determine if such information is required. @ However, unless specifically
waived by the City Engineer or his representative, all Tentative/Final Subdivision Plats
shall be accompanied by a drainage report, hydrology report, or drainage statement
which technically describes how the proposed development will be in compliance with

City Floodplain Regulations and City Drainage Standards.

2.2.3 Application for a Building Permit or a Grading Permit

Typically, whenever a future building site is located within a "drainage-review
zone" shown on base maps prepared and periodically updated by the Floodplain Section
staff, or involves an area of one acre or more, staff reviewing Building-Permit
applications in the City’s Building Safety Division will mark the Building-Permit
application with a note stating that a drainage report, hydrology report, drainage
statement, and/or a Floodplain Use Permit will be required prior to issuance of a
Building Permit. If this happens, or if the consulting engineer or the architect
recognizes that drainage may be a problem in developing a site, they are encouraged to
meet with the Floodplain Engineer to discuss whether or not a formal drainage
submittal will be required. In rendering his decision, the Floodplain Engineer will
apply the same general criteria used to decide whether or not a drainage report,
hydrology report, or a drainage statement will be needed (e.g., will detention/retention
be required; will significant drainage improvements and/or hydraulic analyses be needed
to satisfy the Floodplain Regulations; or, is the site in a Flood Hazard Zone, as shown
on Flood Insurance Rate Maps or City-generated flood-prone maps?).

2.2.4 Condominium Conversions

Any subdivider who submits a Disclosure Statement and Final Plat to the Planning
Director for review and approval for the purpose of converting residential or non-
residential rental buildings into condominium ownership shall submit a hydrology report,
as required by Section 23-543 of the Tucson Zoning Code, which describes the physical
condition or relationship of the existing structures to onsite and offsite drainage
conditions.  The hydrology report shall specify, by name or number, those units or
spaces which:

A. Do not have all-weather access; and/or,

B. Have their finished-floor elevations less than one foot above the surrounding
100-year water-surface elevations; and/or,

C. Are located in a flood-prone area as shown on the effective FIRM.

Unless the City Engineer, or his designated representative, waives the drainage-
information requirement, the drainage portion of the disclosure statement shall be
prepared and certified by an Arizona Registered Professional Civil Engineer. The
purpose of requiring that drainage information be supplied as a part of condominium
conversion projects is to provide all perspective purchasers, mortgage lending groups,
or flood-insurance agents with relevant information with which to make their
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respective financial decisions concerning the project. This report requirement does not
generally imply, nor do the Floodplain Regulations generally imply, that structures
converted to condominium ownership shall be required to be brought into compliance
with current drainage regulations. However condominium conversions made
concurrently with a rezoning request will be subject to certain performance
requirements, including drainage-related requirements specifically imposed by the Mayor
and Council of the City of Tucson.

2.2.5 Floodplain Use Permits

In accordance with Section 23-470 of the Tucson Zoning Code, Floodplain Use
Permits are required under the following circumstances:

A. Whenever a parcel, lot, building pad, or development is within or affected
by:

1. A Regulatory Floodplain shown on an effective Flood Insurance Rate
Map;

2. A Regulatory Floodplain which has not been shown on a Flood
Insurance Rate Map, but which is the result of a 100-year flood peak
equal to or greater than 100 cfs, except for those locations where the
Floodplain Engineer chooses to waive this requirement; and,

3¢ An erosion setback zone, or a building setback zone, as defined in
Sections 23-466.1 and 23-466.2 of the Tucson Zoning Code.

B. Whenever a parcel, lot, building pad, or development is located within a
specific portion of an approved Final Plat, Development Plan, or Site Plan
which has been identified as requiring a Floodplain Use Permit.

C. Parcels, or portions of parcels, within the Regulatory Floodplain upon which
aggregate, sand, gravel, or soils are removed by excavation, or are stockpiled
for storage as per Section 23-466 of the Tucson Zoning Code.

D. Whenever fill is proposed in a regulatory floodplain.

Whenever there is insufficient technical information upon which to evaluate the
permit application, either the City Engineer or the Floodplain Engineer may require the
owner to have a technical study prepared by an Arizona Registered Professional Civil
Engineer; the scope and content of which shall be determined by appropriate City staff
on a case-by-case basis.

2.2.6 Request for Map Revision

Whenever a development is to be located within the Regulatory Floodplain, as
shown on effective Flood Insurance Rate Maps, the owner/developer may obtain a
Conditional Letter of Map Revision by submitting sufficient technical information. All
such information must be in accordance with Section 23-463.5 of the Tucson Zoning
Code. In addition, this technical information shall be submitted to the City separately

2.04




II. REPORT FORMATS

from the Drainage Report so that it may first be reviewed and approved, and then
submitted by the City to the Federal Emergency Management Agency (FEMA), on
behalf of the applicant, for their review and approval. However, this does not imply
that there is a requirement to apply for, or obtain, a LOMA/LOMR in order to develop
within the regulatory floodplain.

The Federal Emergency Management Agency has very specific requirements for
making a submittal, most of which are described in a brief document entitled, "Appeals,
Revisions, And Amendments To Flood Insurance Maps: A Guide For Community
Officials", published in 1985 by FEMA. Before assembling the technical information,
the consulting engineer and the owner/developer are advised to discuss their plans with
the Floodplain Engineer, who will be able offer assistance and guidance.

2.3 Report Content and Format
2.3.1 Drainage Reports and Hydrology Reports

Whenever a drainage report or a hydrology report is required, its presentation and
format should be as brief and as succinct as possible. Unless otherwise noted herein,
they should contain the following engineering information, at a minimum, presented in
approximately the specified format indicated below:

2.3.1.1 Cover Sheet

A. Submittal number (i.e., first submittal, second submittal, first addendum,
etc.).

B. Name and address of the parcel, project, or development for which the
report is being submitted; the Proposed Zoning of the development (i.e.,
R-1, B-2A, etc.); the Planning Case Number (i.e., C9-, Cd9-, Cl12-); the
Approximate location of the project site relative to Township, Range,
and Section; and the Floodplain Section’s Record Number, R-#. (Note
that the Record Number is normally assigned after receipt of the first
submittal. Therefore, this number would wusually be found on the
second, and all subsequent, submittals).

C. Name, address, and telephone number of the client for whom the report
was prepared.

D. Name, address and telephone number of the engineering firm responsible
for the report.

E.. Submittal date.

F. Seal and signature of the Arizona Registered Professional Civil Engineer
responsible for preparation of the report.

G. Table of Contents. All report pages shall be numbered sequentially,
including any appendices.
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2.3.1.2

A.

C.

Introduction

Site Location and Project Description

1.

When writing the report introduction, very briefly describe the
general location of the parcel relative to nearby streets,
drainageways, and washes.

Submit a site-location map, at a minimum scale of three inches
equal to one mile, which shows the geographical relationship of
the project to nearby properties, streets, and watercourses.

Provide a legal description of the specific parcel or parcels in
question (if the description is lengthy, the information may be
placed in an Appendix).

Briefly describe the type, and approximate size, of the project to
be constructed. It must be clear to the reviewer, for
detention/retention considerations, whether or not the parcel or
parcels being developed is greater than, or less than, one standard
acre (i.e., 43,560 square feet) in size. Any lot subdivided from a
parcel greater than or equal to one standard acre in size on or
after September 4, 1984, is subject to stormwater detention
requirements, regardless of lot size. A drainage report will be
required under such conditions.

In order for the reviewer to understand whether or not additional
information will be forthcoming, identify those drainageways and
roadways for which improvement plans will be prepared.

Purpose and Obijectives for Submitting a Drainage Report or Hydrology
Report

1.

2%

Give the purpose for submitting the report (i.e., Tentative Plat/
Development Plan approval, Building Permit application, Floodplain
Use Permit application, condition of rezoning, etc.).

Briefly enumerate the report objectives.

Known Development Requirements

1.

Repeat, for the benefit of the reviewer, those drainage and land-
use policies given in the Tucson Comprehensive Plan, Basin-
Management Plans, Neighborhood Plans, or Specific Plans that
apply to the project site, or its immediate vicinity. Specify how
these policies have been satisfactorily addressed during the design
of the development. (NOTE: For many projects, this information
will not be required.)
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2. As appropriate, list any rezoning requirements that relate to
drainage and grading, and describe how these specific requirements
have been satisfied.

32 Summarize the preliminary requirements given by the City
Floodplain Section staff during any Pre-Submittal Conference.
Include a dated copy of the Pre-Submittal Conference Summary, if
required, as prepared by the Consulting Engineer.

D. Previous Studies

1% Identify all known drainage studies for the subject parcel, and for
adjacent parcels which share drainageways and/or storm runoff.
Mention previous submittals of the subject report, if any; and
reference earlier staff correspondence, as appropriate.

E. Long-Term Maintenance Responsibility

1. Specify the name, address, and telephone number of the person(s),
firm(s), agency or agencies responsible for the ownership,
operation, scheduled and unscheduled maintenance, and liability of
drainage improvements (i.e., roads, parking areas, washes,
drainageways, detention/retention basins, common areas, etc.)
described in the drainage report. List other documents where
these responsibilities are documented (i.e., CC&Rs, Final Plats,
Development Plans, etc.).

F. Reguired Permits

1. Submit a comprehensive list of Permits which either have been or
will shortly be obtained from those governmental agencies whereby
approval is required by Federal or State Law; including, but not
necessarily limited to, a Section 404 Permit as required under the
Federal Pollution Control Act Amendments of 1972, 33 U.S.C. 1334.
Submit copies of appropriate correspondence, and/or written
documentation, which describe whether or not permits are needed.
Note that, according to current Floodplain Regulations, it is the
City’s responsibility to make sure that the owner/developer obtains
all necessary permits from other agencies prior to granting
approval of the project.

2.3.1.3 Hydrology

A. Offsite Drainage

1. In order to help staff locate the development relative to future
drainage improvements, give the name of the Major or Minor
Wash, or the Regional Watercourse into which the project site
drains.
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Describe the size, location, and hydrologic characteristics of
upstream and adjoining watersheds which may potentially affect
the site.

Provide either a topographic map at a scale of one inch equal to
200 feet, or larger, or (preferably) a photo-topo which shows:

a) The parcel boundaries, major streets, drainageways, and nearby
storm-drain systems (if they are considered in the analyses);

b) Boundaries of the offsite watersheds affecting the site;
c) Principal points of drainage concentration; and,

d) Flowlines and grade breaks used to compute basin lengths and
average watercourse slopes.

Note that U.S. Geological Survey 7.5-minute or 15-minute
Topographic Quadrangle Maps, as well as City of Tucson Drainage
Base Maps, are generally not acceptable for delineating offsite and
onsite watershed boundaries, but may be used to show large
drainage basins, if the actual basin boundaries are determined from
larger-scale maps. These larger-scale maps should also be included
within the report.

Identify and describe both the existing natural and/or man-made
impacts and the proposed major developments to be located within
the contributing watershed which may impact the subject
development, relative to flooding and erosion or sedimentation.

Identify and describe, as appropriate, the effects that nearby
impending City/County drainageway and/or roadway-improvement
projects may have upon site drainage or site design. Also, specify
the time frame within which these improvements are planned.

Submit Hydrologic Data Sheets for each principal point of drainage
concentration. Calculations are to be presented for both pre-
development and post-development conditions. If there are many
sheets, put them in an Appendix, and summarize the watershed
characteristics and flood peaks in a table placed within the text
of the report. Indicate whether the flood-peak estimates are for
existing or future watershed conditions, or both.

B. Onsite Drainage

1,

Describe the size, location, and hydrologic characteristics of the
onsite watersheds.

Unless an alternative size has been approved, beforehand, by the
Floodplain Engineer, show onsite drainage conditions on topo maps
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having a minimum scale of one inch equal to 40 feet with one-foot
contour intervals, as stipulated in Tucson Development Standard 2-
03.2.1. A Grading Plan, Tentative Plat, Development Plan, or Site
Plan may be modified for this purpose. Show on this map:

a) Watershed boundaries;
b) All points of drainage concentration; and,

c) Flowlines and grade breaks used to compute basin lengths and
average watercourse slopes.

3. Submit Hydrologic Data Sheets for each significant point of
drainage concentration. If they are different, calculations are to
be presented for both pre-development and post-development
conditions. If there are many sheets, put them in an Appendix,
and summarize the watershed characteristics and flood peaks in a
table placed within the text of the report. Indicate, as
appropriate, whether the flood-peak estimates are for existing or
future watershed conditions, or both.

2.3.1.4 Floodplain Analyses and Results

It is intended that the particular chapter of a drainage report or a hydrology
report which addresses Floodplain Analyses be reserved for describing the existing and
future flood plains affecting the proposed development. Either normal-depth
computations or backwater computations should be used to describe both the existing
(pre-development) and the future (post-development) flow depths, widths, and velocities.

The format of this chapter will vary, depending upon the complexity of the
prevalent drainage patterns. Therefore, the consulting engineer may exercise his or
her own judgement in writing this portion of the report. Understandably, however, the
analyses and results must be clearly presented and organized; and calculations and
design elements should be clearly cross-referenced to other appropriate sections of the
report.

The following list contains the major technical items that must be included, or
considered:

A. Describe the hydraulic analyses used to evaluate flood plains and floodways
located in, and adjacent to, the proposed development. This description shall
include a brief discussion of the theory and/or the numerical/computer model
used, the source of input data, and any simplifying assumptions made.

B.  Describe the results of the hydraulic analyses in terms of site design.
C. The following items should be shown by appropriate symbols and labels on

the Site Plan, Tentative Plat, or Development Plan, if located either inside
of or within at least 200 feet of the subject development, as required by
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Tucson Development Standards 2-03.2, 2-03.3, and 2-03.4, and by Sections 23-
409, and 23-535 of the Tucson Zoning Code.

1. Unless entirely contained within a street section or constructed
drainageway, all 100-year floodplain limits and areas of sheet flooding
resulting from 100-year flood peaks of 100 cfs or greater shall be
clearly shown and labeled, and shall also include spot water-surface
elevations.

2. Those areas subject to flooding from flows smaller than 100 cfs shall
also be identified and labeled with flow arrows.

3. Plans and Plats shall be of a scale no smaller than one inch equal to
40 feet; and shall have ground contours, referenced to City Datum,
plotted at intervals of one foot, unless unusual physical features or
project size dictates otherwise.

4. Each significant concentration point, along with its 100-year peak
discharge and contributing drainage area, shall be labeled.

5. All floodplain limits and erosion/building setback lines shall be shown
in a surveyable manner on the final plat.

6. Any Regulatory Flood Plain shall be clearly labeled as "Regulatory
Flood Plain".

Ui All flood plains shall be labeled in one of the following ways: "To be
left natural," "To be channelized,” "Public or Private Flowage
Easement,” "Public or Private Drainage Easement," or "Public or Private
Right-Of-Way." Prior approval from the City Engineer shall be required
for the dedication of any public easement.

8. 100-year floodplain limits which are entirely contained within a street
section or constructed drainageway shall be labeled as such on the
plan/plat, or a general note shall be included on the plan/plat which
states same.

D. The Hydraulic Calculation Sheets used in conjunction with the delineation of
offsite and onsite flood plains, as well as those used for evaluating flow
depths, velocities and flow durations, should be presented in a clearly
understandable manner. Note that if computer input and output are
submitted, they must be well documented and described.

E. All hydraulic cross sections are to be clearly identified on a map of suitable
scale so that they may be easily cross-referenced to the Hydraulic
Calculation Sheets used by the consulting engineer. The cross sections are
to be plotted to scale, and accompanied by pertinent hydraulic information,
such as the ground profile, design discharge and return period, computed
water-surface elevation and depth of flow, channel and overbank velocities,
effective and ineffective flow areas, Manning’s roughness coefficient(s), '
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wetted perimeter, energy slope and/or ground slope, Froude number, and
critical depth.

F. The calculations used to assess the hydraulic effects that existing and future
structures may have upon the flood plain and floodway should be presented
and be clearly described. Encroachment analyses will be needed whenever
significant development is planned within FEMA-recognized flood plains,
major washes, or other washes or floodplains, as designated by the City
Floodplain Engineer.

G. The floodplain analyses presented in the report being submitted should be
compared with those presented in previous reports for the same geographical
area. Special emphasis should be given to comparing the current results
with those given in Flood Insurance Studies and Flood Insurance Rate Maps,
Basin-Management Studies, and studies accompanying drainage or roadway-
Improvement Plans. Unless a LOMR is to be requested, the floodplain
delineation should essentially coincide with the FIRM limits.

2.3.1.5 Hydraulic Improvements and Hydraulic Structures
(Drainage Report Only)

It is intended that the particular chapter of a drainage report which addresses
Hydraulic Improvements and Hydraulic Structures be reserved for describing the design
of any drainage improvements which are needed in order to satisfy either the wishes of
the owner/developer or governmental regulations and standards, whether Local, State,
or Federal.

The format of this chapter of the drainage report will vary, depending upon the
complexity of the prevalent drainage patterns. Therefore, the consulting engineer may
exercise his or her own judgement in writing this portion of the report, subject to
specific requirements imposed by the City Floodplain Engineer.

The following list contains the major technical items that shall be included, or
considered:

A. Provide a general description of the proposed drainage design for the entire
project. Indicate which portions will be constructed in phases, in
conjunction with other major structures.

B. Describe and present Hydraulic Calculation Sheets for each of the hydraulic
systems used to collect offsite flow. Examples of these kinds of systems
include collector channels, existing drainageways, and flow-through openings
in perimeter screen walls. Demonstrate that the collector systems to be
employed do not unnecessarily obstruct offsite flows. Encroachment analyses
shall be provided, as needed.

C. Describe and present detailed and easily understandable Hydraulic Calculation

Sheets for each of the stormwater conveyance systems to be constructed as
part of the overall project. These systems include, but are not necessarily
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limited to, lined and unlined channels, drainage swales, streets and alleys,
storm drains, and roadway culverts;

D. If any of the proposed drainage structures and roadways are to be dedicated
to the City for ownership and operation/maintenance, Improvement Plans,
prepared to City Standards, must be submitted for approval prior to the
issuance of a Grading Permit or a Building Permit. When applicable, place a
note on the Final Plat, Development Plan, Site Plan, and Grading Plan which
indicates same.

E. If computer input and output are submitted in conjunction with Hydraulic
Computation Sheets, they must be well documented and explained.

F. Describe and present Hydraulic Calculation Sheets for each of the hydraulic
systems used to return the flow to either its natural or existing location and
magnitude along the downstream property line.

G. If flows are to be concentrated, or ponded, on the upstream or downstream
side of the subject property, either a recorded drainage easement or written
permission must be obtained from the appropriate property owner(s) prior to
issuance of Grading Permits and Building Permits. When applicable, place a
note on the Development Plan, Final Plat, Site Plan, or Grading Plan, as
appropriate, which indicates same. If drainage improvements are proposed
for offsite areas, written approval from the offsite property owner(s) will be
required.

2.3.1.6 Detention Basins and /or Retention Basins (Drainage Report Only)

A. Basin Location and Description

1. State whether the project watershed has been designated as a
Balanced Basin or Critical Basin by either the City or County, and
describe how this designation affects the site design (i.e., standard
detention/retention, threshold retention, etc.).

2. Provide any calculations needed to demonstrate that
detention/retention can be waived in accordance with criteria
given in Tucson Development Standard 10-01.0 (i.e., the
"Stormwater Detention/Retention Manual").

3. Give a general description of the proposed detention/retention
scheme for the entire project. Indicate which basins and
appurtenant drainage structures will be constructed in phases.

4. Submit a detailed site plan which clearly shows the dimensions and
locations of all proposed detention/retention systems, including:
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a) The location, size, and type of inflow and outflow structures
to be employed. Include dimensions and elevations of critical
portions of those structures;

b) The location and size of access and maintenance access ramps
and roadways;

¢) Boundaries of Common Areas and Private Drainage Easements
which cover the basin, inlet and outlet structures, inflow and
outflow drainage channels, and maintenance routes;

d) Clearly marked dimensions of all building and/or erosion-
setback zones (i.e., additional space provided for structural

safety considerations). Be sure to show the dimensions or
distances between structures and any proposed basins or
drainageways;

e) Maximum water-surface elevations, and the limits of ponding;
and,

f) Identified locations and types of - all security barriers to be
installed around the basins, as appropriate.

5. Provide details and discussions of  how the proposed
detention/retention scheme will comply with landscaping and
grading guidelines given in Tucson Development Standard 10-01.0.

B. Basin Design

1. Provide and describe Reservoir-Routing Calculation Sheets for each
basin for the 2-year, 10-year, and 100-year design floods, at a
minimum. The Reservoir-Routing Calculation Sheets shall, at a
minimum, consist of a working-table for each basin, and a
routing-table for each flow event. Note that the final basin
design must be approved prior to approving Grading Plans, Site
Plans, Development Plans, and Tentative/Final Plats.

2. Provide and describe any other Hydraulic Calculation Sheets
prepared while evaluating stage-storage and  stage-discharge
relationships, or any other pertinent data used in the basin
analysis and design.

3. Submit plotted inflow and outflow hydrographs (preferably
superimposed). Include any lag-time calculations.

CL Basin and Drainageway Maintenance

1% A very detailed Drainageway and Detention/Retention Basin
Maintenance Checklist and Schedule shall be provided by an
Arizona Registered Professional Civil Engineer, which will be
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followed by anyone performing scheduled and unscheduled
maintenance on behalf of the owner(s) referenced in the
Introduction to the Drainage Report. Certification of such
maintenance shall be undertaken by an Arizona Registered
Professional Civil Engineer. Each of the privately owned drainage
structures and detention/retention basins to be regularly inspected
shall be identified, and the final design shall be indicated by
referencing specific portions of construction drawings, noting the
minimum frequency of inspection ~and identifying the expected
range of acceptable performance (i.e., sedimentation levels, scour-
hole dimensions, etc.).

If private drainageways or other water-conveyance structures are
proposed, but detention/retention basins are not, a maintenance
checklist and schedule shall still be prepared as part of the
drainage report. In these cases, the engineer may exercise his or
her own judgement as to the location within the report where he
or she wishes to place the discussion of maintenance.

2. As part of the checklist, state that the annual inspection report
shall contain the following summaries: -

a) A statement saying that either no maintenance work is needed
at that time, or a list of repairs and work to be done to
correct deficiencies, to avoid potential problems, and/or to
restore the aesthetics. Also state that this work shall be
followed by a Letter of Certification from an Arizona
Registered Professional Civil Engineer verifying that the
recommended work has been satisfactorily completed. The
Engineer shall notify the City Engineer, in writing, should
safety-related maintenance not be completed within a
reasonable period of time.

b) A statement either indicating that watershed conditions have
not changed since the previous inspection report, or stating
that specific changes have occurred which alter or eliminate
some of the design features--thereby affecting the level of
service of the drainage and detention/retention systems. In
addition, the City Engineer is to be immediately notified, in
writing, if watershed conditions have changed to the extent
that drainage and detention/retention systems no longer
satisfy the requirements of the City Floodplain Regulations.

2.3.1.7 Summary and Conclusions

A. Provide a brief summary of the important analyses and conclusions
presented in the report
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B. Certify that the proposed drainage plan, once properly constructed, will
adhere to applicable Local, State, and Federal Floodplain Regulations.

2.3.1.8 References

Alphabetically list all of the sources of information and design procedures
used in developing the drainage analysis and design.

2.3.1.9 Appendices

Place Hydrologic, Hydraulic, and Reservoir-Routing Calculation Sheets, and
other relevant documents, in one or more referenced appendices.

2.3.2 Drainage Statement

A drainage statement may be submitted in lieu of a drainage report or hydrology
report. Because site conditions vary considerably within the Tucson area, each
drainage statement may be different in content and format. The Arizona Registered
Professional Civil Engineer preparing the report may exercise his or her own judgement
in presenting the technical information for review. In all cases, the drainage
statement must be clearly written, sealed, and signed by the Engineer; and may contain
the following information concerning the proposed project:

. A. A brief description of the type and size of the proposed development,
including a legal description of the parcel or parcels being developed.

B. A brief description of the amount of runoff expected on, or near, the site.
C. A 200-scale aerial photo-topo, or other acceptable map, showing the subject
parcel, the contributing drainage areas and their principal points of drainage

concentration, and any other pertinent information related to the site design.

D. Hydrologic Calculation Sheets for each principal point of drainage
concentration.

E. The appropriate Hydraulic Calculation Sheets used in designing the proposed
method of drainage disposal.

F. A 40-scale Site Plan, for review and approval.

G. Where significant changes to hydraulic structures, detention basins, grades,
FFEs, or other development conditions occur on the grading plan submitted
for the purpose of a grading permit, a drainage-report addendum, justifying
the proposed changes, must be included with the plan.

2.4 Quality of Submittals

The Arizona Registered Professional Civil Engineer shall be held solely responsible
‘ for the correctness and adequacy of all data, drawings, calculations, and reports
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submitted to the City of Tucson for review and approval. In addition, the Engineer
shall comply with all Local, State, and Federal Floodplain Regulations in the design of
the development.

Staff in the City Engineer’s Floodplain Section will review the technical
submittals for completeness and general compliance with all applicable Floodplain
Regulations and Drainage Standards. Approval by the City does not necessarily imply
that the design is appropriate, nor that the development is in strict compliance with
. all applicable regulations and standards. Review and approval of drainage submittals
shall not create liability on the part of the City or its employees for any flood
damages that may result from reliance upon any administrative decision made by the
City or its employees.
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The purpose of this chapter is to briefly present drainage concepts that should be
understood and considered during the initial planning of wurban drainage projects.
Understandably, because many of the ideas contained in this chapter are basic
principles or general guidelines, they are to be treated as recommendations; and
therefore not to be rigidly enforced by the City Engineer or his staff. Nevertheless, it
is advisable that all civil engineers practicing drainage engineering be aware of and
understand the concepts presented in this chapter of the Manual.

3.1 Drainage Sub-System

One of the prominent features of suburban and metropolitan Tucson 1is the
network of coalescing urban watercourses and drainageways extending throughout the
basin. In fact, these urban watercourses and drainage systems are just as significant a
part of the total fabric of our community as are the roadways, linear parks, and the
residential and non-residential neighborhoods which serve as vital, interconnected
components of the overall urban environment of the City of Tucson. Unfortunately,
the overall importance of an urban watercourse is often overlooked, and the full
potential for utilizing this important land resource is often not fully realized by land
planners and civil engineers.

Urban watercourses serve numerous complementary purposes, such as providing a
primary pathway for the conveyance of stormwater runoff; reducing downstream flood
peaks by temporarily detaining floodwaters in the shallow flood plains or overbank
storage areas naturally found along the unchannelized and/or underfit portions of
watercourses; providing open space within the otherwise possibly congested wurban
environment; providing areas for the either the preservation or the re-establishment of
natural, riparian vegetation, thereby preserving wildlife habitat and movement corridors
for native and introduced animal species; and providing a suitable location to
accommodate future trail systems adjoining the watercourses for the enjoyment of
pedestrians and bicyclists.

In an effort to improve the appearance and to encourage multi-purpose uses of
important urban watercourses in our community, the design of drainageways and
channels should be done in the context of the entire urban environment, and not just
as a single-purpose project.

3.2 Drainage Master Planning

As of April, 1988, under a project entitled the Tucson Stormwater Management
Study, the City of Tucson is actively formulating a city-wide stormwater master plan
which, when completed, will identify optimum drainage solutions for our community
from the perspective of technical feasibility, social acceptability, economic viability,
environmental compatibility, and the minimization of liability leading to litigation. In
addition to planning the optimum drainage system for our community by employing a
multi-disciplinary design team, one of the other significant benefits will be the
establishment of an equitable and defensible method for financing the construction,
regulation, and maintenance of the required drainage infrastructure within the City of
Tucson.
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In addition to the Tucson Stormwater Management Study, which is being
conducted under the direction of the City Engineer and his staff, basin-management
plans for individual watersheds have been prepared, are currently being prepared, and
will continue to be prepared for a number of basins in our community. These
individual basin-management plans cover relatively small geographical areas, and they
are intended to serve as interim drainage plans for specific areas prior to the
completion of the long-range, and more comprehensive, Tucson Stormwater Management

Study.

It is the responsibility of all civil engineers designing drainage structures or
residential/non-residential developments in our community to be aware of drainage
master plans, basin-management studies, neighborhood plans, and City drainage policies
that encompass or affect the drainage work being undertaken by the engineer. For
those engineers, architects, and planners unfamiliar with the existence of drainage
master plans or drainage policies, it is recommended that they contact staff either in
the City Engineer’s Office or in the City of Tucson Planning Department for proper
advice and direction.

3.3 Balanced and Critical Basins

According to the current Floodplain Regulations found in Division 32, Section 23,
of the Tucson Zoning Code, as well as Tucson Development Standard 10-01.0, all
watersheds within the incorporated limits of the City of Tucson have been designated
by the City Engineer as being either Balanced Basins or Critical Basins. This
designation is dependant upon whether or not the basins have previously been
identified by either the City Engineer or his staff as having the potential for severe
increases in flood hazards, or whether they already have severe flooding problems as a
direct result of increased urbanization within those particular basins. In addition, the
City Engineer reserves the right to identify additional Critical Basins on a case-by-case
basis, whenever new hydrologic information becomes available.

A Dbasin designation (i.e., Balanced or Critical) must be known by the design
engineer prior to the preparation of concept plans for both detention/retention basins
and improved channels. Planning of residential and non-residential development within
designated Balanced Basins requires the identification of specific areas within the
development for the future construction of detention/retention basins. These basins
are required so that the theoretical post-development flood peaks do not increase and
exceed those found prior to development. The approximate detention-basin volume can
be quickly computed using simple equations found in Section 3.3 of the Pima
County/City of Tucson Stormwater Detention/Retention Manual (1987), also referred to
within this Manual as Tucson Development Standard 10-01.0.

Within designated critical basins, all proposed developments may be required to
provide additional retention volumes, referred to as "threshold retention." This
additional storage volume is added to the detention/retention basins in order to further
reduce future runoff, and thereby help to improve an already poor drainage condition
within the area. Prior to planning any retention facility, the City Engineer should be
contacted to determine specific requirements and limitations. ‘
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In order to provide design flexibility, and to also reduce overall construction and
maintenance costs for local detention/retention basins, it is generally acceptable for
relatively large developments with several small sub-basins within its boundaries to
over-mitigate in one or more of the sub-basins, and correspondingly under-mitigate in
other sub-basins, as long as the cumulative flood peaks and flood volumes at the
property line have been appropriately reduced to satisfy current detention/retention
requirements, and no adverse downstream effects occur.

Because of the limited land resources in our community, it is strongly
recommended that detention basins serve more than one purpose, and that they be
appropriately landscaped to improve their otherwise barren appearance. The use of
parking-lot detention basins is discouraged. Guidelines for the design of multi-purpose
and aesthetically pleasing detention/retention basins are presented in Chapter IV of the
Stormwater Detention/Retention Manual mentioned previously herein.

The encroachment and filling of broad, shallow flood plains bordering both natural
washes and underfit channels usually reduces the volume of overbank storage, and this
typically results in a small, yet sometimes detectable increase in downstream flood
peaks. Downstream flood peaks can be further increased by improving the hydraulic
efficiency of designed channels, or by the addition of a storm-drain system that
delivers runoff to a downstream point faster than normal overland flow processes.
Planning of drainage projects along major watercourses, as well as along some of the
larger minor watercourses within the City of Tucson, should include extensive
consideration of either mitigating the increased downstream flood peak by wuse of
regional detention facilities, or by increasing the size of the channel to accommodate
the resulting larger, post-construction flood peak.

3.4 Flood Plains and Floodways

The construction of new developments within the regulatory flood plains of major
and minor watercourses is generally acceptable as long as it is done within the
limitations as set forth in the current City of Tucson Floodplain Regulations found in
Section 23-464 of the Tucson Zoning Code. These limitations include providing all-
weather access; setting the minimum finished-floor elevations of all new structures at
least one foot above applicable 100-year flood elevations; and providing technical
assurances that any new developments within the flood plain will not measurably
obstruct flood flows.

However, improvements within a floodway are not always acceptable, and they are
also subject to the much more stringent requirements found in the City of Tucson
Floodplain Regulations. These stringent requirements include, among others, not
adversely affecting upstream or downstream developments by increasing flooding or
erosion, and not creating or exacerbating flood damage to public facilities.

All regional watercourses located within the City of Tucson shall have, as a
minimum, a fifty-foot-wide linear park adjoining each riverbank. Linear parks of
appropriate width shall also be located along natural washes, and along minor washes
having trail systems which are already established.
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All constructed channels that are to be maintained by the City of Tucson should
be designed for low maintenance, and they must have access and maintenance
easements sufficient to permit unobstructed entry of City personnel and vehicles into
or along the washes, as is appropriate. Typically, access/maintenance easements are a
minimum of 16 to 20 feet wide along at least one side of the wash. The unobstructed
channel must be at least ten feet wide, at its base, to allow for vehicular movement, if
needed. Access ramps must be installed which lead into and out of the wash at
frequent intervals; and they must be placed so that culverts, bridges, or grade-control
structures do not form barriers to vehicles or maintenance personnel. Also, the
access/maintenance easement itself must be connected to a nearby street or alley
having public access.

Prior to initiating drainage planning, it is advisable that the responsible engineer
be familiar with the guidelines contained in the "Interim Watercourse Improvement
Policy," adopted by the Mayor and Council on June 27, 1988.

Flowage easements and/or drainage easements are to be dedicated whenever new
developments are located within a regulatory flood plain or an erosion-hazard zone.

Public drainage improvements planned for previously developed floodplain areas
must be designed as if the contributing watershed were designated as a Critical Basin;
and in such a manner that any new improvements, at a minimum, shall not worsen the
poor existing drainage conditions. Preferably, the drainage improvement should make
some improvement according to the amount of available funds for the project, and
according to the extent of benefits that may be accrued as a direct result of the
proposed drainage project. If the Dbenefits are significant, then a Drainage
Improvement District may be a viable consideration.

The advance planning of developments within either a regulatory floodplain or
floodway normally requires a thorough understanding of floodplain regulations and
drainage standards, as well as an engineering background in open-channel hydraulics,
river mechanics, and sediment transport. Therefore, for technical and administrative
assistance, the City Floodplain Engineer, or members of his staff, should be contacted
prior to initiating large-scale drainage projects.

3.5 Transportation

Standards have been developed to provide uniform design of drainage
improvements along roadways in order to maintain the primary vehicular-movement
function of roadways. Many of these drainage standards are contained in this Manual,
and still others can be found within the Tucson Development Standards.

Planning of roadway drainage must include primary consideration for vehicular
safety, as well as a secondary consideration of pedestrian safety along those areas
adjacent to the roadway. Areas of heavy traffic usage may not always coincide with
areas of heavy pedestrian traffic, as for example an urban park or public school
located along a collector street. Therefore, the primary and secondary users of the
street and adjoining sidewalk should also be considered when initially designing any
new drainage infrastructure within the City of Tucson.
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FOREWORD TO CHAPTER IV

“STANDARDS MANUAL FOR DRAINAGE DESIGN AND FLOODPLAIN
MANAGEMENT IN TUCSON, ARIZONA”

Chapter IV of the Standards Manual, “City of Tucson Method for Estimating Flood Peaks
and Flood Hydrographs,” has been revised. The revisions to Chapter IV were necessary in order
to bring the existing procedures in conformance with the regional hydrologic modeling that was
completed as part of the Tucson Stormwater Management Study (TSMS). It is the preference of
the City of Tucson that TSMS hydrologic data be used for purposes of drainage design and
floodplain management, 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 the results of the TSMS hydrologic

modeling.

Chapter IV contains a revised step-by-step procedure for calculating flood peaks. One of
the more significant changes to the procedure is the use of a Contributing Area Factor to account
for implicit detention/retention effects of specific urban land uses (see Step 15). The City
Engineer will require sufficient supporting data, in the form of an analysis of aerial photographs
and field verification, as a condition of approval for watershed-specific values of the Contributing

Area Factors.

Other changes to the step-by-step procedure include minor adjustments to (1) the 100-year
basin factors listed in Table 4.2; (2) the values for percent impervious listed in Table 4.3; and (3)
the ratios of more frequent floods listed in Table 4.5. These changes make the calculated peak
flow rates consistent with the TSMS hydrologic modeling.

Another significant change in computing flood peaks is related to the adoption of the new
“Balanced and Critical Basin” map for the City of Tucson. For those watersheds which are no
longer classified as balanced or critical basins, flood peaks for future conditions must be
computed. Future land uses in the watershed can be estimated using land-use plans, area plans,
or adjacent, existing land uses in the area.




CHAPTER IV: CITY OF TUCSON METHOD FOR ESTIMATING FLOOD PEAKS
AND FLOOD HYDROGRAPHS (REVISED APRIL, 1998)

4.1 Purpose

The purpose of this chapter is to present a simple, step-by-step procedure for estimating
2-year, 5-year, 10-year, 25-year, 50-year, and 100-year flood peaks and flood hydrographs for
watershed areas located within the City of Tucson which are less than or equal to 10 square miles
in size. Prior to applying the procedure presented within this chapter, however, the user should
be aware of the fact that flood peaks and flood hydrographs for the previously listed flood-
recurrence intervals have already been determined for most watersheds located within the
corporate limits of the City of Tucson during formulation of the Tucson Stormwater Management
Study (TSMS), Phase II, Stormwater Master Plan. The TSMS, Phase II, Stormwater Master Plan
was completed in December of 1995, and was subsequently approved by the Mayor and Council
of the City of Tucson in February of 1996. The TSMS hydrologic modeling for all City
watersheds that are less than or equal to 10 square miles in size was also approved by the Federal
Emergency Management Agency (FEMA) on May 12, 1996. Therefore, before proceeding with
the estimation of flood peaks for a particular project utilizing the procedures described within this
chapter of the Manual, the user should first check with the City Engineer to see if TSMS flood
peaks and flood hydrographs are already available for the affected watercourse/watershed. In
fact, it is the strong preference of the City of Tucson that TSMS peak discharges be used in lieu
of the procedures presented herein, whenever and wherever it is practicable to do so.

4.2 Flood Peak Estimator Procedure

When TSMS hydrology is nonexistent, or when its application is not practicable, the
following step-by-step procedure for estimating flood peaks shall be applied within the
incorporated limits of the City of Tucson when designing structures or developments along
watercourses whose contributing watershed areas are less than or equal to 10 square miles in size.
The Flood Peak Estimator Procedure contained within this chapter is a simplification of, and is
compatible with, the Pima County Flood Control District's "Hydrology Manual" (Zeller, 1979),
and has been modified to produce results which are in general agreement with TSMS hydrology.
For watershed areas larger than 10 square miles in size, the engineer shall first meet with either
the City Engineer or his designated staff to obtain TSMS hydrology, if available, or to discuss and
receive approval for the procedure proposed to be used by the engineer for estimating flood peaks
within the particular watershed under investigation which exceeds 10 square miles in size.

It should also be noted that the Flood Peak Estimator Procedure contained within this
chapter should only be applied to areas where "normal" runoff characteristics predominate. For
areas wherein significant man-made controls exist (e.g., regional stormwater detention/retention
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. IV. FLOOD PEAK/HYDROGRAPH METHODS (REV. 4/98)

facilities), TSMS hydrology should be used, if applicable, or a City-approved hydrologic
methodology (e.g., HEC-1) should be used to properly model the effects of any such controls. 1

4.2.1 Step-by-Step Procedure for Estimating Flood Peaks

Steps required in estimating the 100-year flood peak, @, ., are given below, and
correspond to the numbers shown on the blank Hydrologic Data Sheet found on Figure 4.1.

Step 1:  Enter the project name and location.

Step 2: Briefly describe or identify the concentration point at which the flood peak is being
estimated. To the right of this line, check the appropriate box to indicate whether
computations are for existing or future hydrologic conditions within the watershed.

Step 3:  Enter the watershed area, A4, in acres. Depending on flood depth or frequency, careful
attention must be given to the topographic maps in order to satisfactorily identify
"underfit" channels and other flow areas where possible breakouts or flow splits may
significantly affect the boundaries and/or physical size of the contributing watershed.

NOTE: The most recent photo-topographic maps (preferably 200-scale, with 2-foot

‘ contour intervals) are to be used in determining the size of the contributing drainage
area, the watershed length, and the watershed slope. Whenever possible, drainage
areas should be field checked to verify their accuracy.

Step 4:  Enter the length, in feet, of the hydraulically longest watercourse within the subject
watershed. This length, designated as L. , is normally measured from the
concentration point under consideration to the watershed divide—including the distance
across the area subject to overland flow found upstream of the longest defined channel.

Step 5:  Enter the length, in feet, of that portion of the hydraulically longest watercourse found
downstream of the geographical center of the watershed area. This length is
designated as L. Within a watershed which possesses an unusually shaped area, such
that it is difficult to precisely determine its geographical center, L, may be
approximated as L_/2.

Step 6: On lines a, b, c, and d, enter the lengths, AL, of at least four segments of the
hydraulically longest watercourse located within the watershed. Also, enter the
corresponding change in elevation, 4H, for each of these segments on the adjacent
line. The channel slope along each of these segments should be approximately
constant. Also, the sum of the lengths of all these segments must exactly equal the
length of L. .

‘ 4.02




Step 7:

E

g
=
(¢]
]

Step 10:
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Step 14:
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IV. FLOOD PEAK/HYDROGRAPH METHODS (REV. 4/98)

Additional space has been provided for computing "G" in a checkable form.
Compute the mean channel slope of the watershed, S, , in the space provided.
Enter the areally reduced 100-year, one-hour rainfall depth, P, ,,, , from Table 4.1.

Enter the watershed type that is, or that will be, typical of existing or future land use
(i.e., highly urban, commercial/industrial, etc.). If more than one watershed type or
land use predominates within the watershed, then note the approximate proportion of
each (e.g., natural, 25 %; suburban, 75 %; etc.) under the additional subarea headings.

From Table 4.2, enter a basin factor, n,,,, , for the appropriate land use. If necessary,
compute a weighted basin factor, n,,,,, , using the proportion of each watershed type
previously given or, preferably, the procedure described within Section 4.3. (Note
that the basin factors shown in Table 4.2 reflect watershed-wide hydraulic conditions
Jor a 100-year flood, and produce flows generally consistent with TSMS hydrology).

From the most recent NRCS (SCS) Soil Maps of the Tucson metropolitan area, enter
the hydrologic soil types (i.e., soil types "B", "C", or "D"), and the percent of each
soil type found within the watershed. Substitute soil type "B" whenever soil type "A"
appears on the maps. If detailed map coverage does not yet exist for portions of
watersheds located within the urban valley of the City of Tucson, use the default
values of 80% "B" and 20% "D" as appropriate hydrologic soil types for these areas.

Using recent photo-topographic maps, in conjunction with current Neighborhood/Area
Plans or other approved Land-Use Plans, estimate either the existing percentage of the
watershed that is impervious or the percent that will be impervious under future
conditions. These percentages, whether future or existing, should be approximately
equal to the percentages provided within Table 4.3, which are representative of each
watershed type (note: Table 4.3 percentages are compatible with TSMS hydrology).

Calculate a weighted runoff coefficient, C, o, , using the applicable values for the one-
hour rainfall depth, the hydrologic soil types, and the weighted percentage of
impervious cover, [, , that are listed in Table 4.3. The coefficients shown in Table

4.3, compatible with TSMS hydrology, may be used when hydrologic characteristics
match the land-use breakdown for the watershed under investigation.

Select the appropriate Contributing Area Factor, F,., from Table 4.4. This factor
accounts for the implicit detention/retention effects that specific urban land uses have
upon the contribution of drainage subareas to the maximum flood peak and flood
volume of the total watershed. If more than one land use predominates within the
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Step 16:

watershed, the Contributing Area Factor for each type of land use should be listed
(e.g., "Natural" conditions F,.= 1.0; "Moderately Urban" conditions F,.= 0.7) under
the additional subarea headings provided; then compute a weighted Contributing Area
Factor, F,., , based upon the areal extent of each F,. representing a specific land use
located within the watershed. These factors are compatible with TSMS hydrology,
and are described in detail in the TSMS, Phase II, report titled: “Existing Conditions
Hydrologic Modeling” (SLA, 1995). Note, however, that when applying the Flood
Peak Estimator Procedure, it is the responsibility of the engineer. to .verify the
appropriateness of using the factors listed in Table 4.4 in conjunction with the land-use
characteristics of the contributing watershed associated with a site-specific project.
Consequently, the engineer shall provide the City Engineer with sufficient supporting
data (e.g., aerial-photographic analysis and field verification), as required, to justify
use of the Contributing Area Factors which have been chosen.

Calculate the time of concentration for the 100-year flood, Ty, using the following
equation, and insert the result in the space provided:

1.61

0.23n, 0L L™
T _ bw100V ¢ ca) % 1.31 [When < TclOO %< 180] (4-1)

c100
(S P} 100 CwlOO)OA

Where:
T..,» = Time of concentration for the 100-year flood, in minutes;

N0 = Weighted basin factor for the 100-year flood;
L = Length of hydraulically longest watercourse, in feet;

L = Length from watershed outlet to geographical center of the watershed area,
measured along the hydraulically longest watercourse, in feet;

S = Mean channel slope of watershed, in feet per foot;
P, 0 = Areally reduced one-hour, 100-year rainfall depth, in inches; and;

C.i0o = Weighted runoff coefficient for the 100-year flood.

For the preceding equation, note that 7 ,,, must not exceed 180 minutes. If 7, < 5, set

T,

C

100 = 5 minutes (i:e:, the minimum alowable-time -of -concentration). -Also note that future

watershed conditions shall be used, instead of existing watershed conditions, in steps 10, 11, 13,
and 15 if no critical or balanced basin designation exists for the watershed. This also applies if
an adopted basin-management plan exists, or if some other City policy exists that allows detention
to be waived within the upstream contributing area of the watershed under investigation.
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Step 17: Compute 100-year rainfall intensity, Z,,, in inches/hr., from the following equation:
oo = 4P 100/(1 + 0.057 ). 4.2)

Step 18:  Calculate the 100-year flood peak using the formula: Q60 = (C,, 100) (f100) (Facw )A-

Step 19:  Compute the more frequent flood peaks by multiplying Q,,4, by the appropriate values

obtained from Table 4.5. (Note: Use interpolated values for watersheds containing
mixed land uses.) Using Equation 4.5, include 7, for the more frequent flood peaks.

TABLE 4.1: AREALLY REDUCED ONE-HOUR RAINFALL DEPTHS, IN
INCHES, FOR WATERSHED AREAS OF UP TO TEN SQUARE
MILES IN SIZE LOCATED IN AND AROUND TUCSON,

ARIZONA
WATERSHED
AREA RETURN INTERVAL (YEARS)

(SQ. MILES) 2 5 10 25 50 100
1.00, or less 1.10 1.50 1.90 2.30 2.70 3.00
. 2.00 1.06 1.45 1.84 2.22 2.61 2.90
3.00 1.03 1.40 1.78 2.15 2.53 2.81
4.00 1.00 1.36 1.73 2.09 2.45 2.73
5.00 0.97 1.33 1.68 2.04 2.39 2.66
6.00 0.95 1.30 1.64 1.99 2.33 2.59
7.00 0.93 1.27 1.61 1.95 2.28 2.54
8.00 0.91 1.24 1.58 1.91 2.24 2.49
9.00 0.90 1.22 1.55 1.87 2.20 2.44
10.00 0.88 1.20 1.52 1.84 2.16 2.40

NOTE: To compute two-hour and three-hour areal rainfall depths, simply multiply
the appropriate one-hour depth, as chosen from the above table, times the
following factors:

STORM DURATION ... MULTIPLICATION
(HOURS) FACTORS
2.0 1.14
3.0 1.20
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TABLE 4.2: STANDARD BASIN FACTORS™ (7,,4,'s) TO USE WHEN COMPUTING THE
REGULATORY (100-YEAR) FLOOD FOR VARIOUS LAND USES AND
CHANNEL TYPES LOCATED WITHIN THE CITY OF TUCSON

MODERATELY/HIGHLY URBAN
NATURAL/RURAL SUBURBAN & COMMERCIAL/INDUSTRIAL

DE | NG | GC | LG | B.E | NC.{ €C. | -LC. | D.F.-] €. § €:C. | LC. | LG

0.055 [ 0.045 [ 0.035 [ 0.024 | 0.052 | 0.042 | 0.032 ] 0.023 | 0.048 ] 0.038 [ 0.028 | 0.022 | 0.016

Where, in Table 4.2:
D.F. = Dispersed Flow (i.e., sheet flow, street flow, etc.) predominates within the watershed;

N.C. = Natural Channels (i.e., typically bankfull capacity [Q,,,] < Q) predominate within the watershed;

C.C. = Competent Channels (i.e., @, = O,,0) predominate within the watershed;
I.C. = Improved Channels (i.e., concrete-lined banks and Q.,, = Q,10) predominate within the watershed;
U.C. = Underfit Channels (i.e., Q,, < 0.50,,o) predominate within the watershed; and,
L.C. = Lined Channels (i.e., concrete-lined bed and banks and Q., = @, ) predominate within the
watershed.
. EXPLANATORY NOTES FOR TABLE 4.2:
1. NATURAL/RURAL watersheds generally contain no houses to less than one house per acre, and anticipated future

drainage improvements are negligible. Impervious surfaces generally cover less than 5% of the watershed area.

2. SUBURBAN watersheds generally contain two houses, or less, per acre, and typically have little or no drainage
improvements. Impervious surfaces generally cover approximately 15% of the watershed area.

3. MODERATELY URBAN watersheds generally contain from three to five houses per acre (detached), with
moderate to extensive drainage improvements. Impervious surfaces generally cover approximately 35% of the
watershed area.

4. HIGHLY URBANIZED watersheds generally contain six or more houses per acre, and include COMMERCIAL,
INDUSTRIAL, and MULTIPLE DWELLING uses, with extensive drainage improvements present. Impervious
surfaces generally cover approximately 60%, or greater, of the watershed area.

5. The use of different basin factors (n,,4's), other than the standard values shown within Table 4.2, for computing
the regulatory (i.e., 100-year) flood shall only be permitted if and when technical evidence is submitted to the
Office of the City Engineer, for review and approval, justifying the use of alternate n,,y,'s (e.g., within some City
“foothill” or “mountain” areas); or the City Engineer determines that use of the n,,q,'s provided in Table 4.2 are
inappropriate for the specific hydrologic conditions which exist within the watershed(s) under investigation.

* Note: Basin factors ARE NOT EQUIVALENT to- Mamming’s *"'n"-values; such -as those listed' within Table 8.1 (see
Chapter 8). Although the two parameters sometimes have similar numeric values, a basin factor is a HYDROLOGIC

parameter which represents the composite effects of flow retardance within a watershed; while a Manning’s "n
value is a HYDRAULIC parameter which represents resistance to flow created by the surface characteristics of the
wetted perimeter of a specific stormwater conveyance element over or through which the storm water is flowing.
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TABLE 4.3: RUNOFF COEFFICIENTS VS. ONE-HOUR RAINFALL DEPTHS FOR
APPLICABLE SOIL TYPES AND INTENSITY OF LAND USE IN THE

GREATER TUCSON AREA
RAIN- INTENSITY OF LAND USE’
FALL
DEPTH| APPLICABLE (<5%) (15%) (35%) (60%) (90%)

(in) SOIL TYPES Nat./Rural | Suburban |[Mod. Urban | Hgly. Urban | Comm./Ind.
P, B C b 1|{B €C bjB €C D(B C DB C D|B C D

09 |.02 .09 .16 .88|.06 .13 .20|.15 .21 .27|.32 .37 .41(.54 .56 .59].79 .80 .81
1.0 [.05 .14 .22 .89|.09 .18 .25|.18 .25 .32|.34 .40 .45|.55 .59 .62|.81 .82 .82
1.1 .09 .19 .28 90(.13 .23 .31|.21 .30 .37(.37 .44 .50|.58 .62 .65|.82 .83 .84

1.2 |.12 23 .33 91(.16 .26 .36|.24 .33 .42|.40 .47 .53|.59 .64 .68|.83 .84 .85

.16 .28 .38 .91|.20 .31 .41(.27 .37 46|.42 .50 .56|.61 .66 .70|.84 .85 .86

20 32 .42 92|.24 .35 45(.31 41 .50|.45 .53 .60|.63 .68 .72|.85 .86 .87
24 37 .46 92|.27 .40 .48(.34 .45 .53|.48 .56 .62|.65 .70 .74|.85 .87 .87
28 .40 .50 .93|.31 .43 .52(.38 .48 .56|.51 .59 .65|.67 .72 .76|.87 .88 .89
31 .44 53 93|.34 46 .55[.40 .51 .59|.53 .61 .67|.68 .73 .77|.87 .88 .89
34 47 56 94(.37 .49 .58|.43 .54 .62|.55 .63 .69(.70 .75 .79|.88 .89 .90
.37 .50 .59 94(.40 .52 .61|.46 .57 .64|.57 .65 .71|.71 .76 .80 (.88 .90 .91
40 53 .62 .94|.43 .55 .64 (.48 .59 .67|.59 .67 .73|.72 .78 .81|.89 .90 .91
43 .55 .64 94|.46 .57 .66(.51 .61 .69|.61 .69 .75|.74 .78 .82|.89 .91 .91
45 .57 .66 .95|.48 .59 .67(.53 .63 .70|.63 .70 .76|.75 .80 .83 .90 .91 .92
47 59 .68 95(.49 .61 .69|.54 .64 .72].64 .72 .77(.76 .81 .84|.90 .91 .92
.50 .61 .69 .95|.52 .63 .70(.57 .66 .73|.66 .73 .78|.77 .81 .85]|.91 .92 .92
52 .63 .71 95|.54 .65 .72(.58 .68 .75|.67 .74 .79|.78 .82 .85|.91 .92 .93
53 65 .72 95|.55 .67 .73|.59 .70 .75]|.68 .76 .80|.78 .83 .86}.91 .92 .93
55 .66 .74 96|.57 .68 .75|.61 .71 .77|.69 .77 .82|.80 .84 .87 (.92 .93 .94
57 .68 .75 .96|.59 .69 .76(.63 .72 .78 .71 .78 .82].80 .85 .88|.92 .93 .94
.58 .69 .76 .96|.60 .70 .77|.64 .73 .79|.71 .78 .83|.81 .85 .88(.92 .93 .94

DO BN = e e e e
— O Vo JdONWN AW

11 1
B W

N
O 00 O\ W

30 |.60 .70 .77 96].62 .71 .78 (.65 .74 .80|.73 .79 .84 (.82 .86 .88 (.92 .93 .94
Where: EXAMPLE
P, = One-hour rainfall depth Compuration of 100-Year Weighted Runoff Coefficient:
B = Type "B" soils (SCS classification) 100-year Rainfall Depth = 2.45 inches.
C = Type "C" soils (SCS classification) Soil Types = 35% B; 65% D.
D = Type "D" soils (SCS classification) Pervious Cover = 70%; Impervious Cover = 30%.
I = Impervious surfaces C, 100 = (0.7)(0.35)[0.50 + 0.5(0.52-0.50)] +

(0.7)(0.65)[0769 + 0.5(0.71-0.69)] +
(0.3)[0.95 + 0.5(0.95-0.95)].
Cy 100 = (0.7)(0.634) + (0.3)(0.95) = 0.729.

(‘Note: Percent in parentheses represents amount of impervious cover for a specific land use, consistent with TSMS.)
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TABLE 4.4: CONTRIBUTING AREA FACTORS
TYPE OF LAND USE
NATURAL/ MODERATELY HIGHLY COMMERCIAL/
RURAL SUBURBAN URBAN URBAN INDUSTRIAL
1.00 0.90 0.70 0.80 - 0.90

NOTE: While the Contributing Area Factors listed in Table 4.4 are consistent with TSMS hydrology, there are other
values of these factors which may be more appropriate for use with the particular application intended. Accordingly,
when applying the Flood Peak Estimator Procedure, it is the responsibility of the engineer to verify the
appropriateness of using the factors listed in Table 4.4 in conjunction with the land-use characteristics of the
contributing watershed associated with a site-specific project. Consequently, the engineer shall provide the City
Engineer with sufficient supporting data (e.g., aerial-photographic analysis and field verification), as required, to
justify use of the Contributing Area Factors which have been chosen. The TSMS, Phase II report titled: “Existing
Conditions Hydrologic Modeling” (SLA, 1995), as well as TSMS, Phase II Technical Memorandum No. 4.10[f]
(SLA, 1993), provide detailed documentation for the development and application of Contributing Area Factors for
individual land uses within the City of Tucson.

TABLE 4.5: RATIOS OF MORE FREQUENT FLOODS TO THE 100-YEAR FLOOD
RECURRENCE INTERVAL
PREDOMINANT

WATERSHED TYPE 2-YR 5-YR 10-YR 25-YR 50-YR
NATURAL/RURAL 0.10 0.23 0.37 0.58 0.77
SUBURBAN 0.13 0.28 0.41 0.61 0.79
MODERATELY URBAN 0.18 0.30 0.46 0.65 0.85
HIGHLY URBAN/
COMMERCIAL-INDUSTRIAL 0.22 0.35 0.50 0.70 0.90

NOTE: The ratios listed in Table 4.5 are indexed to 100-year flood peaks computed from the procedures found within
this chapter, and are compatible with TSMS hydrology. Consequently, if less than 100-year flood peaks are computed
by using the full Flood Peak Estimator Procedure, the engineer should note that it may no longer be appropriate to
use "100-year" basin factors from Table 4.2 of this chapter (i.e., n,,,'s may be too large for computing the more
frequent events).

4.08




AL AW =

17
18.
19.

City of Tucson
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Q,;4)

. Project Name and Location:
. Drainage Concentration Point:
. "Watershed Area (4) at Drainage Concentration Point: acres. For (Check One):
. Length of Hydraulically Longest Watercourse (L,): ft. [0 Existing Conditions
. Length from center of Watershed Area (L), along L.: ft. O Future Conditions’
Change in Length Factors - ft. Change in Elevation Factors - ft.
a. AL;: AL))*: AH,: (4AL,)*/4H,:
b. AL,: (4L,)*: 4H,: (4L,)*/ AH,:
c. 4L;: (ALy)*: AH;: (AL,)*/ AH,:
d. AL;: (4L, AH,: (4L, 4H,:
1% % %o %
3 3 3 3
AL AL
G = ﬁ + & + _3 + _4 = + + + =
AH, AH, AH, AH,
. Mean Slope (S,) = (L./G)*= V= ft./ft.
. Areally reduced 100-year, one-hour rainfall depth (P, ,q): inches.
Subarea 1 Subarea 2 Subarea 3
. Watershed Type(s) Weighted Watershed
(% of Total Area): ( ) ( ) ( ) Parameters
. Basin Factor (7,,0): Mygio0 =
. Soil Types, in %:
. Imperviousness (%): L =
. Runoff Coefficient (C,,q): Coio =
. Contrib. Area Factor (F,.): Face
. "Time of Concentration () minutes, determined from:
0.23n,  (L.L_)°3 vl
Tio el 2 + 131 When 5 < T, < 180.
(8P} 100C0100)
At T, 100-Year Rainfall Intensity (i,o) = (4P, 100)/(1 +0.057T o) = inches/hour.
100-Year Peak (Q00) = (Cy100)(f100) Fac)d = 4 X X = cfs.
For Other Return Periods: 2-Year 10-Year 25-Year 50-Year

Ratio to 100-Year Peak:

QO (cubic feet/second):

T, (minutes [Eqn. 4.5]):

"A may not exceed 6,400 acres (10 square miles) in size. T, may not exceed 180 minutes. If 7., < 5, set T,,o0 = 5 minutes.

'NOTE: Indicate whether hydrologic computations are for "Future Conditions" or "Existing Conditions" by checking the

appropriate box above.

Prepared by: Checked by: Company: Date:

FIGURE 4.1: HYDROLOGIC DATA SHEET
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4.3  Selection of Basin Factors (1n,0,'S)

The updated basin factors shown within Table 4.2 of this Manual have been revised to
more accurately represent the processes which offer resistance to the movement of a flood down
a watercourse located within the City of Tucson during a 100-year flood. In addition, when
coupled with the adjustment for Contributing Area Factor (described earlier within this chapter),
these newest revisions to the standard basin factors produce results which are in general
agreement with the City-adopted TSMS hydrology for regulatory (i.e., 100-year) floods.
Accordingly, this section was prepared as an aid to the user in the selection of appropriate basin
factors to use when computing a regulatory flood within the City of Tucson.

The basin factor is a parameter in the Flood Peak Estimator Procedure which represents
the overall resistance to flow in a watershed. It has been observed that flood peaks on "underfit"
channels and "dispersed-flow" watersheds within urban areas are typically lower than flood peaks
which occur from normal rainfall-runoff relationships on "competent"(i.e., bankfull capacity
[Qcp] = Op100) channels because overbank storage, resistance to flow, and the hydraulic geometry
associated with "underfit" channels and "dispersed-flow" watersheds lead to greater attenuation
of resultant flood peaks. Dependent upon the particular flood frequency of interest—especially
the 100-year flood-recurrence interval—using basin factors which are higher than those which
would normally be chosen according to primarily channel roughness can compensate for these
effects, and result in more realistic peak-discharge estimates.

Basically, well-defined urban channels with capacities equal to or less than a 10-year flood
are classified as "underfit." Urban areas wherein drainage is ordinarily conveyed by city streets,
and/or by overland flow with no well-defined channels, are classified as "dispersed-flow"
watersheds. Basin factors in all other areas of the City of Tucson are to be selected according to
the normal guidelines for determining basin factors, as described within Section 4.2 of this
Manual.

The actual selection of basin factors is the responsibility of the engineer. Under most
circumstances, the standard values shown within Table 4.2 of Section 4.2 of this Manual shall be
used when computing the 100-year flood, unless there is justification to the contrary. However,
in the particular case of an "underfit" channel, an initial determination that a channel should be
classified as "underfit" does not necessarily mean that the standard basin factor associated with
an "underfit" channel can automatically be used. It is the responsibility of the engineer to
demonstrate, through proper analytic calculations, that a channel may indeed be classified as
"underfit," should the question be raised by the City of Tucson Floodplain Section. A
recommended procedure is given in Section 4.3.2 of this Manual, and is entitled "Guidelines for
Determination of Dispersed-Flow Watersheds and Underfit Channels."

A weighted basin factor is normally associated with the hydraulic conditions along the
hydraulically longest watercourse within a watershed. However, it should be noted that it is
possible for a particular watershed to have more than one basin-factor classification, depending
upon the location of the concentration point under investigation. Once the hydraulically longest
watercourse has been identified and delineated, the weighted basin factor to be used for computing
a 100-year flood can be determined from the following procedure:

4.10




IV. FLOOD PEAK/HYDROGRAPH METHODS (REV. 4/98)

4.3.1 Procedure for Determination of Weighted 100-Year Basin Factors (n,, 10'S)

The appropriate, weighted 100-year basin factor can be determined for any watershed

concentration point under investigation, once the contributing watershed area and hydraulically
longest watercourse have been identified and delineated. The procedure is as follows:

1

Delineate the watershed area which is contributing runoff to the desired concentration
point under investigation.

Delineate the hydraulically longest watercourse within the watershed. The hydraulically
longest watercourse extends from the concentration point under investigation to the
hydraulically most distant point on the watershed divide.

Determine which basin-factor classification should be used for the hydraulically longest
watercourse. There may be several different basin-factor classifications applicable to the
hydraulically longest watercourse.

Assign appropriate 100-year basin factors for each distinctly different hydraulic reach of
the hydraulically longest watercourse. Field investigations and aerial photographs will aid
in making such a determination. Note that any deviation from the 100-year basin factors
within Table 4.2 of this Manual must first be justified to the satisfaction of the City
Engineer (see Section 4.3.2 for further guidance in the selection of n,,y,'s).

Assign slope breaks to the hydraulically longest watercourse, according to the procedures
presented within Section 4.2 of this Manual. When several slope breaks are assigned
within a single basin-factor reach, a slope break must always occur at each end point of
the basin-factor reach.

Determine the weighted 100-year basin factor for the watershed according to the following
formula:

N, S %
'21: (100 L) Ec
= i
Byioo = L - 4.3)
Where:
Mywioo = Weighted 100-year basin factor;
Moo = 100-year basin factor for the ith reach of the hydraulically longest watercourse;
L, = Length of channel for the ith reach of the hydraulically longest watercourse, in feet;
S, = Mean channel slope of the hydraulically longest watercourse, in feet per foot;
L = Main channel length of the hydraulically longest
watercourse, in feet;
S; = Channel slope for the ith reach of the hydraulically longest watercourse, in feet per
foot; and,

N, = Number of reaches.
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EXAMPLE: DETERMINATION OF A WEIGHTED BASIN FACTOR FOR ARCADIA
WASH AT PIMA STREET, WHEN COMPUTING A 100-YEAR FLOOD

1. The Arcadia Wash watershed, and its hydraulically longest watercourse, are shown on
Figure 4.2. The hydraulically longest watercourse is segmented by reach, according to
the type of basin factor which is predominate along that reach. Upstream of 22nd Street,
the Arcadia Wash watershed is classified as "dispersed flow," so a basin factor of 0.048
will be used. From 22nd Street to Craycroft, there exists an "underfit" channel, so a basin
factor of 0.038 will be used. The Williams Center box culvert, between Broadway and
Craycroft, is assigned a lined-channel basin factor of 0.016. This latter value is also
chosen because there will be some minor overflow of the box, and a known constriction
exists downstream. Downstream of Broadway, there again exists an "underfit" channel,
so a basin factor of 0.038 will also be used for this reach.

2. Table 4.6 gives the channel lengths between slope breaks, and the basin-factor reach
lengths, from upstream to downstream, of the Arcadia Wash.

3. The length of the hydraulically longest watercourse (L,) of the Arcadia Wash is 22,220 ft.
The mean slope (S,) of the wash is 0.0058 ft/ft. Using Equation 4.3 of this Manual, the
weighted basin factor, n,,, o, , Of the Arcadia Wash is computed to be:

_(0.048)(6140)(0.0058/0.0072)* +..... +(0.038)(2800)(0.0058/0.0057)*
Fhor 100 = 22.220 '

Which yields: n,, 00 = 0.039 (to three decimal places), for a 100-year flood.

TABLE 4.6: SLOPE BREAKS AND 100-YEAR BASIN-FACTOR REACH LENGTHS
: FOR THE ARCADIA WASH AT PIMA STREET
LENGTH BETWEEN | VERTICAL DROP | SLOPE | BASIN FACTOR 100-YEAR
SLOPE BREAKS BETWEEN SLOPE (S), REACH LENGTH, | BASIN FACTOR
(L), IN FEET BREAKS, IN FEET | (FT./FT.) IN FEET (7, 100)
(Upstream) 6140 44 0.0072
850 4 0.0047 gl L
1380 6 0.0043
2950 16 0.0054 - 430 0038
1400 8 0.0057 1400 0.016
3940 19 0.0048
2760 19 0.0069 9500 0.038
(Downstream) 2800 16 0.0057
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Figure 4.2 Goes Here
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4.3.2 Guidelines for Determination of Dispersed-Flow Watersheds and Underfit Channels
When Computing a 100-Year Flood

Dispersed-Flow Watershed: A "Dispersed-Flow Watershed" is a watershed in which
basically all flow is of a broad and shallow character, and is either overland in nature and/or is
carried within streets. No constructed "drainageways" exist, except for the streets themselves.
Storm drains, if present, are of low capacity (i.e., less than a 5-year discharge) in relation to the
100-year peak discharge generated by the watershed. For moderately to highly urbanized
conditions, and in the absence of either detailed information to the contrary or any unusual
hydraulic circumstances, a basin factor of 0.048 should be used for a dispersed-flow watershed
when computing a 100-year flood.

However, it should also be noted that when choosing a basin factor for a dispersed-flow
watershed with moderately to highly urbanized conditions, the engineer should take into account
the capacity of the streets to convey floodwaters, as well as the overall drainage patterns within
the watershed. In some cases, when a moderately to highly urbanized dispersed-flow watershed
contains streets, particularly the street designated as the hydraulically longest watercourse, which
have inverted crowns to convey floodwaters, it may be appropriate to treat such streets more like
"underfit" channels—or in a few instances even more like "competent” channels—and assign a
basin factor for the watershed which is lower than the value of 0.048. Conversely, for such a
dispersed-flow watershed wherein the streets have little or no flow-conveyance capacity a basin
factor which is higher than 0.048 may need to be assigned. The streets in this latter type of
watershed may have no curbs, or the drainage pattern may be contrary to the alignment of the
streets. The 1" = 200" aerial topographic mapping—available from the City Engineering
Division, Floodplain Section—which covers most of the incorporated City limits, can be used as
one source/guide for helping determine basin factors for moderately to highly urbanized
dispersed-flow watersheds.

The majority of the Tucson inner-city watersheds contain crowned streets with curbs, into
which stormwater runoff flows directly from adjacent residential lots. Consequently, in most
instances, basin factors for these areas will be 0.048. A basin factor of 0.048 should also be used
for paved industrial or commercial areas and P.A.A.L.'s, when and where applicable.

Underfit Channel: An "Underfit" channel is defined as a constructed channel which has a
bankfull capacity (Q,,) equal to or less than 50% of its computed 100-year peak discharge.
Watersheds should be classified as "underfit," if underfit channels predominate.

The determination as to whether to classify a channel as an underfit channel requires that the
channel capacity and 100-year peak-flow rate first be estimated. The following procedure should
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be used to determine if a channel is "underfit"; and is especially useful when working with 200-
scale, aerial-topo maps, as will normally be the case:

Step 1:

Step 2:

Step 3:

From a 200-scale, aerial-topo map, or any other appropriate topographic map,
determine the average depth and bottom width for the channel within the reach in
question.

Determine the bankfull capacity of the channel either from Manning's formula for
uniform flow or from another appropriate formula, such as:

Qupy = [5.675]Y"° 4.4)
Where:
O = Bankfull capacity of the channel, in cubic feet per second;
b = Channel bottom width, in feet; and
Y = Channel depth, in feet.

NOTE: This formula assumes that, under bankfull conditions, the discharge
within the channel is flowing at critical depth.

Using "normal" 100-year basin factors for a channel (i.e., those basin factors not
designated for "underfit" channels which are chosen from the basin factors
provided in Table 4.2 of this Manual), first compute the 100-year discharge.

If the bankfull capacity of the channel, for example as determined by the use of
Equation 4.4 above, is less than or equal to 50% of the 100-year discharge
computed in the above manner, then the channel is classified as an "underfit"
channel; and the 100-year basin factor for "underfit" channels may be used when
computing a new 100-year discharge.

However, if the bankfull capacity of the channel is more than 50%, but less than
100%, of the 100-year discharge computed in the above manner, then a new
discharge should be computed using a "composite” 100-year basin factor which
incorporates both the "underfit" basin factor and the "normal" basin factor that
would otherwise be chosen for the channel (Note: When Q,; > 0.50Q,,y , a
"normal" basin factor would typically have a value nearer the estimated "n-value"
of either a "competent" channel or an "improved" channel). This "composite”
basin factor (n,,,) is simply the product of the "normal" basin factor (n,,,,,) and
the percent of peak discharge computed to be inside of the channel (Q,.) added to
the product of the "underfit" basin factor (n,,,,) and the percent of peak discharge
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computed to be outside of the channel (Q,,), all divided by the numerical value of
100 (i.€., Mycip0 = [Mon100@pe + Mou100Cpol/100).

Finally, if the bankfull capacity of the channel is equal to or greater than 100 % of
the computed 100-year discharge, then the 100-year basin factors originally chosen
are the appropriate ones to be used.

The preceding evaluation procedure for the selection of 100-year basin factors should

always be employed before classifying any channel within the City of Tucson as "underfit."

4.4

Calculating Times of Concentration for Frequent Floods

This procedure should only be applied to "small watersheds," which are defined as

watersheds whose times of concentration for a 2-year flood are less than 180 minutes.

Step 1:

g
=
(9]
pa

4.5

Compute the time of concentration (7,4, and the peak discharge (Q,,q,) for the
100-year flood using the City of Tucson Flood Peak Estimator Procedure.

Compute Q,, (see Equation 4.5) for floods with recurrence intervals of less than
100 years by multiplying Q,,4 by the appropriate factors provided in Table 4.5.

Compute the times of concentration for floods with recurrence intervals of less
than 100 years by utilizing the following relationship:

0 0.4
T = ( ﬂ] T.00 4.5)
pn
Where:
4o = Time of concentration for the n-year flood (7, > T.,), in minutes;
T i = Time of concentration for the 100-year flood, in minutes;
O = Peak discharge for the n-year flood (determined as described under Step
Two of this procedure), in cubic feet per second (cfs); and,

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

Development of a Flood Hydrograph

When using the Flood Peak Estimator Procedure provided within this chapter, a

corresponding flood hydrograph for the watershed under investigation shall be based upon the
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curvilinear, dimensionless hydrograph shown in tabular form within Table 4.7. The symbols used
in Table 4.7 are defined below.

t = Cumulative time from beginning of runoff, in minutes;

T. = Rise time of the hydrograph, in minutes (Use values obtained from
Table 4.8, when T is less than or equal to 60 minutes);

or
0.7869P, T,
L= 4.6)
PTC
when 7, is greater than 60 minutes; and where P, is greater than or
equal to Py, .
Where:

T. = Time of concentration of the watershed, in minutes, and represents the theoretical
time required for runoff to travel from the hydraulically most remote point in the
watershed to the point under investigation;

P, = The n-hour precipitation depth, in inches;, and

‘ P,. = Precipitation depth at 7., in inches.

NOTE: "n-hour" refers to the 2-, 3-, 6-, 12-, or 24-hour precipitation depths, where "n i
should normally be the smallest of these values which is greater than 7,. In
addition, P, is calculated by linear interpolation between the calculated
precipitation depths which bracket 7, (e.g., if 7, = 2.5 hours, then P, is halfway
between the 2-hour and 3-hour precipitation depths).

QO = Instantaneous discharge at time 7/7,, in cubic feet per second;

O, = Peak discharge, in cubic feet per second,

v = Accumulated runoff volume under the hydrograph at time t, in acre-feet;
V= Total runoff volume under the hydrograph, in acre-feet.

The rainfall intensity, i , in inches per hour, at time 7, > 60 minutes, may be determined
from the following relationship: ‘

P
I= 60-=X . @.7
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TABLE 4.7: CURVILINEAR, DIMENSIONLESS FLOOD HYDROGRAPH
uT, 0/0, VIV oT. 0/0, WV
0.0 0.000 0.000 1.6 0.545 0.671
0.1 0.025 0.002 1.7 0.482 0.707
0.2 0.087 0.007 1.8 0.424 0.742
0.3 0.160 0.020 1.9 0.372 0.773
0.4 0.243 0.036 2.0 0.323 0.799
0.5 0.346 0.063 22 0.241 0.841

. 0.6 0.451 0.096 2.4 0.179 0.875
0.7 0.576 0.136 2.6 0.136 0.900
0.8 0.738 0.180 2.8 0.102 0.917
0.9 0.887 0.253 3.0 0.078 0.932
1.0 1.000 0.325 3.4 0.049 0.953
11 0.924 0.400 3.8 0.030 0.965
1.2 0.839 0.464 42 0.020 0.973
1.3 0.756 0.523 4.6 0.012 0.979
1.4 0.678 0.578 5.0 0.008 0.983
1.5 0.604 0.627 7.0 0.000 1.000
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:
TABLE 4.8: FLOOD HYDROGRAPH RISE TIMES FOR T, < 60 MINUTES
(T. AND T, ARE IN MINUTES)

T. T. T, T.
5 13.6 33 31.9
6 14.2 34 32.3
7 15.0 35 33.0
8 15.8 36 33.5
9 16.6 37 34.2
10 17.5 38 34.7
11 18.1 39 35.2
12 18.7 40 36.0
13 19.4 41 36.6
14 19.9 42 372
15 20.7 43 37.8
' 16 21.3 44 38.4
17 21.9 45 38.7
18 22.5 46 39.3
19 23.1 47 40.0
20 23.7 48 40.4
21 24.5 49 41.1
2 25.0 50 41.8
23 25.7 51 42.2
24 26.2 52 42.9
25 27.0 53 43.3
26 27.6 54 43.7
27 28.1 55 44.5
28 28.8 56 45.0
29 29.3 57 45.4
30 29.9 58 46.3
3] 30.7 59 46.7
32 31.3 60 47.2
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CHAPTER V: FLOODPLAIN DELINEATION

5.1 Purpose

This chapter describes policies for delineating floodplain limits and water-surface
elevations shown on Development Plans and Tentative/Final Subdivision Plats, as well
as policies for approving developments located within the boundaries of regulatory 100-
year flood plains, as designated by the Federal Emergency Management Agency (FEMA)
and others. In addition, this chapter presents general analytical procedures for
determining floodplain widths and water-surface elevations for flow systems found
- within urban settings.

5.2 Policies

All Tentative/Final Subdivision Plats submitted to the City for approval shall
contain the following drainage-related information, as shall certain Site Plans and
Development Plans which involve new construction or substantial additions to existing
construction, if requested by the City Engineer:

1. For each significant watercourse entering or leaving the development, the
contributing drainage area and the 100-year peak discharge must be shown.
For the purpose of this policy, a significant watercourse is defined as any
watercourse with a contributing drainage area equal to or greater than one
standard acre (i.e., 43,560 square feet) in size.

2. For each watercourse where the 100-year peak discharge exceeds 100 cubic
feet per second (cfs) and the flow is not entirely contained within a street
section or constructed drainageway, the limits of the 100-year flood-prone
area must be shown, along with the 100-year water-surface elevations, at
sufficient intervals to define the drainage pattern on, across, and adjacent
to the site. These floodplain limits are to be identified and labeled as either
(1) "to be left natural" or (2) "to be channelized". They should also be
labeled, if applicable, as being a private easement, with owner maintenance;
or as being dedicated to either the City of Tucson or a Homeowner’s
Association as a flowage easement, drainage easement, or as fee-simple
right-of -way.

3, 100-year floodplain limits which are entirely contained within a street
section or constructed drainageway shall be labeled as such on the plan/plat,
or a general note shall be included on the plan/plat which states same.

4. For both internal drainage carried in streets and small watercourses
conveying 100-year flows less than 100 cfs, flow arrows, as well as
contributing drainage areas, must be shown.

5. The grading and site plan for any development adjacent to or within the
regulatory flood plain, including those that will and will not modify the
regulatory flood plain as part of the development, shall show the floodplain
limits, along with 100-year water-surface elevations, at sufficient intervals to
define the drainage patterns on, across, and adjacent to the site. Floodway
limits are also to be shown, when deemed necessary by the City Engineer.
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6. For those developments that will be located within the regulatory flood
plain, as designated by FEMA and others, a note shall be added stating that
the owner/developer agrees to (1) have an Arizona Registered Professional
Land Surveyor certify the finished-floor elevations of all new structures
located within the flood plain; and (2) obtain a Floodplain Use Permit from
the City Engineer.

5.3 Analytical Procedures for Evaluating Floodplain Widths and
Depths in Channels with Uniform Hydraulic Roughness

In the following sections, general analytical procedures are presented for
evaluating floodplain hydraulics, with an emphasis on determining floodplain widths and
flow depths in either natural washes or constructed channels having uniform hydraulic
roughness. ;

5.3.1 Normal Flow Depth

If the depth and direction of the design flow in an open channel are nearly
constant with regard to both time and the channel reach (i.e., steady, uniform-flow
conditions), the flow regime is said to be "normal." ~Under such conditions, the
hydraulic characteristics of a channel can be evaluated by using the well-known
Manning’s equation, which is described in such hydraulics texts as Open-Channel
Hydraulics, by V. T. Chow (1959), and the Handbook of Hydraulics, by E. F. Brater and
H. W. King (sixth edition, 1982).

When delineating natural flood plains using the Manning’s equation, it is important
to ensure that the energy grade line slopes continuously in the downhill direction. The
energy grade line is defined as a line connecting points of known total head or total
specific energy, H, as computed by:

H = Y + V)2 (5.1)
Where:

H = Total specific energy, in feet;

Y = Depth of flow, in feet;

vV = Average flow velocity, in feet per s;cond; and,

g = Gravitational constant = 32.2 ft/sec”.

In those cases where the slope of the energy grade line does not nearly equal the
channel-bed slope, the assumption of uniform flow is not strictly valid. In such
instances, backwater calculations must be made, instead of the much simpler analysis
based upon the Manning’s equation.
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5.3.2 Backwater Flow Depth

The previous section contained a brief discussion on computing normal depth,
which assumes that changes in discharge, bed slope, and cross-sectional area and form
occur relatively gradually.

However, in the event of sudden éhanges, there will be additional turbulent
energy losses which are not accounted for in the Manning’s equation. This may be

‘particularly true in cases of sudden contractions or expansions of the channel cross

section.

In those instances where an upstream or downstream hydraulic control exists,
thereby necessitating a more detailed analysis than that provided by the Manning’s
equation, the Standard Step Method should be wused for evaluating water-surface
profiles.

The procedure for making Standard Step calculations is given in several easily
obtainable text books or references; one of which is Open-Channel Hydraulics, by Chow
(1959). Should computer facilities be available, it is recommended that Standard Step
calculations be performed by using the readily available and well-documented computer
program HEC-2, written and distributed by the U.S. Army Corps of Engineers (1982).

One of the advantages of the Standard Step Method is that if the computation is
started at an assumed elevation that is incorrect for the given discharge, the resulting
flow profile will become more nearly correct with each succeeding cross section
evaluated within a reach. Therefore, if no accurate elevation is known within or near
the reach wunder consideration, an arbitrary elevation may be assumed at a cross
section far enough away from the "starting" cross section to correct for any initial
error.

The step computations should be carried upstream if the flow is subcritical, and
downstream if the flow 1is supercritical. Otherwise, step computations carried in the
wrong direction tend to make the results diverge from the correct flow profile.

5.4 Analvtical Procedures for Evaluating Floodplain Widths and
Depths in Channels with Composite Hydraulic Roughness

In the following sections, general analytical procedures are presented for
evaluating floodplain hydraulics, with an emphasis on determining floodplain widths and
flow depths in either natural washes or constructed channels having non-uniform or
composite hydraulic roughness.

5.4.1 Composite Channels

The cross section of a watercourse or a street right-of-way may be composed of
several distinct sub-sections, with each sub-section having different hydraulic
characteristics, such as hydraulic roughness and average flow depth. For example, an
alluvial channel may have a primary, sand-bed channel which is bounded on both sides
by densely-vegetated, overbank flood plains; or a flooded street section may be
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bounded on both sides by landscaped front yards having shallower flood depths and
slower flow velocities.

In cases of composite channels, such as the preceding two examples, the discharge
is computed for each sub-section which has distinct and different hydraulic
characteristics, and the total computed discharge is set equal to the sum of the
individual discharges. Similarly, the mean velocity for the entire flow cross section is
assumed to be equal to the total discharge divided by the total water area. The easily
obtainable text entitled Open-Channel Hydraulics, by V. T. Chow (1959), provides an
example of computing uniform flow in channels which have composite roughness.

5.4.2 Manning Roughness Coefficients

Manning Roughness Coefficients, for wuse in water-surface-profile calculations,
should be carefully estimated by experienced engineers. The estimates should include
consideration that roughness may vary with flood stage, depending on such factors as
the width-depth ratio of the wash; presence of vegetation in the main channel and the
overbank areas; the types of materials making up the channel bed; and the degree of
meandering. Additional information concerning Manning roughness coefficients may be
found in Chapter 8 of this Manual.

In the wurban setting, it is not unusual for buildings and other structures to
occupy a significant portion of any given hydraulic cross section. Under these
circumstances, it is often difficult to estimate both the effective width of the cross-
section and the Manning Roughness Coefficients for the overbank areas. When faced
with such a situation, the engineer has two options for computing water-surface
profiles:

1. Eliminate the portion of the cross section occupied by the buildings; or,

2. Use the total area of the cross section, and estimate a average value for the
Manning Roughness Coefficient, which includes the effects of the buildings
and other obstructions.

The first option is often selected whenever detailed aerial photographic and/or
topographic information concerning the study area is available.

The 100-year water-surface elevation computed using these two alternative
analytical approaches will be nearly equivalent; however, the computed flow velocity
obtained from the first option, in which the ineffective flow areas have been removed
from the hydraulic cross section, will always be greater than the velocity computed
using the second approach. Whenever an accurate estimate of flow velocity is
required, such as in determining all-weather access or in evaluating sediment-transport
rates, the first option should be utilized. In those cases where only an estimate of the
computed water-surface elevation is needed, the second option may be selected.

Should the second option be selected, the adjusted urban roughness coefficient,
ny, to be used with the total cross-sectional area, can be computed from (Hejl, 1977):
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3 W W L, 1
n, = n,— +|1 - - = (5.2)
2 | =w, W, Ly 2
Where also, as seen in Figure 5.1: :
n, = Roughness coefficient for the area between the buildings in the

flood plain (e.g., streets, yards, etc.);

Total width of the flood plain, including buildings, in feet;

Individual widths between buildings, measured perpendicular to

the direction of flow, in feet; and,

IL,/Ly = Ratio of the summation of the distances between rows of
buildings, L,, to the total length of the reach, Lp, along a
profile parallel to the direction of flow, in feet/foot.

5
|

5.5 City of Tucson Requirements for Evaluating Flood Plains and
Floodways Subject to Agency Review

5.5:1 Floodplain Delineations

Flood plains shall be shown on all Tentative/Final Subdivision Plats, and on
certain Development Plans and Site Plans, for all computed offsite and onsite 100-year
flows equal to or greater than 100 cfs. However, all flows, even those less than 100
cfs, are to be considered during the design of any development.

When delineating natural flood plains, the 100-year flood peaks shall be computed
based upon existing watershed conditions, and based upon the assumption that the
effects of future watershed wurbanization will be mitigated by the concurrent
construction of local, small-scale detention/retention  basins. Furthermore, the
estimation of existing and future 100-year flood peaks should be based wupon
information available from land-use area plans and existing drainage studies affecting
the drainage areas under investigation.

All Subdivision Plats and certain Development Plans and Site Plans shall contain
the floodplain-delineation information specified in Tucson Development Standards
2.03.2.2D and 2-03.2.3K.

The method of floodplain delineation can vary, depending upon the precision of
existing topographic and hydrologic data, as well as upon the desired level of precision
needed in the analytical results.

Typically, the majority of the flood plains that are delineated on Tentative/Final
Subdivision Plats, Development Plans, and Site Plans can be based upon "normal-flow" |
computations (i.e., the Manning’s equation). However, when normal depth is below |
critical depth (i.e., supercritical flow), the floodplain delineation shall be based upon
water-surface elevations equivalent to critical depth. In those areas where greater
detail is needed, for example where hydraulic structures or topographic features effect
. the floodplain width and depth, the Standard Step Method should be employed.
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Boundary geometry for floodplain studies is specified in terms of ground-surface
profiles or cross sections, along with the measured distances between cross sections.
Cross sections are to be located at sufficient intervals to allow for adequate modeling
of the flow characteristics of the channel and flood plain. They should extend all the
way across the flood plain, and be perpendicular to flow lines (i.e., approximately
perpendicular to ground contour lines). In addition, the cross section location and
skew relative to the channel center line shall be adjusted, as appropriate, so that both
the quantity and distribution of flows in the left and right overbank areas are

.consistent between adjoining cross sections.

Traditionally, cross sections are always oriented looking downstream, with the
lowest station numbers located to the far left.

5.5.2 Floodway Delineations

The floodway is normally defined as the main channel of a watercourse and those
adjacent land areas which must be kept essentially free of development in order to
allow for the conveyance of the 100-year flood. The floodway is analytically
determined by incrementally reducing the original floodplain width such that it does
not result in a cumulative increase in the computed water-surface elevation which
exceeds one foot in height (See Arizona Revised Statutes §48-3601 and §48-3609).

More specifically, the term floodway, in the context of this document, means a
delineated area, including sheet-flow areas, as determined by an hydraulic analysis
approved by the City Engineer, where the hypothetical encroachment into the flood
plain will allow passage of the regulatory flood without increasing the flood height by
more than one foot. Additional hydraulic criteria that shall be applied to determine
the boundaries of the floodway are:

1. Removal of equal flow conveyance from each side of the flood plain shall be
assumed; and,

2. The exact boundary of the floodway shall be selected so that its alignment
will ultimately be streamlined in relation to upstream and downstream
developments.

Typically, the floodway shall be determined assuming equal loss of conveyance on
opposite sides of the adjoining flood plain of the channel. If equal loss of conveyance
is not technically appropriate, as in the case of existing bank protection on only one
side of the channel under investigation, the Engineer shall select and justify the most
appropriate method for evaluating the hypothetical encroachment.

In addition, encroachment, in the context of this document, 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
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
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hydraulic efficiency are usually not uniform within a reach, this will usually not result
in equal distances between floodway limit lines and the sides of the watercourse. A
schematic diagram depicting a floodway and the areas of equal encroachment can be
found in either the Flood Insurance Study for the City of Tucson (Federal Emergency
Management Agency, 1988) or the Flood Insurance Study for Pima County (Federal
Emergency Management Agency, 1982).

Where flow is in the supercritical regime, or where velocity conditions are such
that normal encroachment analyses are either not possible or are inappropriate, the
allowable one-foot rise shall be applied to the energy grade line instead of the water-
surface elevation.

5.6 Administrative Procedures for Revising Effective Flood Insurance Rate Maps

5.6.1 Federal Flood Insurance Rate Maps

In 1968, the U.S. Congress established the National Flood Insurance Program
(NFIP), which enables property owners within participating communities to purchase
flood insurance at reasonable rates. The flood-hazard areas identified as Special Flood
Hazard Areas have been delineated on Flood Insurance Rate Maps (FIRMs) which are
now available for Tucson, Arizona, and the surrounding unincorporated areas of Pima
County. These maps depict 100-year-flood boundaries, flood-insurance rate zones, and
regulatory flood elevations--most of which are the result of detailed engineering
analyses performed as part of a Flood Insurance Study (FIS).

FIRMs for the City of Tucson are available for many of the significant
watercourses, based upon FISs published in both 1982 and 1988. For those areas with
flood limits shown, the flood-hazard zone was either determined by approximate
methods, where no flood elevations are given, or by detailed hydraulic analyses, where
base (100-year) flood elevations are shown, based upon the best available hydrologic
and topographic information available at the time of the investigation.

FIRMs are used for establishing flood-insurance rates for affected buildings, and
for floodplain management by the City of Tucson and Pima County.

All new development within federally-recognized flood plains must be approved by
the City Engineer, or his official designee. During the site-plan review process, the
staff from the City Floodplain Section may require a more-detailed hydrology/hydraulics
study than that presented in the FIS. For smaller developments, the staff from the
City Floodplain Section may use the FIRMs to establish a minimum acceptable finished-
floor elevation, or other site grade elevations.

5.6.2 Map Amendments and Revisions

Occasionally, because of limitations of the scale at which a NFIP map was
prepared, the floodplain boundaries are not delineated in sufficient detail to reflect
individual structures that are elevated on relatively high ground, or to show small
parcels of land that have been filled. Similarly, floodplain information is subject to
change, as for example after the construction of drainage improvements. Because
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FIRMs are subject to change as better information becomes available, FEMA has
developed a map modification process designed to keep maps updated with current
information.

Information depicted on effective NFIP maps may be changed by a physical
revision of the map, by a Letter of Map Revision (LOMR), or by a Letter of Map
Amendment (LOMA). New maps may be printed; or, if the revisions are relatively small
in areal extent, a LOMR/LOMA may be written that describes the modifications.
Changes to effective FIRMs resulting from the exclusion of individual structures and
undeveloped parcels are described in a LOMA; whereas, communities having new data
which show the old studies to be in error may request a LOMR.

The general requirements for technical and scientific data needed to substantiate
a LOMR or LOMA are similar. However, there are procedural differences that
determine the amount of data required, and when the data are to be submitted. A
detailed description of the FIRM modification process is included in the FEMA (1985)
publication entitled "Appeals, Revisions, and Amendments to Flood Insurance Maps: A
Guide For Community Officials".

A 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 or her property has been inadvertently included in designated A, AO0, Al-
A99, V0, and VI1-V30 Zones as a result of the transposition of the curvilinear water-
surface contour intervals of the base (100-year) flood to either street or other readily
identifiable features shown on FIRMs. The necessity for a LOMA procedure for making
map corrections is due in part to the technical difficulty of accurately delineating the
curvilinear water-surface contour intervals of the base (100-year) flood on a FIRM.
Where there has been a final determination of a base flood elevation, any alteration of
the topography shall not be acceptable as a basis for initiating a LOMA procedure.
The Federal requirement for flood insurance does not apply to unimproved land,
because flood insurance is available only for structures and their contents.

A LOMR is a document from FEMA which describes changes to the regulatory
flood plain shown on effective FIRMs. The LOMR gives a detailed description of the
Base Flood Elevation (BFE) and changes that will be made to the Special Flood Hazard
Area (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., channelization or encroachments)
constitute physical changes which may also warrant a map revision. The map-revision
process cannot be initiated without the City of Tucson’s endorsement, since it is
generally the community that adopts the effective FIS. Therefore, any individuals
requesting a change to the FIS must do so through the Office of the City Engineer.
The City of Tucson, in turn, may support the request and forward the information to
FEMA for evaluation and approval.
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If construction is proposed on land within a SFHA, a Conditional LOMA or a
Conditional LOMR can be issued provided that the proposed structural information
meets the established criteria for a standard LOMA or LOMR. After construction is
completed, certified as-built information must be submitted to FEMA for the purpose of
obtaining a LOMA or LOMR. The information required for a Conditional LOMA or a
Conditional LOMR is basically the same information that is required for either a LOMA
or LOMR. Property owners and developers should note that a Conditional LOMA or a
Conditional LOMR merely provides a comment on the proposed plan, and does not
amend the map or waive the requirement to purchase flood insurance.




CHAPTER VI: EROSION AND SEDIMENTATION

6.1 Introduction

The hydrology and hydraulics of floodwaters are not the only concern of
floodplain-management administrators and/or drainage design engineers who work in
arid or semi-arid environments which contain alluvial rivers such as those that exist
both within and around the City of Tucson, Arizona. The transport of sediment by
floodwaters is also a major concern because of the potential for rapid bank erosion and
changes in channel bed elevations. Bank erosion can often be so severe that it causes
much more damage than inundation by floodwaters. Aggradation or degradation of the
channel bed can rapidly change flood limits, or cause bank protection and other
channel improvements to fail over a very short period of time.

The study of fluvial geomorphology and the analysis of sediment transport are
usually undertaken in an attempt to quantify the broad effects of erosion and
sedimentation and the impacts of sediment-transport capacity upon channel morphology.
Sediment-transport analysis is a relatively specialized field of study. Predictions based
upon its application are often expensive to produce, and can be highly variable in
nature. Therefore, as an aid to the user, this chapter of the Manual presents some
design and predictive guidelines that can be used within the City of Tucson in the
absence of a more detailed sediment-transport analysis.

6.2 Purpose

The purpose of this chapter is to provide guidelines for the estimation of erosion,
sedimentation, and channel bed scour when designing drainage channels and hydraulic
structures which are to be located within the City of Tucson. These design guidelines
and procedures are to be used when normal design situations are encountered.
Deviations from these guidelines may occur, provided that the user has experience in
sediment-transport technology; and provided that the deviation is technically justified,
through detailed sediment-transport analysis, to the satisfaction of the City Engineer.

6.3 Fluvial Geomorphology

The study of fluvial geomorphology normally involves analyses which encompass
entire drainage systems. This is so because the response of an individual channel to
change within a watershed can often have an effect upon the entire drainage system.
Conversely, the fluvial system, as a whole, will ultimately dictate the response of an
individual channel to overall change within a watershed. Rarely is it possible to
understand the fluvial processes which occur within even a short reach of an alluvial
channel in isolation from its upstream and downstream system controls.

The fluvial system is generally divided into three zones (Schumm, 1977). Zone |1
is characterized as the drainage basin, watershed, or source area for sediment. This is
the area from which water and sediment are derived. Storage of sediment is not
significant in this zone. Zone 2 is characterized as the transport zone; where, for a
stable channel, sediment input can equal sediment output. For those reaches where the
sediment-transport capacity exceeds the upstream supply, it can be assumed that the
sediment deficit will be made up out of the channel bed or banks. Channel bed
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degradation or erosion of channel banks will be the result. Zone 3 is characterized as
the sediment sink or area of deposition.

Obviously, the division between these three zones is indiscrete. Each zone has
characteristics of the other two, which are subordinate to the primary characteristic of
the zone. Zone 2 is of major concern to the hydraulic and river-control engineer, and
to geomorphologists concerned primarily with river-channel morphology. It is this zone
with which this chapter deals.

6.3.1 Channel Morphology

Sediment and water moving through alluvial channels are the independent
variables that determine the size, shape, and pattern of the channel. Numerous
empirical relations have been developed that relate channel morphology to water and
sediment discharge.

6.3.1.1 Hydraulic Geometry of Alluvial Channels

As a general rule, the greater the quantity of water that moves through a
channel, the larger is the cross-sectional area of that channel. Preceded by numerous
studies of canal morphology and stability, Leliavsky (1955) and Leopold and Maddock
(1953) demonstrated that, for most rivers, the water surface width, 7, and depth, Y,
increase with mean-annual discharge, Q,, in a downstream direction such that:

T = k,Qp (6.1)
and,

Y = k,Q; (6.2)

Both the coefficients and exponents of Equations 6.1 and 6.2 (i.e., the "k;," "k,,"
"b," and "c" values) are different for each river and, when data from a number of
rivers are plotted against discharge, the scatter covers an entire log cycle. For a
given discharge, there is an order of magnitude range of width and depth. Therefore,
other variables apparently influence the hydraulic geometry of channels as well.

6.3.1.2 Influence of Sediment Load

A primary variable which significantly controls river morphology is sediment load.
Bed-material load is defined as that part of the stream’s sediment load that consists of
sediment sizes comprising a significant part of the streambed. The other component of
total sediment load is wash load, which is part of the total load not significantly
represented in the bed. In and around the Tucson area, wash load is generally
composed of sediments smaller than sand (i.e., smaller than about 0.06 mm to 0.07 mm).
Wash load is held in suspension by the turbulence of the flowing water, and therefore
is transported at the same velocity as the water. Bed-material load is composed of
sands and larger sediments, and therefore is generally transported at an average
velocity less than the velocity of flowing water.
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From an analysis of data from regime canals, Lacey (1930) concluded that the
wetted perimeter of a channel is directly dependent upon discharge; but that channel
shape reflects sediment size. It is also generally recognized that coarse sediment
produces channels with high width/depth ratios, while fine sediment produces channels
with narrow and deep cross sections.

In addition to the size of the transported sediment, relative amounts of bed-
material load and wash load significantly influence the morphology of sand-bed streams.

-Large bed-material loads are associated with wide channels, and large wash loads are

associated with narrow widths.

The type of sediment load is considered to be a more important control on stable
channel shape than the total quantity of sediment transported through a channel. For
example, in one channel a certain quantity of bed-material load may exert the dominant
control if it is the total load, whereas in another channel the same amount of bed-
material load may exert much less influence on channel shape because it is only a
small part of the total sediment load (i.e., wash load and bed-material load).
Therefore, when load and discharge are constant, an increase in the quantity of bed-
material load will cause an increase in channel width, and a corresponding increase in
the width/depth ratio. This phenomenon is probably related to the high gradient and
velocity of flow generally associated with large bed-material loads.

In summary, for alluvial channels which occur in the Tucson area, the type and
amount of sediment load exerts a major control on their shape. Therefore, for a single
channel under the ideal assumption of a constant discharge and a fixed amount of wash
load, a change in bed-material load would be reflected by a change in both the shape
and gradient of the channel.

6.4 Sediment-Transport Theory

Sediment particles are transported by flowing water in one or more of the
following ways: (1) surface creep, (2) saltation, and (3) suspension. Surface creep is
the rolling or sliding of particles along the bed. Saltation (jumping) is the cycle of
motion above the bed, with resting periods on the bed. Suspension involves the
sediment particle being supported by the water during its entire motion. Sediments
transported by surface creep, sliding, rolling, and saltation are referred to as bed load,
and those transported by suspension are called suspended load. The suspended load
consists of sands, silts, and clays. Total sediment load is defined as the sum of the
bed load and suspended load. Generally, the amount of bed load transported by a large
river is on the order of five to twenty-five percent of the suspended load. Although
the amount of bed load may be relatively small compared with total sediment load, it is
important because it shapes the bed, influences channel stability, determines the form
of bed roughness, and affects various other hydraulic factors as well.

As presented earlier, the total sediment load in a channel can be more simply
defined as the sum of bed-material load and wash load; where the bed-material load is
the sum of bed load and suspended bed-material load, representing that part of the
total sediment discharge which is composed of grain sizes found in the bed; and the
wash load is that part of the sediment discharge which is composed of particle sizes
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finer than those found in appreciable quantities in the bed (Simons and Senturk, 1977).
The presence of wash load can increase bank stability, reduce seepage, and increase
bed-material transport. Wash load can be easily transported in large quantities by the
stream, but is usually limited by availability from the watershed. The bed-material load
is more difficult for the stream to move, and is normally limited in quantity by the
transport capacity of the channel. Figure 6.1 summarizes the various definitions of the
components of sediment load, and their contribution to total sediment load.

There is no clear size distinction between wash load and bed-material load. As a
rule of thumb for the Tucson area, it should be assumed that the size of bed-material
particles is equal to or larger than 0.0625 mm, which is the division point between
sand and silt. The sediment load consisting of grains smaller than this size is then
considered as wash load. It is generally assumed that most of the wash load is
transported through the system by stream flow, and that little wash load is deposited
on or in the stream bed. Wash load deposited with coarse material is usually only a
very small fraction of the total bed material within the channel.

The amount of material transported, eroded, or deposited in an alluvial channel is
a function of both the sediment supply and the sediment-transport capacity of the
channel. Sediment supply includes the quality and quantity of sediment brought to a
given reach. Sediment-transport capacity is a function of the size of bed material,
flow rate, and geometric and hydraulic properties of the channel. Generally, the single
most important factor determining sediment-transport capacity is flow velocity.
Additionally, since sediment-transport capacity is generally proportional to the third to
fifth power of the velocity, small changes in velocity can cause large changes in
sediment-transport capacity (Simons, Li & Associates, 1982, 1985). Either the sediment
supply or sediment-transport capacity may limit the actual sediment-transport rate in a
given reach.

6.5 Sediment Routing

Supported by qualitative and quantitative analysis, a detailed evaluation of the
fluvial-system response can be made based upon mathematical-modeling concepts. A
mathematical model is simply a quantitative expression of the physical processes. The
mathematical processes governing watershed and river responses are complicated.
Computer programs can provide a means of assessing the many parameters of these
complex processes within a fluvial system. There are several computer models available
which are applicable to this region. For information on where to obtain these models,
the user should contact the City Engineer.

6.5.1 Simplified Sediment Modeling

After evaluating the hydraulic conditions of the river by water-routing programs
such as the U.S. Army Corps of Engineers HEC-2 program, the sediment-transporting
capacity can be established. Sediment-transport equations are used to determine the
sediment-transport capacity for a specific set of flow conditions. Different transport
capacities can be expected for different sediment sizes. For each sediment size, the
transport rate includes the transport rate of the bed load and the transport rate of the
suspended bed-material load.
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One modeling method uses hydraulic conditions from a rigid-boundary model such
as HEC-2, or an equivalent program, and computes sediment transport based upon the
Meyer-Peter, Muller bed-load equation and the Einstein suspended-load procedure for
each sediment size found in the bed. The data required are the same as for HEC-2
(channel geometry, resistance, bridge constriction, etc.). Also needed are the size
distribution of the bed-material and the upstream sediment supply. Using the
generated hydraulic conditions, the transport capacity for each sediment size at each
cross section is then determined.

Actual transport rates depend upon transport capacities as well as supply rates.
The change in transport capacity between two cross sections can be used to estimate
aggradation or degradation, based upon availability. For example, if sediment is in
ample supply to meet the transport capacity at an upstream cross section but at the
next cross section downstream the transport capacity is only one-half as much, then
the other one-half of the sediment passing the upstream cross section must be
deposited between the upper and lower cross sections. This comparison of transport
capacities continues reach by reach and size fraction by size fraction through the
entire stream segment. The drawback to this simplified approach is that the hydraulic
conditions are not readjusted, due to aggradation or degradation, at frequent time
increments during the passage of the flood hydrograph. However, this technique does
provide "trends" in bed-elevation changes without using more complex techniques.

6.5.2 Quasi-Dynamic Sediment Modeling

The sediment-routing model previously discussed is based upon a gradually-varied-
flow backwater program which assumes a rigid-boundary system. This methodology can
be extended to account for unsteady flow and alluvial-channel boundaries without going
to a fully unsteady water and sediment-routing model.

The quasi-dynamic sediment model uses the same gradually-varied-flow backwater
program for hydraulic computations. However, the flow is assumed constant for a
given time increment At. A flow event, either short-term or long-term, can be broken
into a number of time increments, each with a different flow rate, but during each
increment the flow is considered steady.

To account for a non-rigid or alluvial boundary, when a predetermined volume of
sediment is either deposited on or eroded from the streambed, the cross section is
recomputed in the following manner.

Sediment aggradation or degradation within a reach for a given time period is
AV, = (sediment supply - sediment transport) x BF, where AV, is the change in
sediment volume in the reach and BF is a bulking factor. The change in sediment
volume is assumed to be uniformly distributed throughout the reach. Change in area
for each cross section is determined by a weighting factor based upon the conveyance
in adjacent segments of the cross sections. The changes in elevation are used to
generate a new HEC-2 data file for the next time period. Therefore, during any given
time period the channel boundary is assumed to be rigid and the HEC-2 analysis is
assumed to be valid. After evaluating the hydraulic conditions and the sediment-
transport capacity, the channel boundary is modified to reflect the aggradation/
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degradation changes occurring throughout the river, and to establish the new channel
configuration for the next time step.

This methodology has been successfully applied to a number of practical
engineering problems. It provides a feasible and relatively cost-effective approach to
design problems in alluvial rivers.

6.5.3 Dynamic Mathematical Modeling

Dynamic mathematical modeling of water and sediment routing is the next level of
sophistication and complexity in determining alluvial-channel changes. It involves
unsteady, non-uniform flow routing for determining the hydraulic conditions to be used
to calculate sediment transport, aggradation, and degradation.

Unsteady, non-uniform flow routing solves equations governing the motion of
water in open channels. These equations are mathematical descriptions of the physical
phenomena. The two basic principles for water routing are continuity and momentum.
Continuity states that water coming into a reach is either stored in the reach or
passes downstream without gaining or losing water.

The momentum principle balances the forces and accelerations acting on flowing
water.  Generally, the continuity and momentum equations, along with a resistance to
flow equation involving Manning’s n or Chezy’s C, are solved numerically in finite-
difference form. The results are the hydraulic variables of velocity, depth, and width
for unsteady, non-uniform flow. These are then used to route sediment. Sediment
movement is controlled by the shear forces acting on the bed, transport capacity of
the flow, and both availability and supply. Equations used in these calculations are
described in most sedimentation textbooks. To compute aggradation and degradation,
the sediment-continuity equation is used.

While dynamic mathematical modeling can give excellent results, it 1is very
complex. Fortunately, it is not often required to solve many of the more
straightforward, practical problems that designers will wusually encounter within the
Tucson area. In fact, most aggradation and degradation problems can be solved to an
acceptable degree of accuracy by the several methods previously described within this
chapter of the Manual.

6.6 Depth of Scour

Scour, or lowering of a <channel bed (excluding long-term aggradation/
degradation), can be caused by discontinuity in the sediment-transport capacity of the
flow during a runoff event (general scour); the formation of anti-dunes in the channel
bed during a runoff event; transverse currents within the flow through a bend (bend
scour) during a runoff event; local disturbances, such as abutments or bridge piers,
during a runoff event; and the formation of a low-flow channel thalweg. The design
depth of scour (excluding long-term aggradation/degradation, which must be added for
toe-down design) is the sum of all these individual scour components, and can be
expressed by:
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Z,=13(Zgy+ 1/2Z, + Z)y + Zy, + Zyg,) (6.3)
Where:

zZ, = Design scour depth, excluding long-term aggradation/degradation,

in feet;

y4 gs = General scour depth, in feet;

zZ, = Anti-dune trough depth, in feet;

Z, =  Local scour depth, in feet;

Zy, = Bend scour depth, in feet;

Zy =  Low-flow thalweg depth, in feet; and,

13 = Factor of safety to account for nonuniform flow distribution.

The various equations for depth of scour which are to follow were developed
strictly for use in conjunction with sand-bed channels in which the bed material is
erodible to the depth specified by the applicable equations. However, this situation
does not always exist in channels located within the City of Tucson. In some areas of
the city, the channel has degraded to a point where the exposed bed is no longer
composed of strictly unconsolidated alluvial material, but rather of consolidated hard-
pan or caliche. Channel beds composed of this type of material are not freely
erodible, and thus the scour equations which follow may not strictly apply. Should
such conditions be encountered, a geotechnical investigation should be submitted by an
Arizona Registered Professional Civil Engineer to justify the use of a lesser scour
depth than would be determined from the use of Equation 6.3.

6.6.1 General Scour

As previously discussed in Section 6.5 of this Manual, the depth of general scour
is best estimated by performing a detailed sediment-transport analysis using the bed
grain-size distribution, hydraulic conditions, sediment-transport capacity at different
stages throughout the flow event, changes in bed levels throughout the event, and the
sediment supply into the reach being studied. An analysis to this level of detail is
beyond the scope of this Manual. However, there are several computer models
commercially available to aid in making an estimate of general scour. Unfortunately,
these models are very sensitive to input, and the results are best interpreted by
someone with extensive experience in the field of sediment transport. A detailed
discussion of sediment-transport analysis for computing general scour can be found in
"Engineering Analysis of Fluvial Systems" (Simons, Li & Associates, 1982), and "Arizona
Department of Water Resources Design Manual for Engineering Analysis of Fluvial
Systems" (Simons, Li & Associates, 1985).

General scour on regional watercourses should be estimated by undertaking a
detailed sediment-transport study, as described above, when and where it is feasible to
do so. However, such a study is not usually practical on smaller watercourses.
Therefore, as an alternative to the above, on watercourses other than regional
watercourses, the following equation (Zeller, 1981) should be used to predict general
scour:
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0.0685V°:
Z, =Y —_— -] (6.4)
gs pmax 4,03
Yh'Se
Where:
Z, = General scour depth, in feet;
Vin = Average velocity of flow, in feet per second;
Y e Maximum depth of flow, in feet;
Y, = Hydraulic depth of flow, in feet; and,
Se Energy slope (or bed slope for uniform-flow conditions), in feet
per foot. '
NOTE: Should Zg, become negative, assume that the general-scour com-
ponent is equal to zero (i.e., Z, = 0).
6.6.2 Anti-Dune Trough Depth

Anti-dunes are bed forms, in the shape of dunes, which move in an upstream
rather than a downstream direction within the channel, hence the term "anti-dunes."
They form as trains of waves that build up from a plane bed and a plane water
surface. = Anti-dunes can form either during transitional flow, between subcritical and
supercritical flow, or during supercritical flow. The wave length is proportional to the
velocity of flow. The corresponding surface waves, which are in phase with the anti-
dunes, tend to break like surf when the waves reach a height approximately equal to
0.14 times the wave length. A relationship between average channel velocity, V, and
anti-dune trough depth, Z,, can therefore be developed (Simons, Li & Associates, 1982).
This relationship is:

1 22V,

Z, = 3 (0.14)

= 0.0137V2 (6.5)

A restriction on the above equation is that the anti-dune trough depth can never
exceed one-half the depth of flow. Therefore, if the computed depth of Z, obtained
by using Equation 6.5 exceeds one-half of the depth of flow, the anti-dune trough
depth should then be taken as equal to one-half the depth of flow. Figure 6.2 shows a
definition sketch for anti-dune trough depth.

6.6.3 Low-Flow Thalweg

A low-flow thalweg is a small channel which forms within the bed of the main
channel, and in which low discharges are carried. Low-flow thalwegs form when the
width/depth ratio of the main channel is large. Rather than flow in a very wide,
shallow state, low flows will develop a low-flow channel thalweg below the average
channel bed elevation in order to provide more efficient conveyance of these
discharges.
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When the ratio of the flow width to the flow depth of a channel is greater than
1.15 times the average velocity of flow for the 100-year discharge, a low-flow thalweg
must be included in all scour calculations. When the flow width or flow depth exceeds
the top width and bank heights of the channel, use the top width and flow depth at
bank-full conditions, instead of the actual flow width and flow depth. Presently, there
is no known methodology for predicting low-flow thalweg depth. However, observation
of channels in the Tucson area has revealed that low-flow thalwegs are normally one
to two feet deep. Therefore, if a low-flow thalweg is predicted to be present, it

~should be assumed to be at least two feet deep within regional watercourses, and at

least one foot deep within all other watercourses, unless field observations dictate
otherwise.

6.6.4 Bend Scour

Bend scour normally occurs along the outside of bends, and is caused by spiral,
transverse currents which form within the flow as the water moves around the bend.
Presently, there is no single procedure which will consistently and accurately predict
bend scour over a wide range of hydraulic conditions. However, the following
relationship has been developed by Zeller (1981) for estimating bend scour in sand-bed
channels based upon the assumption of the maintenance of constant stream power
within the channel bend:

0.
0.0685Y ., Vo° sin(a/2) 7
Z. = 21— -1 (6.6)
bs Yﬁ'4 52'3 [ — ]
Where:

Zyy = Bend-scour component of total scour depth, in feet;
= 0 when r /T > 10.0, or a < 17.8°
= computed value when 0.5 < r/T < 10.0, or 17.8° < a < 60°
= computed value at a = 60° when r/T < 0.5, or a > 60°

Vin = Average velocity of flow immediately upstream of bend, in feet per
second;

Yiax = Maximum depth of flow immediately upstream of bend, in feet;

Y, = Hydraulic depth of flow immediately upstream of bend, in feet;

S, = Energy slope immediately upstream of bend (or bed slope for
uniform-flow conditions), in feet per foot; and,

a = Angle formed by the projection of the channel centerline from the

point of curvature to a point which meets a line tangent to the
outer bank of the channel, in degrees (see Figure 6.3).

NOTE: Mathematically, it can be shown that, for a simple circular curve, the
following relationship exists between «a and the ratio of the centerline radius of
curvature, r., to channel top width, T.

r cos
= . (6.7)
T 4 sin"(a/2)
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CHANNEL
CENTERLINE

CENTER OF
CURVATURE

PT = Downstream point of tangency to the centerline radius of curvature.
PC = Upstream point of curvature at the centerline radius of curvature.

FIGURE 6.3
ILLUSTRATION OF TERMINOLOGY FOR BEND-SCOUR CALCULATIONS
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Where:
re = Radius of curvature along centerline of channel, in feet; and,
T = Channel top width, in feet.

If the bend deviates significantly from a simple circular curve, the curve should
be divided into a series of circular curves, and the bend scour computed for each
segment should be based upon the angle a applicable to that segment.

Equation 6.6 can be applied to obtain an approximation of the scour depth that
can be expected in a bend during a specific water discharge. The impact that other
simultaneously occurring phenomena such as sand waves, local scour, long-term
degradation, etc., might have upon bend scour is not known for certain, given the
present state of the art. Therefore, in order that the maximum scour in a bend not be
underestimated, it is recommended that bend scour be considered as an independent
channel adjustment that should be added to those adjustments computed for long-term
degradation, general scour, and sand-wave troughs.

The longitudinal extent of the bend-scour component is as difficult to quantify as
the vertical extent. Rozovskii (1961) developed an expression for predicting the
distance from the end of a bend at which the secondary currents will have decayed to
a negligible magnitude. This relationship, in a simplified form, can be expressed as:

x _ 0.6 y+7 (6.8)
n
Where:
X = Distance from the end of channel curvature (point of tangency,

PT) to the downstream point at which secondary currents have
dissipated, in feet;

= Manning’s roughness coefficient;

Acceleration due to gravity, 32.2 ft/secz; and,

= Depth of flow (to be conservative, use maximum depth of flow,
exclusive of scour, within the bend), in feet.

~Oog N
I

Equation 6.8 should be used for determining the distance downstream of a curve
that secondary currents will continue to be effective in producing bend scour. As a
conservative estimate of the longitudinal extent of bend scour, both through and
downstream of the curve, it would be advisable to consider bend scour as commencing
at the upstream point of curvature (PC), and extending a distance x (computed with
Equation 6.8) beyond the downstream point of tangency (PT).

6.6.5 Local Scour
Local scour occurs whenever there is an abrupt change in the direction of flow.

Abrupt changes in flow direction can be caused by obstructions to flow, such as bridge
piers or abrupt contractions at bridge abutments.
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The depth of scour at bridge piers is highly dependent upon the shape of the
pier. Figure 6.4 gives several common pier shapes. A square-nosed pier causes the
deepest scour. The depth of scour caused by a square-nosed pier is computed from
(Richardson et al., 1975):

0.65
bP .43
Zp =227 F (6.9)
Where:
Zy, = Local scour depth due to pier, in feet;
Y = Flow depth, in feet;
b = Pier width normal to the flow direction, in feet; and,
Fi = Upstream Froude number.

Table 6.1 can be used for computing the reduction in the depth of pier scour for
the various types of piers shown in Figure 6.4.

TABLE 6.1: REDUCTION FACTORS TO BE USED WHEN APPLYING SCOUR
FORMULAS FOR SQUARE-NOSED PIERS TO OTHER SHAPES

(assuming equally projected widths of piers)

Type of Pier Reduction Factor
Square Nose 1.0
Cylinder 0.9
Round Nose 0.9
Sharp Nose 0.8
Group of Cylinders 0.9

Scour is reduced if the pier is streamlined in the direction of flow. However,
many watercourses transport significant amounts of debris during large floods. Such
debris can become impaled upon bridge piers, leading to an increase in the pier-width
component, b, found in Equation 6.9. Therefore, in instances where significant debris

6.14
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(o) Square nose (b) Round nose (c) Cylinder

(d) Sharp nose (e) Group of Cylinders

FIGURE 6.4
COMMON PIER SHAPES
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transport is anticipated (e.g., within regional watercourses), b, should be assumed equal
to a width of five feet or 1.5 bos whichever value is greater. Additionally, pier scour
will increase significantly as the direction of flow at the pier becomes more and more
skewed in relationship to the pier wall. In such instances, an effective pier width,
bpe, can be calculated from the following equation and substituted into Equation 6.9 in
lieu of b,

bpe = LsinqSp + bycosdy, - (6.10)
Where:
bpe = Effective pier width, in feet;
L = Length of pier wall, in feet;
¢p = Angle of approach flow in relationship to pier wall, in degrees (¢,
= 0° for cylindrical piers); and,
bp = As defined in Equation 6.9.

In Equation 6.10, bp should incorporate any width increase due to debris, where
applicable.

Local scour caused by embankments projecting into the flow, such as at bridge
abutments, fill projections, and overbank levees, can be computed from the following
equation:

0.4
ae
’ 0.33
Zie = 2.15sin(8,) Y F, (6.11)
Y
Where
Zige = Local scour depth due to embankment, in feet;
bp = Slope angle of abutment face, measured from the horizontal, in
degrees;
Y = Upstream normal flow depth, in feet;
a, = Embankment or encroachment length, measured normal to the edge
of the floodplain or channel bank, in feet (see Figure 6.5); and,
F, = Upstream Froude number.

Fogssembankments where the quantity gaq,/Y 1is exceedingly large, such that
Z/YF,”" > 4.0, the following equation (Richardson et al., 1975) should be used in

lieu of Equation 6.11:

Lige = 4YF3'38 (6.12)

Equations 6.11 and 6.12 are based upon relationships developed from both
empirical observations and experiments in laboratory flumes. As can be seen from the
formulas, the scour depth can be significantly affected by embankment length. In
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practical situations, the embankment may span a wide floodplain overbank and extend
partially into the main channel itself. Due to the normally large differences which
exist between channel and overbank hydraulics, caution must be exercised in defining
the embankment length. Figure 6.5 shows a recommended embankment length definition
for different cases that might be encountered. In the situation where the embankment
crosses the entire overbank and extends into the main channel, it is recommended that
the scour be computed by utilizing the overbank hydraulics in combination with the
embankment length a,, and that this depth of scour then be compared to the scour
depth computed by utilizing the main-channel hydraulics in combination with the
embankment length a,;. The larger of the two values should then be used for design
purposes.

6.6.6 Scour Below Channel Drops
Scour below channel drops, such as grade-control structures, is a special case of

local scour. Where the drop consists of a free, unsubmerged overfall, the depth of
scour below the drop (U.S. Bureau of Reclamation, 1977) shall be computed from:

Zy = 132 ¢"%H7P - TW (6.13)
Where

Zig = Depth of local scour due to a free-overfall drop, in feet, measured
below the streambed surface downstream of the drop;

q = Discharge per unit width of the channel bottom, in cubic feet per
second per foot;

H, = Total drop in head, measured from the upstream energy grade line
to the downstream energy grade line, in feet; and

TW = Tailwater elevation (downstream water-surface elevation), in feet.

Figure 6.6 shows the relationship of the parameters in Equation 6.13.

Where the drop is submerged, as will be the case for most instances involving
grade-control structures placed along watercourses located within the City of Tucson,
the depth of scour below the drop (Simons, Li & Associates, 1986) shall be computed
from:

0.667 0.411 -0.118

Zis = 0.581q " (h/Y) T[I-(h/Y)] (6.14)
Where:

h/Y < 0.99; and,

Zyy = Depth of local scour due to a submerged drop, in feet, measured
below the streambed surface downstream of the drop;

q = Discharge per unit width of the channel bottom, in cubic feet per
second per foot;

h = Drop height, in feet; and,

¥ = Downstream depth of flow, in feet.

6.18




VI. EROSION AND SEDIMENTATION

UPSTREAM
WATER- He
SURFACE

L____;
ELEVATION 1

FLOW ———>

UPSTREAM BED SURFACE —‘
A

DOWNSTREAM ™
(EQUILIBRIUM)
BED SURFACE

y
f 7
7~
Zjst //
N\ o
~ l -
~ - ’(

i SCOUR HOLE

GRADE-CONTROL STRUCTURE

Dew

FIGURE 6.6

DEPTH OF SCOUR BELOW A FREE OVERFALL

6.19




VI. EROSION AND SEDIMENTATION

NOTE: If h/Y > 0.85, the predicted scour below a channel drop should also be
computed using Equation 6.13. The smaller of the two values thus computed should
then be used for design purposes.

Figure 6.7 gives the relationship of the parameters in Equation 6.14.

The longitudinal extent of a scour hole created by either a free or submerged
overfall is represented by the distances x,, and L, as depicted in Figure 6.7. These
dimensions are given by the equations:

= 6.0 th, or 6.0 Zl“ (6.15)

xnce

L

12.0 Zy;, or 12.0 Z,,, (6.16)

Bank protection toe-downs downstream of a grade-control structure shall extend
to the computed depth of scour for a distance equal to x,. beyond of the grade-
control structure, as computed by Equation 6.15. They shall then taper back to the
normal toe-down depth within a total distance downstream of the grade-control
structure equal to L,, as computed by Equation 6.16. Note that L, includes x,,.

In the absence of bridge piers and/or abutments, the depth of scour below grade-
control structures is not added to the other scour components. Rather, the depth of
scour caused by the grade-control structure is compared to the depth of scour
computed by Equation 6.3, and the larger of the two values is then used for toe-down
design.

6.7 Scour-Hole Geometry at Culvert Outlets

Culverts normally have less cross-sectional area available for the conveyance of
flow than do the natural channels they replace. Consequently, flow velocities are
increased and a potential for erosion is created at the culvert outlet. Often there is a
drop at the culvert outlet, either under design conditions or as a result of outlet
scour, and this further increases the possibility of outlet scour. The scour hole
created at the outlet of a culvert can become large enough to threaten the culvert, the
roadway, adjacent property, or other nearby improvements.

For non-cohesive soils, the dimensions of a scour hole downstream of a culvert
outlet where no drop exists can be computed by:

B
O;
DSG = a | ———| (0.09)° (6.17)
g1/2 D5/2
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Where:
. . lec Wac Lsc Vsc
DSG = Dimensionless scour geometry = D ° D D ° o and,
Zio =  Depth of scour hole below culvert, in feet;
Wy =  Width of scour hole below culvert, in feet;
£ = Length of scour hole below culvert, in feet;
Ve = Volume of scour hole below culvert, in cubic feet;
D =  Culvert diameter, in feet;
0. = Representative discharge, in cubic feet per second;
g =  Acceleration due to gravity (32.2 ft/sec?); and,
a,a,,p,0 = Empirically derived coefficients (see Table 6.2).

The representative discharge 1is the average maximum discharge that can be
expected to occur within a thirty-minute time period during the storm runoff event
which is selected for design. In the City of Tucson, the design discharge is the 100-
year flood. The representative discharge is calculated by:

Q100 T,-10
0, = > 1+ T (6.18)
Where:
0, = Representative discharge, in cubic feet per second;
Qo0 = 100-year peak discharge, in cubic feet per second; and,
T, = Hydrograph rise time, in minutes (see Chapter IV, Section 4.5, of

this Manual).

For either non-circular or partially-full culverts, the culvert diameter, D, should be
replaced in Equation 6.17 by an equivalent depth, Y, where Y, is defined as:

0.5
¥, = [—A] (6.19)

Where:
A = Cross-sectional area of flow, in square feet.

Equation 6.18 is then modified to the following form:
6.22




VI. EROSION AND SEDIMENTATION

TABLE 6.2A: EXPERIMENTAL COEFFICIENTS FOR SCOUR DEPTH, Z,,,
AT CULVERT OUTLETS
NOMINAL
GRAIN SCOUR
MATERIAL SIZE EQUATION COEFFICIENTS
Dgo

(mm) a B 6 a,
Uniform Sand 0.20 6.17 or 6.20 2.72 0.375 0.10 2.79
Uniform Sand 2.0 6.17 or 6.20 1.86 0.45 0.09 1.76
Graded Sand 2.0 6.17 or 6.20 1.22 0.85 0.07 0.75
Uniform Gravel 8.0 6.17 or 6.20 1.78 0.45 0.04 1.68 |
Graded Gravel 8.0 6.17 or 6.20 1.49 0.50 0.03 1.33 ‘
Cohesive

. Sandy Clay:

60% Sand, PI 15 0.15 6.17 or 6.20 1.86 0.57 0.10 1.53
Clay, PI 5-16 Varies 6.22 or 6.23 0.86 0.18 0.10 1.37
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TABLE 6.2B: EXPERIMENTAL COEFFICIENTS FOR SCOUR WIDTH, ¥,.,
AT CULVERT OUTLETS

NOMINAL
GRAIN SCOUR
MATERIAL SIZE EQUATION COEFFICIENTS
Dgq

(mm) a B 6 a,
Uniform Sand 0.20 6.17 or 6.20 11.73 0.92 0.15 6.44
Uniform Sand 2.0 6.17 or 6.20 8.44 0.57 0.06 6.94
Graded Sand 2.0 6.17 or 6.20 7.25 0.76 0.06 4.78
Uniform Gravel 8.0 6.17 or 6.20 9.13 0.62 0.08 7.08
Graded Gravel 8.0 6.17 or 6.20 8.76 0.89 0.10 4.97
Cohesive

Sandy Clay:

60% Sand, PI 15 0.15 6.17 or 6.20 8.63 0.35 0.07 9.14
Clay, PI 5-16 Varies 6.22 or 6.23 3.55 0.17 0.07 5.63
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TABLE 6.2C: EXPERIMENTAL COEFFICIENTS FOR SCOUR LENGTH, L,
AT CULVERT OUTLETS
NOMINAL
GRAIN SCOUR
‘MATERIAL SIZE EQUATION COEFFICIENTS
Dgo
(mm) a B f a,
Uniform Sand 0.20 6.17 or 6.20 16.82 0.71 0.125 11.75
Uniform Sand 2.0 6.17 or 6.20 18.28 0.51 0.17 16.10
Graded Sand 2.0 6.17 or 6.20 12.77 0.41 0.04 12.62
Uniform Gravel 8.0 6.17 or 6.20 14.36 0.95 0.12 7.61
Graded Gravel 8.0 6.17 or 6.20 13.09 0.62 0.07 10.15
Cohesive
Sandy Clay:
60% Sand, PI 15 0.15 6.17 or 6.20 15.30 0.43 0.09 14.78
Clay, PI 5-16 Varies 6.22 or 6.23 2.82 0.33 0.09 4.48
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TABLE 6.2D: EXPERIMENTAL COEFFICIENTS FOR SCOUR VOLUME, V,,
AT CULVERT OUTLETS

NOMINAL
GRAIN SCOUR
MATERIAL SIZE EQUATION COEFFICIENTS
Ds

(mm) ! B 6 a,
Uniform Sand 0.20 6.17 or 6.20 203.36 2.0 0.375 80.71
Uniform Sand 2.0 6.17 or 6.20 101.48 1.41 0.34 79.62
Graded Sand 2.0 6.17 or 6.20 36.17 2.09 0.19 12.94
Uniform Gravel 8.0 6.17 or 6.20 65.91 1.86 0.19 12.15
Graded Gravel 8.0 6.17 or 6.20 42.31 2.28 0.17 32.82
Cohesive

Sandy Clay:

60% Sand, PI 15 0.15 6.17 or 6.20 79.73 1.42 0.23 61.84
Clay, PI 5-16 Varies 6.22 or 6.23 0.62 0.93 0.23 2.48
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B

o,
(0.09)? (6.20)

1/2

DSG = a,
A

The coefficient a, can also be found in Table 6.2.

Bed materials are classified in Table 6.2 as being either uniform or graded.
Uniform materials are classified as those for which the standard deviation (o) of the
grain-size distribution is less than or equal to 1.5. The material is classified as graded
if the standard deviation of the grain-size distribution is greater than 1.5. A simple
formula often used for computing the standard deviation is:

0.5
Dgy
a=[ Dg ] (6.21)
Where:
Dgy = The grain-size diameter for which 84% of the bed material consists
of smaller particles; and
‘ D = The grain-size diameter for which 16% of the bed material consists
of smaller particles.

The grain-size distribution can be determined by a sieve analysis of the bed material.
For planning purposes, or in the absence of a sieve analysis, bed material in the City
of Tucson should be classified as graded sand, with a median diameter, Dg,, equal to
one millimeter and o = 4.0.

If the soil at the culvert outlet is a sandy clay with a mean grain size in the
range of 0.10 to 0.20 mm and a plasticity index, PI, of approximately 15, either
Equation 6.17 or 6.20 may be used; where the coefficients for such a soil type are also
given in Table 6.2.

Equations 6.17 and 6.20 are not applicable to cohesive soils, which have very
different properties than the soil types described above. The potential for scour in
cohesive soils is related to the critical shear stress of the soils, and is reflected by
Equations 6.22 and 6.23. These equations have a wider range of applicability than do
the above expressions. These equations are:

B
DSG = a [—%] (0.09)? (6.22)

c
‘ For circular culverts, and
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c

B
DSG =, [—"TL] (0.09)° (6.23)

For culverts with other shapes.

Where:

p V2 iy

; = Modified shear number;

c

= Average velocity at outlet, in feet per second;
Te = Critical tractive shear stress, in
pounds per square foot; and,

P = Fluid density, in slugs per cubic foot.

All other terms are as previously defined.

The critical tractive shear stress is defined as:

Te = 0.0001 (S, + 180) tan (30 + 1.73 PI) (6.24)
Where:

S, = Saturated shear strength, in pounds per square inch; and,

PI = The plasticity index (limits 5-16).

Equations 6.17 to 6.24 can therefore be used to estimate the dimensions of the
scour hole that would form at the outlet of a culvert for varying types of soils.
Figures 6.8 and 6.9 should be used to determine the shape of the scour hole. If the
scour hole is large enough to threaten nearby improvements, adjacent property, or the
culvert itself, outlet protection will be required to contain and/or prevent erosion.
The user is referred to a publication by the Federal Highway Administration (1983) for
further information regarding the design of culvert outlet protection.

6.8 Design of Sediment Basins

On watercourses -with - a -potential for high sediment -discharge, sediment basins
may be necessary to protect detention basins, culverts, or storm drains from being
filled with sediment. If it is felt that sedimentation could pose a problem for a
proposed structure, basins should be built to collect and hold sediment for later
removal by maintenance personnel. The design of these basins on watercourses where
the upstream watershed area is one square mile, or less, shall be in accordance with
the guidelines as presented within Section 3.4 of the Pima County and City of Tucson
Stormwater Detention/Retention Manual (1987).
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On watersheds larger than one square mile, the guidelines cited above may result
in overdesign. The design of sediment basins on these watersheds is a more
complicated procedure, involving total watershed sediment yield and channel sediment-
transport capacity over a range of discharges. Total watershed sediment yield can be
estimated by such methods as the Modified Universal Soil Loss Equation (Williams,
1975; and Williams and Berndt, 1977), the Pacific Southwest Inter-Agency Committee
(PSIAC) Method (Pacific Southwest Inter-Agency Committee, 1968), the Flaxman Method
(Flaxman, 1972), the SCS Method (U.S. Soil Conservation Service, 1971), the Dendy/
Bolton Method (Dendy and Bolton, 1976), and the Renard Method (Renard, 1972). A
publication by Renard and Stone (1981) contains a detailed discussion and comparison
of some of these methods.

The equations for watershed sediment yield which are listed above do not readily
distinguish between sediment production that would be classified as wash load and
sediment production that would be classified as bed load. Wash load <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>