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CHAPTER 1

STATEMENT OF POLICY

The provision of adequate drainage for urban areas is necessary to preserve and
promote the general health, welfare, and economic well being of the region.
Drainage is a regional feature that affects all governmental jurisdictions and all
parcels of property. This characteristic of drainage makes it necessary to
formulate a program that balances both public and private involvement. Over all
coordination and master planning must be provided by the governmental units
most directly involved, but drainage planning must be integrated on a regional
level, and should be concurred with by state and national agencies if optimum
results are to be achieved.

~ When planning drainage facilities, certain underlying principles provide direction
for the effort. These principles are made operational through a set of policy
statements. The application of the policy is in turn facilitated by technical
criteria and data. When considered in a comprehensive manner, on a regional
level with public and private involvement, drainage facilities can be provided in
an urban area in a manner that will avoid uneconomic water damage and
disruption, will enhance the general health and welfare of the region, and will
assure optimum economic and social relationships.

The principles and policies for urban storm drainage are summariﬁed below.
PRINCIPLES
o Drainage is a sub-system of the total urban system
o Drainage is a space allocation problem
o Stormwater runoff is a resource out of place
o An urban drainage strategy should be a multi-purpose, multiple-means
effort
BASIC KNOWLEDGE
A program for collecting and analyzing storm runoff and flood data shall be

undertaken in order that intelligent and orderly planning may be developed in the
future in regard to storm drainage facilities.

A program shall be instituted to delineate flood hazard areas along all waterways
in the region which are urbanized, or which soon may be. This program shall
make full use of the city's Flood Insurance Study. This information shall be
regularly reviewed and updated to reflect changes due to urbanization, changed
channel conditions, and the occurrence of extraordinary hydrologic events.
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Before commencing design of any drainage project, comprehensive facts and
data shall be collected and examined for the particular basin and area under
consideration. = With the basis for the design then agreed upon with the
governmental entities affected, detailed plans and specifications can be prepared
that will provide the required drainage facilities.

PLANNING

Storm drainage is a part of the total urban environmental system. Therefore,
storm drainage planning and design must be compatible with comprehensive
regional plans. A Master Plan for storm drainage shall be developed and
maintained in an up-to-date fashion at all times for each urbanizing drainage
basin in Provo City.

The planning for drainage facilities shall be coordinated with the planning for
open space, the planning for solid waste disposal, the planning for transportation,
and the planning for other public utility systems. By coordinating these efforts,
new opportunities will be identified which can assist in the solution of drainage
problems.

Natural drainage channels shall be used for storm runoff conduits wherever
possible. Major consideration must be given to the flood plains and open space
requirements of the area. Planning and design of stormwater drainage systems

shall not be based on the premise that problems can be transferred from one
location to another.

Stormwater runoff can be stored in detention basins. Such storage reduces the
drainage capacity required, thereby reducing the land area and drainage facili-
ties expenditures required downstream. Acquisition of park land having a
relationship to detention basins will provide areas where storm runoff can spread

out and be stored for slower delivery downstream.

TECHNICAL SERVICES

Storm drainage planning and design shall follow the criteria developed and
presented in following chapters of this report.

The determination of the magnitude of the stormwater runoff shall be found by
utilizing one or more of the following hydrologic methods; the Rational Formula,
the Soil Conservation Service Technical Release 55 (TR-55), the ILLUDAS
stormwater model, or on analyses based on actual measured flood occurrences
and/or synthetically developed unit hydrographs.

Use of streets for urban drainage shall fully recognize that the primary use of
streets is for traffic. Streets shall not be used as floodways for storm runoff.

Urban drainage design shall have as an objective the reducing of street repair
and maintenance costs to the public.

The significant cost of handling storm runoff water, coupled with the significant
social benefits to be derived from proper storm drainage facilities, points




towards the advent of selected detention basins for storage of storm water in
Provo City.

Flood plain management programs should be initiated by the various govern-
mental units within Utah County. Flood plain management must encompass
comprehensive criteria designed to encourage, where necessary, the adoption of
permanent state or local measures which will lessen the exposure of property and
facilities to flood losses, improve the long-range land management and use of
flood prone areas, and inhibit, to the maximum extent feasible, unplanned and
economically unjustifiable future development in such areas.

FLOOD INSURANCE

The Flood Insurance Program should be an integral part of a strategy to manage
urban drainage. Provo City will seek to participate in the Federal Flood
Insurance Program set forth in the National Flood Insurance Act of 1968 and the
Flood Disaster Protection Act of 1973,

IMPLEMENTATION

This Drainage Design Policy Manual should be adopted by all departments
operating within Provo City. Problems in urban drainage administration should
be reviewed by Provo City to determine if equity or public interest indicate a
need for drainage policy, practice, or procedural amendments. The financing of
storm drainage improvements is fundamentally the responsibility of the affected
property owners - both the person directly affected by the water and the person
from whose land the water flows.




CHAPTER 2

APPROVAL PROCEDURE

INTRODUCTION

Provo City finds that it is necessary to adopt a formal procedure for approving
all necessary and proposed drainage modifications, improvements or additions.
This is necessary in order to protect property owners adjacent to or downstream
of developing land from increased runoff rates which could cause erosion and
flooding of abutting property, to promote sound development policies which
respect and preserve the city's natural drainage channels, to insure the safety of
the city's roadways, bridges and rights-of-way, and to decrease surface water
drainage to public and private property. The following are definitions that will
be utilized to describe the city's approval procedure:

o

"Computations" shall mean calculations, including coefficients and other
pertinent data, made to determine the drainage plan with flow of rates
of water given in cubic feet per second (cfs)

"Department” shall mean the Provo City Engineering Department

"Developmental Coverage" shall mean all developed surface areas within
the subject property including, but not limited to, rooftops, driveways,
carports, accessory buildings, and parking areas

"City Engineer" shall mean the Provo City Engineer and/or his desig-
nated representative

"Drainage Area" shall mean the watershed (acreage) contributing surface
water runoff to and including the subject property

"Drainage Plan" shall mean a plan for receiving, handling, and trans-
porting surface water within the subject property

"Peak Discharge" shall mean the maximum surface water runoff rate
(cfs) determined for the design storm frequency

"Receiving Bodies of Water" shall mean natural drainage channels,
creeks, rivers, lakes and other bodies of water into which surface waters
are directed, either naturally or in manmade channels and pipelines or
open systems

"Detention Facilities" shall mean facilities designed to hold runoff for a
short period of time and then releasing it to the natural watercourse or
adequately sized drainage facilities

"Subject Property" shall mean the tract of land which is the subject of
the permit and/or approval action
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GENERAL APPROVAL PROCEDURE

All persons applying for any of the below-listed permits and/or approvals shall
submit, for the review and approval of the City Engineer; a "Grading and
Drainage Plan/Permit"”, "Comprehensive Drainage Plan/Study", and/or a "Flood
Plain Use Permit":

o Building Permit Application
o Site Plan Review

o Subdivision Plat

o Development Plan

o Use Permit

o Variance

Each of the above-listed permits and/or approvals, generally, require the
submission of a "Grading and Drainage Plan/Permit", except as waived by the
City Engineer, and several may also require a "Comprehensive Drainage
Plan/Study" and/or a "Flood Plain Use Permit." Each applicant should check
with the department to determine which of the above three submittals will be
required for each specific permit and/or approval. The data requirements and
the approval process for each of these three required submittals are discussed in
subsequent sections of this chapter. For reference purposes, copies of the
application form for a "Building Permit", Figure 2-1, the application form for a
"Site Plan Review", Figure 2-2, and the application form for a "Land Use,
Variance, Subdivision Plat and Development Plan Permit," Figure 2-3, are con-
tained on the following pages.

Materials and data submitted with a "Grading and Drainage Plan/Permit", a
"Comprehensive Drainage Plan/Study", and/or a "Flood Plain Use Permit" during
one permit/approval process may be subsequently submitted with further re-

_quired applications. The materials submitted shall be supplemented with

additional information at the request of the department. The plan requirements
established herein will not apply when the department determines that the
proposed permit and/or activity;

o Will not seriously and adversely impact the natural drainage channels,
drainage facilities, or receiving bodies of water

o Will not alter the drainage patterns, increase the peak discharge, or
cause any other adverse effects in the drainage area of the designated

flood plains or floodways controlled by the city
Sample forms of the "Grading and Drainage Permit", Figure 2-4, and the "Flood

Plain Use Permit", Figure 2-5, are found in their respective sections of this
Chapter. These permits shall be utilized in conjunction with the specific
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BUILDING PERMIT

APPLICATION Issued By
Dist. Application Date Plans Survey Plot Plan Type Permit
Con. Number )
~ PR N2 8177
.~ Be Filted in by Applicant — PLEASE PRINT OR TYPE e FOR DEPARTMENT USE ONLY
Ownar Phone No. Date Permit
) issued
QOwner's Mailling Address ~ City Zip
8ldg. Insp.
J— Signat
JOB SITE CITY Sec. Twn, Rng.
ADDRESS
ZONE
Lot No. Subdivision Tax Saral No. {1 2 3 4 5 8§
— Fie 2one 5 g 5 93 o 10
Existing Use of Parcel intended Usa of Parcei
: TYPE FEE
| __[ Vacant |1 Commercial/ Specily Type | __| Agriculture Commarcial / Specily Type
|__| Agrcutiure || industaal / Speaify Type | Single Family Industnial 7 Specily Type Temp. Power
__| Single Family |__| Othet / Specity Type | Dupiex Othar / Specty Type Sewer Fes
| buptex Muttipte Units
Muttiple Units A Water Fee
No. Dwelt. Units  {Owner Occupied No. Bedrooms No. Stories Occupant Load Plan Ck. Fes
or Rental Constr. Fee
Bidg. Dimensions Carpor/Garage Dim. Ahached No. Parking Spaces Fire Place
X X No Yes Yes  No Efact. Fee
Lot Dimensions o, Dwall. Units Oiher Buildings now Plumbing Fee
» Nowon Lot on lot and use Heating Fee
Conlracior } Arch/Eng. Phone No. Off Site Fee
Ce s Mailing Add City Zip Phone No. Bldg. Permit Fee
TOTAL FEE $
FLOOR EXT. WALLS INT. WALLS CEWING ROCF HEATING SEWAGE Total V $
__ Conc |_iMasonry | |Masenry | lopen Beam » Iwood Sh. _[Etect.
\‘Wood | Frame Frame ___iPiaster Comp. Sh. Nat. Gas | [Public Receipt N
g Stucoo Plastar \Sheetrock | |Buitt-up LPG. Private ecoipt No.
i Siding | Ishestrock [ wood Matal ol }___ Cash
; Metai Wood IFibar Board | [Shake Sotid Chack No.
APPLICANT PLEASE READ CAREFULLY :
| agree 1o comply wilh alt City, County and State Buikling Laws and Ordinances. and that the representations in this FLOORS Sq. Ft.
appication for a building permit are true and accurate, and angﬁnﬁsrepa'ssemanons ot errors herein, are the sole 1
responsibitily of applicant, and shall in no way incur or accrue liability or obligation to enforcing officers or agents. 5
This permit becomes nuli and void if work on construction authorized is not commenced within 120 days, or if 3
construction or work is suspended or abandoned for a period of 120 days at any lime after work is commenced. er Gar
QCCUPANCY OF STRUCTURE IS PROHIBITED UNTIL AFTER FINAL INSPECTION AND ZONING — PR

AND OCCUPANCY COMPLIANCE CERTIFICATE iS {SSUED.

| HAVE CHECKED THE SEWER DEPTH OF ABOVE LOT AND WILL TAKE ALL RESPONSIBILITY
FOR SETTING BUILDING ACCORDINGLY.

Front Setback from P.L,

Rear Setback from property ling
Owner's
Signature Side Street Setback from P.L.
Contractor's —_____Side Setback {rom properly line
Signature License No. Side Setback from property fine
APPROVAL OF SEWAGE FACILITY COMMENTS
{Private System Only} N
The above applicant agreas to construct sewage facilities in conformity with Utah County and Utah
State regutations.
Septic Tank gatk
A plion lield fingal #. of 3 ft. wide trench.
S ge pd Absorption bed sq. ft.
Water Supply w E
Date . 19
J Approved:
tUtah County Health Depariment v
TO BE FILLED iN BY PLANNING OFFICE
TRAFFIC ZONE CENSUS TRACT CENSUS BLOCK NO. | SLU COLE
|
Distnbution List: . White - Ofica  Green- C.O.G.  YeHow - Office Duplicate  Pink - Assassor  Gold - Cuslomer S

Rev. 76




PROVO CITY CORPORATION
COMMUNITY DEVELOPMENT DEPARTMENT

Application No:

- APPLICAT,ON ) Zona:

FOR THE FOLLOWING ACTION: .
Received 8y:

Dats Received:

] VARIANCE .

. CHECKED
{0 USE PERMIT ‘ O rFee o
‘(] DEVELOPMENT PLAN APPROVAL L1 PLANS AND PLATS
’ {J PRELIMINARY [0 DESCRIPTION

O FINAL —

. L} DISTRIBUTION
(] SUBDIVISION

.. O PRELIMINARY PLAT : - : O SIGNATURE

) FINAL PLAT

HEARING DATE:

TYPE OR PRINT IN INK

NAME OF APPLICANT (PROPERTY OWNER] )

APPLICANT'S ADORESS ¢ ITELEPHONE NO.

MNAME OF AGENT

AGENT'S ADDRESS TELEPHONE NO,

4

PROPERTY ADORESS

LEGAL DESCRIPTION (LOT, BLOCK & TRACT - OR ATTACH METES AND BOUNDS)

PRESENT USE OF PROPERTY

USE, PROJECT, OR TYPE OF VARIANCE BEING REQUESTED

STATEMENT OF JUSTIFICATION
. VARIANCE ONLY

STATE THE EXCEPTIONAL CIRCUMSTANCES OF THIS PROPERTY THAT DO NOT APPLY TO OTHER PROPERTIES IN THIS ZONE.

WHEN WERE THESE CIACUMSTANCES CREATED., AND 8Y WHOM?

NVER




requirements found in the "Grading and Drainage Ordinance" and the "Floodplain
Management Ordinance.”

GRADING AND DRAINAGE PLAN/PERMIT REQUIREMENTS

Proposed alteration of any existing land surface within Provo City requires a
Grading and Drainage Plan submittal to the Department. This includes, but is
not limited to, any proposed grading, filling, excavating, surfacing, landscaping,
or erecting of structures.

The developer must obtain plan approval and a Grading and Drainage Permit
from the department prior to issuance of a Building Permit.

Basic Data Requirements

Single Residential Structure Development, such as single family, duplex, triplex,
fourplex, etc., which is freestanding with a common-finish floor,

Submit an 8" X 11" or 8" X 14" reproducible drawing (24" X 36" size is also

acceptable) prepared by a Registered Engineer containing the following informa-
tion:

o Title block entitled "Grading and Drainage Plan" with a legal description
of the site, the owner/developer, the engineer's name and signature,
license number, date, and scale

o Current survey information by a Registered Land Surveyor in the State
of Utah, including retraceable corner monumentation bearing his RLS
number, and/or existing corner monumentation found

o Existing and proposed elevations tied to the Provo City benchmark
datum in sufficient quantity to allow adequate review by staff (i.e.,
property, structural, setback, driveways, parking, etc.)

o Location of any existing improvements within fifteen feet (15" of the
property or which may be affected by grading operations, including
street lights, fire hydrants, driveways, etc.

o North Arrow

o Approval by Provo City - approval line to read "Provo City Engineer" and
date '

o Onsite drainage runoff calculations
Multiple Unit Residential Structure Development, such as single family subdivi-

sions, planned unit developments, townhouses, condominiums, apartment com-
plexes, trailer estates, churches, commercial, or industrial developments, etc.
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Submit a 24" X 36" original drawing suitable for microfilming and blueline
reproduction containing the following information:

o All of the requirements in Section A above

o A soils report, if required

o Specifications, if required

0o Onsite detention design together with drainage calculations

o Earthwork quantities separated into offsite and onsite cut and fill for
permit estimating purposes; any other quantity which pertains to
drainage structures referred to below

o Locations of disposal areas for deleterious or excess materials resulting
from grading and drainage operations

¢ Detailed plans of all surface and subsurface drainage devices, walls,
cribbing, detention facilities, dams and other protective devices to be
constructed with, or as a part of the proposed work, together with a map
showing the drainage area and the estimated runoff of the area served by
any drainage system - provide calculations

o Any additional plans, drawings, calculations or specifications reasonably
required by the City Engineer

The Supervising Engineer (or Surveyor in the instance of single residential
grading and drainage plans) in charge of the survey control shall certify, in
writing, that the finish floor elevation, when completed, conforms to the
approved Grading and Drainage Plan,

A Performance Bond or other form of acceptable security may be required to
insure compliance to the approved Grading and Drainage Plan,

Approval Procedure

The developer or his agent may submit the Grading and Drainage Plan to the
department prior to submittal of the architectural plans to the Building
Department. This allows approvals to be obtained simultaneously. However,
copies of the Grading and Drainage Plan must also be included with the
architectural! plans because these are routed to several other departments for
review. The Engineering Department forwards its comments to the Building
Department and to the developer and his engineer/surveyor. When all correc-
tions are made to the satisfaction of the City Engineer, the plan is signed and a
Grading and Drainage Permit is issued. When the Building Department approves
the architectural plans, a Building Permit may be issued. The Engineering
Department inspects grading and drainage operations and the Building Depart-
ment is in charge of the remainder of the development. Prior to final inspection
of the project, the completed grading and drainage construction requires
approval by the Engineering Department.
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Offsite Improvement Requirements Adjoining Proposed Development

The City Engineer has the authority to require offsite improvements for any
development to the standards set forth in the Provo City Code. Specific
provisions are not addressed herein but will be considered as a part of the overall
development including an Offsite Improvement Permit, if required.

Sample of Grading and Drainage Plan

Figure 2-4 is a sample of the "Grading and Drainage Permit." It must be
properly completed and submitted with the data described above.

COMPREHENSIVE DRAINAGE PLAN/STUDY

All persons applying for any of the permits and/or approvals contained in this
chapter shall provide a drainage plan for surface water flows entering, flowing
within, and leaving the subject property. The detailed form and contents of the
drainage plan shall be described in procedures listed below. The developer must
obtain plan approval from the Engineering Department prior to issuance of the

requested permit or project approval.
Basic Data Requirements

A "Subdivision Plat" requires the development of the below listed materials for a
"Comprehensive Drainage Plan."

o Background computations for sizing drainage facilities:

1. Depiction of the drainage area on a topographical map, with acreage
indicated. '

2. Indication of the peak discharge and amount of surface water
currently entering and leaving the subject property.

3. Indication of the peak discharge and amount of runoff which will be
generated within the subject property if development is allowed to
proceed.

4. Determination of the peak discharge and amount of water that will
be generated by 10 and 25-year frequency storm events at various
points on the subject property.

o Proposed improvements for handling the compiited runoff:

1. Where open ditch construction is used to handle drainage within the
tract, a minimum of 15 feet will be provided between any structures
and the top of the bank of the defined channel.

2. Where a closed system is used to handle drainage within the tract,
all structures will be a minimum of 10 feet from the closed system.
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PROVD CITY

ENGINEERING DEPARTMENT
GRADING AND DRAINAGE PERMIT

APPLICANT DATE

ADDRESS OR LEGAL DESCRIPTION

DESCRIPTION OF PROPOSED DEVELOPMENT

ESTIMATED EARTHWORK QUANTITIES: ONSITE: OFF SITE:

EXCAVATED WASTE DISPOSAL AREA:

GRADING AND DRAINAGE PLANS REQUIRED: YES.___NO ___DATE APPROVED
ONSITE DETENTION REQUIRED: YES __NO ___DATE APPROVED
SPECIFICATIONS REQUIRED: & YES ___NO ___ DATE APPROVED
SOIL REPORT REQUIRED: YES___ NO ___ DATE APPROVED
AIR POLLUTION CONTROL PERMIT REQUIRED: YES NO __ DATE APPROVED
P.E. CERTIFICATION REQUIRED: YES ___NO ___ DATE APPROVED
BOND REQUIRED: YES NO  DATE APPROVED
BOND AMOUNT BOND TYPE

OTHER REQUIREMENTS PER GRADING AND DRAINAGE ORDINANCE:

REMARKS:

FEE § SIGNATURE OF APPLICANT (PERMITTEE)
APPROVED BY

I WISH TO MEET A CONSTRUCTION INSPECTOR ON AT gg

FINAL APPROVAL BY CONSTRUCTION INSPECTOR ON , 19

BY

FIGURE 2-4
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3. Where detention facilities are proposed within the development,
such facilities are to be designed in accordance with the parameters
of this Manual, with the operation and maintenance responsibilities
assumed by the property owner, unless otherwise approved by the
department.

The following items are required as mandatory elements of the Drainage Plan:

o Surface water entering the subject property shall be received at the
naturally occurring location, and surface water exiting the subject
property shall be discharged at the natural location, with adequate
energy dissipators to minimize downstream damage and with no diversion
at any of these points

o The peak discharge from the subject property may not be increased due
to the proposed development - in other words, the peak discharge from
the property after development occurs must be equal to or less than the
predicted discharge from the property in its natural condition

o Detention basin facilities must be provided and maintained by the
property owner in order to handle all surface water in excess of the peak
discharge of the property in a natural state

Exceptions from any or all of the foregoing requirements may be permitted only
after a determination by the department, employing the following criteria:

o Capacity of downstream facilities
0 Acceptability of receiving bodies of water
o DPossibility of adverse effects of detention basins

o The utilization of regional detention basin facilities

Approval Procedure

All Comprehensive Drainage Plans that are submitted must be in compliance
with, and in general conformity to, the recommendations of the "Storm Drainage
Master Plan for Provo City." All plans must be approved in writing by the
department. After approval of the Comprehensive Drainage Plan and prior to
the issuance of any building permits, the Owner and/or Developer shall, at his
own expense, prepare and submit for review and approval by the department
detailed construction drawings, including plans, profiles and specifications for
the construction and installation of channels, conduits, reservoirs, culverts,
bridges, easements and all other drainage facilities necessary for the control and
drainage of all storm and flood waters within said parcel of land, or the part
thereof to be approved and the conveyance of such drainage to the discharge or
outflow point, all in conformity with the Drainage Plan for the parcel of land.
The Owner and/or Developer shall also prepare and submit an estimated
construction cost estimate and schedule for implementation of the required
improvements.
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All Comprehensive Drainage Plans must be prepared by a licensed professional
engineer, licensed by the State of Utah. All municipal corporations and
government entities shall be required to submit a Comprehensive Drainage Plan
and comply with the terms and conditions of this Chapter when developing
and/or improving land including, but not limited to, road building and widening
within the incorporated limits of Provo City.

Offsite Improvement Requirements Adjoining Proposed Development

The City Engineer has the authority to require offsite improvements for any
development to the standards set forth in the Provo City Municipal Code.
Specific provisions are not addressed herein but will be considered as a part of
the overall development including an Offsite Improvement Permit, if required.

FLOOD PLAIN USE PERMIT

Any person or company who undertakes any construction or development in the
floodplain, (i.e., erection, addition, alteration, or change in use of any building,
groundcover, or land, on any land within the Provo City) shall be required to
obtain a Flood Plain Use Permit from the department before a building permit
can be obtained or comnstruction initiated. This requirement shall include the
placement of mobile homes or other mobile structures so that it may be

determined whether ‘such construction or other development is proposed within
flood-prone areas. ‘

The purpose of the Flood Plain Use Permit is to determine whether proposed
building sites and development activities will be reasonably safe from flooding.
If the proposed building sites and development activities are located within the
100-year flood plain, or flood-prone areas, all new construction and substantial
improvements, including the placement of pre-fabricated buildings and mobile
homes, shall be designed or modified to prevent flotation, collapse, or lateral
movement of the structures and be constructed with materials and utility
equipment resistant to flood damage and be constructed by methods and
practices that minimize flood damage.

If a subdivision proposal or other proposed new development is in a flood-prone
area, any such proposal shall be reviewed to assure that:

o All such proposals are consistent with the need to minimize flood
damage

o All public utilities and facilities such as sewer, gas, electrical, and water
systems are located and constructed to minimize or to eliminate flood
damage

o Adequate drainage is provided to reduce exposure to flood hazards

o All water supply systems are designed to minimize or to eliminate
infiltration of flood waters into the systems
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o Provide elevations to certify that all new construction and substantial

improvements of residential structures within Zones Al to B0 on the
city's Flood Insurance Rate Map (FIRM) have the lowest floor (including
basement) elevated to or above the base flood elevation.

Provide elevations to certify that all new construction and substantial
improvements of non-residential structures within Zones Al to BO on the
city's FIRM have the lowest floor {including basement) elevated to the
base flood elevation plus one (1) foot allowance for sediment and future
development, or, together with attendant utility and sanitary facilities
shall:

1. Be flood-proofed so that below the Flood Hazard level plus an
allowance for sediment and for future development, the structure is
watertight with walls substantially impermeable to the passage of
water, and protected from erosion,

2. Have structural components capable of resisting hydrostatic and
hydrodynamic loads and effects of buoyancy.

3. Be certified by a registered professional engineer that the standards
of this subsection are satisfied. Such certifications shall be
provided to the City Engineer as set forth in the applicable portions
of this Ordinance.

Provide proof that where flood-proofing is utilized for a particular
structure that it is done in accordance with the requirements established
by the Federal Emergency Management Agency (FEMA) for the National
Flood Insurance (FIS) Program. A registered professional engineer shall
certify that the flood-proofing methods are adequate to withstand the
flood depths, pressures, velocities, impact, and uplift forces and other
factors associated with the base flood.

Provide proof, within Zones Al to B0 on the city's FIRM, for new mobile
home parks and mobile home subdivisions, for expansions to existing
mobile home parks and mobile home subdivisions, and for existing mobile
home parks and mobile home subdivisions where the repair, reconstruc-
tion or improvement of the streets, utilities, and pads equals or exceeds
50% of the value of the streets, utilities and pads before the repair,
reconstruction or improvement has commenced, that: (a) stands or lots
are elevated on compacted fill or on pilings so that the lowest floor of
the mobile home will be at or above the base flood level, (b) adequate
surface drainage and access for a hauler are provided, and (c) in the
instance of elevation on pilings; lots are large enough to permit steps,
piling foundations are placed in stable soil no more than ten feet apart,
and reinforcement is provided for pilings more than six feet above the
ground level,

Provide proof, within Zones Al to B0 on the city's FIRM, for all mobile
homes not located in a mobile home park or mobile home subdivision




that: (a) stands or lots are elevated on compacted fill or on pilings so
that the lowest floor of the mobile home will be at or above the base
flood level, (b) adequate surface drainage and access for a hauler are
provided, and (c) in the instance of elevation on pilings; lots are large
enough to permit steps, piling foundations are placed in stable soil no
more than 10 feet apart, and reinforcement is provided for piers more
than 6 feet above ground level.

Provide proof, within any A0 Zone on the city's FIRM, that all new
construction and substantial improvements of residential structures have
the lowest floor (including basement) elevated above the crown of the
nearest street to or above the depth number specified on the city's
FIRM.

Provide proof, within any A0 Zone on the city's FIRM, that all new
construction and substantial improvements of non-residential structures
(a) have the lowest floor (including basement) elevated one (1) foot above
the crown of the nearest street to or one (1) foot above the depth
number specified on the FIRM, or (b) together with attendant utility and
sanitary facilities be completely flood-proofed to or above that level so
that any space substantially impermeable to the passage of water and
with structural components having the capability of resisting hydrostatic
and hydrodynamic loads and effects of buoyancy.

The floodway designated on the city's FIS maps shall be regulated by the
following requirements:

1. Permitted Uses: Uses having a low flood damage potential may be
permitted to the extent that they are not prohibited by other
regulation, code, or ordinance provided that they do not require
permanent structures, fill or other obstructions to the flow of flood
water in the Floodway District and provided that they do not
adversely affect the capacity of the channels or floodways of any
tributary to the main system, drainage ditch, or any other drainage
facility or system. These uses may be permitted only upon
application to the City Engineer and issuance of a Flood Plain Use
Permit. Permits for these uses do not preclude the appropriate
requirement for flood insurance.

2. Prohibit encroachments, including fill, new construction, substantial
improvements, and other development within the adopted regulatory
floodway that would result in any increase in flood levels within the
community during the occurrence of the base flood discharge.

3. Prohibit the placement of any mobile homes, except in an existing

mobile home park or mobile home subdivision, within the adopted
regulatory floodway.

4. Certification: Any application for a Flood Plain Use Permit must be
certified by a registered professional engineer that the proposed
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development shall not result in any increase in flood levels during
the occurrence of the flood hazard discharge, any deflection of
flow, or any erosion or sediment hazard.

The Floodway Fringe District shall be regulated by the following
requirements:

Floodway Fringe District

1.

30

Permitted Uses:

a. Any use specified in the Floodway District may be permitted in
the Floodway Fringe District,

b. Any other use may be permitted if it is elevated above the
Flood Hazard Elevation and a determination is made by the
City Engineer that the use will not unduly restrict the capacity
of the channels or floodways of tributaries to the main water-
course, drainage ditches, or other drainage facilities or
systems.

c. Structures or buildings, including dwellings, may be erected on
fill material, provided the lowest habitable floor is above the
Flood Hazard Elevation. The fill may be used at locations
where the ground elevation is no lower than two feet below the
Flood Hazard Elevation and shall extend at such elevation for
at least 25 feet beyond the limits of any structure or building
erected thereon. Bank protection, if approved by the City
Engineer, may be used in lieu of the twenty-five (25) feet of
fill.

The above uses may be permitted only if a Flood Plain Use Permit is
obtained, except that in the Floodway Fringe District, encroach-
ment is allowed only to the extent that it will not raise the Flood
Hazard Elevation more than one (1) foot at the time of delineation.

Certification: The applicant shall provide a certification by a
registered professional engineer that the encroachment does not
raise the Flood Hazard Elevation more than one (1) foot and the
flood-proofing methods for any structure are as defined under FIRM.
The City Engineer will maintain a record of all certifications along
with the permit applications.

Permitted Uses Below the Flood Hazard Elevations: If the City
Engineer determines, after reviewing the Flood Plain Use Permit
application, that the proposed use can be readily removed from
flood hazard areas during times of flood, he may allow such uses to
be located at an elevation below the Flood Hazard Elevations.
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o In areas of shallow flooding, as designated on the Flood Zoning District
Maps, all new structures or substantial improvements shall have the
lowest habitable floor elevated above the crown on the nearest street to
or above the depth number specified on the FIRM, and all nonresidential
structures shall have the lowest floor elevated or shall be flood~proofed
to or above the depth number specified on the FIRM,

Review and Approval Procedure

The City Engineer shall review all applications for Flood Plain Use Permits to
determine that all the requirements of this Ordinance are met, and that the
structure would be reasonably safe from flooding.

The review shall determine if the proposed development adversely affects the
flood and sediment-carrying capacity of the area of special flood hazard. For
this purpose, "adversely affects" means that the cumulative effect on the
proposed development, when combined with all other existing and anticipated
development, will not increase the water surface elevation of the base flood
more than one (1) foot.

Prior to occupancy or use of any structures or areas in the Flood Hazard Zone, a
Certificate of Compliance for Flood Plain Use will be obtained from the City
Engineer. The Floodplain Ordinance contains specific details regarding the
methods and procedures to be utilized to obtain a variance or to submit an
appeal concerning all aspects of the Flood Plain Use Permit.

Sample of Flood Plain Use Permit
Figure 2-5 is a sample of the "Flood Plain Use Permit." It must be properly

completed and submitted with the data described above. Figure 2-6 is a

schematic representation of the 100-year flood plain that is being regulated by
the issuance of a Flood Plain Use Permit.
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FLOOD PLAIN USE PERMIT
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ADDRESS OR LEGAL DESCRIPTION

DESCRIPTION OF PROPOSED DEVELOPMENT
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INSURANCE PROGRAM AND SHOWN ON ITS OFFICIAL FIRM AND/OR FLOODWAY MAPS.

REMARKS:

DETERMINATION OF ZONE MADE BY:

CERTIFICATION BY: P.E.

AS REQUIRED IN THE FLOODPLAIN MANAGEMENT ORDINANCE
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SIGNED BY:
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CHAPTER 3

DESIGN CRITERIA FOR FLOOD CONTROL SYSTEMS

INTRODUCTION

The term "flood control system," as utilized in this chapter, refers to the system
of inlets, conduits, manholes, detention basins, and other appurtenances which
are designed to safely collect, store, and convey storm runoff from the design
storm to a point of discharge.

The term "natural water course" as utilized in this chapter refers to the
historical major flow path taken by stormwater and/or snowmelt runoff,

FREQUENCY OF DESIGN RUNOFF

The frequency of design runoff, or rainfall return period, to be utilized for a

local storm drainage system should be once in ten years. Adjustments can be
made to this design frequency as follows:

o Establish a storm frequency of 10 years for projects, 1) not located in
natural existing watercourses, 2) draining important sump areas, or 3)
restricted by outlet conditions.

o Establish a storm frequency of 25 years for projects, 1) concerning major
trunk lines and collection facilities, or 2} located in natural existing

watercourse or sump areas.

o Establish a storm frequency as approved by Provo City where such
circumstances exist to warrant an adjustment.

The rainfall intensities for the design storm frequency to be used in the
computation of runoff shall be obtained from the rainfall intensity-duration-
frequency curves for Provo City as shown in Figures 3-1 and 3-2.

DESIGN PROCEDURES

The design engineer shall get the facts before commencing design work. This is
particularly important in drainage work. After having the facts, a logical and
technically-thorough procedure can be carried out to design a hydraulically
balanced storm drainage system. Generalized procedures for designing such a
storm drainage system are presented here as an aid to those who do not regularly
do storm drainage design.

Basic Data Requirements
The design engineer shall prepare, furnish, establish, or develop the following:
o A map of the area to be serviced by the storm drain. The map generally

should be at a scale of 1 inch to 100 feet or 1 inch to 50 feet, having 2
foot contours.
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o A map of the drainage basin containing the area being studied. This map
is usually a USGS map at 1 inch to 2000 feet.

o A layout of the area to be storm drained showing existing or proposed
streets, intersections, and development type. The engineer should advise
the planner in street layout and major drainage ways to reduce drainage
problems.

o Typical street cross sections.
o Street and intersection elevations or street profiles of the subject areas.
o Soil and water table data.

o Location and elevation of the outfall point of the storm drainage system
for the proposed project. '

o Rainfall curves as shown in Figures 3-1 and 3-2.
o Information on existing and proposed utilities.
Development of Alternate Concepts

In many cases, numerous potential layouts are possible. Here the engineer should
review the reasonable alternatives and concepts, selecting those that appear

most practical from an intuitive standpoint. The most promising concepts should
be selected for analysis.

Preliminary Conduit Alignments

Several preliminary layouts should be considered. Alignments should coincide
with collector or arterial streets since it will be necessary to preclude cross
street flow on these streets.

Divide Basin into Sub-basins

Separate the basin into relatively homogeneous and hydrologically independent
sub-basins. The definition of a sub-basin requires that each sub-basin have only
one discrete point of discharge, whether that be into a storm drain, a channel or
other drainage facility. . When dividing a basin into sub-basins, it should be
remembered that at various inlets on a continuous grade only a portion of street
flow will be removed to the storm drainage system. At intersections of collector
streets or arterial streets, it will be necessary to remove 100% of the storm
drainage from the road surface to preclude cross street flow.

Design of the Storm Drainage System

The following is a general outline of the procedure that should be followed to
design a storm drainage system. The method of determining design runoff values
is developed in Chapter 4 entitled "Hydrologic/Hydraulic Computational
Methods."




Obtain or develop preliminary street grades and cross sections. The
allowable carrying capacity for these streets can then be calculated.

Beginning at the upper end of the basin in question, the designer should
calculate the quantity of flow in the street until the point is reached at
which the allowable carrying capacity of the street matches the design
runoff.

Initiation of the storm drain system would start at this point if there is
no alternate method of removing runoff from the street surface. It is
not necessary to remove 100% of the flow from the street surface at the
beginning of the storm drainage system, or at any given location along
the system unless the intersection of streets causes termination of cross
street flow. It is, however, necessary for the allowable street capacity
plus the storm drain capacity to equal or exceed the design flow.

The designer must note that once the storm drain system is started, only
small portions of the street flow should flow across intersections with
local streets, and none where collector or arterial streets are

encountered.

Prepare a cost estimate for each of the proposed systems and list the
pros and cons of each system. Unbiased attention to all good and bad
points of various systems is necessary to arrive at the decision as to
which system is actually most desirable.

Review the alternative plans with the people responsible for the final
decision. If any potential problems exist with reference to the system,
such as effects on downstream entities, they should be thoroughly
analyzed and resolved.

Note: The preceding steps constitute the preliminary design portion of
the total design procedure for a storm drain system. Up to this
point, we have been compiling the information necessary to make
a correct decision on which system to utilize for the final design.

Review all of the preliminary work done up to this point. This includes
all hydrological assumptions, basin boundaries, sub-basin boundaries,
street classification and cross section, and any other preliminary design
values which will subsequently be used in the final design.

Often it will be necessary for the drainage design engineer to revise
street construction details to facilitate drainage. This may include
eliminating cross fall on streets, raising required ground elevation of
houses adjacent to streets, or increasing street grade to achieve
sufficient stormwater carrying capacity within the street.

The hydraulic design of a system should be based on the procedures set

forth in this manual. A realistic "n" value for final design should be
determined and applied as necessary, treating the conduits as either open




channels or pipes flowing full, as the case may be. For open channel
flow, the energy grade line should be used as a base for calculation. For
conduits flowing full, the hydraulic grade line should also be calculated.

o The design of inlets and detention basins should be carried on simul-
taneously with the design of the remainder of the storm drainage system.
The allowable street carrying capacity and storm drain capacity should
be continuously equated to the design runoff to determine where inlets
and detention basins will be necessary.

o  The structural aspects of pipe and appurtenances to be utilized in the
storm drainage system should be designed by thorough methods to insure
that they are both adequate and economical.

Certain of these decisions must be made prior to hydraulic design of the
system since the geometry of junctions, the type of inlets to be utilized,
and the pipe material will influence the design.

o Final construction plans and specifications should be of sufficient
accuracy and clarity to guarantee that the deszgner s ideas are carried to
completion by field installations.

DESIGN CRITERIA

The final hydraulic design of a storm drainage system should have as its
objective the design of a balanced system in which all portions will be used to
their full capacity without adversely affecting the drainage of any area.

Hydraulic calculations will usually be based upon the design runoff. It may be
advisable also to analyze lower flows for sediment carrying capacity and higher
flows for the possibility of the hydraulic grade exceeding the ground elevation
with resulting discharge from the storm drain. For storm drainage systems on
natural channels a bulking factor may be required by the City Engineer.

The following sections describe the design criteria needed in order for the
hydraulic design to be carried out.

Design Procedures

General procedures for establishing quantities of flow and horizontal layout are
the same for both open channel and pressure conduits. With the criteria
discussed in this chapter, the following procedure allows computations for
required pipe size and appurtenance construction to be pursued with the degree
of accuracy justified by the cost of subsequent construction.

In storm drain systems flowing full, all losses of energy through resistance to
flow in pipes or by changes in momentum and interference with flow patterns at
manholes must be compensated by an accumulative series of rises of pressure
along the system from its outlet to its initial upstream inlet or until open
channel flow conditions interrupt the calculations. Losses due to pipe flow
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resistance may be calculated by any of a variety of methods, so long as an
appropriate roughness factor for the conduit is used (see Chapter 4).

Since the elevation to which water rises in a manhole, or the internal pressure on
the conduit for structural purposes, is the factor most important in design, the
changes are expressed in terms of the total energy head line. The change in
hydraulic grade line may be either positive or negative at a given manhole, while
the total head must always drop due to losses. Therefore, the total head,
although not necessary for calculations, may be a desirable calculation to carry
along as a check.

Pipelines

Closed conduit sections (pipe, box, etc.) shall be designed as flowing full,
whenever possible, and may be allowed to flow under pressure in peak flow
conditions. It is evident that if the hydraulic grade line rises above the ground
surface, storm inlets will not function, and storm water will actually be
discharged from the storm sewer to the street surface via the inlets and
manholes,

Based on the assumption that Manning's "n" varies with depth, the capacity of a
circular conduit at a given grade is the same at 91% and 100% ratios of d/D.
Since it is impractical to design for the theoretical range where capacity
exceeds that for the full conduit, open channel flow should only be assumed
below 4/D = 90%. Capacity calculations should be carried out as described in
Chapter 4 of this manual.

Pipe Size. The minimum diameter of any storm drainage conduit shall be 15
inches, unless otherwise approved by the city.

Pipe Slope. The slope of the pipe is controlled by the velocity of the flow.
Slopes are calculated so that when the pipe is flowing full or partially full, the
velocity will be at least 3.0 feet per second. This criteria is based on the
assumption that these minimum slopes will produce self-cleaning velocities and
prevent sedimentation. Pipe slope shall be designed so that neither silting nor
excessive velocities resulting in scour can occur.

Alignment. Storm drains shall be straight between manholes insofar as possible.
Where long radius curves are necessary to conform to street layout, the radius of
curvature shall be not less than 100 feet. Radius of curvature specified should

coincide with standard curves available for the type of material utilized
wherever possible,

Crossings. Crossings with other underground utilities except at intersections
shall be avoided. Crossings, if necessary, should be at an angle greater than 45
degrees. ’

The storm drain pipeline and/or the utility must be structurally reinforced if

insufficient vertical clearance is available. Standard allowable clearance
without reinforcing between storm drains and sanitary sewers is 24 inches.
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Cover. Storm drain grade shall be such that a minimum of 1 foot, 6 inch cover
over the crown of the pipe is maintained. Uniform slopes shall be maintained
between manholes unless specifically approved otherwise.

Materials of Construction. Storm drains may be comnstructed of any suitable
material acceptable to the city, as long as it is capable of matching require-
ments set forth in this manual. Soils tests shall be conducted when there is a
possibility that conditions exist which would cause premature failure of certain
materials. Structural calculations must be carried out on any material to verify
that it is acceptable. CMP pipe should not be allowed on any natural drainage
subject to a debris load.

Box Culverts

The use of poured in place box culverts for underground outfall conduits of larger
capacity can have cost advantages over large-diameter pipe. Furthermore,
because they are poured in place, advantages accrue in being able to incorporate
conflicting utilities into the floor and roof of the structure. Box culverts as used

here refer to long, boxlike conduits similar to long pipes.
Major disadvantages of box culverts for long conduits are:

o The fact that the capacity drops significantly when the water surface
reaches the roof. The capacity drop is 20 percent for a square cross
section, and more for a rectangular cross section where the width is
greater than the height.

o Normal structural design, because of economics, usually does not permit
any signficant interior pressures, meaning that if the conduit reached
full capacity, there could be a failure due to increased interior pressures
caused by a choking of the capacity. ' :

It is apparent that the use of long box culverts for outfall conduit purposes
requires a high standard of planning and design involving complex hydraulic
considerations and major utility interference reconciliation.

Hydraulic Design. Box culverts are often considered to be a covered free-flow
conduit (open channels with a cover).

The structural design of precast culverts shall conform to those methods and
criteria recommended by the manufacturer for that culvert type and for the
conditions found at the installation site. However, the design shall adhere to the
minimum standards set forth in the current American Association of State
Highway and Transportation Officials (AASHTO) "Standard Specifications for
Highway Bridges".

Computational procedures for flow in box culverts are essentially the same as
for canals and lined channels, except that special consideration is needed in
regard to rapidly increasing flow resistance when the conduit reaches full
capacity.

Typical roughness coefficients for a box culvert are presented in Table 3-1.
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TABLE 3-1

ROUGHNESS COEFFICIENTS FOR LARGE CONDUITS

Type of Pipe Manning's n

Concrete
Precast concrete pipe, good joinf alignment 0.012
Precast concrete pipe, ordinary joint alignment 0.013
Poured in place, steel forms, projections 1/8" or less 0.013
Poured in place, smooth wood forms, projections 1/8"  0.013

or less
Poured in place, ordinary work with steel forms 0.014
Poured in place, ordinary work with wood forms 0.015
Steel
Structural plate corrugated, 2"x6" corrugations, 0.033 - 0.0298

5' to 20" diameter

Corrugated pipe, 1"x3" corrugations, 0.028 - 0.026

3' to 8' diameter




Catch Basins

Certain specific design procedures are necessary when designing catch basins for
storm-water inlets.

The design water surface elevation should be at least 6 inches below the gutter
grade at the inlet to allow the inlet to properly function. If there is any
possibility of the hydraulic grade being above this level, the inlet should not be
considered to accept any flow. Under unusual cases, the hydraulic grade may
exceed the inlet elevation, allowing flow to escape from the system. Methods of
dealing with this water must then be included in the design. Figures 3-3 to 3-5
show curves that are useful in the design of catch basins.

Manholes

The location of pipes in manholes shall be designed to insure maximum
efficiency. Figure 3-6 presents details of the allowable manhole shaping and
types of deflectors.

Spacing. Manholes shall be placed such that the maximum spacing between
manholes is 450 feet.

Direction Changes. Short radius bends may be used on 24 inch and larger pipes
when flow must undergo a direction change at a junction or bend. Reductions in
headloss at manholes may be realized in this way. A manhole shall always be
located at the end of such short radius bends.

Any local collector pipes that enter the storm drainage system shall enter the
system at a manhole.

Outlets

The following discussion of outlets applies to the point at which a storm drain
system discharges into an open channel or a major drainage conduit.

Outlet Location. Storm drain flows must in some way eventually reach a major
drainage way such as the Provo River. Cases in which the major drainage is
readily accessible by the storm drain are easily solved. However, when it is not
readily apparent that the storm drain will discharge into a previously delineated
major drainage, the question of an acceptable outlet point becomes important.

Hydraulic Design. The actual hydraulic design of an outlet can only proceed
after the location has been approved.

The water level in the receiving drainage way should be determined for the
design storm frequency. If this elevation is above the crown of the sewer, it is
unlikely that special outlet control devices will be necessary to prevent erosion.
However, the outlet should be reviewed for possible erosion tendencies if the
drainage way is flowing at less than the design depth.
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Design of headwalls and outlet structures is given considerable attention in the
"Handbook of Concrete Culvert Pipe Hydraulics.”

Open Channels

Open channels for use in the drainage system have significant advantages in
regard to cost, capacity, multiple use for recreational and esthetic purposes, and
potential for detention storage. Disadvantages include right-of-way needs and
maintenance costs. Careful planning and design are needed to minimize the
disadvantages and to increase the benefits.

The ideal channel is a natural one carved by nature over a long period of time.
Desired characteristics of such a channel are that:

o Velocities are low, resulting in longer concentration times and lower
downstream peak flows

o Maintenance needs are low because of the channel stability

o The channel provide a desirable green belt and recreational area, adding
significant social benefits

The closer the artificial channel characteristics come to that of a natural
channel, generally, the better will be the artificial channel.

Choice of Channel Characteristics. The choices of channel characteristics
available to the designer are almost infinite, depending only upon good hydraulic
practice, environmental design, sociological impact, and basic project require-
ments. However, from a practical standpoint, the basic choice is usually
whether or not the channel is to be a lined channel, a grassed channel, or a
natural existing channel.

The actual choice must be made upon a variety of multi-disciplinary factors and
complex considerations which include, among others:

Hydraulic

Slope of drainage way
Right-of-way

Required capacity

Sediment deposition

Erosion control

Topography

Ability to drain adjacent lands

Q0 000 00

Structural

o Costs

o Availability of material
o Areas for wasting fill




Environmental

Neighborhood character
Neighborhood esthetic requirements
Street and traffic pattern
Municipal or County policies

0000

Sociological

Neighborhood social patterns
Neighborhood children population
Pedestrian traffic

Recreational needs

o000

Concrete-Lined Channels. Where high velocities are present or steep side slopes
must be used, an open channel shall be lined. If supercritical flow is unavoidable,
all concrete channel sections shall be continuously reinforced, both longitudinally
and laterally, :

Grass-Lined Channels. Grass-lined channels may be considered to be the most
desirable artificial channels. The channel storage, the lower velocities, and the
sociological benefits obtainable create significant advantages over other types.
The design must give full consideration to esthetics, to sediment deposition, and
to scour, as well as hydraulics.

Natural Channels. Careful hydraulic analysis must be made of natural channels
to deal with the highly active erosional tendencies resulting from urbanization.

In nearly all cases some modification of the channel will be required to create a
somewhat more stabilized condition.

Design Velocity. A maximum velocity should be selected that permits an
economical cross section and yet keeps scour problems within reasonable limits.
A typical maximum design velocity is 7.5 feet per second. Without a satisfac-
tory grass cover established, however, the annual flows will cause serious
channel cutting and bank cutting at bends.

Design Slopes. Grass-lined channels, to function well, normally have slopes of
from 0.2 to 0.6 percent. Where the natural topography is steeper than desirable,
drop structures should be utilized.

Curvature. In general, centerline curves should not have a radius of less than
about twice the design flow top width, but not less than 100 feet.

Freeboard Requirements. Bridge deck bottoms and sanitary sewers often control
the freeboard along the channel banks in urban areas. Where they do not control,
the allowance for freeboard should depend somewhat upon the conditions
adjacent to the channel. For instance, localized overflow in certain areas may
be desirable because of ponding benefits. In general, a minimum freeboard of 1
to 2 feet should be allowed, though in certain cases as little as 8 inches might be
satisfactory. However, it should be noted that freeboard requirements for
natural drainage channels are specified by FEMA to be a minimum of 3 feet.
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Channel Cross Sections. The channel shape may be almost any type suitable to
the location and to the environmental conditions. Often the shape can be chosen
to suit open space and recreational needs and to create other additional
sociological benefits.

However, there are limitations within which the design must fall.

Side slopes -- The flatter the side slope, the better - 4:1 is a normal
minimum. Under special conditions, the slopes may be as
steep as 3:1, which is also the practical limit for mowing
equipment.

Depth — The maximum depth should be minimized - 3.5 feet through
4.0 feet are typical where good maintenance can be
expected and where durations of peak flows are short lived.

Bottom width -~ The bottom width should be at least 6 to 8 times the depth
of flow - 20 to 30 times the depth is common,

Trickle
channel —- Trickle channels or underdrain pipes are required on all

urban grassed channels. These are required because of the
maintenance problems created with nuisance water flows.

Water Surface Profile. A water surface profile must be computed for all
channels and clearly shown on the final drawings. Computation of the water
surface profile should utilize standard backwater methods, taking into considera-
tion all losses due to changes in velocity, drops, bridge openings, and other
obstructions. !

Final Design Criteria. The final design criteria for open channels cannot be
presented in cook book fashion because of the wide range of design options open
to the engineer. Furthermore, no two channels nor any two conduits are exactly
alike. Figure 3-7 illustrates some typical grassed channels.

Detention Basins

The purpose of this section is to deal with criteria for design and methods of
application of detention facilities. Included are: roof-top storage, parking lot
storage, local recreation areas storage, and small detention basin and ponds
constructed within the limits of development areas.

The objective of a detention facility is simply to regulate the runoff and to
control the discharges to help reduce the impact of the new development on

downstream drainage systems.

The important criteria which should be considered in the design of a stormwater
detention facility, are as follows:

o Stormwater excess should be kept out of proposed habitable areas

3-11
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o Detention time should be as short as possible; typically it should be
limited to a maximum of 18 hours

o Permanent "retention" facilities are not permitted
o0 Release into a sanitary sewer is not permitted

o The maximum depth of water shall not exceed 3 feet for a detention
basin facility in a residential area and 1 foot for a commercial/industrial
area

o The storage volume requirements should be capable of detaining a 10-
year frequency rainfall event

o An overflow should be provided that will safely pass a 100-year fre-
quency rainfall event without damage to the structure

o An underground piping system must be provided to bypass normal
nuisance flows through any multi-use detention facility, such as a
recreation park or parking lot, minimum pipe size requirements shall
govern

Hydraulic Capacity of Streets

Although a typical street has the capability to convey stormwater, it should be
noted that the main purpose of a street is for traffic. Hence, wherever possible,
the stormwater should be removed to a separate storm drainage facility.

The hydraulic capacity of a street section to convey water can readily be
calculated by the Manning Equation in the following form as developed by Izzard:

Q = 0.56 2 a®/351/2
n
In this equation the symbols are defined as follows:

Q = discharge in cfs

Z = 1/8; where Sy is the cross slope of the pavement
d = depth of water in feet at face of curb

S = longitudinal grade of street

n = Manning's roughness coefficient

Experiments have proven that this form of the equation is more accurate than
would be obtainable by computing the hydraulic radius based on the wetted
perimeter and the area of the cross section. The equation applies directly to a

section having a straight cross slope. An n value of 0.016 shall be utilized unless
special considerations exist.

A nomograph has been developed based on the above equation {See Figure 3-8).
The graph is applicable for all gutter configurations. In order to calculate the
actual flow rate allowable, the theoretical capacity shall be multiplied by a

reduction factor. These factors are determined by the curve in Figure 3-9.
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must be involved to establish the groundwater table for underdrain design
purposes.

Field surveys may be necessary to supplement design maps with reference to
utilities, test hole locations, and other items which are not accurately located on
the maps.

Design Maps.

Mapping for use in final design shall be of sufficient accuracy to enable storm
drain lengths to be set within 0.1 foot and elevations within 0.01 foot.

Elevation datum shall be USGS unless other datum is specifically required by the
City.

Horizontal control shall be tied to state grid coordinates and section corners to
allow matching of maps for different projects.

When alternate types of materials are being considered, hydraulic design
profiles must be shown for each material to verify that both materials will be
acceptable.

CHECK OF DESIGN SUBMITTAL

As an aid to the design engineer as well as to those reviewing drainage plan
submittals, the following check lists are provided:

Preliminary Design
o Basic Data

Map of total drainage basin

Map of area to be storm drained

Characteristics of streets

Street grades and direction of slope

Location and elevation of outfall points for initial and major drainage
Rainfall curves

Character of future development

Degree of imperviousness

Soil and water table data

Utility information

o Hydrology
Design criteria tabulation for major storm runoff
Peak discharge computations for pipe sizing

Peak discharge computations for storm runoff
Assumptions as to upstream storage
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o Layout

Streets and street names

Irrigation ditches

Street drainage flow direction

Drainage basin and sub-basin boundaries
Storm drain layout with sizes

Storm inlet locations

Valley gutter locations

Open drainage ways

Layout of drainage system showing flows and direction
Scale

North arrow

Signature blocks for review approvals
Location map and subdivision names
Conflicting utilities

o Cost Estimate
Final Design
o General

Title block (lower right-hand corner preferred)
Scale

Date and revisions

Name of professional engineer or firm
Professional engineer's seal

Statement as to specifications

Approval spaces with date spaces

Drawing numbers

o Drainage Area Plan

North arrow

Contours {maximum 2-foot intervals)

Location and elevation of U.S.G.S. bench marks
Property lines

Boundary lines (counties, districts, tributary area, etc.)
Streets and street names, and approximate grades with width
Subdivision (name and location by section}

Existing irrigation ditches

Existing drainage structures, including flow directions
Drainage sub-basin boundaries

Easements required

Proposed curbs and gutters and gutter flow directions
Proposed valley gutter and flow directions

Proposed inlet locations and inlet sizes

Proposed piping and open drainage ways
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o Construction Plans

North arrow
Property lines and ownership or subdivision information

Street names and easements with width dimensions
‘Testhole locations and log
Existing utility lines (buried), location and depth
water
gas
telephone
storm drain
irrigation ditches
sanitary sewers
Vertical and horizontal grids with scales
Ground surface existing and proposed
Existing utility lines where crossed
Pipes
Plan showing stationing
Profile
Energy Grade Line/Hydraulic Grade Line
Size, lengths between manholes and type
Grades
Inlet and outlet details
Manhole details (station number and invert elevations)
Typical bedding detail
Open channels
Plan showing stationing
Profile
Grades
Typical cross section
Lining details water surface elevations
Water surface elevations
Special Structures (Manholes, headwalls, trash racks, etc.)
Plan
Elevation
Details of design and appurtenances
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CHAPTER 4

HYDROLOGIC/HYDRAULIC COMPUTATION METHODS

INTRODUCTION

To assist in the design and/or assessment of a storm drainage system, computa-
tional models are often used. These models generally fall into two categories,
the hydrologic models and the hydraulic models.

Hydrologic models are designed to simulate mathematically the rainfall-runoff
process. These models can, therefore, determine an estimate of the runoff rate
from a particular area resulting from a given design storm. This runoff rate can
then be used to design the storm drainage facilities or to evaluate existing
facilities. In order to use a hydrologic model, rainfall data as well as the
characteristics of the basins under study are needed. In this chapter the sources
of rainfall data and the basin characteristics required for the hydrological
computation are presented.

There are numerous hydrologic models being used ranging from mere guesses to
complicated computer programs. In review of the purposes of this manual,
several computational methods will be discussed. Two of these, the Rational
method and the SCS TR-55 method, are for the calculation of peak flow rates.
For the determination of hydrograph shapes and volumes two unit hydrograph
methods will be discussed; the Denver Unit Hydrograph Approach and the SCS
method of unit hydrograph. Also the ILLUDAS computer simulation model will
be briefly introduced as an alternative to hand calculations. When properly
applied, each of these computation methods should yield approximately the same -
result for any given drainage area and design storm, hence one method can be
used to check another.

Hydraulic computation methods deal with the design and sizing of a structure
rather than the simulation of a rainfall-runoff event. Therefore, hydraulic
methods are applied to the results determined in the hydrologic simulation to
provide for the design of the storm drainage facility. The methods used in the
design of these hydraulic structures are presented in this chapter following the
discussion on hydrologic models.

HYDROLOGIC METHODS

Before any hydrologic computations can be carried out, the design engineer must
collect the required data for the chosen computation method. Generally these
data requirements fall into two basic categories; rainfall data and basin
characterization data.

BEL ORISR




Rainfall Data

Rainfall data for small developments is typically the same for all of the drainage
area sub-basins. Fluctuations could occur between sub-basins because of several
factors:

o Change in elevation
o Changes in topographic and orographic features
o Changes in climatic patterns

However, because most developments are relatively small compared to the scale
of a thunderstorm the precipitation values for any hydrologic calculations are
considered constant over the drainage basin.

Sources of Data. Rainfall data can be obtained from the following sources:
o NOAA ATLAS 2, National Weather Service

o Rainfall Frequency Altas of the United States, U.S. Weather Bureau
Technical Paper No. 40

o State Climatologist

The rainfall data in the above sources are in the form of isohyetal lines for
different rainfall frequencies and durations. In order to use the data for
hydrologic calculations, depth-duration-frequency tables and curves have been
developed. These are shown in Figures 4-1 to 4-4 and Tables 4-1 and 4-2.

Distribution of Rainfall. The distribution of rainfall varies greatly from storm to
storm, however studies on the time distribution of rainfall in mountainous areas
have shown that more than 50 percent of the total storm depth occurs in 25
percent of the storm period. Also, more than half of the total depth of rain is
usually delivered as burst rainfall. Along the Wasatch Front rainfall bursts
occur most frequently in the first quarter of the storm period. Figure 4-5 shows
typical rainfall time distribution curves.

The rainfall data and distribution have been discussed in more detail in the Provo
City Master Storm Drainage Plan Volume I. The information presented here is
for convenience in the use of this manual.

Basin Characterization Data

Unlike the rainfall data presented above, the physical basin characteristics can
vary tremendously between sub-basins. This variation requires that each of the
sub-basins have its own unique set of characteristic data.

Generally there are three types of data required to fully describe a sub-basin.
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TABLE 4-1
RAINFALL DEPTHS FOR PROVO AREA (Inches)

AREAS ABOVE 5000 FEET ELEVATION
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TABLE 4-2

RAINFALL INTENSITIES FOR PROVO AREA (Inches/Hour)

AREAS ABOVE 5000 FEET ELEVATION

Time 2-Year 5-Year 10-Year 25-Year 50-Year 100-Year
; 5 min 2.04 2.76 3.36 4.08 4.56 5.16
‘ 10 min 1.56 2.16 2.58 3.18 3.54 4.02
15 min 1.28 1.84 2.20 2.68 3.00 3.36
) 30 min 0.90 1.26 1.52 1.84 2.08 2.34
| 60 min 0.57 0.80 0.96 1.17 1.32 1.48
2 hours 0.37 0.50 0.59 0.71 0.79 0.88
5 3 hours 0.29 0.39 0.45 0.53 0.59 0.65
g 6 hours 0.19 0.25 0.28 0.33 0.37 0.40
f 12 hours 0.13 0.17 0.19 0.22 0.24 0.26
24 hours 0.081 1.10 0.12 0.14 0.15 0.16

AREAS BELOW 5000 FEET ELEVATION

Time 2-Year 5-Year 10-Year 25-Year 50-Year 100-Year
5 min 1.80 2.52 3.12 3.84 4.20 4.68
10 min 1.38 1.98 2.40 2.94 3.30 3.66
15 min 1.20 1.68 2.04 2.48 2.80 3.12
30 min 0.82 1.16 1.40 1.72 1.92 2.14
60 min 0.52 0.74 0.89 1.09 1.22 1.36
2 hours 0.31 0.43 0.52 0.62 0.70 0.77
3 hours 0.23 0.32 0.40 0.45 0.50 0.56
6 hours 0.14 0.19 0.23 0.26 0.30 0.33
12 hours 0.09 0.12 0.14 0.16 0.18 0.20
24 hours 0.05 0.069 0.082 0.098 0.11 0.12
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o Soil information
o Land uses
o Physical system

Soil Information. Soil properties influence the generation of runoff from rainfall
and must be considered, even if only indirectly, in methods of runoff estimation.
When runoff from individual storms is the major concern, as in flood prevention
work, the soil properties can be represented by a parameter called the hydrologic
soil group.

The Soil Conservation Service has grouped all soils into four main soil groups.
These are described as follows:

Group A (Low runoff potential). Soils having high infiltration rates even when
thoroughly wetted and consisting chiefly of deep, well to excessively
drained sands or gravels. These soils have a high rate of water
transmission.

Group B Soils having moderate infiltration rates when thoroughly wetted and
consisting chiefly of moderately deep to deep, moderately well to well
drained soils with moderately fine to moderately coarse textures.
These soils have a moderate rate of water transmission.

Group C Soils having slow infiltration rates when thoroughly wetted and
consisting chiefly of soils with a layer that impedes downward
movement of water, or soils with moderately fine to fine texture.
These soils have a slow rate of water transmission.

Group D (High runoff potential). Soils having very slow infiltration rates when
thoroughly wetted and consisting chiefly of clay soils with a high
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