
Ordinance No. 45 or 2007

AN ORDINANCE ADOPTING A STORMWATER MANAGEMENT AND DRAINAGE
MANUAL FOR THE CITY OF BENTON; AND FOR OTHER PURPOSES.

WHEREAS, The City of Benton has an obligation to manage stonnwater throughout the

city in order to protect the health and safety of its citizens; and,

WHEREAS, the City is experiencing certain issues with the proper management of

stonnwater due to the growth and development of the community; and,

WHEREAS, until the City can develop its' own stonnwater management and drainage

manual, the City desires to adopt the stonnwater and drainage manual currently being utilized by

the city of Little Rock; and

WHEREAS, at least three ( 3) copies of the City of Little Rock Stonnwater Management

and Drainage Manual have been filed with the City Clerk of the City of Benton and available for

public inspection since May 11, 2007; and,

WHEREAS, a public notice was published in the Benton Courier, a newspaper of general

circulation in the community, on~, advising the public that three ( 3) copies of the

manual were available for public examination at the office of the City Clerk, City Hall, 114 South

East Street, Benton, Arkansas;

NOW, THEREFORE, BE IT ORDAINED by the City Council of the City of Benton,

Arkansas, that:

SECTION 1. The City of Benton does hereby adopt, by reference, the City of Little

Rock Stonnwater Management and Drainage Manual, Revised 1998 as its own manual for

stonnwater management in the city. This manual shall be followed with respect to all new

subdivision construction for all site plans approved by the City following the effective date of this

Ordinance.

SECTION 2. All City of Benton Ordinances and/ or Resolutions are hereby repealed to

the extent of such conflict, but not otherwise.

CITY CLERK
Modified by Ord 49 of 2019. All References to Public Works Dept should be City of Benton Streets & Drainage &or City Engineer
All references to Planning Commission should be Streets & Drainage Committee




SECTION 3. The City Clerk shall, upon the passage and approval ofthis ordinance

shall maintain at least three ( 3) copies of the text of this Ordinance and the Manual for use and

examination by the public.

SECTION 4. If any provision of this Ordinance or the application thereof to any

person or circumstance is held invalid, such invalidity shall not affect the other provisions or

applications of this Ordinance which can be given effect without the invalid provision or

application, and to this end, the provisions of this Ordinance are hereby declared to be severable.

PASSED AND APPROVED this 8f5 day of ... ~ ll1le 2007.

N ;f&~
Rick HoJJand, Mayor
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M a-ch 291 1985

TO: THE USER OF " THE STORMWATER MANAGEMENT
AND DRAINAGE MANUALu

i

In order to ensurp that you \' li 11 recpi vp all chang~ s

additions to this manuaII please complete thp following:
J

I

NAME:

F I R~i :

COMPLETE MAILING ADDRESS: i

i

REMOVE AND RETURN THIS SLIP TO:

CITY OF LITTLE ROCK
PUB~ lC WORKS DEPARTMENT
ENGINEERING SECTION
701 WEST MARKHAM STREET
LITTLE ROCKI AR 72201

II

I
I

I '

II



STORMWATER MANAGEMENT & DRAINAGE DESIGN MANUAL

J

J

OUTLI NE

ORD I NAtlCE

POLICIES

INTRODUCTION

SECTION I - Submittal " Procedures

SECTIOH II - Determination of Storm Runoff

SECTION III - Storm Drains and Drainage Appurtenances

SECTION IV - Culvert Hydraulics

SECTION . V - Stormwater Detention

SECTIOtl VI - Pavement Drainage Design

SECTION VII - Storm Inlets

SECTION VIII - Storm Sewer Design

SECTION IX - Open Channels

SECTION X - Erosion and Sediment Control

SECTION XI _ General Requirements to Prevent Stonmwater Oamage

I
J

i I
J-J

i

J

J

J

j

APPENDICES

A. SCS- TR- SS" Tabular ~ ethod Using Micro- Computer

B. Detention P~ nd Design, Example. and Channel ~ outing

C. Tabular Method Hydrograph Distributions

D. Tabular Method Example Problem

E. Load. Proof. and Correct Programs

F. Interpolation and Use of Distrlbution Data Program

J

J

t
I

Bibliography



TABLE

2- 1

2- 2

2- 3

2- 4

2- 5

3- 1

3- 2

3- 3

3- 4

3- 5

3- 6

4- 1

4- 2

4- 3

9- 1

9- 2

9- 3

TABLES L~

L~Runoff Coefficients for Rational Method - Lane

Use Characteristics

Runoff Coefficients for Rational Method - compoJL~
Analysis

Rational Method Runoff Curve Numbers by Zone an~

Land Use - SCS TR- 55

Direct Runoff Values by RCN' s and Rainfall Amou1.:
RCN/ Runoff Inches

Minimum Slope Required to Produced Scouring velli
Permissible Velocities for Channels Lined with

li
Roughness Coefficients WnW for Storm Drains

Junction or Structure - Coefficient of Loss

Head Loss Coefficients Due to Obstructions

Bead Loss Coefficients Due to Sudden Enlargemen~
and Contractions

Values of Entrance Loss Coefficients RKew L
Il.-.

Reduction Factors for Velocity of Approach

Lv
i

Culvert Discharge - Velocity ~ imitations

Computation of Composite Roughness Coefficient

Excavated and Natural Channels

Classification of Vegetal Covers to Degree of

Retardance

f
Permissible Velocities for Channels Lined with

Grass

1.

L
r

I

t

L.
I

I



J

1

FIGURE

1- 1

2- 1

2- 2

2- 3

2- 4

2- 5

2- 6

2- 7

3- 1

3- 2

3- 3

3- 4

3- 5

3- 6

3- 7

3- 8

3- 10

3- 11

3- 12

4- 1

4- 2

4- 3

4- 4

I
nJ

i I

I

f I
j

I
J

L1,

FIGURES

Topographic Symbols and Abbreviations

Zone Map for Runoff potentials: SCS TR- 55

Time of Concentration Nomograph

Average Velocities for Overland Flow

Intensity - Duration - Frequency Chart: 0- 24 hrs.

Intensity _ Duration - Frequency Chart: 5- 60 min.

Runoff Curve Number Work Sheet

TR- 55 Wor~ Sheet

Minor Head Losses Due to Turbulence at Structures

Minor Head Losses Due to Turbulence at Structures

Minimum Easements for Drainage and Utilities

Inlet Control

Outlet Control

Culvert Design

Type 1 - Culvert Flowing Part Full with Outlet Control

and Tail Water Depth Below Critical Depth



FIGURE

4- 5

4- 6

4- 7

4- 8

4- 9

4- 10

4- 11

4- 12

4- 13

4- 14

4- 15

4- 16

FIGURES L_

Culvert Flowing Part Full with Outlet Control = tnL_
Tail Water Depth Above Critical Depth

Culvert Flowing Part Full with Inlet Cont~ ol I ;

Type IV- A, Culvert Flowing Full with Submerged

0[1'
Type IV- B, Culvert Flowing Full with Partially

Submerged Outlet

Critical Flow for Box Culverts

Uniform Flow for Box Culverts

Headwater Depth for Box Culverts with Inlet

Head for Concrete Box Culverts Flowing Full

Critical Depth of Flow for Circular Conduits

Uniform Flow for Pipe Culverts

Velocity in Pipe Conduits

Head for Concrete Pipe Culverts Flowing Full

LL

U--
Contro)

I

I i
i

i

4- 17 Headwater Depth for Concrete pipe Culverts with

Inlet Control --

4- 18 Deph of Cover Tables

4- 19 Pipe Beddings

4- 20

5- 1 .

5- 2

6- 1

6- 2

6- 3- 6- 31

Pipe Beddings

Modified Retention Hydrograph

Headwater Depth for Concrete pipe Culverts with

Inlet Controls

Reduction Factor for Allowable Gutter Capacity

Nomograph for Flow in Triangular Channels

Gutter Flow Curves

I

I ,

f ;

I

1-

1.
i
lIII'



FIGURES

FIGURE

9- 10

Flow Velocity for Channels Lined with Jute Me~ h

Maximum Permissible Depth of Flow for Channels

Lined with Excelsior Mat

9- 9

9- 11

9- 12

Flow Velocity for Channels Lined with Excelsior Mat

Maximum Permissible Depth of Flow for Channels Lined

with Erosion Net

9- 16

Flow Velocity for Channels Lined with Erosion Net

Maximum Permissible Depth of Flow for Channels Lined

with Bermuda Gra$ s, Good Stand, Cut to Various Length:

Maximum Permissible Depth of Flow for Channels

Lined with Grass Mixtures, Good Stand, Uncut

Maximum Permissible Depth of Flow for Channels

Lined with Common Lespedeza of Various Lengths

9- 13

9- 14"

9- 15

9- 22

Flow Velocity for Channels Lined with vegetation
of Re tardance A

Flow Velocity for Channels Lined with vegetation
of Retardance B

Flow Velocity for Channels Lined with Vegetation of

Retardance C

Flow Velocity for Channels Lined with Vegetation of

Re tardance D

Flo~ Velocity for Channels Lined with Vegetation of

Retardance. E

Maximum Permissible Depth of Flow for Channels

Lined with Rock Riprap

9-:-17

9- 18

9- 19

9- 20

9- 21

i

J
I

9- 23 Flow Velocity for Channels Lined with Rock Riprap

9- 24 Flow velocity for Channels Lined with Rock Riprap

9- 25- 9- 30 Trapezoidal Channel Design Charts

I



FIGURE

7- 1

7- 2

7- 3

7- 4

7- 5

7- 6

7- 7

7- 8

7- 9

7- 10

7- 11

9- 1

9- 2

9- 3

9- 4

9- 5

9- 6

9- 7

9- 8

FIGURES

Depressed Curb- Opening Inlet: Type A- I and C- l

Depressed Grate Inlet: Type A- 2 and C- 2

Depressed Combination Inlet: Type 1\- 3 and C- 3

Drop Inlet ( Grate Covering): Type A- 5

Undepresseed Curb- Opening: Inlet Type A- I and B- 1

Recessed)

Undepressed Grate Inlet: Type A- 2 and B- 2

Undep~essed Combination Inlet: Type A- 3 and B- 3

Recessed)

Inlet Capacity: Type A- 7 and A- 4

Inlet Capacity: TyPe A- 2 and A- 5

Capaci ty for Inlets on Grade

Ratio of Intercepted to Total Flow for Inlets on

Grade

Uniform Flow for Trapezoidal Channels

Ditch Design Form

Flow Velocity for Unlined Channels ( Bare Soil)

Maximum Permissible Depth of Flow for Unlined

Channels ( Bare Soil)

r--

Maximum Permissible Depth of Flow for Channels

Lined with ~ iberglass Roving ( Single and Double Layei .

Flow velocity for Channels Lined with Fiberglass

Roving Tacked with Asphalt, Single Layer

Flow Velocity for Channels Lined with Fiberglass

Roving Tacked with Asphalt, Double Layer
i

Maximum Permissible Depth of Flow for Channels Line<\"

with Jute Mesh

L

L
L



FIGURE

10- 1

10- 2

10- 3

10- 4

10- 5

10- 6

FIGURES

Erosion Control Methods: Stabilize Construct~ on

Entrance; Diversion Dike; Straw Bale Dike

Erosion Control Methods: Barrier with Gravel

Outlets and Level Spreader

Erosion Control Methods: Diversion Channels and

Sediment Basin

Erosion Control Methods: Embankment Section

through Riser and Earth Outlet Sediment Trap

Erosion Control Methods: Flexible Down Drain

and Temporary Down Drainage Structure

Erosion Control Methods: Down Drain and Storm

Inlet Sediment Trap



AN ORDINANCE ADOPTING REGULATIONS

DESIGNED TO LESSEN OR AVOID HAZARDS
TO PERSONS AND PROPERTY CAUSED BY

INCREASED STORMWATER RUNOFF OR BY

OBSTRUCTION TO DRAINAGE, AND TO

OTHERWISE PROMOTE THE PUBLIC HEALTH,

SAFETY AND GENERAL WELFARE.

c-

c

STORHWATER MANAGEMENT AND DRAINAGE ORDINANCE

i I
J

ARTICLE 1.

INTRODUCTORY PROVISIONS
IT

1. 1 Title - These regulations shall hereafter be known, ]
cited and referred to as the · Stormwater Management and '- __

Drainage Regulations. of the City of Little Rock, Arkansas.

1_

J_

1,

1

1. 2 Authority - These regulations are adopted pursuant
to the power and authority vested through the applicable
laws and statutes of the state of Arkansas.

1~ 3Applicability - Any person, firm, corporation or

business proposing to construct buildings or develop land
within the Little Rock Planning jurisdiction shall submit
drainage plans to the City Engineer for approval of a

stormwater management and drainage. plan before building
permits are issued or subdivisions are approved. No land
shall be developed except upon approval by the City
Engineer.

1. 4 Exemptions - All construction, subdivision
approvals or remodeling activities shall have a stormwater
management and drainage plan approved before a building
permit is issued or subdivision is approved except for the
following:

I
GIi.,

1
One - new or existing single family structure. II
One - new or existing duplex family structure.

One - new commercial or industrial structure located
on less than one acre individual lot.

i I

u...

One - existing commercial or industrial structure
where additional structural improvements are less
than 500 square feet.

1. 5 Purpose - In order to promote the public health,
safety and general welfare of the citizens of Little Rock,
the provisions of these regulations, as amended from time to
time, are intended to: ( 1) reduce property damage and human

j ;

J
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I ,
I ,

I

I j
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suffering, and ( 2) to minimize the hazards of personal

injury and loss of life due to flooding, to be accomplished

through the approval of a stormwater management and

drainage plan pursuant to the provisions of these

regulations, which: ( a) establish the major and minor

stormwater management systems, ( b) define and establish

stormwater management practices and use restrictions, and.

c) establish guidelines for handling increases in volume

and peak discharges of runoff.

1. 6 Definitions - For the purpose of this Ordinance,

certain terms and words shall be used, interpreted and

define~ as set forth in. this section. Unless the context

clearly indicates' to the contrary, words used in the present

tense include the future tense; words used in the singular

shall include the plural, and vice- versa; the words, - these

regulations,. mean - this Or~ inance:. the word, Mperson,.

includes corporation, partnership, and unincorporated

association of persons; and the word, . shall,. is always

mandatory. .

A. Base Flood - The flood that has a 1 percent chance

of being equaled or exceeded in any given year, i. e., the

lOO- Year Flood.

I
I

l

j

J

I I

11 B. Bond - Any form of security for the completion or

performance of the stormwater management and drainage plan

or the maintenance of drainage imp~ ovements, including

surety bond, collateral, property or instrument of credit,

or escrow deposit in an amount and form satisfactory to the

City Engineer.

C. Building - Any structure built for the support,

shelter or enclosures of persons, animalS, chattels, or

movable property of any kind.

D. Channel - Course of perceptible extent which

periodicallY or continuously contains moving water, or which

forms a connecting link between two bodies of water, and

which has a definite bed and banks.

11

I

L..J

J

J
E. Conduit

flowing water.

F. Control - The hydraulic characteristic which

determines the stage- discharge relationship 1n a conduit.

The control is usually critical depth, tailwater ~ epth, or

uniform depth.

Any open or closed device for conveying

j

J:

J!

J

G. Detention Basins - Any man- made area which serves

as a means of controlling and temporarily storing stormwater

runoff. The facility normally drains completely between

spaced runoff events, e. g., parking lots, rooftops, athletic

fields, dry wells, oversized storm drain pipes.

J
I

2.



H. Detention - The temporary detaining or storage o~

floodwater in reservoirs, on parking lots, on rooftoPS. andf~.
other areas under predetermined and controlled. conditions Li
accompani~ d by controlled release of the stored water. -

I. Detention Pond - A stormwater detention facilit~ I
which maintains a fixed minimum water elevation between . Ll-

runoff ~ vents except for the lowering resulting from losse~

of water due to infiltration or evaporation. LL
J. Development - Any change of land use or

improvement on any parcel. land. IT
K. Differential Runoff - The. volume and rate of ( l~

of stormwater runoff discharged from a parcel of land or

Udrainage area which is or will be greater than the volume

and rate which pertained prior to proposed development or -

redevelopment existed.

L. Drainage Approval - A certificate of approval Ll
issued by the City Engineer based upon an approved final

stormwater management and drainage plan. ~ e final J ' I
stormwater management and drainage plan must accompany th~

building permit application or be submitted with the

proposed construction plans.' I i
M. Drainage Easement - Authorization by a propert~

owner for use by another party or parties for all or any

portion of his/ her land for a drainage and adjoining utilU.purposes. Easements shall be dedicated to the City when-

required or approved by the City Engineer.

N. Engineer of Record - A registered professional
11_

engineer in Arkansas. This engineer shall supervise the ~

design and construction of the project and shall be

acceptable by the City Engineer. LL
o. Floodplain - A land area adjoining a river, ~

stream, watercourse or lake which is likely to be flooded~

P. Floodway - - rbe channel of a river or other

watercourse and the adjacent land areas that must be

reserved in order to discharge the base flood without a I I
cumulative increase of the water surface elevation more t~

a designated height. '

Q. Freeboard - A factor of safety expressed as thelJw
difference in elevation between the top of the detention

basin dam, levees, eulvert entranees and other hydraulic i..~ i
structures, and the design flow elevation. ~

U.
E

U.

W.

R. Frequency - The reciprocal of the exceedance

probability.

3.



s. Habitable Dwelling Unit - A dwelling unit intended

and suitable for human habitation.

T. Major Storm Easements - privately maintained areas

designed to carry the loa- year storm with no obstructions

allowed such as fill or fences that would impede floodwater

flow. properly designed landscaping that does not impede

floodwater or endanger adjacent property may be allowed.

u. Minor Storm Easements - Public maintained areas

designed to carry the la- year ( or so- year for CBD area)

storm~ provide access for maintenance; and prevent channel

obstructions.

v. On- Site Detention - Temporary storage of runoff on

the same land development site where the runoff is

generated.

w. On- Stream Detention - Temporary storage of runoff

within a principal dr~ inage' system, i. e., in the receiving

streams or conduits.

x. Off- Stream Detention - ' 1'emporary' storage

accomplished off- line, ~. e. r not within e principal drainage

system.

Y. lOO- Year peak Flow - ' 1'he peak rate of flow of

water at a given point in a channel; watercourse or conduit

resulting from the base flood.

z. lOO- Year Storm - Rainstorms of a specified

duration having a 1 percent chance of occurrence in a given

year.

AA. Permittee - A person, partnership or corporation

to whom a permit is 9ranted.

SB. Plat - A legally recorded plat of a parcel of land

subdivided into lots with streets, alleys, easements, and

other land lines drawn to scale.
J

J

j'

cc. project - Any development involving the

construction, reconstruction or improvement of structures

and/ or grounds.

DD. Rational Method - An empirical formula for

calculating peak rates of runoff resulting from rainfail.

EE. Retention Facility - Any type of detention

facility not provided with a positive outlet.

FF. Stormwater Management and Drainage Manual - The

set of drainage policies, analysis methods, design charts.

J

J

J[

J1
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stor. water ~ unoff methods, and design standards used by tl

City as the official design guidelines for drainage ~-
improvements consistent with this Ordinance.' Any _
modifications will be made by the City Engineer consistenl ;

with the stated polieies and intent of the Ordinance. ~

GG. Stormwater Runoff - Water that resul ts from ! \

preeipitation which is not absorbed by the soil, ev.aporatJ
into the atmosphere or entrapped by ground surfaee

depressions and Yegetation~ which flows over the ground
surface. ' I

HH. Structure - Any object constructed above

ground. Pipes, manholes and certain other utility
structures which exist underground may be exeluded

definition. .

or belt"w
I I

from t~~

II. Swale - A shallow waterway. 1
JJ. Time of Concentration - The estimated time in

J..'minutes required for runoff to flow from the most remote

section of the drainage area to the point at which the fl .

is to be determined. , 

I
EK. ~ ibutary Area - All of the area that contribut~

stormvater runoff to a ~ iven point.

A channel with a constant cro~

HN. Watercourse - Any surface stream. creek, brook, 11
branch, depression. reservoir, lake, pond or drainageway __
or into which stormwater runoff. flows. .

AR'l'ICLE 2.

STORMWATER MANAGEMENT AND DRAINAGE SYSTEM.

u.-

w.-
2. 1 General - This article establishes the stormwate~

runoff management system of the City of Little Rock whic~ j
shall be composed of a major system and a minor system, ..
management controls and management practices. These

regulations shall apply in the minor system. I I

2. 2 The Major System - The major system is the area ~

any drainageway within the limits of flow of a lOO- year I

storm. L.
2. 3 The Minor System - The minor systems will be

composed of all watercourses and drainage structures, bO~!

public and private, that are not part of the major syste~
because of lower design storm frequencies.



j

2. 4 Management Controls - Management controls are

regulations applicable to the major system under the

provisions of this Ordinance. Such controls shall limit any

activity which adversely effect hydraulic function of open

channels, drainage swales, detention facilities, or enclosed

stormwater conveyance systems. The City of Little Rock

Stormwater Management and Drainage Manual, hereafter, .

referred to as the Drainage Manual, shall be the offlclal

document used for designing stormwater management controls

and drainage systems.

2. 5 Management Practices - The following practices may

be utilized on approval by the City Engineer.

A. Storage - Runoff may be stored in temporary or

permanent detention' basins, or through rooftop, parking lot

ponding, or percolation storage, or by other means in

accordance with the , design criteria and performance

standards set forth in these regulations.

B. Open Channels - Maximum feasible use shall be made

of existing drainageways, open channels and drainage swales

that are designed and coordinated with the design of

building lots and streets in accordance with the design

criteria and performance standards set forth in the Drainage

Manual. ·

I
lJ

I

U

J
I !

jJ

J

J (
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J

C. Curbs - Streets, curbs and gutters shall be an

integral part of the stormwater runoff management system.

Te the maximum extent possible, drainage systems, street

layout and grades, lotting patterns and the location of

curbs, inlets and site drainage and overflow swales shall be

concurrently designed in accordance with design ,criteria and

performance stand_rds set forth in the Drainage Manual.

D. Enclosed Conveyance Systems - Enclosed, conveyance

systems consisting of inlets, conduits, and manholes may be

used to convey stormwater runoff. Where used, such systems

must be designed and performance s~ andards set forth in

the Drainage Manual.

JJ

J

J

J

J

J

E. Other - The stormwater runoff management practices

enumerated herein shall not constitute an exclusive listing

of available management practiees. Other generally accepted

practices and methods may be approved by the City Engineer,

if the purposes, ~ e6ign criteria and minimum performance

standards of these regulations are complied with.

2. 6 Public and private ~, sponsibilitiesonder th.e

Stormwater Management System

J

J l..

J



A. Public Responsibilities: E-

LL
1. Administration - Administration of these

regulations shall be the responsibility of the City

Engineer, who shall review to determine approval,

disapproval, or modification of stormwater management

as provided herein.

plans~

LJ~
2. Operation and Maintenance of PUblicly Owned

Facilities - The City Public Works Department shall be J I
responsible after construction for the operation and ~

maintenance of all drainage structures and improved courses

which are part of the stormwater runoff management

systemu,'under public ownership and which are not constructed and

maintained by or und~ r the juriSdiction of any state of ~

federal agency.

B. Private Responsibilities:
u

1. Each developer of land wi thin the Ci ty has I ,

responsibility to provide on the developer' s property all~

approved stormwater runoff management facilities to ensure

the adequate drainage and control of stormwater on tbe

U'developer' s property both during and after construction 0

suc:h fac:ilities.

2. Eac:h developer or owner has a responsibili~ I
and duty before and after constructi~ n to properly operat~
and maintain anyon- site stormwater runoff control facility

which has not been ac:cepted for maintenance by the pUblic4 I
Such responsibility is to be transmitted to subsequent ~
owners through appropriate covenants.

ARTI"CLE 3.

PROCEDURE FOR ~ HE SUBMISSION. REVIEW AND APPROVAL

S'l"ORMWATER MANAGEMENT AND DRAINAGE PLANS. OFll-
3. 1 General - The stormwater management and drainage~' I

plan shall be prepared by the Engineer of Rec:ord, who is

licensed professional engineer of the State of Arkansas. . c

building- permits or subdivision approvals shall be

iSSUedU-!..until and unless the stormwater management and drainage p I

has been approved by the City Engineer.

3. 2 Pre- Preliminar Draina e. Plan Review - A I I

pre- pre llDlnary ralnage p an reVlew wltt e Engineeringw
staf~ is suggested before preliminary platting for the

purpose of overall general. drainage concept re.View. t, .
3. 3 Review of preliminary Stormwater ~ nd Drainage Pl~

A preliminary stormwater and dralnage plan, ana I

aecompanyinq information shall be submitted at the time. q !
preliminary plat submittal. If needed. a review meeting ~

will be scheduled by the City Engineer with representailv. s

7. ~

r '

Lr
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of the developer, including the Engineer of Record, to

review the overall concepts included in the preliminary

stormwater and drainage plan. The purpose of this review

shall be to jointly agree upon an overall stormwater

management concept for the proposed development and to

review criteria and design parameters which shall apply to

final design of the project.

I (

3. 4 Final Stormwater Mana ement and Draina e plan -

Following the pre11mlnary stormwater management and drainage

plan review, the final stormwater management and drainage

plan shall be prepared for each phase of the proposed

project as each phase is' developed. The final plan shall

constitute a refinement of the concepts approved in the

preliminary stormwater and drainage plan with preparation

and submittal of detailed information as required in the

Drainage Manual. This plan shall be submitted at the time

construction drawings are submitted for approval. No final

plat is to be approved until the drainage structures

approved on the construction plans are in place and approved

by the City Engineer.

3. 5 Review anQ A roval of Final Stormwater " ana ement

and Dralnage Pans - Flna stormwater management an

drainage plans shall be, reviewed by the City Engineer. If

it is determined according to present engineering practice

that the proposed development will provide control of

stormwater runoff in accordance with the purposes, design

criteria, and performance standards .of these regulations and

will not be detrimental to the public health, safety and

general welfare, the City Engineer shall approve the plan or

conditionally approve the plan, setting forth the conditions

thereof.

J

J

j

tl

J.J

j
I

J

If it is determined .that the proposed development will

not control stormwater runoff in accordance with these

regulations, the City Engineer shall disapprove the final

stormwater management . and drainage plan.

If disapproved, the application and data shall be

returned to the "applicant for resubmittal.

Note: Time frames for filing. review and approval of

stormwater management and drainage plans shall coincide with

time periods applicable in existing subdivision

regulations.'

J

J

J

J

J

J

j

ARTI eLf: 4.

DESIGN CRITERIA AND PERFORMANCE STANDARDS

4. 1 Design Criteria - The City of Little Rock' s

Stormwater Management and Drainage Manual shall be the

accepteo design doeument. Unless otherwise provided, the

follo~ing rules shall govern the design and improvements

s.



with~ respect to managingstormwater runoff: L~
A. Method of Determining Stormwater Runoff - I -

Developments where the upstream drainage area contributi~,
runoff is less than 200 acres should be designed using the-
rational method of calculating runoff. Developments

WheiLr.-.-the area contributing runoff is between 200 and 2, 000 ac !

should be designed using the u. s. Soil Conservation Servi ~
TR- 55 method of calculating runoff. For developments wher~
the area contributing runoff is greater than 2, 000 squar~ I
acres or more, the U. S. Army Corps of Engineers HEC- I ~..

program should be used to calculate flows or discharges,
The applicant may also submit an alternative hydrograph I 1.-method of evaluation for the calculation of runoff to th~

City Engineer for review and approval. --

All such development proposals shall be prepared by LJ-licensed prOfessional engineer of the state of Arkansas. -

B..

DeVelopmentDeSii! - Streets, lots, depths of 1 I
lots, parks, and other pUb. lC. grounds shall be located a~~

laid out in sucb. a manner as to minimize the velocity of
overland flow, allow maximum opportunity for inf1ltratio~ rstormwater to the ground, and to preserve and utilize ~~
existing and planned streams, channels, extension basins,
and include wherever possible, streams and floodplains I Iwithin parks and otber pUblic grounds. . ~

c. Enclosed Systems and ~ eriCbannels - . Enclosed
systems and open channels Shall be deslgned using the Citl I
of Little Rock' s Stormwater Management and Drainage Desig~
Manual.

D. Evaluation of Downstream Floocl1.n9 - ' 1'he L
Engineer of Record should evaluate whether the proposed plal
will cause or increase downstream flOOding conditions. 

l. ,.evaluation should be made on the ba~ is of existing I

downstream development and an analysis of stormwater runo _
with and without the proposed development. When it is '
determined that ~ he proposed development will cause ' or I '
increase downstream flOOding conditions, provisions to ~
minimize such flooding conditions should be included in the
design of storm . management improvements. Sucb provisions. :
may include downstream improvements and/ or detention of ~
stormwater runoff and its regulated discharge to the
downstream storm drainage system.

9.
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E. Detention - Developments also shall include
temporary detention of stormwater runoff in order to

minimize downstream flooding conditions. The following
design criteria shall govern the design of temporary
drainage f. cilities:

1. Storage Volume - The volume of storage
provided in the detention basin shall be sufficient to



control the differential runoff from the 2S- year storm

frequency of six- hour duration. The differential runoff is

the volume and rate of flow of stormwater runoff discharged

from a parcel of . land or drainage area which is or will be

greater than the volume and rate which pertained prior to

proposed development for redevelopment.

2. Freeboard - Detention storage areas shall

have adequate capaclty to contain the storage volume of

tributary stormwater runoff with at least 6 inches of

freeboard above the water surface of flow and the emergency

spillway in a 25- year storm. The entire structure should be

designed for discharging the major storm.

3. Outlet Control works

8) Outlet works shall be designed to limit

peak out- flow rates from detention storage areas to or below

peak flow rates for a 25- year storm that would have occurred

prior to the proposed dev~ lopment.

b) Outlet works shall not include any

mechanical components or devices and shall function without

requiring attendance or . control during operation.

c) Size and hydraulic characteristicS shall

be such that all water and detention storage is released to

the aownstream storm sewer systems within 24 hours after the

end of the design rainfall. Normal time for discharge

ranges from 3 to 24 hours.

J

4. S~ illway - Emergency spillways shall be

provided to permlt the safe passage of runoff generated from

a lOO- year storm or 9reater, if appropriate because of

downstream high hazard, such as loss of life or damage to

high value property.

5. Design Data SUbmittal- In addition to

complete plans, all deslgn data shall be submitted as

required in the detention des19ft data submittal section of

the Drainage Manual.

J

6. Detention Methods - Depending upon the

detention alternatlve( s) selected by the Engineer of Record,

the design criteria for detention ponds shall follow those

9iven in the Drainage Manual.

J

F. Reductions in Coefficient of Runoff - If an

existing site with an existlnv coefficient of runoff of 1. 0

totally impervious) is developed, no on- site detention or

in- lieu fee for detention 1s required. Also, if an existing

site is developed whereby the coefficient of runoff is

reduced to a lesser value, no on- site detention or in- lieu

fee is required.

J

I

l

J
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G. Alternatives to On- Site Detention

1. Alternative Methods - Where on- site detenl

is deemed inappropriate due to local topographical or " tL .

physical conditions, alternate methods for accommodating
increases in stormwater runoff shall be permitted. The

methods may include:

a' Off- site detention or comparable
improvements.

b) In- lieu monetary contributions for

channel improvements or off- site detention improvements I

the City within the same watershed. Channel improvement.L
shall only be used if they are an integral part of a

detailed watershed study. I

J_'
2. In- Lieu Contributions. . to Regional or.

Sub- Regional Detention - An owner may contr1bute to the

1-construction of a regional or sub- regional detention sit

constructed. or to be constructed in lieu of constructl~g .

on- site detention. However, no in- lieu contributions ar....-

allowed when existing flooding occurs downstream from th !

development, or if the developmen~ vill c~ use' downstream~

flooding.

3. In- Lieu Fees - The in- lieu fee contributi~
shall be based upon an amount of $ 10, 000 per Acre- Foot of

starmwater storage. I

4. ExcessStormwater Storage credit - An own~

may receive credit for excess stormwater Storage ( in

Acre- Feet) created on one site that may be applied to . !

another site within the salDe watershed. " he transfer of~

storage volume credit ( in Acre- Feet) shall not be allowe~

the site where credited storage is proposed to be \ I
transferred has an existing flooding condition downstrea~

the proposed development will produce downstream flooding.

s. Re ional or Sub- a ion.a Detention Sites I :

The acquisition of reglona or sub- reg ana. etent10n si~

and construction of facilities thereon will be financed pv

the City. Monies contributed by the owners as above I:
provided shall be used for regional and sub-regional ~
detention site studies, land acquisition and facility
construction thereof in the watershed in which the f
development is located. ~

6. watershed Boundaries - The boundaries

oflwatersheds and pr10rity of acquiS1tion of regional and .

sub- regional detention sites in eonstruction of detenti ..

facilities and location thereof shall be: established by U1

City Engineer and approved by the Planning Commission. 

L.-
11.
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4. 2 Performance Standards

A. Stormwater Channel Location - Generally acceptable

locations of stormwater runoff channels in the design cf a

subdivsion may include but not be limited to the following:

1. In a depressed median of a double r~adway,

street or parkway provided the median is wide enough to

permit maximum three ( 3) to one ( 1) side slopes.

2. Along the roadway, street or parkway.

3. Located along lot lines or entirely within

the rear yards of single row of lots or parcels.

4. In each of the foregoing cases, a drainage

easement to facilitate maintenance and design flow shall be

provided and shown on the plat~ Drainage easement required

dimensions are shown in the Drainage Manual and shall

conform to the dimensions. given. No structures shall be

constructed within or across stormwater channels without the

approval of the City Engineer.

8. Easements - Drainage easements required to

facilitate maintenance, detention and conveyance of

stor. water shall be provided and shown on the preliminary

and final plat. ~ ere are two types of easements that are

to be determined by the Engineer of Record and shown on the

preliminary final plat. ~ ese are:

J

J

1. Minor Storm Easements - Easements designed to

carry the minor storm ( lO- year design frequency). The minor

storm easements are primarily for carrying flow from the

lo- year storm, maintenance access, utility locations, and

are to be kept clear of any obstructions.

2. Major Storm Easements - Privately maintained

easements" designed to carry the major storm ( loO- year design

fre-quency). . The. major storm easements shall be kept free of

obstructions, such as fill or fences, that would impede the

flow of the lOO- year design storm. Properly designed

landscaping that does not impede the flow of floodwater or

endanger adjacent property is acceptable.

c. Storm Sewer Outfall - The storm sewer outfall

shall be aeslgned so as to provide adequate protection

against downstream erosion and scouring.J

J

J

D. Lot Lines - Whenever the plans call for the

passage and/ or storage of floodwater, surface runoff or

stormwater along lot lines involving the major storm system,

grading of all such lots shall be prescribed and established

J 12.
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for the passage and/ or storage of waters. and no struct~_

may be erected wbich will obstruct the flow of stormwater,

no fences, shrubbery, or trees planted, or changes madeJ~the prescribed grades and contours of the specified _'
floodwater or stormwater runoff channels.

E. Manholes - All sanitary sewer manholes oonstr, Jr.
in a floodpla1n or in an area designed for the storage or-

passage of flood or stormwater, shall be provided with-

either a watertight manhole cover or be constructed witl , I

rim elevation of a minimum one ( 1) foot above the high ~
elevation of the base flood, whichever is applicable to th

speci.fic area. . 1
F. Floor Elevations - ~ he floor elevation of any

occupied res1dence or commercial building shall be a

mill~of twelve ( 12-) above the land immediately surrounding !

building. The minimum floor elevation for a structure

located on the uphill side of a street sha1l be at or a~

I.the crown of the adjacen~ street.

ARTICLE 5. 1
BONDS, MAINTENANCE ASSORANCES, AND DRAINAGE APPROVAIJ

5. 1 Maintenance Agreement - A maintenance agreemenl,
approved by the Clty Eng1neer, assuring perpetual
maintenanee of stormwater management improvements shall ~.

agreed upon by the City and the apPlicant.. L
Maintenan~e of detention ponds ( wet type) shall be the

responsibility of the owner of record and/ or the proper. I .
owners' association. . ~

Maintenance of detention baslns( dry type) shall be the; I
responsibility of the owner of record and/ or property ~
owners' association. The City shall have the primary r1g

to remove sediment vben the basin' s function. is impaire~ l

The owner of record and/ or property owners' association! ,

shall be responsible for all other maintenance, plantin~
reseeding, or resodding_ The owner shall also be , .

responsible for removing and replacing any landscaping,' I
playground equip. ent, or other facilities within the ~

5. 2 Maintenance Bo~d - A one- year maintenance bonql
against defects 1n workmanship shall be required by thew..
Engineer for any portion of the stormwater management

improvements dedicated to the public. '

5. 3 Draina e Permits and/ or A rovals - Upon appr~

of the lna1 stor~. ter management an drainage plan, anc

acceptance and the applicant' s assurances of performan~. 11
maintenance as provided 1n these regulations, the City~

13.
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Engineer shall approve the plan. project approval shall be

issued in the name of the applicant who shall then be known

and thereafter be referred to as the permittee. An approved

permit shall set ' forth the terms and conditions of the

approve stormwater management and drainage plan.

5. 4 E~ ineer of Record - Should the original Engineer

of Record prevented from completing the proJect, the

Permittee shall employ another qualified engineer and notify

the City Engineer immediately.

I

ARTICLE 6.

u

ENFORCEMENT

6. 1 General - It shall be the duty of the City Engineer

to bring . to the attention of the City Attorney any v.iolation

or lack .of compliance herewith.

6. 2 Violations and Penalties - Any Permittee ( person,

firm or corporation) who fa1ls to comply with or violates

any of these regulations shall be guilty of a misdemeanor

ana upon conviction thereof shall be fined not less than

100 per aay and not aore than $ 500 per aay.

6. 3 InSinction - '
l'he City Engineer shall be responsible

for determ1n ng whether the stormwater management and

drainage plan is in conformance with the requirements

specified by the City' s Storrnwater Mana ement and Draina e

Manual. Also, the City g1neer s a respons1b e or

determining whether the development plan is proceeding in

accoraance with the approved drainage plan. periodic

inspection of the development site shall be made by the City

Engineer' S office. Through such periodic inspections, the

City Engineer' S office shall ensure that the stormwater

management and drainage plan is properly implemented and

that the improvements are maintained. .

tJ

U

J

j

j

nJ

J

J

J

J

JI

6. 4 Remedial Work- If it is determined through

inspection that the development is not proceeding in

accordance with the approvea stormwater management ana

drainage plan. and drainage and/ or building permit, the City

Engineer shall immediately issue written notice to the

permittee and the surety of the nature and location of the

alleged noncompliance, accompanied by documentary evidence

demonstrating noncompliance and speCifying what remedial

work is necessary to br in9 the project into camp 1 iance. The

permittee so notified shall immediately, unless weather

conaitions or other factors beyond the control of the

permittee prevent immediate remedial action, commence the

recommended remedial action and shall complete the remedial

work within 72 hours or within a reasonable time as

determined in advance by the City Engineer. Upon

I~.



satisfactory eompletion
shall issue a notice of

proceed.

of remedial work, the City En9ineIJt
compliance and the development may -

j
6. 5 Revocation of Permits or Approvals: Stop orders - -

The City Engineer after giving five days written notice, 

ll~revoke the permit issued pursuant to the regulations for

project which is found upon inspection to be in violation o.

the provisions of these regulations, and for which the ·

permittee has not agreed to undertake remedial work as U
provided in Section 6. 4. Drainage and/ or building permit -

may also be revoked if remedial work is not completed withi2

the time allowed. Upon revocation of a permit or approv~ r

the City Engineer shall issue a stop work order. Such s~ t
work order shall be directed to the permittee and he shall

immediately notify persons owning the land. developer, a~ r
those persons or firms actually performing the physical ~
of clearing, grading, and developing the land. The stop -

work. order shall direct. the parties involved to cease

an)J'desist all or any portion of the work on the development

a portion thereof which is not 10 compliance, except sue -

remedial work necessary to bring the project into

compl iance. u_

U_

U-
A. Interpretation - In their interpretation and Jl

appl1eadOll. the proV'J.s1ons of these reguladons shall "

held to be the minimum requirements for the promotion of th

public health, safety and general welfare. ~

ARTICLE 1.

GENERAL PROVISIONS

7. 1 Interpretation, Conflict and sev~rability

In terpretatlons

B. Conflict with Public and Private Provisions

hese regulatlons are not intended to lnterfere wlth, ...

abrogate, or annul any other ordinance, rule or regulatiJ j

statute or other prOVision of. law. Where any provision ~
these regulations imposes restrictions different from thO,S.E

imposed by any other provision of these regulations or at 1
other ordinance, rule or regulation, or other provision U-
law, whichever provisions are more restrietive or impose

higher standards, shall control. .

private Provisions - These regulations are not intelJ.
to abrogate any easement, covenant or any other private [

agreement or restriction, provided that where the provis. 1

of these regulations are more restrictive or impose high,*"-

standards' or regulations that such easement, covenant or

other private agreement or restriction, the requi~ements. l
these regulations shall govern. Where the provis1ons of~

D. U-

U-
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I

easement, covenant or private agreement or restriction

imposed duties and obligations more restrictive, or higher

standards than the requirements of these regulations, and

such private provisions are inconsistent with these

regulations or determinations thereunder, then such private

provisions shall be operative and supplemental to these

regulation. and determinations made hereunder.

C. Severability - If any part of provision of these

regulations or application thereof to any person or

circumstances is adjudged invalid by any court of competent

jurisdiction, such judgment shall be confined in its

operation to that part, provision, or application directly

involved in the controversy in which such judgment shall

have been rendered and shall not affect or impair the

validity of the remainder of these regulations or the

application hereof to other persons or circumstances. The

governing body hereby declares that it would have enacted

the remainder of these regulations even without any such

part, provision or application found to be unlawful or

invalid.

j

ij

1L 7. 2 savinS
Provision - ~ hese regulations shall not be

construed as a at1ng any action now pending under, or by

virtue of, prior existing regulations, or as discontinuing,

abating, modifying, or altering any penalty accruing or

about to accrue, or as effecting the liability of any

person, firm or corporation, or as waiving any right to the

City under any section or provision existing at the time of

adoption of these regulations, or as vacating or annulling

any rights obtained by any person, firm, or corporation by

lawful action of the City, except as shall be expressly

provided for in these regulations.

7. 3 Amendment$ - For the purpose of providing for the

public health, safety and general welfare, the governing

body may, from time to time, amend the provisions of these

regulations. ." 1'he Publ ic Works Department has the

responsibility for updating on a continuing basis, the

Drainage Manual.

7. 4 AP~ als - Any persons a9grieved by a decision of

the City Eng1neer may appeal any oreer, requirement,

decision, or determination to the Planning Commission. The

next step in the process would be to a court of competent

jurisdiction in accordance with the laws of pulaski County

and the state of Arkansas.

JJ
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J

J

j
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ARTICLE 8.

LIABILITY

J[

8. 1 Disclaimer of Liability - The performance standards

and deslgn crlterla set forth herein and in the Drainage

16.
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Manual establish minimum requirements which must be ~

implemented with good engineering practice and workmanshl_~

Use of the requirements contained herein shall not

constitute a representation, guarantee, or warranty of ~

kind by the City, or its off icersand employees of the Ii
adequacy or safety of any stormwater management structure--

use of the land. Nor shall the approval of the

stormwarrmanagement and drainage plan imply that the land uses I
permitted will be free from damages caused by stormwate ~-

runoff. The degree of protection required by these

regulations is considered reasonable for regulatory pur~

and is based on historical records, engineerin9 and , J_

scientific methods of study. Larger storms may occur or

storlDwater runoff heights may be increased by man- made q- l-
natural causes. These requlations, therefore, shall not~_

create liability on the part of the City or any officer or

employee with respect to any legislative or

administrati'~decision lawfully made hereunder. I
L_

lL

PASSED: December 4, 1984 lL

ATTEST: Jane Czech

City Clerk

APPROVED:

Ll-
J. W. Benafield

Mayor - Cl:

Ll.

L.

L

l.

l.

L.

L.
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INTRODOCT10N

j

I

I

1I
t____
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U
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j

J

J

J

Recognizing that properly designed storm sewer systems are

essential to the general public health and welfare within a

metropolitan area as the City of Little Rock, the City

hereby adopts the following criteria for standard procedures

in storm sewer drainage. This criteria is intended to

serve as a guide for the development of the design all

inlets, catch basins, manholes, sewers, open channels and

creeks, culverts or other hydraulic appurtenances. The

criteria shall net be limited to design of new facilities

but shall also apply to the upgrading of existing facilities

necessitated by inadequate capacity.

Because storm drainage design is a widely variable process

subject to situations and conditions beyond the control of

the design engineer, cases will undoubtedly occur in which

this criteria is not universely applicable. The

applicability or nonapplicability of any part of this

criteria to a particular case will be decided by the City

Engineer, and the design engineer shall abide by that

decision. Each case, where a variance from the criteria is

desired or considered appropriate, shall be brought to the

City Engineer' s attention and a decision obtained prior to

proceeding with design.

1



SECTION 1 - SUBMITTAL PROCEDURES

1. 1 General

1. 2 Title Sheet

1. 3 General Layout .Sheet
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SECTION I - SUBMITTAL PROCEDURES

1. 1 GENERAL

J

1

J

In order to minimize review time by the City Engineer' s

staff, three sets of plans for the proposed improvements

should be submitted the following format where pertinent,

shall include: ( 1) title sheet, ( 2) general layout sheet,'

3) right- of- way sheet, ( 4) quantity summary sheet, ( 5) plan

and profile sheet( s), ( 6) standard and special detail

sheets, ( 7) mapping, and ( 8) calculations. combining of the

above items is allowed when legibility and readability is

maintained.

The word " improvement" is used to convey plans for

roadway- drainage construction as well as for plans

pertaining to the construction of drainage improvements

only. .
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R. C. P.- t. M. P.

C. M. P . A.

B. C.

Wr. Fe.

C. l. Fe.

Manho 1 e

Water Meter

Power Pole

Telephone Pole

Other Pole ( Specify)

Fire Hydrant

Water Valve

Gas Val ve

Gas Riser

Grate Inlet ( if req' d. State Type)

New Catch Bas in w/ 48" Standard Inlet

Existing Catch Basin w/ Standard Inlet

Junction Box w/ Manway

Guy Anchor

Existing Reinforced Concrete Pipe

t \
L

j~

u_

U_

II

ll.

II

II

l1
New Reinforced Concrete or Asbestos Bon~ j
Corrugated Metal Pipe ( or Arch) ( Specif.)\J.-

Back of Street Curb

Wire Fence ( Specify Type & Height)

Chair. link Fence ( Specify Height)

Drainage Thread

Sanitary Sewer Main ( Specify Size)

Water Main ( Specify Size)

Gas Main ( Specify Size)

Electrical

Cable Television

Existing Concrete Slab

Ditch ( Specify Dirt or Concrete)

Tree ( Specify Size & Kind)

TOPOGRAPHIC SYMBOLS & ABBREVIATIONS

U-
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L.-
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Each sheet in a set of plans shall contain a sheet number,

the total number of sheets in the plans, proper project

identification and the date. Revised sheets submitted

contain a revision block with identifying notations and

dates for revisions.

1. 2 TITLE SHEET

Title shall include:

1. The designation of the project which includes the

nature of the project, the name or title, city, and

state.

2. Project number.

3. Index of sheets.

4. Location maps showing project location in relation to

streets, railroads, and physical features. The

location map shall have a north arrow and appropriate
scale.

s. A project control bench mark identified as to the

location and " elevation. Elevation shall be based on

National Geoderic vertical Datum ( N. G. V. D.).

6. The name and address of the owner of the project and

the engineer preparing the plans.

7. Engine"er' s seal.

1. 3 GENERAL LAYOUT SHEET

I
J

The general layout sheet shall include:

1. North arrow and scale".

2. Legend of symbols which will apply to all sheets. tSee

List of Standard Symbols, Figure 1- 1.)

J
3. Name of subdivision and all street names and an

accurate tie to at least one quarter section corner.

Unplatted tracts should have an accurate tie to at

least one quarter section corner.

J
I

J

J

JI

4.

5.

Boundary line or project area.

Location and description of existing major drainage

facilities within or adjacent to the project area.

6. Location of major proposed drainage facilities.

JI



7.

8.

9.

10.

11.

12.

13.

14.

Name of each utility within or adjacent to the projecLL.
area.

If more than one general layout sheet is required, a tf
match line should be used to show continuation of --

coverage from one sheet to the next sheet..

The registration seal of the Engineer of aecord- shallLJl
be placed in a convenient place in the lower right- hand

corner of each sheet of plans. ~

Elevations on profiles of sections or as indicated on

plans shall have U. S. G. S. data. At least one permanert
bench marks in the vicinity of each project shall be L1-
noted on the first drawing of each project, and their

location and elevation shall be clearly defined.

II

1
Each project shall show at least 20' of topography on

each side. At least SO' of topography shall be shown*

in .areas of channel flow at the property boundary. A

existing topography and any proposed changes, includin

utilities, telephone installations, etc., shall be

shown on the plans and profiles.

The top of each page shall be either north or east.

The stationing of street plans and profiles shall be

from left to right..

1
Revisions to drawings shall be indicated above the

title block in a revision and shall show the nature

the revision and the date made.

d j

Utilizing the standard symbols for engineering Plans,~..
all existing utilities, telephone installations, ·

sanitary and storm sewers, pavements, curbs, inlets a

culverts, etc., shall be shown with a broken lineJ

ll"proposed facilities with a solid lineJ land, lot, an~' .

property lines to be shown with a slightly lighter

olid' line. Easement shall be shown.

15.
f J

16.

Lot lines and dimensions shall be shown where

applicable.

Minimum floor elevation shall be shown on each lot w.J 1

located in a designated floodplain and in areas wher~

flooding is known to occur. All occupied building, ,

whether in or out of a designated floodplain shall hd I
the finished floor elevation a minimum of l2w above ~

land immediately surrounding the building. .

It shall be understood that the requirements outline~

in these standards are only minimum requirements and

shall only be applied when conditions, design

critertlr
17.

W.-
I ,



and materials conform to the City specifications and

are normal and acceptable to the City Engineer. When

unusual subsoil or drainage conditions are suspected,

an investigation should be made and a special design

prepared in line with good engineering practice.

I

J

J

1.. 1l

jtJ

I
I

2___J

J-

J

J

Jl

JI

Jl

I



SECTION II - DETERMINATION OF STORM RUNOFF

2. 1

2. 2

2. 3

2; 4

General

City of Little Rock Drainage Methods

Rational Method

2. 3. 1

2. 3. 2

2. 3. 3

2. 3. 4

2. 3. 5

2. 3. 6

2. 3. 7

2. 3. 8

Runoff Coefficient " C"

Soil

Selection of Runoff Coefficient

Rainfall Intensity " I"

Time of. Concentration
Channelized Flow

Design Intensity
Drainage Area " A"

L~

U

U~

II

U.

II

II

LL

U

Ll

LL

LL

U-

LL

ti

i.

f )

Soil Conservation Service Method, Tabular TR- 55

2. 4. 1

2. 4. 2

2. 4. 3

2. 4. 4

2. 4. 5

2. 4. 6

2. 4. 7

General
Method Fundamentals

Limitations on Tabular Method Use

Tabular Method Used

2. 4. 4. 1 Determination of Runoff Curve

Number ( RCN)

2. 4. 4. 2 Design Storm Data

2. 4. 4. 3 Direct Runoff Amounts from

Design Storms ( DRO Values)

Hydrograph Distribution Selections

Manipulation and Recording Data

Tabular Hydrograph Applications

2. 5 HECI/ HECll



I

SECTION - I I DETERMINATION OF STORM RUNOFF-

2. 1 GENERAL

1
J

Continuous records over many years on the amounts and rates

of runoff from the City' s streams would provide the best

source of data on which to base the design of storm drainage

and flood protection systems. Unfortunately, stream- flow

records of adequate history are not available for the

majority of the City' s drainageways. Experience- based

prediciton of the probable frequencies and amounts of runoff

is not available as a standard practice in determining

stormwater runoff and flood flows.
1
j

j
The accepted practice, therefore, is to relate runoffs to

rainfall events: events which enjoy a very lengthy period of

record. The correlation of the rainfall events to runoff

amounts is a widely accepted practice. Direct correlation

provides a means for predicting the rates and - amounts of

runoff expected from the City' s watersheds at various

recurrence intervals since runoff events are directly based

on known frequency of occurence for various rainfall events.

In order to increase needed engineering data and monitor and

validate actual runoff, the City of Little Rock shall

develop and implement a stream gaging program on large and

small developing watersheds as a continuing program.

2. 2 CITY OF LITTLE ROCK DRAINAGE METHODS

There are numerous methods of rainfall computations on which

the design of storm drainage and flood control systems are

based. Three widely used methods include: the Rational

Method, the Soil Conservation Service Technical Release - 55

synthetic Bydrograph Method, and the Corps of Engineers

BEC I/ HEC II computer programs or a method authorized by the

Little Rock Office of the Corps of Engineers. One of these

three methods should be the basis of all drainage analysis

in the City of Li~tle Rock. However, the City Engineer may

approve other engineering . methods of analysis for

calculation of stormwater runoff when they are shown to be

comparable to the required methods. The recommended area

limits and/ or ranges for the analysis methods are:

Rational Method 200 Acres or Less

SCS TR- 55 Bydrograph Method 200 to 2000 Acres

J

l

Ij

JI

BEC I/ BEC II Computer Methods

or other Corps of Engineers'
authorized methods

Greater than 2000 Acres

or within Designated
Floodplain Areas



Criteria for the above three methods are specified in ther~
following sections.

o c C ( I) ( A)

r

fi

rT

2. 3 RATIONAL METHOD

The Rational Method is probably the most frequently used
rainfall- runoff method in urban hydrology in the United
States. The rational method formula is expressed as:

0" is defined as the peak rate of runoff in cubic feet p~~
second. Actually, C is in units of inches - acres per acflbut calculator resul ts differ from cubic feet by less tha. L
percent. Since the difference is so small, the " 0" value
cal~ulated by the equation is universally taken as cubic '

l.-r...feet per second or " CFS."

e. is the dimension less coefficient of runoff represent' 1lin the ratio of the amount of runoff to the amount of ; Irainfall. --. J__

I. is the average intensity of rainfall in inches per hO~. i .
for a period of time equal to the' critical time of full ~
contribution of the drainage area under consideration. This
critical time for full contribution is commonly referred t ras " time of concentration.' ~

A. is the area in acres that contributes to runoff at the y..point of design or the point under consideration. 
i

Basic assumptions associated with use of the rational
are as follows:

1. The computed peak rate of runoff to the design point
the function of the average rainfall rate during the
time of concentration to that point.

metho,~
I

L
is

2.
i
II

The ratio of runoff to rainfall, . C," is uniform duringthe entire duration of the storm event. :~

The rate of rainfall or rainfall intensity, " I," is ~
uniform for the entire duration of the storm event an~

Tis uniformly distributed over the entire watershed I : .area. ...

The time of concentration is the critical value in
determining the design rainfail intensity.

3.

4.

2. 3. 1 RUNOFF COEFFICIENT (. e.) . r,

The proportion of the total rainfall that runs off dependsU.
on the relative porosity or imperviousness of the ground

fl
I I

I )

f:
I
4

r--,

I '

ii I !



surface, the surface slope, and the. ponding character of the

surface. Impervious surfaces, such as asphalt pavements and

roofs of buildings, will be subject to nearly 100 percent

runoff regardless of the slope, after the surfaces have

become thoroughly wet. On- site inspections and aerial

photographs are valuable in estimating the nature of the

surfaces within the drainage area.

2. 3. 2 SOIL

1
J

The runoff coefficient " C" in the rational formula is also

dependent on the character of the soil. The type and

condition of the soil determines its ability to absorb

precipitation. The rate at which a soil absorbs

precipitation generally decreases if the rainfall continues

for an extended period of time. Tne soil absorption or

infiltration rate is also influenced by the presence of soil

moisture before a rain ( antecedent condition), the rainfall

intensity, the proximity of the ground water ta"ble, the

degree of soil compaction the porosity of the subsoil,

vegetation, ground slopes, and surface depressions.

J

J

2. 3. 3 SELECTION OF RUNOFF COEFFICIENTS

I

JJ

It should be noted that the runoff coefficient . C. is the

variable of the rational method which is least susceptible

to precise determination. proper selection requires

judgment and experience on the part of the engineer, and its

use in the formula implies a fixed ratio for any given

drainage area, which in reality is not the case. A

reasonable coefficient must be chosen to represent the

integrated effects of infiltration, detention storage,

evaporation, retention, flow routing, and interception, all

of which effect the time distribution and peak rate of

runoff.

I

J

J

J,

Table 2. 1 ana Table 2. 2 present standard runoff coefficient

values by land" use and composite analysis. These values for

respective land uses shall govern for all drainage analysis

and design projects by the Rational Method.

The City of Little Rock is divided into three design "zones

according to soil types and terrain as shown in Figure 2. 1.

These zones shall govern selection of runoff coefficients

according to land use types. Table 2. 3 presents standard

runoff coefficient values by land use types using the SCS

tabular for the City' s three design zones. The values for

respective land uses within each zone shall govern for all

drainage analysis and design projects by the SCS tabular

method.

J

J

J

J

J.

J~



TABLE 2. 1 RUNOFF COEFFICIENtS FOR RATIONAL METHOD

LAND USE TYPES 10

RUNOFF COEFFICIENTS

FREQUENCY

25

Business:

Central Business District
Commercial Area .

Neighborhood Area

Residential:

90

85(. 70-. 95)*
70(. 50-. 75)

93
90
75

Single Fami 1y
Multi- Unit ( Detached)
Multi- Unit ( Attached)

1/ 2 AC Lots or Larger
Apartmen ts

50 ( . 30-. 60)

60( '.40-. 65)
70(. 60-. 75)
40( . 25-. 50)
70(. 50-. S0)

60

65
75
45
75

Industrial:

Light Areas

Heavy Areas

Parks and Cemeteries

80(. 50';'.85) . 82

85(. 60-. 90) . 87

30(. 10-. 40) . 40

35(. 20-. 40) . 50

60( . 50":.75) . 65

50(. 30-. 60) . 60

55(. 45-. 65) . 67

Playgrounds

Schools and Churches

Railroad Yards

OffsiteF1ow Analysis ( When Land Use

Not Defined)

NOTE: The range of runoff coeff i c ients based on soi 1 type:
The low value is for sandy soils. while the high value is

for clay soils. The given runoff coefficient outside the

parenthesis is to be used for design. unless the Engineer
of Record receives approval from the City Engineer for a-

nother value located within the given coefficient range.

L:
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TABLE 2. 2 RUNOFF COEFFICIENTS FOR RATIONAL METHOD COMPOSITE ANALYSIS

CHARACTER OF SURFACE

RUNOFF COEFFICIENTS

FREQUENCY

10 25 100

Undeveloped Areas:

Historic Flow Analysis,
Greenbelts, Agricultural,
Natural Vegetation

Clay Soil
Flat, 2';

Average, 2- 7';

Steep 7%

Sandy So i 1

Flat, 2%

Average, 2- 7%

Steep 7';

30 . 33 . 37

40 . 44 . 50

50 . 55 . 62

12 . 13 . 15 .

20 . 22 . 25

30 . 33 . 37

Streets:

Paved

Gravel

00 .~ .~

35 . 50 . 65

90 . 91 . 92

00 .~ .~

Drives and Walks:

Roofs:

Lawns:

Clay Soil
Flat, 2%

Average, 2- 7%

Steep, 7%.

Sandy Soil
F1 at, 2%

Average, 2- 7~

Steep, 7~

18 . 20 . 25

22 . 28 . 35

35 . 45 . 60

10 . 25 . 40

15 . 30 . 45

20 . 35 . 50



TABLE: 2- 3

TR- 55 RUNOFF CURVE NUMBERS

BY ZONE AND LAND USE

RCN Values

Land Use Description Zone 1 Zone 2

Paved Areas. Roofs & Driveways 98 98

Residential ( 1 Acre Lot) 84 68

Residential ( 1/ 2 Acre Lot) 85 70

Residential ( 1/ 3 Acre Lot) 86 72

Resi denti al U/ 4 Acre Lot) 87 75

Residenti al ( l/ B Acre Lots & Multi- family) 92 85

Industri al Districts ( 72' Impervious) 93 88

Commerci al & Business ( 85' Impervious) 95 92

Forest. Good Cover 77 55

Forest. Poor Cover 83 66

Wood Lot. Thin Stand 83 66

Pasture, Good Condition 80 61

Pasture, Poor Condition 89 79

Note: Minimum RCN Value for New Residential Developments c 70

Source: U. S. Soil Conservation Service, Tech. Release ' 55

Hodern Sewer Design, American Iron & Steel Institute
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2. 3. 4 RAINFALL INTENSITY (" I") l-
Rainfall intensity is the design rainfall rate in inches ~--

hour for a particular drainage basin or subbasin. The ~

rainfall intensity is selected on the basis of the design -

rainfall duration and frequency of occurence. The

deSignl.duration is equal to the time of concentration for a

drainage area under consideration. Once the time of -

concentration is known, the design intensity of rainfall may

be determined from the rainfall intensity curves. The I

frequency of occurence is a statistical variable which mat-_
be established by City standards or chosen by the engineer

as a design parameter. ~~

2. 3. 5 TIME OF CONCEN1RATION

The ti~e of concentration used in the rational method is l.[
measure of the time of travel required for runoff toreacti' .

the design point or the point under consideration. The ~

critical time of concentration is the time to the peak ofl r

the runoff hydrograph at the design point. Runoff from a~

watershed usually reaches a peak at the time when the entire

watershed area is contributing to flow. The critical tim~ -

of concentration, therefore, is the flow time measured frd.-.
the most remote part of the watershed to the design point.
A trial and error procedure is uSUal,lY required to

selectl"most remote point of a watershed since type of flow, grou

slopes, soil types, surface treatments and improved

conveyances all effect flow velocity and time of flow. .

There are two types of flow used in calculating the desigJ "
time of concentration; overland flow and channelized flow~

Overland flow is defined as that portion of the flow patte~~

which results in thin sheet flow across a given area. 

lChannelized flow is that which allows significant depth '

accumulation either in a swale, ditch, natural channel,

improved channel or pipe system. 

L-
Fi9ure 2- 2 or ' Figure 2- 3, depending upon which method is

being used . for analysis. shall be used for all overland

fe,','..computations. The known ground slope plus the type of .

surface treatment is used to determine the average flow .

velocity in feet per second. Interpolation can be used for

estimating velocities for surface treatments other than f
those shown. Overland flow distances will rarely exceed L..
feet in developed areas. If the overland flow time is

calculated to be in excess of 20 minutes, the designer .

should check to be sure that the ' time is reasonable I

considering the projected ultimate development of the are~

L
1-

i.
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2. 3. 6 CHANNELIZED FLOW

I

J

Channelized flow is that part of the flow pattern which is

not shallow, sheet- type flow. Channelized flow paths may

consist of pipe systems, natural channels, ditches, swal~ s,

and improved ditches in any combination.

2. 3. 7 DESIGN INTENSITY

I The design rainfall intensity can be obtained from either

Figure 2- 4 or Figure 2- 5. Figure 2- 3 provides intensity

data for the 2, 5, 10, 25, 50 and 100- year return periods

for durations up to 24 hours. Figure 2- 5 is a reproduction
of the data of Figure 2- 4 for storm durations of from 5 to

60 minutes. Figure 2- 5 will normally be the source of

intensity data for use with the Rational Method. If a

watershed involves ' a design time of concentration ( storm

duration) of over 30 minutes, applicability of the Rational

Method should be checked according to the cr~teria of

Section 2.

U

tJ

u
The calculated time of concentration tor the wateshed is

taken as the duration of the rainfall event required to

produce peak runoff at the design point. This relation and

the rational formula state that the rate of runoff is equal

to the rate of supply ( rainfall excess) if the rainfall

event lasts long enough to permit the entire watershed to

contribute. These assumptions may not involve serious

errors for watersheds several acres in size. However,

serious errors may be involved for larger watersheds with

complex runoff patterns and significant channel and overland

flow storage effects.

lJ

1J

J

J

J

J:

J

J

Jl

JI

2. 3. 8 DRAINAGE AREA ( A)

The drainage area or the area from which runoff is to be

estimated is measured in acres when using the Rational

Method. Drainage areas should be calculated using

planimetric- topographic maps, supplemented by field surveys

where topographic data has changed or where the contour

interval is too great to "distinguish the exact direction of

overland flows.

2. 4 SOIL CONSERVATION SERVICE METHOD, TABULAR TR- 55

2. 4. 1 GENERAL

The soil conservation service tabular method is a synthetic

hydrograph method developed specifically for use in

urbanized and urbanizing areas. The method is similar to

the Rational Method in that runoff is directly related to
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q = Hydrograph coordinate discharge in CFS

DRO = Direct runoff amount in inches

DA = Drainage area in square miles

HDO = Hydrograph distribution ordinate in CSM/ inch

CSM/ inch . Cubic feet per second per square mile per

inch of runoff

r
1S --

r

r

rainfall amounts through use of runoff curve numbers

RCN' s). The basic equation used with the tabular method

also very similar to that used for the rational method:

q = ( ORO) x ( DA) x ( HOO)

Hydrograph coordinates are computed from the hydrograph

distribution data in the appendix. A coordinated value

comp~ ted for each time shown in. the distribution data.

calculated " q" results, when plotted against thE .

corresponding times, constitute the runoff hydrograph.

1-
1S -.-..

The ..,

l!_.

The tabular method is useful in analyzing watersheds [ JI'._
involving several subareas with complex runoff patterns.

The method is most useful in analyzing changes in runoff

volume due to development and in evaluating runoff ~ o~

trolllrmeasures. The SCS tabular method as described here1n shal i

be used in all cases where watershed problems involving tw --

or more interacting subareas and should be used where any

li'.~one subarea is more than 30 acres in size. The SCS tabula :

method is the suggested method to be used in evaluating th :

runoff effects of urbanization and in evaluation/ design of

runoff control measures. ~

L
L

2. 4. 2 METHOD FUNDAMENTALS

The Soil Conservation Service has completed extensive

research in the runoff potential from native soils under

specific conditions of pre- wetting and rainfall events.

This research has also extended to correlation of native

soil types and. land uses in assessing runoff potential.
Runoff curve number or RCN values have been developed which

approximate the r~noff potential from various types of

Le., .developments with respect to native soils. These RCN .

values are similar to runoff coefficient values used in the

rational method in that they can be used to estimate the

Lamount of rainfall which will actually result in runoff. ..

The amount of runoff which will occur for a given RCN val

is a function of the design rainfall, and is termed direct,

runoff amount ( ORO). The RCN values differ from runoff L'
coefficients in that:. .

1. development encompasses a wide range of land

L
L-

L

1..



2. Runoff potentials from native soil types are taken into

account.

3. The amount of runoff which will occur is the function

of both the RCN value and the design rainfall.

Design rainfalls used with a tabular method are 24- hour

rainfall amounts taken from the U. S. Weather Bureau data.

The data includes reoccurence intervals or

frequencies of occurrence of 10, 25, 50 and 100 years.

1

J

1

Hydrograph distribution ordinates used in the tabular method

were developed by computer analysis of many watersheds of

various sizes and configurations. The distribution data

published in Technical Release No. 55 was developed

specifically by comput1ng hydrographs for a one square mile

drainage area for a range of times of concentration and

routing of the hydrographs through stream reaches with a

range of travel times. Note that the distribution data and

the Technical Release No. 55 publication is not the

distr1but1on dataspecif1ed for use in this manual. The

data contained in the appendix were developed from different

watershed size ranges and were obtained from the National

Engineering Handbook. The distributions contained 1n the

appendix have been determined through local use to produce

better comparisons with more advanced methods than the

distributions contained in Technical Release No. 55.

fJ

U

u

LJ
One advantage of using the empirically- based hydrograph
distribution over simplier methods is that the channel

storage and overland flow storage effects are taken into

account. This feature is particularly useful in the cases

involving larger, more complex watersheds.

The biggest advantage of the tabular method over simpler

methods is that the runoff effects of different development

patterns ( both in land use and in drainage facilities) can

be easily measured. The effects of a widened variety of

runoff control measures can also be measured since the-

method' s work result is in hydrograph form. These features

are extremely valuable in watershed management efforts since

differences in flow magnitudes are often more important in

design decisions than are determinations of precise peak

flow values for given conditions. The tabular method' s

utility with manual or computer use is a big advantage in

watershed management over the BEe I/ BEe II method since a

wide variety of watershed conditions, drainage development

patterns, and runoff control measures can be more easily

eva-luated.

Ii

J

1
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J
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2. 4. 3 LIHITATIONS ON TABULAR METHOD USE

The tabular method should not be used when large changes

inl..,RCN values occur among watershed subareas and when runoff

volumei are less than about 1 1/ 2 inches for RCN values ie -

than 60. These constraints will not exist for the majority

drainage work within the City of Little Rock urban area. L.'
They could, however, apply to existing condition analysis'__
and certain semi- urban fringe areas. of the City.

The hydrograph distributions contained in the appendix. [ i
cover times of concentration up to 8 hours and travel tlmes --

of up to 30 hours. These distributions are generally

t-:I'..adequate to analyze watershed subareas ranging up to '.

approximately 6 square miles in size. Any number of

wates~ ed subareas of this size can be analyzed as long as

the total travel time to the point under consideration doedj
not exceed 30 hours. Additional distributions for times odL_

concentration up to 12 hours are available from the National

Eniineering
Handbook. These additional distributions will

U.al ow analysls of larger subareas, subject to the total

travel time limitation of 30 hours. -

The tabular method should not be used for watersheds that JJi
have several subareas with times of concentration below si _.

minutes. In these cases, subareas should be combined so as

to produce a time of concentration of at least six minutes I I
0. 10 hours) for the combined areas. ~

2. 4. 4 TABULAR METHOD USED I.L
2. 4. 4. 1 DETERMINATION OF RUNOFF CURVE NUMBER ( RCN)

The runoff curve number determines the amount of runoff thJ I
will occur with the given rainfall. Soil types and land u~

determines the runoff potential. The City is divided into

three design zones as shown in Figure 2- 1. These zones ard l
based on extensive soil research by the Soil Conservation Y--
Service and broad grouping of native soil types according . to

runoff potential under seasonal flood antecedent

conditionu' 1

The zones are in addition set with respect to types of . ! .

terrain. .

Calculation of the RCN values for a watershed or a watershJ i
or subarea proceeds in the same fashion as the calculation~

of weighted runoff coefficients used in the Rational Meth~

Area calculations are completed for each land use type . .

within the study area. Table 2- 3 lists runoff curve numbe . .

for various land uses according to the design zones of

Figure 2- 1. These values are used along with the area

1.-'calculations to arrive at a weighted runoff curve number f . ·

the watershed or subarea under consideration. Figure 2- 6 .

a worksheet which is useful in tabulating weighted runoff

curve numbers for watersheds and watershed subareas. Areat.,
C.
1..-



RUNOFF CURVE NUMBER WORKSHEET

Subbas i n

1

J

LAND USE

J

Jj

Ll

tJ

1

J

J

j

J

J:

J!

J!

JI

LAND USE RCN A~ ES RCN X ACRES

TOTALS

WEIGHTED RCN c To~ e' CRCN x Acres) =

TOTAL ~ ES
j

FIGURE



J

l~

Rainfall Curve Number ( eN) 1/   U
inches)

60 65 70 75 80 85 90 95

U_
1. 0 0 - 0 0 0. 03 0. 08 0. 17 0. 32 . 56

lJ1. 2 0 0 0. 03 0. 07 0. 15 0. 28 0. 46 . 74

1. 4 0 0. 02 0. 06 0. 13 0. 24 0. 39 0. 61 . 92 1. ,~

1.6 0. 01 0. 05 0. 11 0. 20 0. 34 0. 52 0. 76 1 . 11

llt1. 8 0. 03 0. 09 0. 17 0. 29 0. 44 0. 65 0. 93 1. 29

2. 0 0. 06 0. 14 0. 24 0. 38 0. 56 0. 80 1. 09 1. 48 1. 77

2. 5 0. 17 0. 30 0. 46 0. 65 0. 89 1. 18 1. 53 1. 96

if3. 0 0. 33 0. 51 0. 72 0. 96 1. 25 1. 59 1. 98 2. 45

4. 0 0. 76 t . 03 1. 33 1. 67 2. 04 2. 46 2. 92 3. 43 3. 77

5. 0 1. 30 1. 65 2. 04 2. 45 2. 89 3. 37 3. 88 4. 42 :

u:6. 0 1. 92 2. 35 2. 80 3. 28 3. 78 4. 31 4. 85 5. 41

7. 0 2. 60 3. 10 . 3. 62 4. 15 4. 69 . 5. 26 5. 82 6. 41 ~

tI8. 0 3. 33 3. 90 4. 47 5. 04 5. 62 6. 22 6. 81 7. 40

9. 0 4. 10 4. 72 5. 34 5. 95 6. 57 7. 19 7. 79 8. 40 8 .

10. 0 4. 90 5. 57 6. 23 6. 86 7. 52 8. 16 8. 78 9. 40 9. 7E

11. 0 5. 72 6. 44 7. 13 7. 82 8. 48 9. 14 9. 77 10. 39 loll
12. 0 6. 56 7. 32 8. 05 8. 76 9. 45 10. 12 10. 76 11. 39 l'. 1E

11 To ob'te I 0 r: ott dep1"h. for CN'. end -: her re i of e I I "",,, uo1". 001' 
U

shown In ~ his ~ abl., use an a~ i~ hme~ ic interpolation.  

11

TABLE: 2- 4 II
DIRECT RUNOFF VALUES

BY RCN' S & RAINFALL AMOUNTS
LL
Ii

L

e
l.-

L.-

SOURCE: U. S. SOIL CONSERVATION SERVICE

TECHNICAL RELEASE ~ 55



RUNOFF INCHES

RCN II 10 YR.   25 YR.   50 YR. 100 YR.

60 1.99 2. 60 3. 18 3. 72

I 61 2. 08 2. 70 3. 29 3. 84

J 62 2. 17 2. 80 3. 40 3. 96

63 2. 25 2. 90 3. 52 4. 07

j
64 2. 34 3. 00 3. 63 4. 19

65 2. 43 3. 10 3. 74 4. 31

66 2. 52 3. 20 3. 85 4. 43

J
67 2. 61 3. 31 3. 96 4. 55

68 2. 70 3. 41 4. 08 4. 67

69 2. 79 3. 52 4. 19 4. 79

70 2. 88 3. 62 4. 30 4. 91

I 71 2. 99 3. 73 4. 41 5. 03

J 72 3. 08 3. 83 4. 53 5. 15

73 3. 17 3. 94 4. 64 5. 26

I j
74 3. 27 4. 04 4. 76 5. 38

7~  3. 37 4. 1~   4. 87 ~.!) O
L"

76 3. 47 4. 26 4. 98 5. 62

f I
77 3. 57 4. 37 5. 09 5. 74

78 3. 67 4. 47 5. 21 5. 86

J-J

79 3. 77 4. 58 5. 32 5. 98

LJ
80 3. 87 4. 69 5. 43 b. lO

81 3. 98 4. 80 5. 55 6. 22

82 4. 09 4. 92 5. 67 6. 34

83 4. 19 5. 03 5. 79 6. 47

I
84 4. 30 5. 15 5. 91 6. 59

85 4. 41   ~. 2b 6. 03 b. ll

86 4. 52 5. 37 6. 15 6. 83

J
87 4. 63 5. 48 6. 26 6. 95

88 4. 73 5. 60 6. 38 7. 06

89 4. 84 5. 71 6. 49 7. 18

J
gO 4. 9~   ~. 6Z b. ol 7. 30

91 5. 06 5. 94 6. 73 " 7. 42

92 5. 17 6. 06 6. 85 7. 54

93 5. 29 6. 17 6. 96 7. 60

I
94 5. 40 6. 29 7. 08 7. 78

J
95 5. 51 6. 41 7.20 7. 90

J 10 Yr. · 6. 1 Rainfall inches

25 Yr. · 7. 0 Rainfall inches

50 Yr. · 7. 8 Rainfall inches

J
100 Yr. · 8. 5 Rainfall inches

Source: USWB TP40

J
TABLE: 2- 5

RC/N / RU"NOFF I"NCHES

j PULASKI COUNTY, ARKANSAS

10, 25, 50, 100 YEAR " EVENTS)

j[    
SOURCE: THE HODGES FIRM

Jt



can be measured either in acres or square miles. Weighted~.

RCN values should be rounded to the nearest whole number. --

2. 4. 4. 2 DESIGN STORM DATA L~_
The tabular method is based on 24- hour rainfall amounts

fOL~various design recurrence intervals or frequency of ;

occurence. These rainfall amounts are taken from the U. S. ~

Weather Bureau Technical Paper No. 40 for Little Rock and

are as follows: 6. 1 inches for the la- year frequency lJ~rainfall: 7. 0 inches for the 25- year frequency: 7. 8 inches._

for the 50- year frequency: and 8. 5 inches for the lOO- year

frequency rainfall. LJ_
2. 4. 4. 3 DIRECT RUNOFF AMOUNTS FROM DESIGN STORMS ( DRO

5: 

is a generalized. table of direct runoff amounts folJl
given rainralls and runoff curve numbers. This table can be

used to interpolate runoff amounts ( DRO values) from any licombination of RCN between 60 and 98 and rainfall amounts ,

between 1 and 12 inches. Table 2- 3 provides the direct

runoff amounts for RCN values between 60 and 95 based on

IIIdesigned rainfall amounts specific to Little Rock for the

10, 25, SO and 100- year events. The rainfall amount totals

for the Little Rock area that correspond to these

frequencies are also shown in Table 2- 1. li-

The data in the appendix lists hydrograph distribution ll.
valuves in cubic feet per second per square mile per inch of

direct runoff ( CSM/ inch). These values are listed by t Ij
hydrograph times from 8 hours to 52 hours in time incremen~

ranging from IS minutes to 1 hour. There are three pages o~

data for each given time of concentration ( TC) value, the

U-' ,first page being hydrograph times up to 14 1/ 2 hours, the

second up to 29 hours, and the third up to 52 hours. '

Distribution values are given for travel time ( TT) ranging,.

up to 30 hours in . time increments ranging from 15 minutes I j
2 hours. -..-

2. 4. 5' BYDROGRAPH DISTRIBUTION SELECTIONS

Selection of hydrograph distribution for analysis

purposesl-J,-
fi

is dependent on the times of concentration for subareas an ,

the travel time, if any, required to reach the design poin ·

Times of concentration are calculated in the same manner

allwith the Rational Method and will be comprised of two time I

components - overland flow time, and channelized flow time. '

Refer to Section V for technical aid and discussion useful

to time of concentration calculations. ~

U-
U-
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c j

J

There are two canes that can be encountered in watershed

analysis using the tabular method. The first is where two

or more subareas reach a confluence at the point under

consideration. In this case, no reach routing of subarea

hydrographs is required, and the travel time is zero. T~~ e

of concentration values are calculated for each subarea to

the design point, and in the appendix, data is used to

obtain the distribution ordinates for travel time ( TT) = O.

The range of hydrograph times selected should always include

the values of the distribution.

The second, and more common, analysis case is where several

watershed subareas intersect a main stem channel reach at

several points ' above the point under consideration. In this

case, each subarea hydrograph distribution must in effect be

routed from its confluence with the main stem to the point

under. consideration. This routing is reflected in the

distribution values in the appendix for travel times

greater than zero.

J I
J

Mainstem travel times are calculated in the same manner as

described under Section IX for channelized flow. Manning' S

equation should be used for natural channels to calculate

flow velocities based on known cross sections, channel

slopes, and weighted roughness coefficients. Mainstems

involving pipe systems or improved channels should be

analyzed in the same manner as described in Section IX for

channelized flow.

i i
I I

J

Each mainstem segment between the confluences of watershed

subareas is a channel reach. The time of flow between

points of subarea confluence is the reach time. The sum of

all the reach time for the subarea most remote from the

design point is that subarea' s travel time or TT value. The

traveltime or TT' values for the subareas closer to the

design point will reflect only those channel reaches from a

subarea confluence to the design point. If the fartherest

downstream subarea' s confluence with the mainstem is at the

design point, then this subarea' s travel time or TT value is

zero. Particular care . should be taken in selecting the

range of hydrograph times' to be used since non- zero travel

times have the effect of shifting distribution values.

Travel time values should be examined so that a hydrograph

time range can be selected that will encompass peak value

ranges for all subareas.

J

J

J

j

j

J

J

J

Each watershed subarea will have a time of concentration

Te) value and a travel time ( TT) value. Calculated TC and

TT values may not correspond to the exact values given in

the tables in the appendix. Where TC or TT values are not

equal to the table values, it is necessary to interpolate

between given tabular values to arrive at the ordinate

distribution for the subarea. Double interpolation will be



For multiple subareas with non- zero travel times, it is

common for reach segments to have local in- flows from

tributary areas adjoining the main stem. If such areas are.

of significance size, they should be treated as additionalJJ'
subareas, and assigned calculated times of concentration a -

travel times to the design point. Frequently, such local

in- flow areas are quite small in nature, and this may

resuil' .in a time of concentration ( TC) less than 0. 10 hours 1
6 minutes). Interpolation for distribution values of TC

less than 6 minutes is not advisable. When such small

local in- flow areas are encountered along main stem reacheil
they may either be ignored or incorporated in the analysis -

by using the minimum. TC value of 0. 10 hours.

IT

rrL

need if neither the TC not the TT value are equal to

distribution table values.

2. 4. 6 - MANIPULATION AND RECORDING DATA II

Figure 2- 7 is a tabular method worksheet which provides a

liconvenient system for recording and manipUlating calculate .

results. Column 1 provides space for numbering the major '

subareas of the study watershed. Columns 2 and 3 should ~
I

used to record the calculated TC and TT values for each LL
watershed subarea. The area of each subarea in square

miles, should be entered in column 4. Columns 5 and 6 .

provide for entries of each subarea' s weighted RCN value aLL
corresponding direct runoff value ( DRO).

Revi~ w of t~e calculated TT values and the appendix ~ ablesLLi .provldes gUldance for entry of up to 16 hydrograph tlmes ...,

across the top row of the form. The range of hydrograph

times should be selected so that peak distribution values

u.-..'for each subarea will fall within the overall time range .

selected.

Entries under thehydrograph time columns are made for eacl t

subarea according to the calculated TC and TT values. u.-

Entries may . be made either in CSM/ inch or CFS. CSM/ inch

entries are taken or interpolated from the data in the I '.

appendix for the calculated TC and TT times. Entries may ~

made in CFS by multiplying each CSM/ inch value by the

subarea' s value in square miles and direct runoff value in'.'
i

inches. LJ..-

Subarea hydrograph entries are summed vertically under each

time interval of the hydrograph. The totaled figures it
represent the composite runoff hydrograph at the point un~

consideration. The peak discharge value for the design

point will be the largest number appearing in the composi1rll.'
hydrograph CFS values~ ~

t1

1,

1.
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An example problem which illustrates the use of the tabulaL
method is contained in the Appendix.

2. 4. 7 TABULAR HYDROGRAPH APPLICATIONS
1 -

The tabular method product is a composite runoff

hYdrograpllb ~which yields the rate of runoff or peak discharge from a I
given area or combination of areas. Runoff volume can als c

be measured since hydrographs are discharge - versus - time_

plots ( cubic feet/ unit timex time = cubic feet). LL
The peak discharge rates are required in design of pipe

systems, culverts, ditches, paved channels and other storm, r
water conveyances. The design choice for stormwater ~

conveyances can affect peak discharge rates. When

improvements are of significant length and size, channel ; r
storage affects may become important. Channel storage is LL
stormwater management tool which can be used to alter peak -

discharge rates. Peak flow rates can" either be increased ()

1..decreased; depending on the design velocities used for

various components of a given drainage system. Drainage

analysis should always take future drainage facilities into

account and, where possible, should use design choices for! I
proposed facilities to minimize increases in peak runoff. ..L--

The tabular hydrograph method can be used to evaluate

J-
l

different stormwater system designs and resultant storm

peak flow impacts of alternate designs. The ability to

measure the impact of design and planning decisions is an .

important feature. of the tabular method. Peak flow valuesl I

generated by use in the tabular method can be calibrated ~

with established peak flow values for p. rticular streams o~

watersheds. 
c" 

Calibration is usually accomplished by ! I
adjustments in land use assumptions, times of ~

concentrations, and/ or travel times so as to produce

reasonably close agreement to known flow values of the

samu-
c..

frequency of occurrence. Changes in peak flow values from

the calibrated results can then be measured for a variety -

stormwater management options and controls. Management

anLL-~
c

design assessments from a calibrated base will generally

provide more reliable and acceptable than those from an

uncalibrated base. r

Stormwater retention is the slowing up of runoff and can
I t

take several forms other than velocity manipulation in maj~

conveyances. The tabular method can also be used ; 0

t1'evaluate retention measures. There are several approaches

to retention, mainly:

1. Adjustment in the amount of rainfall which runs off

changing land use. u

Ur



2. Adjustment of hydrograph peak discharge values py

modification of the overland flow time component.

3. Adjustment of . peak flow values by adjustments in the

channelized flow time component.

4. Structural retention.

I
I

I

Adjustments in land use can take many forms, including

density changes, changes in surface treatments, preservation

of natural areas, or changes in basic land use types.

Overland flow time adjustments can be affected by altering

the flow lengths, roughness coefficients and/ or surface

slopes in those areas where overland sheet flow affects the

design time of concentration. Channelized flow time changes

can De made by altering size of facilities, roughness

coefficients, hydraulic radius, and/ or lengths. Alteration

in flow lengths to affect time changes is also sometimes

called flow routing. Examples of structural retention

measures include rooftop and parking lot ponding, terrace

landscaping, routing of rooftop and gutter flows, and use of

inlet ponding at culvert structures, i. e., moving from an

open channel flow situation to a pipe flow situation.

Tabular method analysis is also useful in modeling

watershed subarea interactions. The composite tabular

hydrograph for a watershed reflect the discharge - versus -

time performance of each of its subareas. Review of each

subarea' s hydrograph sometimes can be used to identify

shifts in the times at which subarea peak discharges can be

made to occur so as to lower the composite peak discharge.

Shifting of subarea peak discharge times and amounts can be

achieved by use of conveyance storage, routing, retention

measures, or detention facilities.

Detention facilities are designed for the temporary storage

of a significant volume of storm runoff. Bydrograph

analysis is required for design of detention facilities in

most cases. The SCS tabular method is a soundly- based and

convenient means of developing inflow hydrographs for design

of detention facilities.

1

Detention ponds are designed in four steps - determination

of the inflow hydrograph, sizing of the required storage,

selection of the outlet structure, and routing of the in

flow through the pond. Detention ponds are usualy designed

for a single rainfall event, lO- year, 2s- year, 50- year, etc.

Since the storage volume and the structure are designed for

particular events ( in flowS), there may be little or no peak

flow reduction involved for lesser events. Moreover, since

it is impossible to design for the maximum event, emergency

overf~ ow provisions must always be provided.

I

i

J

JI



Althouqh detention ponds are usually desiqned for speCifier:
event frequencies, multiple- frequency designs are also

possible. Multiple levels of frequency protection or peak~

flow limitation can be achieved by designing ponds with I.L

multiple outlet structures. Multiple storage cells with

independent outlet structures are also a way in which

detention ponds can be des igned for multiple rainfal.l

frequencies.

Detention ponds are a straightforward and simple approach

limiting stormwater peak flows. Detention ponds also

usually involve greater capital and maintenance expense

thrQother stormwater and runoff management options. Detention
l' .

ponds should, therefore, be viewed as a second line of

problem solution in the event the most costly options do not

produce' desired results. It should also be noted that

Il~detention ponds, when used in conjunction with other ..

management options, will often be less. expensive than as a

sole solution. LL
Additional information and design materials for detention

ponds are provided in Section V of this manual.

LL

L

Ii

2. 5 BEC I/ BEC II COMPUTER METHODS

Computer analysis with the BEC I and BEC II programs shalllLL. -be the only acceptable method of analysis for problems

involving streams that have been mapped by the Federal

Emergency Management Agency and that fall under the City Q
If

County jurisdiction by virtue of the Floodplain Bazard l j

Prevention Ordinance. ,..

The BEC I computer program is used to developed watershed LL. '.
hydrology from land use data, topographic information,

rainfall events, anc3 rainfall c3istribution patterns. The

BEC II computer program uses the BEC I results as input II
along with various hydraulic data to produce flood profil~

and other data for specific streams and stream segments.

Use of these methods requires substantial technical

training, access to the source programs, and use of a

relatively large computer. Construction and use of these c ,

programs is beyond the scope of this manual, but is , I

available at nominal cost from the Hyc3rological Engineeri~

Center, U. S. Corps of Engineers, U. s. Department of Army,

609 2nd Street, Davis, California 95616 or from the ~:

University of Texas at Austin. Requestors should ask for .. i

theHEC I and/ or BEC II user manuals and should be prepai

by check or money order made payable to RFAo-USAED,
R

at t~

Hydrological Engineering Center in Davis, California. ~

u.

l.;

La.
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SECTION III - FLOW IN STORM DRAINS AND DRAINAGE

APPURTENANCES

r~

L
3. 1 GENERA~

3. 2 STORM SEWER DESIGN REQUIREMENTS

In preparation of storm sewer design, the following is a

list of minimum requirements:

1.

2.

A plan of the drainage area at a scale of lR · 200'

with 10- foot contour intervals using USGS datum for

areas less than 100 acres or a plan of the drainage

area at a scale of lR . 500. with 10- foot contour

intervals for larger areas. This plan shall include

all proposed street, drainage and grading

improvementll-with flow quantities and direction at all critical 1
points. All areas and subareas for drainage ' ,

calculations shall be clearly distinguished.

Caeplete hydraulie data showing all ealeulations. . ll-
including a copy of all nomographs and graphs used for

your calculations shall be submitted.

a~

3. A plan and profile of all proposed improvements at

scale of lR . SO' horizontal and lR · S' vertical

shaUlbe submitted. This plan shall include the following: · I

locations, sizes. flow line elevations and grades of . I

pipes, channels, boxes, manholes and other structures

drawn, on standard plan- profile sheets7 existing and t I

proposed ground line profiles7 a list of the kind and~

quantities of materials; typical sections of all boxes

and channels: and location of property lines, street (', '.,

paving, sanitary sewers and other utilities. ~

A field study of the downstream capacity is highly

suggested of all drainage facilities and the effect of,
additional flow from the area to be improved shall be~

submitted. If the effect is to endanger property or

4.

Q



5.

life, the problem must be resolved before the plan will

be given approval.

Stormwater flow quantities in the street shall be

shown at all street intersections and all inlet

openings and locations where flow is removed from the

streets. This shall include the hydraulic calculations

for all inlet openings and street capacities. The

street flow shall be limited according to Section VI,

Pavement Drainage Design.

6. Any additional information deemed necessary by the City

Engineer for an. adequate consideration of the storm

drainage effect on the City of Little Rock and

surrounding areas mu.st be submitted.

I

j

j

J

J

J

3. 3 REQUIREMENTS RELATIVE TO IMPROVEMENTS

3. 3. 1 BRIDGES AND CULVERTS

LJ

U

Bridges or culverts shall be provided where continuous

streets or alleys cross water courses and shall be designed

to accommodate a 100- year flood on floodways or floodplains,

a 50- year frequency rain on arterial roads and streets,

2S- year frequency rain for minor arterials and collectors,

and a 10- year frequency rain for all other streets. The

structure shall be designed in accordance with current

Arkansas Highway and Transportation Department

specifications for materials and to carry H- 20 loadings in

any case.U

iJ

J

rJ

l,

l

Where same structure is to be constructed in a location

other than existing or proposed street right- of- way, 8- 10

loadings may be used.

3. 3. 2 CLOSED STORM SEWER SeE A, III$cJ

d storm sewers for all conditions other

in Se~ 3. 1 above shall be designed
lO- year frequen . in, based

Same shall either be R. . or 8- 20 loadings and street

right- of- way or 8- adings ere, or R. C. pipe ASTM

Class III wh u ficient cover is prov1
Class IV

when 1 an one- foot under paving or less than two et

o ver.

Under special conditions, the" use of corrugated metal pipe

maybe permitted by special authority of the City Engineer.

3. 3. 3 MINIMUM GRADES

Storm drains should operate with velocities of flow

sufficient to prevent excessive deposition of solid

r-

J:I



TI'
material: otherwise, objectionable clogging may result. l"l..
controlling velocity is near the bottom of conduits and

considerably less than the mean velocity. Storm drains JI I

shall be designed to have a minimum velocity flowing full ~

2. 5 fps. Table 3- 1 indicates the grades for both concrete -

pipe ( N = 0. 013) and for corrugated metal pipe ( N = 0. 024)

to produce a velocity of 2. 5 fps, which is considered to bl'
the lower limit of scouring velocity. Grades for closed -

storm sewers and open paved channels shall be designed so

that the velocity shall not be less than 2. 5 fps nor exceetl12 fps. All other structures such as junction boxes or

inlets shall be in accordance with City standard drawings. -

The minimum slope for standard construction procedures shaL,'be 0. 40 percent when possible. Any variance must be i

approved by the City Engineer.

Table 3- 1 Lr

LJ
Corrugated Metal -

pipe ft./ ft. 

LJ
0. 0060

0. 0049

WI,.0. 0041
0. 0035

0. 0031

g: gg~~ LL
0. 0016

g: ggi~ L~
0. 0011

um LI
0. 0007

Minimum Slope Required
to Produce Scouring Velocity

Pipe Size
Inches)

Concrete pipe
Slope ft./ ft.

18

21

24

27

30

36

42

48

54

60

66

72

78

84

96

0. 0018

0. 0015
0. 0013

0. 0011
0. 0009

0. 0007

0. 0006

0. 0005

0. 0004

0. 0004

0. 0004

0. 0003

0. 0003

0. 0003

0. 0002

Closed storm sewers extending to furtherest downstream poiJ-l
of development shall give consideration to velocities and

discharge energy dissipaters to prevent erosion ' and scouri1, ~"~
along downstream properties. ~

3. 3. 4 OPEN PAVED CHANNELS
S, f Ae..,~

e~ 

L'-,
Open p channels may be used instead 0 0 m

sewers when ow exceeds 100 r a 100- year storm

fre1~ned to accommodate a 100~~:;~
a9~ eChannelS ~

hal~

a~: d o~

L

l

l
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REVISIONS TO SECTION 3 OF THE STORM WATER MANAGEMENT AND DRAINAGE

MANUAL

3. 3. 2. CLOSED STORM SEWER

Replace all existing language with the following:

Closed stonn sewers for all conditions other than required in Section 3. 3. 1. Above shall be

designed to accommodate at a minimum frequency rain, according to the Master Street Plan

standards based on the drainage area involved. Refer to Section 13 of the City of Little Rock

Standard Specifications for allowable pipe materials, applications, and installation.

Closed stonn sewers for subdivision and public project developments that are located alobg or

near side property lines shall be extended to the back property line or to receiving stream. If

significant terrain relief exists, a variance may be granted. Request for variance must be made at

the time the design plans are approved by the City.

Where a swale is used, a 4 foot wide by 4 inch thick concrete invert is required if the flow

exceeds 10 cubic feet per second. ( Swales are pennitted above 72" diam'eter pipes until swale

capacity reaches 72" capacity.)

Headwalls are pennitted only on stonn sewer 48 inch diameter or smaller unless easement or

terrain constraints exist. For storm sewer larger than 48 inch diameter, slope treatment shall be

required. Allowable materials for headwalls and slope treatments are plain concrete; colored,

textured or patterned concrete; exposed aggregate; decorative rock; bomonite; split face block; or

segmental wall sections.

3. 3.4. OPEN PAVED CHANNELS

Open paved channels are only permitted when flows exceed capacity of two 72 inch diameter

pipeS.

Slope sided channel is preferred if right-of-way or easement allows. Grass or sod may be used on

slopes flatter than or equal to 3: I with a paved bottom designed to accommodate a two-year stonn

event.

Where right- of-way or easement constraints do not allow for a 3: 1 slope, a steeper paved slope or

vertical wall channel is pennitted. Concrete is required to be specially treated materials such as

colored concrete to provide a darker appearance; exposed aggregate concrete; textured concrete;

split face block; decorative segmental wall sections; or bomonite.

If the channel is deeper than 4 feet and/or slope is steeper than or equal to 2: 1. the channel is

required to be terraced every 4 foot (maximum) in height (mid height is recommended for less

than 8 feet) to provide a visible break and a means of escape for children. A 2 foot minimum

width paved terrace is required to have a minimum cross slope of one inch per foot for proper

drainage. A 6 foot high fence is also required and may be galvanized chain link fence with 36

inch high evergreen plantings every 3 feet, vinyl coated chair link fence, or wood fence if the

neighborhood association provides maintenance.

We' re Proud of Our Works"

kJ-.-..........~.....--.....
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J

t drainage area involved. Such channels may of

dif e t shapes according to existing con' lons: however,

a channe ' h a flat bottom with a "" otch for low

minimum flows 4: 1 to 5: 1 sid opes is the most

desirable type and 11 b ed whenever possible. The

channel shall be of te with a minimum four inch

thickness. Six-' minimu ickness required where

maintenance machinery. Thic s of concrete and amount

of reinf ing steel shall depend up conditions at site

and ' e of channel. A 6"- 8" drag lip ld be provided as

ropriate in each design.

J 3. 3. 5 OPEN DITCHES ( EARTH CHANNELS)

J

Open earth ditches may be used instead of closed storm

sewers or open paveo ditches only in extremely large areas

where' flow exceeds 250 CFS for a 10- year storm frequency and

in very small areas where flow is less than 10 CFS for a

10- yea~ storm frequency.

Ditches shall have a gradient to keep the velocity within

1. 5 to 5. 0 feet per second depending on existing soil

conditions. Ditches maybe seeded, sod mulched, or sodded

where design velocities are less than 3 fps. Sod shall be

required for velocities greater than 3 fps. Side slopes

shall have a minimum slope ratio of 3: 1. See Table 3- 2 for

permissible velocities for swales, open channels, and

ditches with uniform stands of various well maintained grass

covers~ ~~ i9n~r'~ attention is directed to the fact that

the Subdivision Ordinance prohibits encroachment of

buildings and improvements on natural or designated drainage

channels, or the channel' s floodplains. Such floodplains

are areas of land adjacent to an open paved channel or open

sodded ditch ( not in closed storm sewers) that may flood

during a lOO- year rain. Such floodplains shall be indicated

on drainage. improvement plans and individual plot plans.

I
i

LJ

i
L-1

3. 4 FULL OR PART FULL FLOW IN STORM DRAINS

3 . 4 . lGENERAL .

r.

The size of closed storm sewers, open channels, culverts and

bridges shall be designed so that their capacity will not be

less than the volume computed by using the Manning Formula.

All storm drains shall be designed by the application of the

continuity equation and Manning' s Formula either through the

appropriate charts and nomographs, or by direct solutions of

the equations as follow:



TABLE 3- 2 U
PEPw\ USSIBL.E VELOCITIES FOR CHANNE.LS LINED WITH GRASS. u

Permissible velocity. fps
u

Cover
Slape range:.

Erosion- rcsisW'lc

soils

Bermuda p-us 0.5

5. 10

10

8

7

6

Easily erode4
soils U

6

5

Buffalo grass. K.enNcky bluegrass.
smooch brome. blue grama

0-5

5. 10

10

7

6

5

5

3

J'

J

J_

i.

1

I

1I

L[

Grass misnsre 0-5 5

5-10 4

Do noc use 011 slopes steeper than 1 ~

3

lespccieza ser'. ca.. weeping love

grass. ischaemum ( rCUew blue-

stem). alEalfa. crabgrass

0-5 ~ U

Do not use on slopes stcepe: chan S~: except for

side slopes in a combinaNon channel

Ann~- uscdonmWduo~ oru

ponry protec:noll until per'
manent covers are esrahlishcd.
common lespcdeza. Sudan grass

R.E.\1AR.KS. The nlues apply co avenge. uniform stands of each type of cover. Use velocities

exceeding 5 fps only where good coven and proper maintenance Can be obtained.

0-5 U U

Use 011 uopes steeper dWl Slit is not recommended

SOURCE: AHTO[

I

I
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0 = AV and

1. 49

AR2/ 3 Sf1/ 2
0 = n

0 = Capacity = discharge in cubic feet per second

A = Cross- sectional area in conduit or channel in

I

J
square feet

R = Hydraulic radius = A 1- wetted perimeter

i I Sf = Friction slope in pipe ( feet per foot)

n c: Coefficient of roughness of pipe

There are several general rules to be observed when

designing storm sewer runs. When followed, they will

tend to alleviate or eliminate the common mistakes made in

storm sewer design. These rules are as follows:

1. Select pipe size and slope so that the velocity of flow

will increase progressively, or at least will not

appreciably decrease at inlets, bends or other changes

in geometry or configuration. A 15- minimum pipe

diameter is the minimum acceptable pipe diameter for

maintenance purposes. Where used, corrugated metal

pipe sizes shall be hydraulically equivalent to the

required pipe size.

2. Do not discharge the contents of a larger pipe into a

smaller one, even though the capacity of the smaller

pipe may be greater due to steeper slope.

3. At changes in pipe sizes, match the soffits of the two

pipes at the same level rather than matching the flow

lines.

4. Conduits are to be checked at the time of their design

with reference to critical slope. If the slope of the

line is greater than critical slope, the unit will

likely be operating under entrance control instead of

the originally assumed normal flow. Conduit slopes

should be kept below critical slope if at all possible.

This also removes the possibility of a hydraulic jump

within the line.J
3. 4. 2 PIPE FLOW CHARTS

I
1 Pipe flow charts are nomographs for determining flow

properties in circular pipe. elliptical pipe and

pipe- arches. Figures 3- 1 through 3- 9 are nomographs based

upon a value of - n- of 0. 012 for concrete and 0. 024 for

corrugated metal. The charts are self- explanatory, andI
J

J

j



2:

Slope - 0. 005, diameter D - 36". Q - 22. 7 c:fsJ

n · 0. 018

their use is demonstrated by the example in Figure 3- 1.

For values of " n" other than 0. 012, the value . of 0 should

modified by using the formula below:

o c = On ( 0. 012 )

nc

Oc = Flow based upon nc

nc = Value of " n" other than 0. 012

On = Flow from nomograph based on n = 0. 012

This formula is used in two ways. If nc = 0. 015 and

Oc is unknown, use the "known properties to find On
from the nomograph, and then- use the formula to convert

On to the required Oc. If Oc is one of" the

known properties, you must use the formula to convert Oc
based on nc) to On ( based on n = 0. 012) first, and

then use On and the other known properties to find the

unknown value on the nomograph.

Example 1:

Given: Slope. 0. 005, depth of flow ( d) = 1. 8',

diameter D · 36-, n · 0. 018

Find: Discharge ( Q)

First determine dID. 1. 8'/ 3. 0' · 0. 6. Then enter

Figure 3- 1 to read Qn · 34 cfs. Using the formula

Oc · 34 ( 0. 012/ 0. 018) · 22. 7 cfs ( answer).

Example

Given:

Find: velocity of flow ( fps)

First convert Oc to On so that nomograph can be

used. Using the formula On = 22. 7 ( 0. 018)/( 0. 012)

34 cfs, enter Figure 3. 1 to determine dId · 0. 6.

enter Figure 3- 3 to determine V · 7. 5 fps ( answer).

3. 4. 3 ROUGHNESS COEFFICIENTS

Roughness coefficients for storm drains are as follows in

Table 3- 3.

La
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Table 3- 3

Roughness Coefficients " n" for Storm Drains

I
j

Design
Coefficient

Range of

Manning
CoefficientMaterials of

Construction

I
f

Concrete Pipe
0. 012 0. 011- 0. 015

LJ
Corrugated Metal Pipe

Plain or Coated

Paved Invert

0. 024

0. 020

0. 022- 0. 026

0. 018- 0. 022

u
Concrete pipe shall have a design coefficient of 0. 012 and

have a range of manning coefficient of 0. 011- 0. 015.

Corrugated metal pipe - plain or coated shall have a design

coefficient of 0. 024 and a range of manning coefficient of

0. 022- 0. 026. Corrugated metal pipe - paved invert shall

have a coefficient of 0. 020 and a range of manning

coefficient of 0. 018- 0. 022.

3. 4. 4 MANHOLE LOCATION

I

Manhole shall be located at intervals not to exceed 500 feet

for pipes 30 inches in diameter or smaller. Manholes shall

preferably be located at street intersections, conduit

iunctions, changes of grade, changes of horizontal alignment

and all changes of pipe sizes. Manholes for pipe greater

than 30 inches in diameter shall be located at points where

design indicates entrance into the conduit is desirable:

however, in no case shall the distance between openings or

entrances be greater than 1, 200 feet.

3. 4. 5 PIPE CONNECTIONS

J

prefabricated wye and tee connections are available up to

and including 24- x 24-. Connections larger than 24-

will be made. by field connections. This recommendation is

based primarily on the fact that field connections are more

easily fitted to a given alignment than a precast

connection. Regardless of the amount of care exercised by

the contractor in laying the pipe, gain and footage

invariably throws precast connections slightly out of

alignment. This area increases in magnitude as the size of

pipe increases.

1

1
j

r

rd.,

r-

J
3. 4. 6 MINOR HEAD LOSSES AT STRUCTURES

The following total energy head losses at structures shall

be determined for inlets, manholes, wye branches or bends

and the design of closed conduit. See figures 3- 10 and 3- 11



for details of each case. Minimum head loss used at any

structure shall be 0. 10 foot, unless otherwise approved.

LP

L.
The basic. equation for most cases, where there is both

upstream and downstream velocity, takes the form as set

forth below with the various conditions of the coefficient I ~
of Kj shown in Tables 3- 4, 3- 5 and 3- 6. . ~.

H = Kj ( V22 - V12)

29

hj = junction or structure head loss and

feet.

vl · velocity in upstream pipe and feet per

second.

V2 · velocity in downstream pipe and feet per

second.

Ij . Junction or structure coefficient of

lbss.

LJ

U

U'

L[

L[
In the case where the initial velocity is negligible feet,

the equation for head loss becomes: L[
hj · hj v22

2G

i
I

i

Short radius. bends may be used on 24 inch or larger pipes ~

where flow must undergo a direction change at a junction ~ i

bend. Reductions in head loss at manholes may be realized~-

in this way. A manhole shall always be located at the end

of such short radius bends.

The values ~ f the coefficient - Ij- for determining

loss of head due to obstructions in pipe are shown

3- 5 and the coefficients are used in the following

to calculate the head loss at the obstruction:

the

in Tabl~ r
I ,

equat1. ol.L.

hj · kj ( V22)

29

I :
i !

1..The values of the coefficient wKjw for determining the

loss of head due to sudden enlargements and sudden

contractions in pipes are shown in Table 3- 6 and the '.

coefficients are used in the following equation to calculJ.
the head loss at the change in Section~ - ~

r

L
I



hj = kj V2

29
3. 5 UTILITIES

where v = velocity in

smaller pipe.

l

In the design of a storm drainage system, the engineer is

frequently confronted with the problem of grade conflict

between the proposed stotm drain and existing utilities,

such as water, gas and sanitary sewer lines.

Ll

When conflicts arise between a proposed drainage system and

utility system, the owner of the utility system shall be

contacted and made aware of the conflict. Any adjustments

necessary to the drainage system or the utility can then be

determined.

J
Due to the difficulty and expense to the public with ~ egard

to hand cleaning, clearing, and other ditch maintenance, the

following ditch requirements are specified to expedite small

equipment cleaning and access to drainage easements and

ditches:

J
Manholes are not allowed in drainage ditches.

Access easements shall be required every 600 feet.

Utility crossings ( above the channel flowline) shall be

limited to one per block.

Utilities shall not be located beneath a concrete

bottom except at crossings.

See Figure 3- 12 for dimensions of utility easements required

when drainage facilities are installed within the same

easement.

Ii

lJ

u

J

J
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JI

JI
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Case

No.

I

II

III

IV

V

VI

VII

VIII

NOTES:

Table 3- 4

Junction or Structure

Coefficient of Loss

Reference

Figure

Lr

Coeff ici;:ml"
Desc. of Condition Kj -

Inlet on Main Line **. 0. 50 ~"_

Inlet on Main Line
0. 25 I; lr

with Branch Lateral ** L;_

u_

LC

U_

LL-
t

r

U-

W--

LL

LL.

U-

l
the 90. bend r

percentage facto~

Manhole on Main Line

with 45. Branch Lateral

Manhole on Main Line

with 90. Branch Lateral

45- Wye Connection or

Cut- in

Inlet on Manhole at

Beginning of Line

Conduit
90-...

Curve

Curve

on Curves for

Radius ·

Radius -

Diameter

2 to 8)

Diameter
8 to 20)

Diameter
Curve Radius -

Bends Where Radius is

Equal to Diameter
90. Bend

60. Bend

45. Bend

22 1/ 2- Bend

Manhole on Line with

60. Lateral

Manhole on Line with

22 1/ 2. Lateral

Must be approved by City Engineer.
Where bends ether than 90. are used,

coeffient can be used with the following

applied:

60. Bend - 85\

45. Bend - 70\

22 1/ 2. Bend - 40\

Source:

0. 50

0. 25

0. 75

1. 25

0. 50

0. 40

0. 25

0. 50

0. 48

0. 35

0. 20

0. 35

0. 75

L.
City of Waco, Texas, Storm Drainage Design

ManuaL..

I.
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Table 3- 5

Head Loss Coefficients Due to Obstructions

A**

A. K' A. 
K.

J
J

1. 05 0..10 3. 0 15. 0

1. 1 0. 21 4. 0 27. 3

1. 2 0. 50 5. 0 42. 0

1. 4 1. 15 6. 0 57. 0

1. 6 2. 40 7. 0 72. 5

1. 8 4. 00 8. 0 88. 0

2. 0 5. 55 9. 0 104. 0

2. 2 7." 05 10. 0 121. 0

2. 5 9. 70

A c Ratio of area of pipe to opening at obstruction.

A.

Table 3- 6

Bead Loss Coefficients Due to Sudden

En1arge~ ents and Contractions

01

Sudden Enlargements

Kj

Sudden Contractions

Kj

1. 2

1. 4

1. 6

1. 8

2. 0

2. 5

3. 0

4. 0

5. 0

10. 0

0. 10

0. 23

0. 35

0. 44

0. 52

0. 65

0. 72

0. 80

0. 84

0. 89

0. 91

0. 08

0. 18
0. 25

0. 33

0. 36

0. 40

0. 42

0.. 44

0. 45

0. 46

0. 47

D2
c Ratio of larger to smaller diameter.

01

Source: City of Waco, Taxas, Storm Drainage Design Manual
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SECTION IV - CULVERT HYDRAULICS

4. 0 GENERAL

The function of a drainage culvert is to pass the design

storm flow under a roadway or railroad without causing

excessive backwater and without creating excessive

downstream velocities. The desig~ shall keep energy losses

and discharge velocities within reasonable limits when

selecting a structure.

Culvert flow may be separated into two major types of flow -

inlet or outlet control. Under inlet control, the cross

sectional area of the barrel, the shape of the inlet and the

amount of ponding ( headwater) at the inlet are primary

design considerations. Outlet control is dependent upon the

depth of water in the outlet channel ( tailwater), the slope

of the barrel, type of culvert ,material and leng~h of the

barrel.

4. 1 INLET CONTROL

The size of a culvert operating with inlet control is

determined by the size and shape of the inlet and the depth

of ponding allowable ( headwater) between the flowline

elevation of a culvert and the elevation of a finished grade

surface or surrounding buildings and facilities. See

Figure 4- 1. Factors not effecting inlet control design are

the barrel roughness, slope and length and depth of the

tailwater.

The headwater ( BW) depth for a culvert of a given diameter

or height ( D) where a given dischange can be determined by

obtaining the HW/ D value from Hydraulic Engineering Circular

IS, FWHA. A desirability maximum headwater for a culvert

snould not be greater than the diameter or height plus 2'.

The elevation of adjacent facilities ( i. e., buildings, etc.)

must be reviewed for flooding.

4. 2 OUTLET CONTROL

A culvert will operate under outlet control when the depth

of the tailwater, the length, the slope or roughness of the

culvert barrel act as the control on the quantity of water

able to pass through a given culvert. See Figure 4- 2.

Energy head required for a culvert to operate under outlet

control is comprised of velocity head ( Hv)' entr,ance

1055 ( He) and friction 1055 ( Hf). This energy head

H) is obtained from H draulic En ineerin Circular t5,

FWHA, and entrance loss coe lClents rom Tab e 4- 1.
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The headwater depth ( HW) at the culvert ent~ ance is

calculated by means of the following formula: .

HW = H + ho - . LSo

J Where: H = energy head

L = length of culvert ( ft.)

So = slope of barrel ( feet per foot)

ho = dc+ D

2 or IW, whichever is greatereJ
de = critical depth of flow in the barrel.

Critical depth may be determined by using

Hydraulic Engineering Circular tS, FWHA.

D ~ height of pipe or box

IW ~ tailwater depth

The maximum desirable headwater depth for culverts operating

under outlet control shall be the same as described in

Section III.

See Section 4. 8 for detailed types of culvert flow and

Section 4. 9 for examples of culvert sizing computations.

4 . 3 HEADWALLS AND ENDW~ LLS

4. 3. 1 GENERAL

r""t

The normal functions of properly designed headwalls and

end walls are to anchor the culvert, to prevent movement due

to the lateral pressures, to control erosion and scour

resulting from excessive velocities and turbulence, and to

prevent adjacent soil from sloughing into the waterway

opening. Headwalls shall be constructed of reinforced

concrete may either be straight parallel headwalls, flared

headwalls, or warped headwalls with or without aprons as may

be required by site conditions. Multi- barrel culvert

crossings of roadways at an angle or IS. or greater shall be

accompanied by adequate inlet and outlet contr,ol sections.

r..,

JI

J
1

JI

11

4. 3. 2 CONDITIONS AT ENTRANCE

It is important to recognize that the operation

characteristics of a culvert . ay be completely changed by

the shape or condition at the inlet or entrance. Design of

culverts must involve consideration of energy losses than

may occur at the entrance. The entrance head losses may be

determined by the following equation:



he = Ke V22. - V12

29 29
entrance head loss in feet

L

U

U

U

lJ

u'

J

l.

I

I

1

L

11
d"

h =
e

V2 = velocity of flow in culvert

Vl = velocity of approach in feet per sec.

Ke = entrance loss coefficient as shown in

Table 4- 1.
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Table 4- 1

I values of Entrance Loss Coefficients ilK "e

Type of Structure , Entrance Design Value of Ke

Box, Reinforced Concrete

Submerged Entrance

Parallel wing walls

Flared wing walls

Free Surface Flow

Parallel wing walls

Flared wing walls

pipe, Concrete

projecting from fill,

socket end

Projecting from fill,

square ~ ut end

I

L;
Headwall or headwall ,

wingwalls

J~
socket end of pipe

square - edg.e

End - section conforming to

fill slope

I

I

i

pipe, or pipe- Arch,.

Corrugated Metal

projecting from fill ( no headwallr-
o"

r -~

C"

Jl

Jl

Headwall or headwall and wingwalls

Square - edge

End - section conforming to fill

0. 5

0. 4

0. 5

0. 15

0. 2

0. 5

0. 2

0. 5

0. 5

0. 9

0. 5

0. 5



In order to compensate for the retarding e,ffect on , the

velocity of approach in channels produced by the creation of

the headwater pools at culvert entrances, the velocity of

approach in the c~ annel ( Va) shall be reduced by the

factors as shown in Table 4- 2.

Table' 4- 2

REDUCTION FACTORS FOR VELOCITY OF APPROACH

Velocity of

Approach
WI

Va" ( FP S )

Used in

Formula for

he
Desc. of

Conditions

0- 6 All culverts Vl = Va

Good alignment of the

the approach channel:

headwater pool
pe'rmissible within

the right-of- way.

Good alignment of the

approach channel:
channel slopes have

been lined: limited
backwater pool
permissible within

the right- of- way

4. 3. 3 SELECTION OF HEADWALL OR ENDWALL

VI II: 0. 5'Above 6

Above 6 VI II: 0

In general the following guidelines should be used in the

selection of the type of headwalls or endwalls.

1) , Approach velocities are low ( below 6 feet per

sec.).

2) Backwater pools may be permitted.

3) Approach channel is undefined.

4) Ample right- of- way or easement is available.

5) Downstream channel protection is not required.

Flared Headwall and End Wall

1) Channel is well defined.

L:.
I I"
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l.L
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ij.



2) Approach velocities are between 6 and 10 feet per

second.

3) Medium amounts of debris exists.

I

I
J

The wings of flared walls . should be located with respect to

the direction of the approaching flow instead of the culvert

axis. .

Warped Headwall and End Wall

1) Channel is well defined and concrete lined.

2) Approach velocities are between 8 and 20 feet per

second.

Medium amounts of debris exist.

These headwalls are effective with drop down aprons to

accelerate flow through the culvert, and are effective

for transitioning flow from closed conduit flow to open

channel flow. This type of headwall should be used only

where the drainage structure is large and right- of- way or

easement is limited.

4. 4 CULVERT DISCHARGE VELOCITIES

L;

The velocity of discharge from culverts should be limited as

shown in Table 4-. 3. Consideration must be given to the

effect of high velocities, eddies, or other turbulence on

the natural channel, downstream property, and roadway

embankment.

Table 4- 3

Culvert Discharge - Velocity Limitations

Earth .
Sod Earth

Paved or Riprap Apron
Shale

Rock

Maximum Allowable

Discharge Velocity ( FPS)

6 FPS

8 FPS

15 FPS

10 FPS

15 FPS

J

J.
r

I'

Downstream

Condition

4. 5 COMPUTATION FORMAT

rJ
IJ

l

JL

Figure 4- 3 developed by the Federal Highway Administration

is to be used for culvert design. Design methods utilizing

computers may be used with prior approval of the City

Engineer.



The procedures to follow in determining culvert size are:

1) List all design data.

2) Select a trial culvert size.

3) Determine the headwater depth for the trial size.

a. Headwater for inlet control.

b. Headwater for outlet control.

c. Compare headwaters and use higher values.

4) Compare this headwater with the allowable "limit.

a. If headwater is within allowable limit,

proceed to Step 5.

b. If headwater is above allowable limit, repeat

Steps 3 and 4 until allowable limits are

reached.

5) Compute outlet velocity to determine need for

channel protection.

4. 6 CULVERT TYPES AND SIZES

The permissible types of culverts under all roadways and

embankments are reinforced concrete box, round or elliptical
concrete pipe or pipe arch.

The minimum size of pipe for all culvert shall be lS- or the

equivalent sized elliptical pipe or arch pipe. Box culverts

may be constructed in sizes equal to or larger than 4' x 3'

width versus height), except as " approved by the City

Engineer.

If corrugated metal pipe is to be used, it shall be coated

and approved. by the City Engineer.

Flared, precast concrete and metal pipe aprons may be used

in lieu of headwalls to improve the hydraulic capabilities
of the culverts.

4. 7 FILL HEIGHTS AND BEDDING

Where possible the minimum cover over any culvert or box

culvert shall be IS-, or a minimum of 6- from the bottom of

the pavement sub- base. Minimum cover less than these values

shall be fully justified in writing and approved by the City

Engineer prior to proceeding with final plans. Maximum fill

heights and bedding descriptions for pipes are shown on

L:

L:

W:

u:

l[

ll'

L

L

u:.
l[
f I

l
l



Figures 4- 18. Box culverts shall be structurally designed

to accommodate earth and live load to be imposed upon the

culvert. Refer to the Arkansas Highway and Transportation

Department' s Standard plans for Typical Box culvert

Designs.

Where culverts under railroad facilities are necessary, the

designer shall obtain approval from the affected railroad.

4. 8 TYPES OF CULVERT FLOW

Type I Flowing Part Full with outlet Control and

Tailwater Depth Below Critical Depth.

Figure 4- 3)

Type II Flowing part Full with Outlet Control and

Tailwater Depth Above Critical Depth.

Figure 4- 4)

Type III Flowing Part Full with Inlet Control.

Figure 4- 5)

Type IVA Flowing Full with Submerged Outlet.

Figure 4- 6)

TypeIVB Flowing Full with Partially submerged Outlet.

Figure 4- 7)

j~i
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Type 1

Culvert Flowing Part Full

With Outlet Control and Tailwater Depth
Below Critical Depth

HW S 1.2 D

U~" M~_:'~.' Wla'~'_~__"~."'''''*,,,,' M'''~ I

So < Sc
CONTROL

ConditioDs

Tbe entraDc:e ia anaubmerpd CHW S 1.20). the . lope at

deeil1l diacharge ia aub-c:ritic:a1 (So < 5J. and the

tail. a. ia below critical depth ('I'W S de). .

The above condition is a common ...... unmc:e where the Datural chaDDe1a are on flat grad. and

have wide. flat nood plaina. The control is critical depth at the olltleL

In culvert deaicn. it is genmally ccmaidered that the headwater pool mainWna a conatant level

durinc the deaicn 8tcmD. If this level does Dot aubmerge the culvert inlet, the culvert Oowa part

full.

If critical now oc:curs at the oatlet the culvert ia Aid to have " Outlet Control." A culvert flowin,

part full with outlet control will require a depth of flow in the barrel of the culvert greater than

critical depth while pauinc throu, h critical depth at the outlet.

The capacity of a culvert nowinc part full with outlet control and tailwater depth below critical

depth ahall be governed by the following equation when the approach velocity ia coDaidered zero.

V ·
HW - de + ~ + he + lar. SoL

2c

HW = Headwater depth above the invert of theupatream end ofthe cuI venin

feeL Headwater must be equal to or leu than 1.20 'or entrance ia aub-

merced and Type 4 operation' willI'HulL

Critical depth of flow in feet = ~ 
3: 2'1

Diameter of pipe or height of box.

Diacharge in cI. per foot..

Critical velocity in feet. per HCOnd occurring at. critical depth.

Entrance head 108& in feet.

he - Ke ( ;~ )

dc =

D =

q ::

Vr: ::

he =

SOURCE: City 01 Austin. Tx. Fig. .- 3 - .- 8 .

a--.~-
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J

I
J

J

I

d

iJ

u

J

J

J--

J

J

J

J

J

Ke

hf

Sf

Entrance 10s6 coefficient

Friction head 108& in feet :: SfL.

Friction slope aT slope that will produce uniform flow. FOT Type I

operation the friction slope is baled upon 1. 1 de

So = Slope of culvert in feet peT foot.

L :: Length of culvert in feet.

Type II

Culvert Flowing Part Full

With Outlet Control And Tailwater Depth

Above Critical Depth

HW

HW S 1.2 D

L- ~
l-'---~:-------------::;- 

T~~ 4.

r"-
c~ u~

Conditions

The entrance ia unsubmerged ( HW S 1.20), the slope at

design discharge is nbcritical ( So < Sel, and the

lailwat.er ia above critical depth rrw > de)'

The above condition is a common occurrence where the channel is deep, nalTOW and well defined.

IUhe headwater pool elevation does not . ubmerge the culvert inlet. the slope atdelign discharge

it aubcritical, and lhe tailwater depth is above critical depth the control is 8aid &0 OccUr at the

outlet; and the capacity of the culvert shall be governed by the following equation when the

approach velocity is considered zero.

VTW.
HW _ TW + -- + he + h(. SoL

2g

HW :: Headwat.er dept.h above the invert. ofthe upat.ream end ofthe culvert. in

feet. Headwater depth must be equal to or less than 1. 20 ar entrance is

ubmer~ ed and Type IV operation will reault.

a __~UM_

TYPES OF CULVERT FLO\O F l:-.I..IR~



TW : Tailwater depth above the in vert. of the downstream end of the culvert

in feet.

VTW' Culvert discharJe velocity in feet per aecond at tailwater depth.

he = Entrance head los, in feet.

he - K (

V
TW. )

e 2g

Ke

hr

Sf

Entrance Iou coefficient

Friction head Iou in feet = SeL

Friction slope or alope that will produce uniform now. For Type II

operation the friction slope is bued upon TW depth.

So = Slope culvert in fHt per foot.

L . . - Length of culvert in feet.

Type III

Culvert Flowing Part Full With Inlet Control

HWSI.2 D

vise HW

s.~s.

Conditions

The entraDce .. uDaubmerl' ed ( HW S 1.20) and the

alope at deaip diacharge i. equal to or RTeater than

critical ( Supen:riticaU ( So ~ Scoi.

Thi. condition i. a common occurrence for culverta in rollintt or mountainoua country where the

now don not. aubmerge the entJ'ance. The control IS critical depth at. the entrance.

If critical now occura Dear the inlet. the culvert i. said In havp " Inlet Control". The maximum

discharge through a culvert nowinl' part full occur. when now is lit critical depth for a lriven

energy head. To a.. ure that now panes thl'Oul' h critical depth near the inlet. the culvert must be

laid on a slope equal to or greater than critical alope for the de. ign diacharge. Placing culverY

which are to now part full on slopes creater than critical slope will increaae the outlet velocities

a .........-TYPES OF CULVERT FLOW
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but will not increase the discharge. The discharge is limited by theaection near t.he inletat which

critical flow occurs.

The capacity of a culvert flowin~ part full with control at the inlet shall be ~ overned by the

following equat.ion when the approach velocity is considered zero.

HW de -+
Vt2
2g

vt
Ke--!-
2g

HW =

j
de =

q =

V2 =

Headwater depth above the invert. of the upst.ream end of the culvert in

feet.. Headwater depth must be equal to 01' less than 1. 20 or entrance is

submerged and Type IV operat.ion will resulL.

Critical depth of flow in feet = ~ ql
32~

Diacharge in c:fs per fool

Velocity of flow in the culvert in feet per aecond.

The velocity of flow varies from critical velocity at the entrance to

uniform velocity at the outlet provided the culvert. is sufficiently long.

Therefore, the outlet velocity is the discharge divided by the area of

flow in the culvert.

Ke = Entrance 10&6 coefficient

Type IV- A

Culvert Flowing Full With Submerged Outlet

HW > LZ D

HW \

L.. . 
TW~ D

l.J..___--.......--~-
L

S '-c
C:ONTROL

1

JI
Condition.

Submerpd Outlet)

The entrance is sublnft"lred ( HW > 1. 20). The tail water

completely submel'Cea the _ l1eL

M_ t culverU now with free outlet, bat dependinl on topography, a t.ailwater pool of a depth

umoent too submerge the outlet may fOnD at aome installation. Generally, these will beJI

Jf

Jl

Jl
a -._u.o-
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considered at the outlet. For an outlet to be submerged, the depth at the outlet must be equal to or

greater than the diameter of pipe of height of box. The capacity of a culvert flowing full with a

8ubmerited outlet shall be governed by the following equation when the approach velocity is

considered zero. Outlet Velocity is based on full flow at the outlet.

HW . H + TW - SoL

HW = Headwater depth above the invert of the upstream end of the culverL

Headwater depth must be gTeater than l.2D fOf ent.rance to be

submerged.

H = Head for culvert fiowine full.

TW = Tailwater depth in feet.

So = Slope of culvert in feet per foot.

L = Length of culvert in feet.

Type IV -B .

Culvert Flowing Full

With Partially Submerged Outlet

HW II! I.ZD

TwcD

s S S.

Conditions

Partially Submerged Outlet)

The entrance is submerged ( HW > 1. 201. The tail water

depth is lea than D rrw < D).

The capacity of a culvert flowinit full with a partially submerced outlet shall be governed by the

following equation when the approach velocity ia considered zero. Outlet velocity is baaed on

a--.~-
TYPES OF CULVERT FLOW
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L J

c_ 1

he .. SfL Enter Figure with

1. lde: .. 1.1 x 2.
65.. 

0. 45. W .. 6.5'

W 6. 5

Q .. 
3; 6 .. 

163 and read Sf .. 0. OO275fL/ ft.

hf .. SfL .. 0. 00275 x 200 .. 0. 55'

SoL .. 0. 002 x 200 .. 0.40'

HW _ 2.65 + 1.34 + 0.20 + 0.55 . 0.40 - 4.34'

Since HW < 1. 20 the installation will function a8 a Type I operation.

4) Outlet Velocity = V
c = 

9. 3Ofps.

HW is still lower than the allowable HW = 6.0': however, the outlet velocity is greater than the

allowable which was a&Bumed to be 8 fps. The designer has the chuice to provide riprep in the

downstream channel, select a multiple box culvert of greater width or consider Type IV operation.

Example 3:

Given: Same data as in Example 1..

Required: Multiple Box Culvert for Type" IV operation.

Solution:

For the given data let us select a 2 . 5' s.c' multiple box culvert. HW must be equal to or

greater than 1.20, or HW = 1.2 :It .c.0 = . c.8' minimum. A partinUy &ubmerited outlet (Type

IV.B) will be considered. Under these conditions:

BW . B + P . SoL

l 1) Area or one barrel = 5:1t 4 = 20 sq. fL Length orCulvert = 200 ft. Ke (Flared Winawalla)=

0.4 . "
326

Q per barrel · T - 
163 ds

2) Use Fipre 4-12. Connect area or one barrel- 2O sq. ft. with 200 ft.lenKih on Ke = 0.4

alCale. The position ofKe = 0.4 must be interpolatt.'CI betwet"n the lil'llits K = 0.2 and Ke =

u.7. Mark point on tumingline. Connect this point with Q" lfi:i anl read H = 2.3'.

3) AC'COrdinJ to the definition.

p.
de+ D

2

Enter Fitnlre.."" with Q = 326, W = 10 and read de = 3. 1'

Then P .. 
3. 1 + 4. 0... 3.55' "

2

and HW " 2.3 + 3.5") . (0.002 :It 2001

HW : n.45'

41 V ( outlet) .. B.. _ 326 .. 10. 5 Ips , concrete apron reg' d. 1

A 10 x 3. 1

Note: Had TW been hilther than t) Wl' would have had R 5ubm..rarpd lJull.-t "," d TyPl'

lV - A Flnw would havp (" untrull~

B.
HW . H + TW. - SoL and V wUlle' l

A

l ;( EXA>lPLES OF CULVERT SIZING

CItJ of LJnIe RocII
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Example 4:

Given: To illustrate Type III operation aSlume the same data a& in Example 1 except that So =

0.005 and the allowable outlet velocity = 10. 0 fps.

Required: To determine the size of concrete box culvert.

Solution:

1) Enter Figure"" with Q = 326 cfs and Ve = 10. 0 fps and read W = 10', de = 3. 1' and HL =

1.3'. Then

HWe = de + HL = 3. 1 + 1.3 = 4. 4'

2) 10' x 5' amale box culvert. d

To determine the type of operation fint find Sc by enterina Figure 4-10 with ~ = ~~

0.31. W _ 10' . "

and atabliBh a point on the tuminaline. Connect tbia point with Q = 326 cfa and read

Se = 0.00295 fLlft.

We now have auembled the followinl data:

Exi. tiD~ Channel

So = 0.005 fLlft.

TW = 2.6'

1-.

1-

Culvert

Se = 0.00295 ft./ft.

de = 3.1'

Since So > Sc

andTW < D

iDdicati0D8 are the a:nacture will function .. Type III operation providing the HW < 1.20.

3) For Type m operation the conwl ia critical depth at the entrance and

HW
BW. . - 

D (
from Nomopoapb) x D

c:bec:k HW: Q S26
Enter Yapre" ...., with Vi =10= 

32.6 and D = 5'

and determine
B; = 

1. 0

Then HW = 1. 0 x D = 1. 0 x 5 = 5'

4) The velocity for Type ilIculveN varies &om critical velocity at the entrance to

uniform velocity at the outlet provided the culvert is . ufficiently Ion,;. We auume in

thie example that the outlet velocity is equal to the uniform velocity which i.

computed .. foUowa:

Enter Figure ,,' 0 with So = 0.005. Q = 326 and W = 10 and determine ~ = 0.26

d = 0.26W = 0.26 · 10 = 2.6

A = 10 x 2.6 :i: 26.0 . q. ft.

V ( uniform) _ 
Q _ ~ - 12.5 Ips ( Outlet requirea riprap)
A 26.0

J.

1

1-

J.-
I

J.

l-
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t

critical depth if TW depth is leas than critical depth. If TW depth is greater than critical depth.

outlet velocity is baled on TW depth.

HW H + P - SoL

HW = Headwater Depth above the invert of the upstream end of the culvert.

Headwater depth must be greater than 1.2D for entrance to be

lubmergecl.

H = Head for culverta flowing fuU.

de + D

p = Preuure line height = 2

de = Critical depth in feet.

D = Diameter or height of Itruetuft in feet. .

So = Slope of culvert in reet per foot.

L = Length of culvert in feet.

a~.u.-
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4. 9 Examples of Culvert Sizing Computations

Example 1:

Given:

Q = 326 cfs

So = 0. 002 ft./ft.

Allowable headwater depth. HW =6.0 ft.

Allowable outlet velocity. V= 8.0 { ps

Length of Culvert. L = 200 ft. =.

Tail water depth. TW = 2.6 ft.

Flared WingwaU.

Required: The moat f.!conomical ~ ncrete box culvert that will pa8" the design di8eharge.

Solution:

n) Enter Figure'" with Q :: 326 and Vc = R. O and read approximate width ofopening. W =

20' . and dc = 2.0'. then connect K value ( or flared wings = 1. 1 fi with V c = 8.0 and read

HL = 1.2'. Then

Pc - de + HL or 2.0 + 1.2 - 3.2'

From the above calculations it appears that a culvert h8vinJr a width of 20' and a

height of 3.2' will adequately pass the design dischal1!'e. In order to fit a standard

deaicn it is decided to try 8 4 . 5' x 4' multiple box culvert.

2) The next step ia to determine the type- of culvert operation. This is accompli8hed by
d

flfSt determining the criticalalope by entering FiKUI't'.....with ~ =-: = 0.4 and W = 5

and e8tablishinc 8 point on the tuming line. Connect the point on tuming line with

Q _ .!!!. _ 81.5 aDd read Se - 0.003'7

4

We have now auembled the followintt data:

Existing Channel

So = 0.002 ft../ft.

TW = 2.6'

Culvert

Se = 0,(1037

de = 2.0'

n. 4. 0'

Alao we know the followintt:

So < Sc:
TW > dc:
TW < D

This culvert will funt.tion as a Type IJ nperaultn with the cuntrol at the outlet providing

HW < 1.20.

n The next step is to determint' thp actual headwatt' r depth Rnd to confirm lht'Type Il

uperation

HW . TW. (

V;~ 

J. he · hr - SoL

SOURCE: City ot Austin. lx. 4. 9 Examples 1- 6

1 '{ EXAMPLES OF CULVERT SIZING COllPUTATIONS

car at UIUe ftadl

l



de - 2.65'

Vel ( 9. 30'.

2 - - 6" .. - 
1.34'

i ...

he- Ke (:; )- 0. 15 x 1. 34' - 0.20'

IL

J

J_

J--

J-

J--

1-

l

1--

J-

1--

1--

1--

J-
I

U-
I

TW - 2.6'

VTW Y (~) 
I ( 

20~~. 6 )

2

39. 31 _ 
0.61'

2g 7- 64.4 - 64. 4 · 64. 4

he _ Ke ((
V~:) 2) _ 

0. 15 X 0.61 - 0.09

hr - SfL EDter Figurc....1Owith

256 _ 0. 52, W - 5aDd

Q - a:s - 81. 6 aDd read Sf · 0.0019 ft./fL

0.0019 Jt 200 - 0.38'

SJ.. - 0.002 x 200 - 0.40'

HW _ 2.80 + 0.61 + 0.01 + 0.38 - 0.40 - 3.28'

The c:umputatiun uf the headwater depth ronfinu the Type IJ operatiun since HW S 1. 2D.

4) The outlet veloci~y - ~ · 
20 s;e2.6 · 

6.3 Ips

Since the calculated HW = 3.27' whic:h is . ubatantially I.. than the DlIowahle HW = 6.0' and the

calca1ated V = 6.3 fps whic:h ia leu thaD the allowable V = 8.0 fpa, the above . tructure ia considered

uneconomical.

Eumple2:

Given: Same data a. in Example 1.

Try 2. 6.5' x 4' multiple box culvert.

Solution:

1) From Figure""" de = 2.65, Ve : 9.30

2) From Figure.-.o Sc = 0.0035 IL/ ft.

aince So < Se
and" TW < de

We have a Type I operation with contJ'D1 at the outlet providing HW S 1. 20.

3) Check HW for Type I operation.:

VI
HW - de + --!- + he + h,. SoL

21

a------
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Example 6:

Given:

Q = 326 cfs

So = O. OO2fL/ ft.

Allowable headwater depth, HW = 6.5 ft.

Allowable outlet velocity, V = 8.0 fp.

Length of Culvert, L = 200 ft. .:i.

Tailwater depth, TW = 2.6 fl

Square edge with headwall

Requirecl~ Determine aize of concrete pipe culvert. to pau the design discharge.

Solution:

1) Uae Figure 4-" , connect
H; = 

1. 2 with" Q = 326 and read approximate opening

required = 80 inches. Since the allowable HW is restricted to 6.5' and HW for 80" pipe =

1.2 x 6.' = 8.0' the designer Uys 2. 60" pipes, and HW = 1.2 x 5.0 = 6.0'.

2) U.. Ficure HI; COIlDoct Q = ~ = 163 with D' ~ and read ~ · 0.73-

de = 0.' 3D = 0.73 x 5.0 = 3.65'

d

3) Uae Figure 4-14; connect 60" with ~ = 0.73 and intersect turning line. Connect

tuming lin.. with Q = 163 and determine Sc = 0.0046 for concrete pipe.

We have now auembled the following data:

Exiating Channel

So = 0.002 ft../ft..

TW = 2.6'

Culvert

Sc:' 0.0046 fL/ ft. (ConCo}

dr ;" :i.65'

D = 5.0'

Since So < Se and TW < de ' we have a 1YPe 1 operation with control at the outlet, providing

HW I. l.2D.

4) The next step in this design ia to determine the actual headwater depth and to confirm

the Type I operation.

V
I

HW _ de + -- L +he + bf - SoL
2g

de - 3.65'

d
For .;. _ 0.'73; Ve (Figure4-' S) - 10.'7 fps

V
I

C

21-
he

no.'7) %

64. 4
1.77'

0. 5 x 1. 77 - 0. 89'

a~.u.-
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t is calculated as follows:

1. 1 de - 1. 1 z 3.65 - 4. 01'

1. 1 de 4. 01
8O.

D 5.0

To determiDe the frietioD slope Sf.
d

eater Fipre 4-'. with D _ 60". ; · 0. 8

Q _. 163 uuI determine Sr - 0.0038

hr : SfL - 0.0038 x 200 - 0. 76'

S.,L - 0.002 x 200 - 0.40'

HW _ 8.85 + 1.17 + 0.89 + 0.'76 . 0.40 - 6.67'

L

f-
f
r1-

f

5) Sinee HW > 1.2D for the concrete pipe. the CODcrete pipe will Dot function.. Type I

operation. Al80 the HW esceed8 the allowable.

6) The de.iper mUlt now try another pipe IIize to carry the delip flow. Try 2-66- pipe..

7) Uae Fipre 4-.'; Connect Q = 163 c:fa with D =66- and ~. ~ = 0.65.

0.650 = 0.65 x 5.5 = 3.58'

d
8) Uae Fipre ....14; Connect 66- with .; = 0.65 and iDtenect tuminlt line. Connect

tamiqline With Q = 163 and determine Se = 0.004.

We have DOW auembled the following data:

EDatiDC Channel Culvert

So = 0.002 ft./fL
S(' = 

0.004 fL/ fL

TW = 2.6" de: = 3.58'

D .,. 5..'i'

Sinee So < Se and TW < de. we have a Type J operatioD. providing HW < 1.20.

9) .Check to determine the actual headwater depth and to confinn the Type 1 operation.

I

HW - de + 2~ + ... + 
ht. SoL

de - 3.58'

d
For .; - 0.85: from Figure +-15. V

f - 
10.0 fps

Vcl no)
1

1. 55'
2g - liT-

he - 0. 6 x 1. 55 . 0.78'

l.ldc 1. 1 ( 3.&81 _ 
0.'72

6.6

l t EXAMPLES OF CULVERT SIZING COMPUTATIONS
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From Figure + 1+ with D - 66",.! - 0.'12, and Q - 163;
c

determine Sr · 0. 0032

hr - SfL · 0. 0032 x 200 · 0.64'

SoL . 0.002 x 200 - 0.40'

HW . S. 58 ... 1. 55 ... 0.'18 ... 0.64 - 0. 40 .. HW .. 6. 1'

10) Since HW < l.2D, the pipe will function a8 a Type I operation. A1Bo the headwater is

calculated to be less than the allowable.

n 1) Check outlet velocity to detennine if within allowable.

Outlet velocity = V c = 10 fps

This velocity is creater than allowable. The designer must consider providing riprap

in the downstream channel or some type of energy disipation method or try another

size pipe culvert. . .

Example 6:

Given: To illustrate Type III operation auume the ume data al in Example 5 except that So = 0.02

and the allowable outlet velocity is 15 fpl due to a &Dlid rock channel.

Solution:

Follow the .. me procedun .. in Example 5 for determining the initial. ize, critical depth

and critical alope wbich is summarized below:

Exiating Channel Culvert

So = 0.02 ft./fL Sc = 0.0046 fL/ fL(Conc.)

TW = 2.6' de =3.6.Cj'

D = 5.0'

Since So > Se and TW < D , the iDataUation will function a, Type III operation

providing the entnmce is uDBubmerged, i.e. HW < ' 1. 20

n) The next step in thil design is to determine the actual headwater depth and to confirm

the Type III operation. . .

HW. Hri" xD

H; (
Figure ~ f7 = 1. 13 for concrete pipe.)

HW ( Cone. . grooved end with headwall) = 1.130 = 1.13 x 5. 0 ~ 5.65'.

Since HW < 1.20 the concrete pi~ will function a. Type III operation.

2) The velocity for T~ III operation varies from crit.ical velocity at the ent.rance to

uniform velocity at. the outlet. providing t.he inst.allat.ion is sufficiently long and the

TW depth = uniform depth.

l :{ EXAIlPLES OF CULVERT SIZING COIIPUTATlONS
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V (outlet. Cone.) = 19. 0 fpl

Some proviaion mat be made to reduce the outlet velocity to. the allowable velocity.

u

U

L

J_

U

J_

1.

1.

1

l

l

L

1

Enter Figure 4-'''' with So = 0.02. Q = 163.

D = 60" and det.ermine

d = 0.45. d = 0.4~ D = 0.45 x 5.0 = 2.25

D

Since TW ~ 2.25 the outlet velocity is baaed on TW depth as followa:

t,.w _ ~ _ 
0. 45

D 5.0

En~ Fipre 4-15 with D = 60". Q = 163 and the controlling

trali:oa and determine

a ___uo._

EXAMPLES OF CULVERT SIZING COMPUTATIONS

1-



I II
t~J

U

U

U

U

U

i )

II
1

Jj

l i
J

JL

t

1
I
I

I

CONCRETE PIPE

CLASS " B" BEDDING CLASS - C" BEDDING

OIAM

OF IHI MAIlIMUM ALLOWABLE IHI MAIlIMUM ALLOWABLE

PIPE
COVER. FEE'   COVER. FEE'

0

IINCHESI n- III IV
II III IV V

V

I' ' 1 13 ~ " , " 
11 "

u 2' 26 10 13 I' 23

36 13 I' 23 2. II I. 20 ,.

2. 29 11 I!I " 
2!1

60 ,. 
n 2' 29 12 I!I 21 2.

2 ,. 
17 2. 30 ' 2 ,. 22 26

I~ n " 5 13 , 1& 27 27

iii ,~ 
11 '" . 3' IT ,.- -, j 27

01 15 ' I 26 32 ' 3 17 23 21

ASTM C7..72 1_ DnoONlIClft

CORRUGATED METAL PIPE

3". 1- CORRUGATIONS

01_ MIN  '
IHI .....~ ALLOWABLE COVEIWEET

OF COVEll

PE A80VE , IGA ,. GA  ' 2GA IDGA IGA

0 PIPE CD,"" IUW' CD ,..., III ,.-, CD 1111

IINCHESI INCHES ........ 1- ~'- ........ 
I - iii-ot -- ......... a;... .

36 ,  I," 60 : lII' !  60 7.   '
1

2 ,  '~
I -"" -'" .  -... -...

I 17 30 "  
7 - n ..

w ,  , 
7 I   ,

60 ,  , --"", ,   
16

72 I I - 20 ,   ,. 
7

7. ,  , 
I' ,   13

I    ,  , 
17 . 13 H

WI I       " . ,,- '

35 13 26

II  ".,. ,,- ""
li

117  .        

I' I n i' 26

InIl  .         , 

I 12 23

20 ,.  
I

I" -",

2 ~-. ' I. CORaUGA TIONS

OIAM MIN
IHI ..... IMUM ALLOWAIILE COVER. FIEfT

OF COYER

1PIPE AaOVE llGA   ,. GA ' 2GA lDGA lGA

D PIPE CD....,   CD D7I", CD ,...., 10 ,: sr, CD ''''' I

flNCHESI INCHES' ~ I- ...... I   '- 
ji;;i I- ll.- '-

I Wl 1 I     .

I I ,- u.   I

I  < an ,   ' 56
coo"

Ion - '" .  ,

17  ,. ..

U
I " ,

3  .  ...

17 II I

I   ,         

11 17

I           -.-

CORRUGATED METAL PIPE ARCH

I 2 '^ "."\" CORRUGATIONS

SPAN \ RISE

MIN HI _. IMUM AL.LOWA8LE COVE". n

COIlE"

oRC AaOYE II G~.

t:' 
GA 12 GA ID G~.

t~ 
GA

IINCHEStlNCHES
tlNCHESI PIPE D DlW" D CI71I" "' IDI- IeO ,: M" D III I

I
IINCHES

11 \ " 
I J!  II 1& 

I 1&  
I I

22 . 13 --, .  
11 6 1&

2!1 -. ' 1 o.  ,. 
5

2t II  . 5 , II ! I  ..~

36 , 22  ! I 11 5 5

3  ' 1  ~ 5  " .  .

50
I :\ 1 I  "    . . .

II 36 1   ..    . . .

65  . 0  .  "    . . .

12  ..  ,  '
1

o. "

I 1
I  ,

o I

11
9

50

0"(
It' ""C'. .....: .- ..~ 

laC" .' 1 .. h....: ... - .--.
c_C11IO' ....--

t.:. ,-
C'." ,.... .:

r_

a .......-

3-.'" CORRUGATIONS

HI __ IlIUM A&.l.OWAa~ E COVE". n

COVE"

sP- ''' SE " C: A80Vl 16GA  " GA 12 GA IDGA

IlNCHES, lINCHESI INCHESI "' PE lD "'-,  IDD7I"1 10 ' 0.... CD 1.-'

klNCHESI

3 , 2' 775 II 6 6

3' ,  ' 1 ,   
1&

HI "" ifi' I II I  , .

0 I' .- ..    .

un I.

II II I

o II  ' I 7 7

63 II  ' 1   , 
1

T IT I.    " l; Ii

03  ., .
1  .

2 15 II       ~

n ..-  .     ~ ..-

1' 1  -.~ ' 1  .      -
5

DEPTH OF COVER TABLES

SOURCE: Cl1y 01 Shreveport, La. Fig. 4- 1 8 - 4- 20
18

FIGURE



PIPE BEDDINGS

TRENCH BEDDINGS

SHAPED SUBGRADE

CLASS B

z

5

SHAPED SUBGRADE

CLASS C

a........-

GRANULAR FOUNDATION

z

5
ill

1
COMPACTED

6 Be I .. ..... . "
o" o..r.~ GRANULAR

o. . . .'. "..~~ 

MATERIAL OR
V""""..(,:-~~~~/>,~v., 

DfNSEL" COM.

Z . PACTED BACKFILL

5

GRANULAR FOUNDATION

19

FtGURE

I~ I
II

u.

1-
t.' I ..
LL

II

if
u-



1

U

U

U

U

UII

Ii

J '

l :

LJ

l-
f

J,

I

t

j

I

PIPE BEDDINGS

EMBANKMENT BEDDINGS

125 Be

MIN

COMPACTED
GRANULAR
MATERIAL

u )(

ID <
l(

03Bc

SHAPED SUBGRADE AT

GRANULAR FOUNDATION

GRANULAR FOUNDATION

CLASS B

1. 25 Be

eL~",~-- ; Ii
Ld

Be

COMPACTED
GRANULAR
MATERIAL OR

OfNSEL y COM-

PACTED BACKFILL, 
I

I ; -. . .:. - \A' f:.
13" MIN

MIN z

S

SHAPED SUBGRADE
GRANULAR FOUNDATION

CLASS C

NOTE FOR ROCK A"'O OTHER I", CO""PRESSIB~ E "" loTf. -. S h.<<

TREIIIC" S.. O...~O BE OVEREItCAVATEO .. """. O' ~

REFI~~ WIT... GRANU~ AR "" ATEAIA~

a ___umo_

20

FIGURE



5. 8. 1

5. 8. 2

5. 8. 3

5. 8. 4

5. 8. 5

5. 8. 6

5. 8. 7

5. 8. 8

5. 8. 9

5. 8. 10

5. 8. 11

General Location

Dry Reservoirs

Open Channels
Permanent Lakes

parking Lots

Other Methods

Verification of Adequacy
Control Structures

Discharge Systems
Easements

Maintenance

r

k_

11_

U_

U_

U~

1-

L

U,-

Ur

u.-

u.-

L-

L-

SECTION V. - STORMWATER DETENTION

5. 1 General

5. 2 Method of Evaluation

5. 3 Differential Runoff Rates

5. 4 Volume of Detention

5. 5 Simplified Volume Formula

5. 6 Graphic Representation

5. 7 Modified Rational Hydrograph Method

5. 8 Methods of Detention

5. 9 Example: Detention Calculation



u

U

U

U

U

U

U

tJ

u

LJ

u

u

i

U

1 "
1..1

L

1

I

I

1

SECTION V - STORMWATER DETENTION

5. 1 GENERAL

If hydrologic and hydraulic studies reveal that the proposed

development would cause increased flood stages so as to

increase the flood damages to existing developments or

property, or increase flood elevations beyond the vertical

limits set for the floodplain districts, then the

development permit shall be denied unless one or more of the

following mitigations measured are used: ( 1) on- site

storage, ( 2) off- site storage, ( 3) improve the drainage

system.

Stormwater runoff ando the velocity of discharge are

considerably increased through development and growth of the

City. Prior to the development of land, surface conditions

provide a high percentage of permeability and longer time of

concentration. With the construction of buildings, parking

lots, etc., permeability and the time of concentration are

significantlY decreased. 0 These modifications may create

harmful effects on properties downstream.

Criteria for differential runoff and detention guidelines

are set out below to attempt to decrease the possible

effects of development on downstream properties due to

increased runoff.

5. 2 METHOD OF EVALUATION

Differential runoff evaluation consists of determination of

rates of runoff before and after development, determination

of required volume of detention and verification of adequacy

of discharge and control structures.

5. 3 DIFFERENTIAL RUNOFF RATES

Differential orunoff rates shall be evaluated by the rational

formula. The zero year ( frequency) runoff coefficients

shall be used. Differential runoff rates shall be ~ valuated

by equation:

R = ( Rd - Ru) Equation 11

Where R . differential runoff rate

Rd = C. l. factor for developed conditions

Ru = C. l. factor for undeveloped conditions

Determine " C" value from Tables 2. 1 and 2. 2.

Use Figure 2- 2 to find time of concentration ( Tc) then

use Figures 2- 4 to determine intensity ( 1).



5. 4 VOLUME OF DETENTION

Volumes. of detention shall be evaluated according to the

following methods:

A. Volume of detention for projects of less than 50 acres

shall be evaluated by the " simplified volume formula."

B. Volume of detention for projects SO acres or greater

but less than 200 acres may be evaluated either by the

simplified volume formula" or the " modified rational

hydrograph method."

C. For projects larger than 200 acres, the owner' s

engineer shall submit his proposed method of evaluati~ n

for the sizing of the retention basin or detention

basin to the Department of Public Works. The method

will be evaluated for a professional acceptance,

applicability and reliability by the City Engineer. No

detail review for projects larger than 200 acres will

be rendered before the method of evaluation of the

retention or detention basin is approved.

D. Other analytical methods of evaluation of volume of

detention require approval by the City Engineer.

5. 5 SIMPLIFIED VOLUME FORMULA

Total volume of detention shall be computed by the

equation:

v . R x A x Tc ( minutes) x 60 ( sec./ min.)

v = Total volume of retention

R = Differential runoff rate

A = Area . of the. project and the acres

Tc . Time of concentration from Figure 2- 2 as

determined for use with differential runoff rates

5. 6 GRAPHIC REPRESENTATIVE

For purpose of further analysis, the simplified volume

formula may be represented by a triangular' synthetic

hydrograph as shown in Figure 5- 1 with the following

elements:

Td = base time of hydrograph for developed project

without retention
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A ~ total area of project in acres

Tq s assumed time of peak differential for

unimproved project

11.
u

U_

U_

U_

Td III 60 minutes

Tp = Time of peak runoff for developed project

Tp = 20 minutes

Od = total peak runoff for developed project in eFS

Od = A x RD ( see Equation 1)

Ou III total peak runoff of unimproved project in eFS

Ou = A x RU ( see Equation 1)

1) Determine the t'ime' of concentration for the

project by the use o~ Figure 2- 2 or Figure 4- 17.

For analysis of large improved channels, time of

travel for overland flow and channel are to be

analyzed to determine reasonable ( Tcl time of

concentration.

li

Ll

U-

U-

U--

l.!

Tq
s ( 1 - Ou/ Od) 40

Tr . Assumed precedent recedence time differential

for discharge at rates no greater tna unimproved'

condition

Tr s ( 60 Qd/ Ou) - 60

v s Volume of detention

V s ( Od ,- Ou) x 30 ( min.) x 60 ( sec./ min.)

5. 7 MODIFIED RATIONAL HYDROGRAPH METHOD

This is a modification of the Unit Hydrograph Method of

hydrologic evaluation simplified to reflect featores of

present practice and some elements of topographic

characteristic$, concentration patterns, and routing.

Figure 5- 1 ' illustrated. the elements of the modified,

hydrograph. Steps to develop the hydrograph are as

follows:
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u

u

u

u

u

u
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2) Determine time of peaking by equation:

Tp = 0/ 2 + . 6 Tc

Where Tc = time of peak discharge of developed

project in minutes

o = 20 min. = storm duration in minutes

3) Determine the base time of the hydrograph without

detention, by equation.

Tb = 2. 67 Tp

Determine the base time of the hydrograph with

detention by equation.
4)

Tr = Tb (( Qd/ Ou) - 1)

Where Tr = Additional time required

for' discharged at a rate no greater than

that of the undeveloped condition.

Od . total peak runoff of the improved project

in CFS

1
U

Oa = A x RD ( see Equation 1)

Ou . total runoff of unimproved project

in CFS

IIJ
Ou · A x Ru ( see Equation 1)

5) Determine the required volume of detention by

equation:
j

v = 1/ 2 ( Oa - Ou) Tb x 60

5. 8 METHOD OF DETENTIONlJ
The following conditions and limitation shall be observed in

selection and use of method of detention:

5. 8. 1 GENERAL LOCATION

1.

1

Detention facilities shall be located within the parcel

limits of the project under consideration. No . detention or

ponding will be permitted within public road right- of- ways.

Location of detention facilities immediately upstream or

downstream of the project will be considered by special

request if proper documentation is submitted with reference

to practicality, feasibility, and proof of ownership or

right- of- use of the area proposed. Conditions for general

location of detention facilities are identified in the

following sections.

1

1



5. 8. 2 DRY RESERVOIRS

Wet weather ponds or dry reservoirs shall be designed witl:

proper safety, stability, a~ d ease of maintenance

facilities, and shall not exceed four ( 4) feet in depth.

Maximum side slopes for grass reservoirs shall 'not exceed

one ( 1) foot vertical for three ( 3) . feet horizontal ( 3: 1)

unless adequate measures are included to provide for the

above noted features. In no case shall the limits of

maximum ponding elevation be closer than thirty ( 30) feet

horizontally from any building and less than one ( 1) foot

vertically below the lowest sill or floor elevation. The

entire reservoir area shall be seeded, fertilized, mulched,

sodde~ or paved as required prior to final plat approval or

issuance of certificate of occupancy. Any area susceptible

to, or designed as, overflow by higher design intensity

rainfall ( 25- year frequency) shall be sodded or paved

depending upon the outflow velocity.

5. 8. 3' OPEN CHANNELS

Normally permitted open channels may be used as detention

areas provided that the limits of the maximum . ponding
elevation are not closer than thirty ( 30) feet horizontally

from any buildings, and less than one ( 1) foot below the

lowest sill or floor elevation of any building. No ponding

will be permitted within public road rights- of- way unless

approval is given by the City Engineer. Maximum depth of

retention and open channels shall be four ( 4) feet. Minimum

flow line grade shall be 0. 5 percent for grass or untreated

bottoms or 0. 2 percent for paved channels.

For trapezoidal sections, the maximum side slopes of the

detention of the channel shall not exceed one ( 1) foot

vertical for three ( 3) feet horizontal ( 3: 1). For design of

other typical channel sections, the features of safety;

stability, and ease of maintenance shall be observed by the

design engineer.

The entire reservoir area of the open channel shall be

seeded, fertilized, mulched, sodded or paved as required in

the original design. The hydraulic or water surface

elevations resulting from channel detention shall not

adversely effect adjoining properties.

5. 8. 4 PERMANENT LAKES

Permanent lakes with fluctuating volume controls may be used

as retention areas provided that the limits of maximum

ponding elevations are no closer than thirty ( 30) feet

horizontal from any building and less than one ( 1) foot

below the lowest sill or floor elevation of any building.
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Maximum side slopes for the fluctuating area of permanent

lakes shall be one { l) foot vertical to three ( 3) feet

horizontal ( 3: 1) unless provisions are inclued for safety,

stability, and ease of maintenance.

Suggested maximum fluctation from permanent pool elevations

to maximum ponding elevations shall be three ( 3) feet. Each

design has its own particular parameters in relation to the

adjoining topography.

Special consideration is suggested to safety and

accessibility to small children in design of permanent lakes

in residential areas. It is suggested that the minimum of

twenty- five percent ( 2S\) of the permanent pool area be no

less than 10 feet. Allowances for silting under denuded

soil 60nditions ( during construction) for a period no less

than one year is also recommended.

The entire fluctuating area of the permanent reservoir shall

be seeded, fertilized and mulched, sodded or paved. Any

area susceptible to or designed as overflow by higher design

intensity rainfall ( lOO- year frequency) shall be sodded or

paved, depending on the design velocities. An analysis

shall be furnished of any ' proposed earthen dam construction

soil. A boring of the foundation for the earthen dam may be

requested by the City Engineer. Earthen dam structures

shall be designed by a Professional Engineer.

5. 8. 5 PARKING LOTS

Detention is permitted in parking lots to maximum depths of

9 inches. In no case should the maximum limits or ponding

be designed closer than ten ( 10) feet from a building unless

waterproofing' of the building and pedestrian accessibility

are properly documented and ' approved.

The minimum freeboard and the maximum ponding elevation to

the lowest sill or floor elevation shall be one ( 1) foot. .

5. 8. 6 OTHER METHODS

Other methods of detention such as seepage pits, French

drains, etc., are discouraged. If other methods are

proposed, proper documentation of soil data, percolation,

geological features, etc., will be needed for review and

consideration.

5. 8. 7 VERIFICATION OF ADEQUACY

AnalysiS of all elements of design is always performed by

the engineer of record. The following outline is provided

to ascertain that certain critical elements of design are in

workable compliance to the aims of design. For projects

less than five acres in area, there is no need for submittal

of routing calculations for tabulated proof ' of adequacy for



tributary runoff or detention; however, it ~s recommended

that verification be made of: ( a) volume of detention for

the total project, ( b) tributary ( 0) peak runoff to the

basin, ( c) balance maximum outflow rate from the low- floW

structure, ( d) ratios of in flow to out flow rates, ( e)

sizing of the overflow facilities, ( f) stability of

detention dikes or dams, ( g) safety features, ( h)

maintenance features.

For projects of five acres or greater, but less than 200,

routing calculations shall be submitted in legible tabulated

form. Proof of adequacy of volume of detention and sizing

computations for low- flow structure shall also be submitted.

Features of stability and safety may also need to be

documented if the scope of the project requires special

attention in this area of design.

Projects over 200 acrt!S in area shall provide documented

verification of adequacy according to scope and complexity

of design.

5. 8. 8 CONTROL STRUCTURES

Detention facilities shall be provided with obvious and

effective control structures. plan view' and sections of the

structure with adequate details shall be included in plans.

The design discharge ( 0) for the low- flow pipe shall not

exceed the existing 2S- year runoff from the tributary area.

suggested discharge for the low- flow pipe is the existing

lO- year runoff ( Q).

The maximum discharge shall be designed to take place under

total anticipated design- head conditions.

Sizing of the low- flow pipe shall' be by inlet control or

hydrologic control or hydrologic gradient requirements.

Figures 4- 17 " Headwater Depth for Concrete Pipe Culverts with

Inlet Control" provides headwater vs. discharge

relatlonships for all pipe. sizes permitted. This chart is a

reproduction of Chart 2 of Hydrologic Engineering Circular

15, Federal Highway Administration, which is based on the

research for the National Bureau of Standards by J. C.

French, and experimental research data obtained by B. Bossy

working for the ASCE.

Low- flow pipes shall not be smaller than eight ( 8) inches in

diameter to minimize maintenance and operating problems

except in parking lot and roof retention where minimum size

of openings shall be designed specifically for each

condition. A bar- screen on a minimum 2: 1 slope to reduce

blockage by debris is suggested on the flow- pipe.

The overflow opening or spillway shall be designed to accept

the total peak runoff to the improved tributary area.
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5. 8. 9 DISCHARGE SYSTEMS

Sizing of the system below the control structure shall be

for the total improved peak runoff tributary to the

structure with no allowance for detention.

5. 8. 10 EASEMENTS

Two types of easements shall be provided in plans for

detention facilities.

a) Maintenance Easememt:

All detention reservoirs with the exception of

parking lot and roof detention shall be enclosed

by a maintenance easement for public use. The

limits of the easement shall extend ten ( 10) feet

beyond the maximum anticipated flooding area.

b) Drainage Easement:

A minimum ten ( 10) foot wide drainage easement

shall be provided within the reservoir area,

connecting the tributary pipes and tbedischarge

system along the most passable routing of piping

system for possible future elimination of

detention.

5. 8. 11 MAINTENANCE

Detention facilities, when mandatory, are to be built in

conjunction with storm sewer installation and/ or grading.

Since these facilities are intended to control increased

runoff, they must be partially or fully operational soon

after the clearing of the vegetation. Silt and debris

connected with early construction shall be removed

periodically from the ~ etention area and control structure

in orger to maintain a close to full storage capacity.

Maintenance of detention facilities is divided into two'

components. The first is long- term maintenance which

involves removal of sediment fro. the basin and outlet

control structure. Maintenance to an outlet structure is

minimal due to the initial design of permanent concrete or

pipe structures. Studies indicate that in developing areas,

basin cleaning by front- end loader or gradall is estimated

to be needed once every 5 to 10 years. The City is

responsible for long- term maintenance.



1. Minor dirt and mud removal

2. Outlet cleaning
3. Mowing
4. Herbicide spraying
5. Litter control
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Short- term maintenance or annual maintenance is the second

component and is the responsibility of the property owner or

association. The items considered short- term maintenance

are as follows:

The responsibility of all maintenance of the detention

facilities and subdivision projects shall remain with the

developer until the project has been approved for final

platting. Upon final plat approval, the ' short- term

maintenance responsibility shall be vested in the trustees

of the- subdivision, by virtue of the trust indenture. The

indenture of trusts shall clearly indicate resident

responsibility for maintenance in cases of projects without

cOlDIDon ground.

The responsibility of ma'intenance of the retention

facilities and single lot development projects shall remain

with the general contractor until final inspection of the

development is performed and approved, and a legal occupancy

permit is issued. After legal occupancy of the project, the

maintenance of detention facilities shall be bested with the

owner of the project.

If the trustees or owner fail to provide reasonable degree

of maintenance and the facilities become inoperable or

ineffective, as determined by the Little Rock City Engineer,

the Little Rock Public Works Department shall perform

remedial work and assess the trustees or owner for the cost

of repair and maintenance.
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5. 9 EXAMPLE CALCULATION

LOO Acre
I

Lot 20a. 71
1

I

i "" I

ail 29520' I

01 . 
I

NL___~

Cu = . 10

tc = < 5min.

Cd = 1.0

L = 295. 20

I25 = a. 5 15 = 6. a

s = 0 I 10/ ft. = 100/0

n = 0. 013 ( concrete)

DESIGN DISCHARGE I

Q5 = Cu 15 A = ( 0. 1) (6.8) ( I ) = · 68

From Manning Formula Nomographi outlet pipe will be 4': However,

minimum pipe size allowed is a". Therefore use a".

DIFFERENTIAL RUNOFF RATE:

R = Cd 125 - Cu I25 = ~ 1.0) ( 8. 5) - ( 0.1)( 8.5) = 7.65

TOTAL VOLUME OF DETENTION:

v= R. A tc 60 = ( 7. 65) (I) (5) 60 = 2, 295 cu. ft.

General Notes:

1. Minimum t shall be 5 minutes.
c

2. Volume of. detention shall be that computed amount

between the 25- year developed and 25- year

undeveloped conditions.

3. Discharge structure shall be designed for not

greater than a IO- year design storm With minimum

size outlet not less than a 8" diameter pipe.

4. 1\11 outlet structures shall be concrete.

5. Temporary detention dunng construction shall be

provided.

ReVised from Spnngtleld. ~: Issourl deSign chart..
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SECTION VI - PAVEMENT DRAINAGE DESIGN

6. 1 General

6. 1. 1

6. 1. 2

6. 1. 3

6. 1. 4

6. 1. 5
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Interence Due to Ponding
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Across Traffic Lane

Affect on Pedestrians
Reduction of Allowable Carrying Capacity

6. 2 Permissible Spread of Water

6. 1. 1

6. 1. 2

6. 1. 3

6. 1. 4

Industrial and Arterial Streets

Minor Arterial and Collector Streets

Residentia1Co1lector Streets

Residential Streets

6. 3 Bypass

6. 4 Minimum and Maximum Velocities
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SECTION VI - FLOW IN STREETS

6. 1 GENERAL

11
iU

The location of inlets and permissible flow of water in the

streets should be related to the extent and frequency of

interference to traffic and the likelihood of flood damage

to surrounding property. Interference to traffic is

regulated by design limits on the spread of water into

traffic lanes, especially in regard to arterialS. Flooding

of surrounding property from streets is controlled by

limiting curb build up to the top of the curb for a 25- year

storm.iU
1

U

6. 1. 1 INTERFERENCE. DUE TO FLOW IN STREETS

I ;
L,

Water which flows in a street, whether from rainfall

directly on to the pavement surface or overland flow

entering " from adjacent land areas, will flow in the gutters

of the street until it reaches an overflow point for some

outlet, such as a storm sewer inlet. As the flow progresses

downhill and additional areas contribute to the runoff", the

width of flow will increase and progressively encroach into

svS2traffic lane. on streets where parking is not

permitted, as with many arterial streets, flow widths

exceeding a few feet become a traffic hazard. Field

observations show that vehicles will crowd adjacent lanes to

avoid curb flow.

Ul1 i

L

As the width of flow increases further, it becomes

impossible for vehicles to operate without moving through

water and they again use the now inundated lane. Splash

from vehicles traveling in the inundated lane obscures the

vision of drivers of vehicles moving at a high rate of speed

in the open lane. Eventually, if width and depth of flow

become great enough, the street loses its effectiveness as a

traffic- carrier. During these periodS, it is imperative

that emergency vehicles such as f~re trucks, ambulances, and

police cars be able to transverse the streets by moving

along the crown of the roadway.

I-J

6. 1. 2 INTERFERENCE DUE TO PONDING

L...~
I

Storm runoff ponded on the street surface because of grade

changes or the crown slope of intersecting streets has a

substantial effect on the street' s traffic carrying

capacity. Because of the localized nature of ponding,

vehicles moving at a relatively high speed may enter a pond.

The manner in which ponded water affects traffic is

essentially the same as for curb flow, that is, the width of

spread into the traffic lane is critical. Ponded water will

often completely halt all traffic. Ponding in streets has

the added hazard of surprise to drivers of moving vehicles,

often producing erratic and dangerous responses.

l
I

j

1

1



6. 1. 3 INTERFERENCE DUE TO WATER FLOWING ACROSS TRAFFIC LANE

Whenever stormwater runoff, other than limited sheet flow,

moves acrosS the traffic lane, a serious and dangerous

impediment to traffic flow occurs. The cross- flow may be

caused by super elevation of the curb, a street

intersection, overflow from the higher gutter on a street

with cross fall, or simply poor street design. The problem

associated with this type of flow is the same as for ponding

in that it is localized in nature. Vehicles may be

traveling at high speed when they reach the location. If

vehicular movement is slow and the street is lightly

traveled, as on residential streets, limited cross flows do

not cause sufficient interference to be unacceptable.

The depth and velocity of cross flows shall be maintained

within such limits that do not have sufficient force to

threaten moving traffic.

6. 1. 4 EFFECT ON PEDESTRIANS

In areas with heavily used sidewalks, splash due to vehicles

moving through water adjacent to the curb is a serious

problem.

Streets should be classified with respect to pedestrian
traffic as well as vehicular traffic. As an example,

streets which are classified as residential vehicles and

located adjacent to a school are arterials for pedestrian
traffic. The allowable width of gutter flow and extent of

ponding should reflect this fact.

6. 1. 5 REDUCTION OF ALLOWABLE CARRYING CAPACITY

As the stormwater flow approaches an arterial street, tee

intersection, or cul- de- sac, the allowable carrying capacity

shall be calculated by multiplying the reduction factor from

Figure 6,. 1 times the theoretical gutter capacity. The grade

used to determine, the reduction factors shall be the sa~ e

effective grade used to calculate the theoretical capacity.

Inlets shall be spaced at such an interval as to provide one

clear traffic lane in each direction during the peak flows

of the design storm.

Use of depressed inlets adjacent to a traffic lane is

discouraged. However, gutter depressions may not exceed

2 1/ 2 inches unless specifically approved by the City

Engineer. The design storm will have a 25- year return

frequency.
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Example:

Street width 60 feet; two l2- foot lanes to remain

clear.

Therefore: street flow in each gutter shall not exceed

60 - 24)/ 2 = lBfeet.

6. 2. 2 MINOR ARTERIAL AND COLLECTOR STREETS

The flow of water in gutters of the neighborhood collector

streets shall be limited so that one standard lane will

remain clear during the peak runoff from the design storm.

Inlets shall be located at low points or wherever the flow

exceeds the one standard lane requirement. Gutter

depression at the inlets is discouraged, but shall not

exceed 5 inches in any case. The design storm will have a

25- year return frequency.

Example: Street width 44 ft.; one 12- foot traffic lane

to remain clear.

Therefore: street flow in each gutter shall not exceed

44 - 12)/ 2 · 16 ft.

6. 2. 3 RESIDENTIAL COLLECTOR STREETS

The flow of water in gutters of a residential collector

street shall be limited so that one standard lane will

remain clear during the peak runoff from the design storm.

Inlets shall be located at low points or wherever the flow

exceeds the one standard lane requirement. Gutter

depression at the inlet is discouraged, but shall not exceed

5 inches in any case. The design storm will have a 25- year

return frequency.

Example: street width - 36 ft.: one 12- foot traffic

lane to remain clear.

Therefore: street flow in each gutter shall not exceed

36 - 12)/ 2 · 12 ft.

6. 2. 4 RESIDENTIAL STREETS

The flow of water in gutters of a residential street shall

be limited to a depth of flow at the curb of 6 inches or

wherever the street is just covered, whichever is the least

depth. Inlets shall be located at low points, or wherever

the gutter flow exceeds a permissible spread of water. In

no case shall the gutter depression at the inlet exceed 5

inches. The design storm will have a 2S- year return

frequency.
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6. 3 BYPASS

Flow bypassing each inlet must be included

gutter flow to the next inlet downstream.

20 percent per inlet will result in a more

drainage system.

in the total

A bypass of 10 to

economical

6. 4 MINIMUM AND MAXIMUM VELOCITIES

l'1 J

To ensure cleaning velocities at very low flows, the gutter

shall have a minimum slope of 0. 004 feet per foot ( 0. 4%).

The maximum velocity of curb flow shall be 10 feet per

second. Along sharp horizontal curves, peak flows tend to

jump behind the curb line at driveways and other curb

breaks. Water running behind the curb line .can result in

considerable damage due to erosion and flooding. In a

gutter where the slope is greater than 0. 10 feet per foot

10\) and the radius is 400 feet or less, design depth of

flow shall not exceed 4 inches at the curb...

I \ I

6. 5 DESIGN METHOD

6. 5. 1 STRAIGHT CROWNS

L._~.

Flow in gutters which are straight crown pavements is

normally calculated by using Manning' s equat.ion for various

hydraulic properties for uniform flow in pavement gutters

and triangular channels. The equation is:

00 = 0. 56 Z 501/ 2 Y08/ 3

00 . gutter discharge ( CFS)

z = reciprocal of the crown slope ( foot per foot)

50 = street or gutter slope ( foot per foot)

L

L

n . roughness coefficient

Yo = depth of .flow in gutter ( foot)

The nomograph in rigure 6- 2 provides for direct

solution of flood conditions for triangular channels.

most frequently encountered in urban drainage design.

For the usual concrete gutter, a value of 0. 016 for wnw

is recommended.

6.. 5. 2 PARABOLIC CROWNS

L {

Flow in gutters which are on parabolic crown pavements is

calculated from a variaton of Manning' s equation for steady

flow in a prismatic open channel. However, this equation

becomes complicated and difficult to solve fior each design

I
C._ I
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INTERSECT Ia TURNING UNE FOR

COMJILETE SOWTION.
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2. FOR SHAL.LDW
Y- SHAPED CHANNEL

as SHOWN USE NOMOGRAPH TO

DETERMINE DISCHARGE IN SECTIONS
AND.. SEPERATELT. THEN 0,'-0.. 0...

So'lOIlETE- ~-
DISCHARGE 0. .. '. .. .
PORTION OF CHANNEL 41

HAYING WIDTH a: . '
J'

DETERMINE DEPTH, FOR TOTAL DISCHARGE IN

ENTIRE SECTION.. THEN USE NOMOGRAPH TO

DETERMINE 0.. IN SECTION b FOR DEPTH

et).

40

30

20

10

4'1O~~~~~
IN COMPOSITE SECTION: 0'.

FOLLOW INSTRUCTION 5. , a

10 OBTAIN DISCHARGE IN
Zo

SECTION 0 AT ASSUMED .....-..

DEPTH r. OBTAIN ~ FOf' -& 0('''')

SLOPE RATIO Zt,AND DEPTH J'. THEN o,-a..O,.

I .( NOMOGRAPH FOR FLOW IN TRIANGULAR CHANNELS
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case. To provide a means of readily determining the flow in

the gutter and the spread of water into the traffic lane,

gutter flow curves have been prepared. Figures 6- 3 through

6- 33 represent flow curves for various combinations of

street widths, parabolic crown heights, and curb splits.

The gutter flow curves represented for parabolic crowns with

split curb heights are based on a field procedure for

locating the street crown. The procedure is to allow the

street crown to shift from street centerline toward the high

1/ 4 point of the street in a direct proportion to the amount

of curb split. The maximum curb split occurs with the crown

at 1/ 4 point of the street. The maximum allowable curb

split for a. street parabolic crowns is considered to be 0. 02

feet per foot of street width.

Example Determination of Crown Location:

Given: 0. 4 foot design split on 30- foot wide street

Maximum curb split. 0. 02 x street width = 30 feet x

0. 02 · 0. 6 feet

L
Maximum movement . 1/ 4 street width for 30- foot street

1/ 4 x 30 ' fe~t · 7. 5 feet

Split movement. ( design split x W)/( maximum split x 4)

Crown movement. ( 4 x 30)/(. 6 x 4) · 5 feet

A curb split that is determined by field survey, whether

built intentionally or not, should be considered when

determining the capacity of curb flow.

l_,

Special consideration should be given when working cross

sections which has the pavement crown above the top of curb.

When the crown exceeds the height of the top of curb, the

maximum depth of water at the cur.b( Yo) is the height of

curb, not crown height.

For street sections where . the water is allowed to. cover the

street, the crown height should be chosen with care when

designing the parabolic section. The parabolic section

which has the crown elevation equal to the top of curb

elevation will carry more water than will a section which

has a crown elevation 1 inch above the top of curb

elevations.
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i,~ 10. 1 GENERAL

1. Purpose

construction activities produce many kinds of pollutants which

can cause water quality problems. Grading activities remove

grass, rocks and other protective covers from the land

surface, resulting in the exposure of underlying soil to the

elements. Because the land surface is unprotected, soil and

sand particles are easily picked up by wind or washed away by

rain. This process is called erosion.

The water, carrying soil and sand particles picked up by site

runoff," eventually reaches the municipal storm sewer system.

It is t~en transported on to area streams and ponds. When the

water slows down, particles fall onto the bottom of . the pipes,

stream beds or ponds. This process is called sedimentation.

Gradually, layers of these clays and silts build up in the

storm drainage system, choking streams and ponds and covering

areas where fish spawn and plants grow.

In addition to erosion and sedimentation, construction

activities often require the use of toxic or hazardous

materials such as petroleum products and fuels, pesticides,

herbicides, fertilizers, asphalt, concrete and sealants.

These types Qf materials often contain small amounts of toxic

substances which may harm human, plant and animal life along

receiving streams and within lakes and ponds.

Management practices which control erosion and sedimentation

fall into three main types; those which divert runoff from

construction. areas, those which prevent erosion on the

construction site, and those which trap sediment before it can

leave the construction site. The use of maniagement practices

in this way is called storm water management, or sediment and

erosion control.

This section of the stormwater Management and Drainage Manual

provides information on many management practices and controls

which can be used to comply with the conditions of a grading

permit. While specif ic practices are identif ied, careful

consideration must be given to selecting the most appropriate

management practices based upon site- specific conditions, and

installing controls in a timely and proper manner. It also

must be noted that proper maintenance is required on controls

in order for them to remain effective.
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10. 1 GENERAL - continued

2 . Grading and Drainage Plans

Municipal Code provides that any person proposing to engage in

grading, clearing, filling, cutting, quarrY:lng, construction
or similar activities regulated by this article shall apply to

the city Engineer for approval of plans and issuance of a

grading pend t.

There are several exceptions to qrading permit requirements,

and t~ese exceptions are considered by the city Engineer

during Grading and Drainage Plan review. There are no

exceptions to the need to prepare and suomit a Grading and

Drainage Plan. Proposed development which does not meet the

criteria - for a Grading and Drainage Plan, as set forth in the

following paragraphs, must include certification from the

Architect and/ or Engineer that the criteria are not applicable

to the proposed development. Failure to provide certification

will result in the plan being rejected by the City Engineer.

A Grading and Drainage plan is required for any of the

following activities:

a.) cut or fill activity greater than fifteen ( 15) vertical

feet in height; or,

b.) cut or fill volume equal to or greater than three

thousand ( 3, 000) cubic yards; or,

c.) clearing that exceeds one ( 1) acre in size; and,

d.) any land alteration on properties that are located

within- the loo- year floodplain boundary.

The Grading- and Drainage Plan is submitted to and reviewed by

the City Engineer _ to determine if a Grading Permit is

required. Where vertical cut or fill activity greater than

thirty ( 30) feet is indicated, Planning Commission approval is

requi.red. - It should be noted that all construction work must

include appropriate drainage and erosion control measures,

regardless of whether a grading permit is required.
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10. 1 GENERAL - continued

2. Grading and Drainage Plans - continued

The Universal Soil Loss Equation has been adopted by the City

of Little Rock to enable planners and developers to predict

the average rate of soil erosion from construction sites. The

city has established an allowable rate of soil loss at five

tons per acres per year ( 5 t/ a/ yr). Grading plan development

requires the application of the Universal soil Loss Equation

to determine the potential soil erosion from a site, which

establishes the need for erosion controls. Once erosion

controls are identified, the Universal Soil Loss Equation can

be used to es~ imate the effectiveness and adequacy of erosion

controls.

Where controls, alone or in combination, can not reduce thE:

estimated average rate of soil erosion to at or below the

allowable five tons per acre per year,. controls are required

to be placed such that they will reduce erosion to the maximum

extent practicable.

The application of erosion and sedimentation controls falls

within the sequence of: design; stabilization practices;

erosion controls; sedimentation controls; and other controls,

as applicable. It is possible to control site runoff with

stabilization practices alone, where stabilization can reduce

the potential soil loss from the site to at or below five ( 5)

tons per acre per . year. Where stabilization can not reduce

the potential soil loss to at or below the allowable limit,

then erosion controls are also required. Where a combination

of stabilization practices and erosion controls are not

effective in reducing potential soil losS, sedimentation

controls are also required-.
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10. 1 GENERAL - continued

J. Sketch Grading and Drainage Plan Requirements

A Sketch Grading and Drainage Plan may be submitted for

agricultural land uses or forestry activities on land owned by

forest- related industry. A Sketch Plan is required as a part

of the Planning Commission Application for any of the

activities identified in part 10. 1. 2 above, and also for

planned unit developments, conditional use permits, site plan

reviews, subdivision approvals, or multiple building site

approvals.

A Sketch Plan must identify the following:

a.) acreage of the proposed project,
b.) land areas to be disturbed, ( hatching or shading)

c.) stages of grading which identify the limits of sections

to be disturbed and the approximate order of development,

d.) extent of cut and fill, shown by placing a dashed line at

the top and toe of cut or fill slopes, and indicating on

the Plan the height and slope of the cut or fill,

e.) provisions for cOllecting and discharging surface water,

and,

f.) erosion and sediment control measures, including

structural and vegetative measures.

The Sketch Plan requires the seal and signature of a

registered. engineer, architect or. landscape architect

certifying that the Sketch Plan complies with Municipal Code.

Plans for areas of less than five ( 5) acres where vertical cut

or fill height does not exceed fifteen ( 15) feet, or where

only tree clearing activities will take place ~ ay be prepared

by a contractor or the property owner.

A Grading and Drainage Plan Checklist has been prepared and is

incl~ded in. Appendix A at the end of this section. Refer to

section 10. 1. 5 for information on other local, state and

federal permitting requirements. .
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10. 1 GENERAL - continued

4. Complete Grading and Drainage Plan Requirements

A Complete Grading and Drainage Plan includes the requirements
for a Sketch Plan and the following additional information:

a.) a vicinity drawing identifying property lines, existing

or platted streets and public ways within or immediately

adjacent to the site,

b.) location of all known existing sewers, water mains,

culverts, underground utilities, and existing permanent

buildings within and adjacent to the tract,

c.) citation of any existing legal rights- of- way or easements

affecting the property,
d.) soil loss calculations as estimated by the Universal Soil

Loss Equation ( Section 10. 6. 1)

e.) a plan of the site at a minimum scale of 1" = 100',

showing:

u

1) address and telephone number of the owner, developer,

and permittee,
2) approximate location and width of proposed streets,

3) approximate location and dimension of all proposed or

existing lots,

4) approximate location and dimension of all parcels of

land which will be dedicated to open space, public
use, or will remain undisturbed,

5) existing and proposed topography at a maximum contour

interval of five ( 5) feet,

6) an approximate timing schedule indicating the

starting and completion dates of the development,
7) a timing schedule for the sequence of grading and the

application of erosion and sediment control measures,

B) acreage of the proposed project,
9) identification of unusual material or soils in land

areas to be disturbed and- engineering recommendations

for correcting any problems,
10) identification of suitable fill materials, including

the type and source of outside fill materials,

11) specification of measures to control runoff, erosion

and sedimentation during construction, noting the

areas where controls are required and the type of

controls employed,
12) measures to protect neighboring built- up areas anQ

city property during construction, and

13) provisions to stabilize soils and slopes after

construction is complete, including when and where

stabilization measures will be employed.

I i

1J
I
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10. 1 GENERAL - continued

4. complete Grading & Drainage Plan Requirements - conti~ued - L.

The complete Plan must include the seal and signature of a

registered engineer. If all boundary street and drainage

improvements are in place, the - seal and signature of a

registered architect or landscape architect is acceptable.

A Grading and Drainage Plan Checklist has been prepared and is

included in Appendix A at the end of this section.

5. Other Permit Requirements

Application to Develop in a Flood Hazard Area

Proposed development within special Flood Hazard Areas of the

City requires the - developer or their agent to obtain and

complete an Application and Permit Form to Develop in a Flood

Hazard Area. Work within the 100- year floodplain requires the

applicant to complete FEMA Form TOD- 1:

Certification/ Application Forms For . Letters of Map

Amendment/ Revision Based On Fill. Work within the regulatory

floodway, includinq changes in base flood elevations, fill,

channelization and bridge/ culvert replacement projects require

the applicant to prepare and submit applicable portions of

FEMA Form RSD- 1: Revisions To National Flood Insurance Maps.

Additional information is available from the Civil Enqineerinq
Division of the Little Rock Public Works Department at ( SOl)

371- 4852.

section 10 of the Rivers and Harbors Act of 1899

This Act prohibits the obstruction or alteration of navigable

waters of the Unites States without a permit. section 10

Permits are issued by the United states Army Corps of

Engineers Permits Branch, who should _ be contacted at . c501)
324- 5295 for additional information.

Clean Water Act Section 404 Permits

section 301 of this Act prohibits the discharge of dredged or

fill material into waters of the United States without a

permit. Section 404 Permits are issued by the United States

Army Corps of -Engineers. contact the United States Army Corps

of Engineers Permits Branch at ( 501) 324- 5295 for more

information.
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10. 1 GENERAL - continued

5. other Permit Requirements - continued

Arkansas Solid Waste Management Code of 1984

The Arkansas Department of Pollution control and Ecology

authorizes all legitimate fill operations. An Application for

Request for Fill Area is required to be completed and approved

for development consisting of fill for the purpose of surface

leveling. contact the Solid Waste Division of the Arkansas

Department of Pollution Control and Ecology at ( 501) 570- 2858

for more information.

Arkansas state Water and Air Pollution control Act

The Arkansas Department of Pollution control and Ecology

authorizes . the discharge of storm water associated with

industrial activity from construction sites - those areas or

common plans of development or sale that will result . in the

disturbance of five or more acres total land area. The

Department has issued General Permit ARR10AOOO for

construction activities. A Notice of Intent is required at

least 48 hours prior to commencing land disturbance

activities. contact the NPDES Branch of the Arkansas

Department of Pollution Control and Ecology at ( 501) 562- 7444

for more information.

11

A....".

Burning of demolition and construction debris is regulated by

the Arkansas Department of Pollution control and Ecology Air

Division. contact the Air Division at ( 501) 570- 2161 for more

information.

J
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10. 2 STABILIZATION PRACTICES

1. Chemical Stabilization

Chemical stabilization practices involve spraying soil

surfaces with various man- made materials to hold the soil in

place temporarily. This control is an alternative where

temporary seeding is. not practical because of the season or

climate. Chemical stabilization can provide immediate and

effective erosion control anywhere on a construction site.

2. Filter Strips

Filter , strips are areas of the site left undisturbed by

clearing and constrUction activities. They are similar to

buffer zones, slowing runoff ve.loci ty to allow sediment to

settle out. However, ~ ilter strips serve the additional

purpose of allowing runoff to infiltrate into the ground.

Filter strips are an effective control applicable to sites

where adequate space exists to leave undisturbed areas.

Filter strips should be aliqned perpendicular to the. line of

flow, and can be used along with diversion ditches or berms to

direct flow onto the vegetated surface area.

See Appendix C for additional information and an illustration.

3. Permanent Seeding and Planting

Permanent seeding and planting ( landscaping) to establish

vegetation on the site and revegetate disturbe~ areas reduces

erosion by stabilizing soils, filtering sediment, and

increasing absorption of runoff by the soil. It also creates

habitat and improves the aesthetics of the site. . Grasses are

the most common type of cover used for revegetation because

they grow quickly, providing erosion protection wi thin days.

Other soil stabilization practices such as straw bales or

mulch may be used during non- growing seasons to prevent

erosion. Permanent seeding and planting is appropriate for.

areas of the site where long- lived plant cover i$ desired, and

is particularly effective in. preventing erosion' from steep

slopes, stream banks, vegetated swales, filter strips and

buffer zones.
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10. 2 STABILIZATION PRACTICES - continued

4. preservation of Natural vegetation

preserving existing vegetation is the most ef fective way to

prevent erosion. Vegetati ve cover can be grass, shrubs or

trees. Preservation of natural vegetation minimizes erosion

potential and protects water quality by filtering and

absorbing runoff from a construction site. Newly planted

shrubs and trees establish root systems more slowly, so

preserving existing shrubs and trees is a more effective

practice. Preserving vegetation is also an aesthetic

consideration. While this erosion control is applicable to

all types of construction sites, it is particularly useful in

floodplains, wetlands, along stream banks and steep slopes,

and in areas where other erosion controls would be difficult

to establish, install or maintain.

I

s. Sod stabilization

Sod stabilization provides immediate cover for disturbed

soils. It is effective in allowing for runoff inf"iltration,

and once it is established it provides filtering of runoff

passing over the sodded area. In this regard. sod

stabilization can be used to create buffer zones and filter

strips, and is effective for stabilizing. slopes, stream banks,

swales, outlets, and dikes.
J-

6. stream Bank stabilization

stream bank stabilization is necessary where vegetative

practices ( seeding, sodding, mulching, etc.) are not practical

and where increased flow volume or veloci ty resulting. from

construction make stream bank erosion likely. stream bank

stabilization can be accomplished using riprap, gabions,

reinforced concrete, grid pavers and asphalt. Riprap consists

of large angular stcmes placed along the steam bank or lake

edge. Gabions are rock- filled wire cages used to establish or

stabilize a stream bank. Reinforced concrete retaining walls

and bulkheads create streaD channels which do not erode. Grid

pavers are either precast or poured- in- place concrete units

that stabilize the streaD bank and provide an open space for

vegetation to be established. Asphal t paving can also be

placed along a stream bank to prevent erosion.

See AppendiX C for additional information and an illustration.
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10. 2 STABILIZATION PRACTICES - Continued

7. Subsurface Drains

I

L

I

A subsurface drain is a perforated pipe or conduit placed

beneath the surface of the gro.und at a designed depth. and U
grade, to lower the water table in an area. A high water

a:: I:~::~ 
S~~ f:~~

p:~;

l: ~~:

h
p~:~:~ t

t:~i:
t~;~o~

e;~~~ I l
in slope failure. ~

8. Temporary Seeding

Temporary seeding means planting a short- term vegetative cover

on disturbed site areas which will remain unprotected for long

periods, and where permanent plant growth is not necessary.

Fast growing annual grasses are capable of . stabilizing the

soil to prevent erosion from storm runoff and wind. ' They also

reduce dust and mud generation at the construction site.

Temporary seeding is appropriate for all sites where disturbed

areas will remain unprotected for long periods, but where

permanent vegetative cover is not necess~ ry or beneficial.
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10. 3. EROSION CONTROL METHODS

1. Buffer Zone

Buffer zones are vegetated strips of land which control

erosion by reducing the speed of runoff. Buffer zones can be

areas left undisturbed during clearing and construction

filter strips), or they can be newly planted in areas that

were previously disturbed by clearing and site activity.

2. Diversion Dike

j
I

J

J
A diversion dike is an earthen ridge used to protect work

areas from up- slope runoff and to divert sediment- laden water

to sediment traps or stable outlets. Diversion dikes are used

above slopes to prevent runoff over the slope. . Diversion

dikes can be placed across disturbed slopes as slope breaks to

reduce slope length, and below slopes to divert runoff to

sediment traps or stabilized outlets . Diversion dikes are

also effective along the perimeter of the construction site to

prevent sediment from running on or off of the site.

See Appendix C for additional information and an illustration.

3. Drainage Swale

I

oj

lJ' ,I

A drainage swale is a channel lined with vegetation, riprap,

asphalt, concrete or some other material and used to convey

runoff without causing erosion. Drainage swales intercept and

divert runo' ff to stabilized outlets or to sediment traps or

detention ponds. Drainage swales are often permanent drainage

controls which, if established early in the development

process, can be effective in preventing erosion from the

construction site.

See Appendix C for additional information and an illustration.
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10. 3 EROSION CONTROL METHODS - continued

4. Geotextiles

Geotextiles are porous woven fabrics which include filter

fabrics of synthetic material, and also biodegradable

materials such as mulch matting and netting. In erosion

control, geotextiles are used as matting to stabilize soils in

channels and swales and along slopes where seeding is being

established. Mulch mattings are more stable than simple

mulch, and are applied to disturbed areas in sheets. Netting

can be used alone to control erosion while temporary seeding

is being established, or can be used to hold mulching or mulch

matting in place. Mulch binders are also used to hold

mulching is place. Geotextiles are also used as separators

between riprap and soil, for instance, to prevent soil erosion

and maintain the riprap base.

s. Gradient Terraces

Gradient terraces are earth embankments or ridge- and- channels

constructed at reqular intervals across the face of a slope.

Gradient terraces are used to reduce the length of slope on

long or steep slopes where erosion is or may be a problem.

They should divert runoff to controlled outlets, and should

not be used in rocky or sandy soils.

See Appendix C for additional information and an illustration.

6. Xnterceptor Dikes and Swales

Xnterceptor dikes ( compacted soil ridges, straw bales) and

swales ( excavated depressions) are used to intercept runoff

from disturbed areas, reduce the speed of flow, and divert the

flow to a sediment trap or stabilized outlet. Interceptor

dikes generally have a parabolic or trapezoidal channel cross-

section, and: can be either temporary or permanent erosion

controls.

See Appendix C for additional information and an illustration.
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10. 3 EROSION CONTROL METHODS - continued

Mulching

Mulching is temporary erosion control which uses various

materials such- as grass, hay, straw, wood chips or gravel to

cover disturbed areas. Mulch holds soil in place and reduces

erosion by absorbing the impact of rain drops. Mulch can also

reduce the speed of runoff crossing the disturbed area. Mulch

can be used on all si te areas where temporary seeding is

desirable but seasonal or climatic conditions are not

favorable to seed germination. MulChing is also used in

conjunction with temporary and permanent seeding to establish

cover on unprotected- surfaces.

8. outlet Protection

outlet protection reduces the speed of concentrated storm

water flows. stone, riprap, concrete aprons, paved sections

and settling ponds below outlets prevent scouring and erosion

around the outlet. outlet protection should be applied at

locations of all pipe, dike, swaleanq channel outlets.

outlet protection .should be installed earlY in the development

process, and can be added later as necessary to prevent

erosion.

See Appendix C for additional information and an illustration.

9. pipe Slope Drains

pipe slope _ drains reduce the potential for erosion by

discharging runoff to stabilized areas. Pipe slope drains can

be constructed of flexible or rigid pipe, and can be temporary

or permanent erosion controls. pipe slope drains are used to

convey runoff from the top of a slope to the bottom without

causing erosion. They are useful in protecting new slopes,

and where ~ lopes are already damaged by erosion, or where

slope failure is highly possible.

See AppendiX C for additional information and an illustration.
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10. 3 EROSION CONTROL METHODS - continued

10. Surface Roughening

Surface roughening is a temporary erosion control practice

where horizontal grooves, depressions or steps run paralle~ to

the contours of the site surface. Surface roughening : reduces

runoff by reducing the speed . of runoff, allowing for

infiltration, and trapping sediment. It also helps in

establishing vegetative cover, and is appropriate for all

slopes. Roughening should be accomplished as soon as possible

after site clearing, and ' can be used in conjunction with other

controls, such as seeding and mulching, to establish temporary

or permanent cover.

R: 3/ 9..
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10. 4 SILTATION AND SEDIMENT CONTROL

1. Check Dams

Check dams are small temporary or permanent dams constructed

across drainage ditches, swales or channels to lower the speed

of concentrated flows. Reduced velocity reduces erosion and

gullying and allows sediment to settle out. Check dams should

be placed in steeply sloped swales and swales where adequate

vegetation can not be established. Check dams can be

constructed of logs, stone or pea gravel filled sandbags.

See Appendix C for additional information and an illustration.

2. Gravel or stone Filter Berm

A qravel or stone f ilter berm is a temporary ridge of loose

gravel, crushed rock or stone which diverts ~ low from exposed

traffic areas, slows the speed of flow and filters it. Gravel

or stone filter berms are useful on site perimeter areas where

vehicular traffic must be accommodated. Diversion dikes or

earthen berms can effect the same results as gravel or stone

filter berms within the construction site and on gentle

slopes.

See Appendix C for additional information and an illustration.

3 . silt Fence

A silt fence, or " filter fabric fence" is a temporary measure

for sedimentation control. A properlY installed silt fence is

generally set on fence posts, with the lower end placed in a

vertical trench and backfilled. silt fence is used in small

drainage areas to trap sediment, and is effective in areas of

overland flow, and minor swales and drainageways. silt fences

can be placed along a line of uniform elevation at the bottom

of a slope, across the flow line. silt fence can also be used

along the outer boundary of the construction site.

See Appendix C for additional information and an illustration.

i )

1

R: 3/ 94



10. 4 SILTATION AND SEDIMENT CONTROL - continued

4. Sediment Trap

A sediment trap is an excavated pond or an earthen embankment

placed across a low area or drainage swale. An outlet or

spillway is constructed using stone or aggregate to' slow the

release of runoff. The sediment trap is a temporary control

designed to retain runoff long enough to allow most of the

sediment to settle out. Sediment traps are \ lsed in

conjunction with other controls, such as diversion dikes and

berms. Sediment traps should be designed large enough to trap

and hold sediment until the trap is cleaned out. . sediment

traps require periodic inspection and cleaning, particularly

after major storm events.

s. Storm Drain Inlet Protection

Storm drain inlet protection is a filtering control placed

around any inlet or. drain to trap sediment. Preventing

sediment from entering the storm drain system helps prevent

siltation of inlets, the storm drainage system and receiving

streams and ponds. storm drain inlet protec1; ion is

appropriate for small drainage areas where storm drai:n inlets

already exist, or where storm drains will be established prior

to final site stabilization. Straw bales are not recommended

for this purpose, and while silt' or filter fences are

effective, they are not practical where paved inlets prevent

filter fabric staking. Block and gravel, or gravel . and wire

mesh filters are recommended where filter fabric carl not be

placed, or where flow velocity is higher. Sod inlet filters

are generally used where flow sedimentation is low.

See Appendix C for additional information and an illus'~ration.
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10. 4 SILTATION AND SEDIMENT CONTROL - continued

6. Temporary Sediment Basin

A temporary sediment basin is a settling pond with a

controlled outlet which is used to collect and store sediment

from the construction site. Temporary sediment basins are

constructed similar to sediment traps, either by excavation of

the pond or by placing a berm across a low area or drainage

swale. Temporary sediment basins serve larger areas than

sediment traps, and should be constructed prior to

construction activity. They may be either wet or dry ponds,

but they should never be built on an embankment of an existing

stream. Temporary sediment basins are practical on large

sites' where topography and other site conditions are

favorable, and they may require fencing for safety or to

prevent vandalism.

7. Temporary storm Drain Diversion

A temporary storm drain diversion is a structure which

redirects an existing storm drainage system to discharge into

a sediment trap or detention basin. . Temporary storm drain

diversions should intercept flow before it reaches a permanent

storm water outfall, and should remain in place as long as

disturbed soils remain unstabilized. If site considerations

make diversion to a sediment trapping device impractical, then

a sediment trap can be constrUcted below the permanent storm

drain outfall.

The most popular temporary storm drain diversion is a straw

bale barrier. See Appendix C for additional information and

an illustration.

8. Temporary stream crossing

A temporary stream crossing is a short- term bridge or culvert

which is placed to " allow heaVY equipment and construction

vehicles to cross the streambed without causing damage to

stream banks. Temporary stream crossings should 9~ ly- be used

when it is necessary to cross a stream during construction and

a permanent crossing has not been completed.
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10. 5 OTHER EROSION AND SEDIMENT CONTROL METHODS

1. Dust Control

Erosion from wind results whenever surface soils are loose and

dry, vegetative cover is sparse or absent, and wind is

sufficiently strong" Wind erodes soils and transports

sediment away from the construction site, where it may be

deposited on adjacent lands and eventually washed into

receiving streams. Dust controls which prevent wind erosion

include chemical stabilization, mulching, vegetati ve cover,

and sprinkling the construction site with water.

2. Hazardous Products

Many materials found at construction sites contain substances

which are hazardous. to personnel and the environment.

Products which should be considered hazardous include paints,

acids for cleaning masonry surfaces, solvents, chemical

additives and concrete curing compounds. Read and follow

label directions regarding use, storage and disposal of these

materials. .

3 . Off- Site Vehicle '!'racking of Sediment

Off- site vehicle tracking of sediments is a common problem at

construction sites. Construction road stabilization and

stabilized construction entrances are two means of addressing

sedimentation problems reSUlting from vehicle tracking. Paved

streets and roads adjacent to the construction site should be

swept and kept. free of sediment reqularly.

Construction road stabilization provides a means for

construction equipment and vehicles to move around the site

without causing significant erosion. A stabilized

construction road is designed. to be well drained so that water

does not pu~dle or flood the road during rain events, and will

typically have a swale' to collect and channel runoff to

sediment basins. Stabilized construction" roads should have a

layer of gravel or crushed stone which will cover. and protect

the road base from erosion. This gravel or crushed stone

layer. should be inspected and maintained regularly.

A stabilized construction entrance is a portion of the

construction road which is constructed with geotextile. and

large stone. The primary purpose of a stabilized construction

entrance is to. reduce off- site tracking by vehicles leaving

the construction site. This is accomplished by the action of

the stone, which will shake and pull soil particles from the

wheels of the vehicle. The stone layer also prevents rutting

and erosion of the' construction entrance.

See Appendix C for additional information and an illustration.
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10. 5 OTHER EROSION AND SEDIMENT CONTROL METHODS - continued

4. Waste Disposal,

construction site wastes are a potential source of stormwater

pollution and should be carefully managed. These materials

include trees and shrubs, packaging materials, surplus and

refuse building materials, paints and paint thinners, and

hazardous waste materials. Proper disposal of construction

site waste includes selecting a designated waste disposal area

on- site, providing adequate containers with lids and covers to

prevent contact with rainfall, providing regular collection

and removal of construction wastes, and disposing of wastes at

author; zed disposal facilities.

R: 3{ 91,
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10. 6 DESIGN OF EROSION AND SEDIMENT CONTROLS

1. Soil Loss Calculations

universal Soil Loss Equation

The Universal Soil Loss Equation adopted by the City of Little

Rock is:

A~ RKLSCP where;

A =

R ~

K c:

L c:

5 ..

C ~

P -=

soil loss in tons per acre per year,

rainfall and runoff factor,

soil erodibility factor,

slope length factor,

slope- steepness factor,

cover and management factor, and,

practice factor.

The rainfall and runoff factor ( R) is 300 for Pulaski County,
Arkansas. Therefore, the Universal Soil Loss Equation takes

the following form:

A - 300 K L S C. P.

Soil erodibility factors K are . presented in Table 10- 1

Appendix B) for all soils identified by soil classification

within Pulaski County, Arkansas. Soil association maps are

found in the Soil Snrv~ y of ~ u18~ ki County. Ark8n~ 8s,

published by the USDA Soil Conservation Service. ( See

References, Appendix D.)
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10. 6 DESIGN OF EROSION AND SEDIMENT CONTROLS - continued

2. Erosion Controls - Example # 1

A commercial development site is being proposed in western

Little Rock. A typical site Plan is submitted to the city for

review ( See Figure # 1 on the following page). The site will

be cleared prior to building construction, but no schedule for

construction is available. The site is not located within the

100- year flood hazard boundary.

step One

In order to determine whether the site requires a Grading and

Drainage Plan, it is necessary to determine: A) total - site

area; B) disturbed area; C) maximum vertical height of cut and

fill slopes, D) the quantity of excavation, and E) vicinity of

the site with respect to the 100- year floodplain.

A. ) The site consists of a total area of:

Total Area -= [ 325' X 250') c: 81, 250 ft. 
2

Total Area -= 81, 250 ft. 2 X [ 1 acre / 43, 560 ft. 2)

Tot ~ , ~ T"P-JIII c: '. 87 ~~ T"es

B.) The disturbed area of the site is the total area of the

site reduced by the width of undisturbed perimeter

strips, which are required to be 25 feet wide for simple

land clearing operations:

Disturbed Area - 275 X 200 -= 55, 000 S. F.

Disturbed Area -= 55, 000 ft. 2 X [ 1 acre / 43, 560 ft. 2)

Tot~l ~ T"e~ -= ,_~~ ~~ T"eK

A Grading and Drainage Plan is required. The disturbed

area exceeds one acre in size and is more than twenty-

five percent of the total tract.

NOTE: In this example it va. not possible to calculate the

maximum vertical height of cut and f ill slopes ( C) or the

qua-ntity of excavation ( D) . This information would have

either been requested from the applicant, or the permit would

be restricted to site clearing activity - only until this

information was made available. For the purpose of this

example problem, the site is determined not to be within the

loo- year floodplain boundary ( El.
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10. 6 DESIGN OF EROSION AND SEDIMENT CONTROLS - continued

1. Soil Loss calculations - continued

u

The slope length factor ( L) and the slope- steepness factor ( S)

can be combined and identified as the topographic factor ( LS).

Values for LS are found in Table 10- 2 ( Appendix B), which

identifies the topographic factor for specific combinations of

slope length and steepness.

The cover and management factor ( C) represents the ratio of

soil loss from land managed through mulching, vegetation and

revegetation to soil loss from disturbed and unprotected

lands. Where site preparation removes all vegetation and also

the root zone of plants, the soil is left completelY

unprotected and the value of C s:: 1. Cover and management

factors for mulching are presented in Table 10- 3 ( Appendix B).

Cover and management factors for vegetation practices are

presented in Table 10- 4 ( Appendix B).

The practice factor ( P) represents the ratio of soil loss with

a specific management practice to the corresponding loss from

unprotected slopes. Where no management practice for erosion

control is provided, the value of P s:: 1. Practice factors for

qradient terraces, earth dikes, and interceptor dikes and

swales are presented in Table 10- 5 ( Appendix B). Practice

factors for buffer zones, filter strips and natural vegetation

are presented in Table 10- 6 ( Appendix B) .

The above information, when incorporated into the Universal

Soil Loss Equation, produces the following:r ...
d

A s:: 300.( K) ( LS) ( e) ( P) where;

u

u

u

u

u

u

u

u-

A c soil loss in tons/ acre/ year,

R c 300, a constant

K. c soil erodibility factor ( table 10- 1),

LS = slope. length factor ( table 10- 2),

C s:: cover' management factor ( tables 10- 3, 4) and,

P = practice factor ( tables 10- 5, 6).
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10. 6 DESIGN OF EROSION AND SEDI!1EHT COHTROLS - continued

2. Erosion controls - Example # 1 - Figure # 1
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10. 6. DESIGN OF EROSION AND SEDIMENT CONTROLS - Continued

2. Erosion Controls - Example # 1 - continued

St:~p Two

In Step One it was determined that a Grading and Drainage Plan

is required. Now it is necessary to determine what erosion

and sedimentation controls are required to control

construction site runoff.

In order to determine . what controls are required: A) an

initial soil loss calculation is performed with no controls in

place; B) where soil. loss potential exceeds 5 tons/ acre/ year,

stabilization practices, erosion controls and sedimentation

controls are identified and placed on the Plan; and, C) a soil

loss calculation is performed to determine the effects of

controls on. soil loss potential. .

A.) Initial soil loss calculation:

1. A -= 300 ( X) ( LS) ( e) ( P) where;

A -

R -

K -

LS -
C -

P ..

soil loss in tons per acre per year,
300, a constant

soil erodibility factor from ( Table 10- 1),

slope length factor from ( Table 10- 2),

cover and management factor

from ( Tables 10- 3, 4), and,

practice factor from ( Tables 10- 5, 6).

2. Western Little Rock and Pulaski County soils are

identif iea from the So; 1 Surv~ y o~ Pu '] A~ k i County as

within the Mountainburg soils association, CMC.

From the . 5i te Map topography, a vertical difference of

approximately ten feet is observed over the 275 foot

length of the disturbed area. This is equal to a slope
of 10/ 275, or a four percent slope. Table 10- 1

Appendix B) identifies Mountainburg ( CMC) with a slope
range of 3- 12 percent as having a K factor of 0. 17,

therefore;

K .. 0 " l7
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10. 6 DESIGN OF EROSION AND SEDIMENT CONTROLS - continued

3. Siltation & Sediment Controls Example # 2 - continued

I

i step Two - continued

From the Site Map topography, a vertical difference of

approximately five feet is observed over the 175 foot

length of the major disturbed area. This is equal to a

slope of 5/ 175, or a three percent slope. Table 10- 1

Appendix B) identifies Mountainburg ( CMC) with a slope

range of 3- 12 percent as having a K factor of 0. 17,

therefore;

c 1

t

J

J

K I: 0. 17

3. Table 10- 2 ( Appendix B) identifies the LS factor for a

three percent slope of 150'. as being 0. 325, and the LS

factor for a three percent slope of 200' as being 0. 354.

Interpolating between these values provides the LS factor

for the site, which has a slope length of 175 feet.

Therefore;u

I I

LJ

LS I: 0. 325 + [( 0. 354 - 0. 325) * [( 175 - 100)/( 200 - 100))

LS = 0. 325 + { 0. 029 * ( 25/ 50))

LS = 0. 325 + 0. 015

L1

11
LS = O.~ 40

4. Since there is no remaining site cover after clearing is

completed, ~ I: 1

u

U

5. since there are no control practices being implemented.,

P c 1.

Therefore:

J

1

Jl

A I: 300 ( X) ( LS) ( e) ( P)

A c 300 ( 0. 17).. ( 0. 340) ( 1) ( 1)

A c ' 7_~ 4 t~n~/~ eT~/ y~~r potential soil loss from

this site.

R:' 3/ 91.



10- 33

10. 6 DESIGN OF EROSION AND SEDIMENT CONTROLS - Continued

3. Siltation & Sediment Controls Example # 2 - Continued

Step Two  - continued

B.) Erosion potential exceeds the allowable soil loss for the

site, and so controls are warranted. The first

stabilization practice identified is to mulch and seed

immediately after the end of site grading. The effects

of these controls are examined below:

1. Table 10- 3 ( Appendix B) provides cover and . management
factors for mulching disturbed areas. Loose straw or hay

applied at a rate of 1 ton/ acre on slopes from one to

five percent yields a C factor. of 0. 4, with a maximum

slope length of 200 feet.

The impact on potential soil loss is:

A -= 300 ( 0. 17) ( 0. 340) ( C) ( P)

where c .: o. 40

therefore;

A - 300 ( 0. 17) . ( 0. 340) ( 0. 40) ( 1), or

A -= ~. g4tons/~~relye~r.

The potential soil loss continues to exceed the allowable

soil loss of 5. 0 tons/ acre/ year, and therefore mulch

alone will not satisfy Municipal Code requirements.

2. Table 10- 4 ( Appendix B) provides cover and management
factors for vegetation of disturbed areas. Assuming that

a rapidly growing grass is used to establish permanent
vegetative cover, and that a 40 percent ground cover will

be established, the impact on potentia~ soil loss is:

A -= 300 ( 0. 17) ( 0. 340) ( e) ( P)

where c -= 0. 10

therefore;

A c ' 3 00 ( 0 . 17 ) ( 0 . 3. 0 ) ( 0 . 10) ( 1) , or

A = ]. 7~ t~ns/~~~~/ Y~ A~.
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10. 6 DESIGN OF EROSION AND SEDIMENT CONTROLS - continued

3. Siltation & Sediment controls Example # 2 - continued

st~p Two - continued

As seen in the previous calculations, once avegetati ve

cover is established on the site, the potential soil loss

will be reduced to 1. 73 tons/ acre/ year. 
This is below

the maximum allowable soil loss. However, during

construction and immediately following site grading,

erosion potential from the site and steep slopes will

exceed 5 tons/ acre/ year, even with the application of

mulch. Additional controls are needed during

construction.

3. Table 10- 6 ( Appendix B) provides practice Factors ( P) for

buffer zones, " filter strips and natural vegetation. The

disturbed area of the site flows c:mto a portion of the

site which will be left undisturbed. A land slope of

three percent ( not to exceed 300 feet in length) with a

buffer zone of fifty feet in width will yield a P factor

of 0. 50.

The impact on potential soil. loss from mulch combined

with a fifty- foot wide buffer zone is:

A -= 300 ( 0. 17) ( 0. 340) ( e) ( P)

where c _ O. AO, P - 0. 50

therefore;

A -= 300 ( 0. 17) ( 0. 340) ( 0. 40) ( 0. 50)

A -= 3. 47 tons/ acre/ year.

The combination of mulch. with " buffer zones will satisfy

Grading Permit requirements during construction, since the

potential soil loss of 3. 47 tons/ acre/ year is within- the

allowable soil loss of 5 tons/ acre/ year.

R: 3/ 91,



10. 6 DESIGN OF EROSION AND SEDIMENT CONTROLS - continued

3. Siltation & Sediment Controls Example # 2 - continued

Step Three

In Step One it was determined that a Grading Permit would be

required for the proposed development site, based upon both

the disturbed area and the estimated volume of cut and fill

material. In Step Two, controls were identif ied through a

repetitive process of soil loss calculations and control

identification until the appropriate controls were determined.

Step Three involves placing the controls on- site to achieve

maximum effect in reducing erosion and sedimentation from the

site.

A.) Figure # 2 identifies the disturbed areas of the site and

other critical features where controls are necessary .

These features include: an existing storm drain, a

proposed storm drain outfall, and cut/ fill slopes. These

features will require controls in addition to the

mulching, seeding and buffer zone identified in step Two.

Each of these " features is addressed separately below.

B.) Shaded areas require mulch and seeding. Mulch is to be

applied at the rate of one ton per acre. Seed application
is required to establish a vegetative cover over

disturbed areas. Mulch and seed are generally required
to be placed within two weeks of the completion of

grading of any section of the site, where such disturbed

sections of the site will remain idle for more than three

weeks.

c.) storm drain inlet protection is required to protect the

existing storm drain inlet from sedimentation.

D. ) outlet protection is required at the outfall of the

proposed storm drain, to prevent erosion of natural

cover. Since no discharge velocity is provided, the

outlet protection is considered a permanent erosion

control and will remain in place after the completion of

construction.
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SECTION VII - STORM DRAIN INLETS

7. 1 General

lJ 7. 2 Classification

I

J

7. 3 Inlets and Sumps

J

7. 3. 1

7. 3. 2

7. 3. 3

Curb Opening Inlets and Drop Inlets

Grate Inlets

Combin~ tion Inlets

4 Inlets on Grade without Gutter Depression

I
1 7. 4. 1

7. 4. 2

7. 4. 3

Curb Opening Inlets

Grate Inlets on Grade

Combination .Inlets on Grade

7. 5 Inlets on Grade With Gutter Depression

7. 5. 1

5. 2

5. 3

Curb Opening Inlets on Grade

Grate Inlets in Grade

Combination inlets on Grade

7. 6 Use of Figures 7- 10 and 7- 11

7. 7 Standard Curb- Opening Inlet Chart
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SECTION VII - STORM DRAIN INLETS

7. 1 GENERAL

The primary purpose of storm drain inlets is to intercept

excess surface runoff and deposit it in a drainage system,

thereby reducing the possibility of surface flooding.

The most common location for inlets is in streets which

collect and channelize surface flow making it convenient to

intercept. Because the primary purpose of streets is to

carry vehicular traffic, inlets must be designed so as not

to conflict ~ ith that purpose.

The following guidelines shall be used in the design of

inlets to be located in streets:

1. Mininum transition for depressed inlets shall be 10

feet.

2. The use of inlets with a S- inch depression is

discouraged on collector, industrial and arterial

streets unless the inlet is recessed.

3. When recessed inlets are used, they shall not interfere

with the intended use of the sidewalk.

4. The capacity of a recessed inlet on grade shall be

calculated as 0. 75 of the capacity of a similar

unrecessed inlet.

S. Design and location of inlets shall take into

consideration pedestrian and bicycle traf~ ic.

6. Inlet design and location must be compatible with the

criteria established in Section III of this manual.

7. 2 CLASSIFICATION

Inlets are class.if ied into three major groups, mainly:

inlets in sumps ( Type A), inlets on grade without gutter

depression ( Type B), and inlets on grade with gutter

depression ( Type C). Each of the three major classes

include several varieties. The following are presented
herein and are likely to find reasonably wide use. ( See

Figures 7. 1 - 7. 7)

Inlets in .Sumps

1.

2.

3.
4.

S.

Curb opening
Grate

Combination ( grate & curb opening)

Drop

Drop ( grate covering)

Type A- l

Type A;..2

Type A- 3

Type A- 4

Type A- S
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Inlets on Grade Without Gutter Depression

1. Curb Opening
Type B- 1

2. Grate
Type B- 2

3. Combination ( grate & curb opening) Type B- 3

I

Inlets on Grade with Gutter Depression

1. Curb Opening
Type C- l

2. Grate
Type C- 2

3. Combination ( grate , curb opening Type C- 3

Recessed inlets are identified by the suffix ( R, i. e. : A- l

R) .

Public Works Department review of proposed drainage plan

shall include examination of the supporting calculations.

Computations must- be submitted either as a part of the plans

or on separate tabulations sheets convenient for review and

use of a permanent record in order to speed review.

7. 3 INLETS AND SUMPS

Inlets and sumps are inlets placed in low points of surface

drainage to relieve ponding. Inlets with as- inch

depression located in streets of less than one percent

1. 0\) grade, shall be considered inlets in sumps. The The

capacity of inlets in sumps must be known in order to

determine the depth and width of ponding for a given

discharge. The charts in this section may be used in the

design of any inlet in a sump, regardless of its depth of

depression.

7 . 3. 1 CURB OPENING INLETS AND DROP INLETS

j !
J

General. Unsubmerged curb opening inlets ( Type A- l) and

drop inlets ( Type A- 4) in a. sump where low points are

considered to function as rectangular weirs with a

coefficient of discharge of 3. 0. Their capacity shall be

based on the following - equation:

Q II: 3. 0 y3L

J~-

I
LJ

Q II: capacity in CFS of curb opening inlet or

capacity in CFS of drop inlet

J

Y II: head at the inlet in feet

L .. length of opening through which water enters

the inlet.

Figure 7- 8 provides for direct solution of the above

equation.  Curb opening inlets and drop inlets in sumps have

J
i

t



a tendency to collect debris at their entrances. For this

reason, the calculated inlet capacity shall be reduced by 10

percent to allow for clogging.

7. 3. 2 GRATE INLETS

General. A grate inlet, Type A- 2 or A- S in a sump can be

considered an orifice with the coefficient of discharge of

0. 6. The capacity shall be based on the following

equation:

o = 4. 82 Ag yl/ 2

o & capacity in CFS

Ag = area of clear opening in square feet

y . depth at inlet or head at sump in feet

The curve shown in Figure 7- 9 provides for direct solution

of the above equation.

Grate inlets and sumps have a tendency ~ o clog when flows

carry debris such as leaves and papers. For this reason,

the calculated inlet capacity of a grate inlet shall be

reduced by 25 percent to allow for clogging.

7. 3. 3 COMBINATION INLETS ( TYPE A- 3)

The capacity of a combined inlet Type A- J consisting of a

grate and curb opening inlet in a sump shall be considered

to be the . sum of the capacities obtained from Figures 7- 8

and 7- 9. When the capacity of the gutter is not exceeded,

the grate inlet accepts the major portion of the flow.

Under severe flooding conditions, however, the curb inlet

will accept most of the flow since its capacity varies with

yl. 5. Whereas the capacity of the grate varies as

yO. 5.

Combination inlets and sumps have a tendency to clog and

collect debris at their entrance. For this reason, the

calculated inlet capacity shall be reduced by 20 percent to

allow for this clogging.

7. 4 INLETS ON GRADE WITHOUT GUTTER DEPRESSION

7. 4. 1 CURB OPENING INLETS ( UNDEPRESSED: TYPE 8- 1)

General. The capacity of the curb inlet, like any weir

depends upon the head and length of the overfall. In the

case of an undepressed curb opening inlet, the head at the

upstream end of the opening is the depth of flow in the

gutter. In streets where grades are greater than 1 percent

the velocities are high and the depths of flow are usually

c
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small, as there is little time to develop croSS flow into

the curb openings; therefore, undepressed inlets are

inefficient when used in streets of appreciable slope, but

may be used satisfactorily where the grade is low and ~ he

crown slope high or the gutter channelized. undepressed

inlets do not interfere with traffic and usually are not

susceptible to clogging. Inlets on grade should be designed

and spaced so that 5 to 15 percent of gutter flow reaching

each inlet will carryover to the next inlet downstream,

provided the water carry- over does not inconvenience

pedestrian or vehicular traffic.

The capacity of an undepressed inlet shall be determined by

use of Figures. 7- 10 and 7- 11. An example of the use of

Figures 7- 10 and 1- 11 is included at the end of this

section.

l
oj

i

w

J
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7. 4. 2 GRATE INLETS ON GRADE ( UNOEPRESSEO; TYPE B- 2)

General. . Undepressed grate inlets on grade have a greater

hydraulic capacity than curb inlets of the same length so

long as they remain unclogged. Undepressed inlets on grade

are inefficient in comparison to grate inlets in sumps.

Their capacity shall be the capacity determined from Figure

7- 9 reduced by 15 percent. Grate inlets should be so

designed and spaced so that 5 to 15 percent of the

gutter flow reaching each inlet will carryover to the next

downstream inlet, provided the carry- over does not

inconvenience pedestrian or vehicular traffic.

iJ'

I
1 .

U

Grates shall be certified by the manufacturer as

bicycle- safe. For flows on streets with grades less than 1

percent, little or no splashing occurs regardless of the

direction of the bars.

Vane grate inlets are the recommended grates for best

hydraulic capacity and should be the first grate type

considered on any project. The calculated capacity for a

grate inlet shall be reduced by 25 percent to allow for

clogg in9.

7. 4. 3 COMBINATION INLETS ON GRADE ( UNDEPRESSED: TYPE B- 3)

General. Undepressed combination ( curb opening and grate)

inlets on grade have greater hydraulic capacity than curb

inlets or grate inlets of the same length. Generally

speaking, combination inlets are the most efficient of the

three types of undepressed inlets presented in this manual.

Grates with bars parallel to the curb should always be used.

The basic difference between a combination inlet and a grate

inlet is that the curb opening receives the carryover flow

that falls between the curb and the grate. The recommended

grate of this type is Neenah R- 3065- L curb inlet frame,

grate and curb box or equivalent.
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The capacity of a Type B- 3 inlet shall be considered to be

90 percent of . the sum of the capacities as determined for a

Type B- 1 and Type B- 2 inlet ( allowing reduction due to

clogging).

7. 5 INLETS ON GRADE WITH GUTTER DEPRESSION

7. 5. 1 CURB OPENING INLETS ON GRADE ( DEPRESSED; TYPE C- l)

General. The depression of the gutter at a curb opening
inlet below the normal level of the gutter increases the

cross- flow toward the opening, thereby increasing the inlet

capacity. Also, the downstream transition out of the

depression causes backwater which further increases the

amount of water captured. Depressed inlets should be used

on continuous grades that exceed 1 percent except that their

use in traffic lanes shall conform with the requirements of

Sect'ion VI of this manual. .

The depression depth, width, length and shape all have

significant effects on the capacity. of an inlet. Reference

to Section VI of this manual must be made for permissible
gutter depressions.

The capacity of a depressed curb inlet will be determined by

the use of Figures 7- 10 and 7- 11.

7. 5. 2 GRATE INLETS ON GRADE ( DEPRESSED; TYPE C- 2)

General. The depression of the gutter at a grate inlet

decreases the flow past the outside of a grate. The effect

is the same as that when a curb inlet is depressed, mainly.

the cross slope of the street directs the outer portion of

flow toward the grate.

The bar arrangements for depressed grate inlets on streets

with grades greater than 1 percent greatly affect the

efficiency of the inlet. Grates with longitudinal bars

eliminate splash which causes the water to jump and ride

over the cross bar grates, and it is recommended that grates

have a minimum of transverse cross bars for strength and

spacing only.

For low flows or for streets with grades less than 1

percent, little or no splashing occurs regardless of the

direction of the bars. However, as the flow or street grade

increases, the grate with longitudinal bars becomes .

progressively superior to the cross bar grate. A few small

rounded cross bars, installed at the bottom. of the

longitudinal bars as stiffeners or a safety stop for bicycle

wheels do not materially affect the hydraulic capacity of

longitudinal bar grates. A bicycle safe grate must be used.
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The capacity of a Type C- 2 inlet on grades less than

1 percent shall be the capacity determined from Figure 7- 9.

The - capacity of C- 2 inlets on grades greater than 1 percent

shall be 90 percent of the capacity as determined from

Figure 7- 9.

Grate inlets and depressions have a tendency to clog when

gutter flow carry debris such as leaves and . papers. For

this reason, the calculated inlet capacity of a grate inlet

shall be reduced by 25 percent to allow for clogging.

I

J

7. 5. 3 COMBINATION INLETS ON GRADE ( DEPRESSED; TYPE C- 3)

II

General. Depressed combination inlets ( curb opening +

grate) have greater hydraulic capacity than curb opening

inlets or grate inlets of the same length. Generally

speaking, combination inlets are the most efficient of the

three types of depressed inlets presented in this manual.

The basic difference between a combination inlet and a grate

inlet is that the curb opening receives the carry- ov'er flow

that passes between curb and the grate. A bicycle safe

grate must be used.- Vane grates are the recommended grate.

The recommended grate of this type is Neenah R- 3065- L curb

inlet frame, grate and curb box or equivalent.

The depression depth, width, length and shape all have

significant effect on the capacity of any inlet. Reference

to Section VI -of this manual must be made for permissible

gutter depressions.

The capacity of a C- 3 inlet will be considered to be 90

percent of the some of the capacity of a C- l inlet and a C- 2

inlet ( allowing for reduction due to clogging).

1. 6 USE OF- FIGURES 1- 10 AND 1- 11

Example 1

Given: Street width · 30 feet

JJ

JJ Cross slope · 0 feet

Street grade · 1. 0 percent

Oa inl gutter · 8 CFS

Determine: Capacity of . 10' curb inlet with 2. 5-

depression

Step 1 _ From Figure in Section VI, depth of flow in

gutter is Y = 6. 2ft or 0. 51ft

Step 2 Enter Figure 1- 10 with Y = 0. 51ft and A = 2. 5"

and find corresponding Oa/ La = 0. 56



Step 3 - Compute La: La = 8/ 0. 56 = 14. 3

Step 4 - Compute L/ La = 10/ 14. 3 = 0. 70

Step 5 - Enter Figures 7- 11 with L/ A = 0. 70 and AI! =

0. 41 and find corresponding O/ Oa = 8. 86

Step 6 - Determine 0 from. O/ Oa = 0. 86

o = 8. 6 t8l = 6. 9 CFS

Example 2

Given: Street width = 44'

Cross slope = 0. 4'

Street grade = 0. 6'

Qa in low gutter -= 8 CFS

Determine: Length of undepressed curb inlet required to

intercept 80' of gutter flow ( Q = 6. 4)

Step 1 - From Figure in Section III, depth of flow in

gutter ( y) -= 67Sw or 0. 56 feet

Step 2 - Entering Figure 7- 10 with y -= 0. 56, and a = 0

from corresponding Oa/ La = 0. 28

Step 3 - Determine La: La = 8/ 0. 28 · 28

Step' 4 - Entering Figure 7- 11 with Q/ Qa = 0. 8 and

a/ y -= 0, find corresponding L/ La -= 0. 48

Step 5 - Compute L from L/ La · 0. 48, L -= 28. 6

0. 48) · 13. 7' Use L · IS'

Step 6 - Compute L/ La · 15/ 28 -= 0. 54

Step 7 - Enter Figure 7- 11 with LILa -= 0. 54 and a/ y

0, find correspondingQ/ Oa -= 0. 85

Step 8 - Compute Q from. Q/ Qa · 0. 85

Q = 8 ( 0. 85) -= 6. 8 CFS
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Ii. FollOfll vertl-cally do.m to the line representing Kannlng' s

n of O. Olf,~,

5. Move horizontally across to longItudinal slope S of 0. 03.
o

6. Fol1Of11 vertically do.m to flew spread T of 10 feet <3. 0liBm).

This establishes a horizontal line for the example.

7. WI th the given QI/ Q of 0. 65. enter the upper right of the

chart. follow horizontally . cross to line A or line for. w =~ S

whichever is intersected first: . 
x

8. Hove vertIcally dawn to the lewer margin of the upper right

quadrant where Q./ Q Is 0. 1 and then. diagonally to Intersection wi th

the horizontal lIne in step 6.

9. Follew vertically dawn to find the required inlet length L.;

for the example. 11. 8 feet ( 3. 597m). '

10. The horizontal line in step 6 can be continued to the right

until it intersects the sloping line L3, to find the needed curb

opening to achieve 100~ interception. From intersection with line L)

move vertically down to the 100= inlet length. For the example. this

is )~ feet { 10. 363m).

11. If the length of inlet Is given, enter with that length, move

up to the horizontal line established in step 6, diagonally to Q./ Q ·

0. 1. then vertically t05 ( or line A) and across toQ./ Q. 
I

x . 
I



The cost curve In the lower right corner of Fig. 5- 6. shaws how Inlet

costs may be estimated. It Is based upon 1973 contract prices for

Virginia State Highway Department ~ urb opening Inlets. It can be

useful in consideration of alternate criteria for T and 5 .
x

The maximum Interception per foot ( metre) of Inlet o~curs In the stralgh~

portion of the function In Fig. 5- 5. Since cost Is related to length,

the least cost per cfs (~/ 5) Intercepted, occurs In this range.

As Illustrated In the exemple, the length of Inlet decreases markedly

when QI/ Q is assumed as less than 1. 0. If. slIght increase In spread

T is toler8ble for successive Inlets, the carry- over flow added to the

runoff from the intervening watershed increases the Interception ratio.

Consequently, by the third inlet, all the Intervening flaw is Inter-

cepted. Cost savings can be substantial even when the last inlet Is

sIzed to pick up the total ftaw.
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SECTION VIII STORM SEWER DESIGN

8. 1 General

8. 2 Preliminary Design Considerations

8. 3 Inlet system
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SECTION VIII - STORM SEWER DESIGN

8. 1 GENERAL

All storm drains shall be designed by the application of the

Manning equation either directly or through appropriate

charts or nomographs. In the preparation of hydraulic

designs, a thorough in~estigation shall be made of all

existing structures and their performance of the waterways

in question.

The design of the storm drainage system should be governed

by the following six conditions:

1. The system must accommodate all surface runoff

resulting from selected design storm without serious

damage to physical facilities or substantial

interruptions of normal traff.ic. .

2. Runoff resulting from storms exceeding the design storm

must be anticipated and disposed of with minimum damage

to phy-s-i-eal faci.lities and minimum interruption of

normal traffic.

3. The storm drainage system must have a maximum

reliability of operation.

4. The construction cost of the system must be reasonable

with relationship to the importance of the facilities

it protects.

5. The storm drainage system must require minimum

maintenance and must be accessible for maintenance

operations.

6. The storm drainage system must be adapable to future

expansion with minimal additional costs.

An. example of . the design of the storm drainage system is

outlined in Paragraphs 8. 3 and 8. 4. The , design theory has

been presented in the preceeding sections with corresponding
tables and graphs of information.

8. 2 PRELIMINARY DESIGN CONSIDERATIONS

A. prepare a drainage map of the entire area to be drained

by proposed improvements. Contour maps serve as

excellent area drainage maps when supplemented by field

reconnaissance.

B. Make a tentative layout of the proposed storm system,

locating all inlets, manholes, mains, laterals,

ditches, culverts, etc.
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C.

D.

E.

F.

G.

B.

I.

J.

I .
L.-'

1

wI

jl

l

Outline the drainage area for each inlet in accordance

with present and future street development.

Indicate on each drainage area the size of the area,

the direction of surface runoff by small arroWS and

coefficient of runoff for the area.

Show all existing underground utilities.

Establish design rainfall frequency.

Establish minimum inlet time of concentration.

Establish the typical cross section on each street.

Establish permissible spread of water on all streets

within the drainage area.

Include A. through I. with plans submftted to the

Engineering Department for review. The drainage map

submitted shall be suitable for permanent filing in the

Engineering Department and shall be a good quality

reproducible.

8. 3 INLET SYSTEM

Determining the size and location of inlets is largely a

trial and error procedure. using criteria outlined in

earlier sections of this manual, the followi.ng steps will

serve as a guide to the procedure to be used.

A. Beginning at the upstream end of the project drainage

basin, outline a trial subarea and calculate the runoff

from it.

B. Compare the calculated runoff to allowable street

capacity. If the cal~ ulated runoff is greater than the

allowable street capacity, reduce the size of the trial

subarea. If the calculated runoff is less than street

capacity, increase the size of the trial subarea.

Repeat this procedure until the calculated runoff

equals the allowable street capacity. This is the

first point at which a portion of the flow must be

removed from the street. The percentage of flow to be

removed will depend on street capacities versus runoff

entering the street downstream.

Record the drainage area, time of concentration, runoff

coefficient, and calculated runoff for the subarea.

This information shall be recorded on the plans or in

tabular form convenient for review.

c.

D. If an inlet is to be used to remove water from the

street, size of the inlet( S) and record the inlet



E.

size, amount of intercepted flow, and amount of flow

carried over ( bypassing the inlet).

Continue the above procedure for other subareas urtil a

complete system of inlets has been established.

Remember to account' for carry- over from one inlet to

the next.

F. After a complete system of inlets has been established,

modification should be made to accommodate special

situations such as point sources of large quantities of

runoff, and vari~tion of street alignments and grades.

Record information as in c. and D. for all inlets.

G.

B.' After the inlets have been located and sized, the inlet

pipes can be designed.

I. Inlets pipes are sized to carry the volume of water

intersected by the inlet. Inlet pipe capacities may be

controlled by the gradient available, or by entry

condition into the pipe at the inlet. Inlet pipe sizes

should be determined for both conditions in the larger

size thus determined used. .

8. 4 STORM SEWER SYSTEM

After the computation of the quantity of runoff entering

each inlet, the storm sewer system required to carry off the

runoff is designed. It should be borne in mind that the

quantity of flow to be carried by any particular section of

the storm sewer system is not the sum of the inlet design

quantities of all inlets above that section of the system,

but is less than the straight total. This situation is due

to the fact that as the time of concentration increases the

rainfall intensity decreases.

8. 4. 1 STORM SEWER PIPE

The ground line profile is now used in conjunction with the

previouS runoff calculations. The elevation ~ f the

hydraulic gradient is arbitrarily established approximately

2 feet below the ground surface. When this tenative

gradient is set and the desi'gn discharge is determined, a

Manning flow chart may be used to determine the pipe and

velocity.

It is probable that the tentative gradient will have to be

adjusted at this point since the intersection of the

discharge in the slope on the chart will likely occur

between standard pipe sizes. The smaller pipe should be

used if the design discharge and corresponding slope does

not result in an encroachment on the 2- foot criteria below

the ground surface. If there is an encroachment, use ~ he
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larger pipe which will establish a capacity somewhat in

excesS of the design discharge. Velocities can be read

directly from a Manning flow chart based on a given

discharge, pipe size, and gradient slope.

I .
8. 4. 2 JUNCTIONS, INLETS, AND MANHOLES

A. Determine the hydraulic gradient elevation at the

upstream end and downstream end of the pipe section in

question. The elevation of the hydraulic gradient of

the upstream end of the pipe is equal to the elevation

of the downstream ( hydraulic gradient) plus the product

of the length of the pipe and the pipe gradient.

B. Determine the velocity of flow for incoming pipe ( main

line) at junction, inlet or manhole at design point.

C. Determine the velocity of flow for outgoing pipe ( main

line) at junction, inlet or manhole at design point.

D. Compute velocity head for outgoing velocity ( main line)

at junction, inlet, or manhole at design point. .

E. Compute velocity head for incoming velocity ( main line)

at junction, inlet or manhole at design point.

F. Determine head loss coefficient wK- at junciton, inlet,

or manhole at design point from Tables 3- 4, 3- 5, 3- 6,

or Figures 3- 10, 3- 11.

G. Compute head loss at junction, inlet, or manhole.

hj . Kj ( v22 - V12)/ 2g

B. Compute hydraulic gradient at upstream end of junction

as if junction were not there.

J

I. Add head loss to hydraulic gradient elevation

determined to obtain hydraulic gradient elevation at

upstream end of junction. .

All information shall be recorded on the plans or in tabular

form convenient for revie~~
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SECTION IX - OPEN CHANNEL FLOW

9. 1 GENERAL

Open channels for use in the major drainage system have

significant advantage in regard to cost, capacity, multiple

use for recreational and aesthetic 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.

Open channels may be used in lieu of storm sewers to convey

storm runoff where:

1) Sufficient right- of- way is available;

2) Sufficient cover for storm sewers is not available;

3) To maintain compatibility with existing or proposed

developments; and

4) Where economy of construction can be shown without

long- term public maintenance expenditures.

Intermittent alternating reaches of opened and closed

systems should be avoided. Closed systems are preferred

due to the inherent hazard of open channels and urban areas

and the tendency for trash to collect in open channels.

The ideal channel is a natural one carved by nature of a

long period of time. The benefits of such a channel are

that:

i
I

L_

II
LJ

1) Velocities are usually low, resulting in longer

concentration times and lower downstream peak flows.

2) Channel storage tends to decrease peak flows.

3) Maintenance needs are usually low because the channel

is somewhat stabilized.
LJ

JJ

J

J

4) The channel provides a desirable green belt and

recreational area adding significant social benefits.

Generally speaking, the natural channel or the man- made

channel which most nearly conforms to the character of the

natural channel is the moat efficient and the most

desirable.

J

J

J

The City has adopted an ongoing ditch maintenance program

that is based upon comprehensive field inventories and

analysis, and a system of establishing priorities based upon

flooding potentials.



In many areas facing urbanization, the runoff has been so

minimal that natural channels do not exist. However, a

small trickle path nearly always exists which provides an

excellent basis for location and construction of channels.

Good land planning should reflect even these minimal tr~ckle

channels to reduce development cost and minimize drainage

problems. In most cases, ' the prudent utilization of natural

water routes in the development' of major drainage system'

will reduce the requirements for an underground storm sewer

system.

Channel stability is a well recognized problem in urban

hydrology because of the significant increases in low flows

and peak storm runoff flows. A natural channel must be

studied to determine the measures needed to avoid future

bottom scour and bank cutting. Erosion control measures can

be t, ken at a reasonable cost which will preserve the

natural appearance without sacrificing hydrologic
efficiency. This also helps reduce public cost and

maintaining the channel in the future.

For safety purposes, open channels should be fenced or

graded to reduce potential injury to the public. Sufficient

right- of- way or permanent easements should be provided

adjacent to open channels to allow entry of City maintenance

vehicles.

9. 2 DESIGN CRITERIA

Open channels shall be designed to the following crit~ria:

9. 2. 1 DESIGN STORM

1) Minor design storm - lO- year

2) Central Business District - SO- year

3) Major Storm - lOO- year

9. 2. 2 CHANNEL DISCHARGE - MANNING' S EQUATION

Careful attention must be given to the design of drainage

channels to assure adequate capacity and minimum maintenance

to overcome the results of vegetative growth, ero~ ion, and

silting. The hydrologic characteristics of channels shall

be determined by Manning' s equation.

Q . ~ A R2/ 3 51/ 2

n

o · Total discharge and CF5

n . Coefficient of roughness

A = Cross- sectional area of channel ( square feet)
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R = Hydrologic radius of channel ( feet)

S = Slope of the frictional gradient ( feet per

foot)

I

I ]

j

For a given channel condition of roughness, discharge and

slope, there is only one possible depth for maintaining a

uniform flow. This depth is the normal depth. When

roughness, depth. and slope are known at a channel section,

there can only be one discharge for maintaining a uniform

flow through the section. This discharge is the normal

discharge.

If the channel is uniform and resistance and gravity forces

are in exact balance, the water surface will be parallel to

the bottom of the channel. This is the condition of uniform

flow.

j

I j

Uniform flow is more often a theoretical abstraction than an

actuality. True uniform flow is difficult to find in the

field or to obtain in the laboratory. Channels are

sometimes designed on this assumption that they will carry

uniform flow at the normal depths, but because of conditions

difficult if not impossible to evaluate and hence not taken

into account, the flow will actually have. depths

considerably different from uniform depth. The engineer

must be aware of the fact that uniform flow computation

provides only an approximation of what will occur; however,

such computations are useful and necessary for planning.

The normal depth is computed so frequently that it is

convenient to use nomographs for such types of cross

sections to eliminate the need for trial and error

solutions, which are time- consuming. A nomograph for

uniform flow is given in Figure 9- 1. .

Open channel flow in urban drainage systems is usually

nonuniform because of bridge openings, curbs, and

structures. This necessitates the use of backwater

computations for all final channel design. work.

LI

L1

U

J

J,

J

jl

J/

l

A water surface profile must be computed for all channels

and shown on all final drawings. computation of the water

surface profile should utilize standard backwater methods or

acceptable computer routines, taking intO consideration all

losses due to the changes in velocity, drops, bridge

openings, and other obstructions.

Channels should have trapezoidal sections of adequate

cross- sectional areas to take care of uncertainties and

runoff estimates, changes in channel coefficients, channel

obstructions, and silt accumulations.
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Accurate determinations of the " n" value is critical in

analysis of the hydraulic characteristics of a channel.

n" value of each channel reach should be based on

experience and judgment with regard to the individual

channel characteristics. Table 9- 1 gives a method of

determining the composite roughness coefficient based on

actual channel conditions.

the

The

I- I

Where practicable, unlined channels should have sufficient

gradient, depending upon the type of soil, to provide
velocities that will be self- cleaning but will not be so

great as to create erosion. Lined channels, drop

struc.tures, check dams, or concrete spillways may be

required to control erosion that results from the high

velocities of large volumes of water. Unless approved
otherwise by the Director of Engineering, channel velocities

and man- made channels shall not exceed 6 feet per second.

Where velocities in excess of 6 feet per second are

encauntered, riprap, pavement, or other approved protective
measures shall be required. As minimum protection to reduce

erosion all open channels slopes shall be seeded or sodded

as soon after grading as possible.

9. 2. 3 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 to create additional benefits.

1) Side Slope

J3-

Except in horizontal curves, the flatter the side

slope, the better. Normally, slopes shall be no

steeper than 3: 1, which is also the practical limit for

mowing equipment. Rock or concrete lined channels or

those that for other reasons do not require slope
maintenance may have slopes as steep as 1 1/ 2: 1, or

designed rectangular if walls are structurally

designed.

2) Depth

J

Deep channels are difficult to maintain and can be

hazardouS. Constructed channels should, therefore, be

as shallow as practical.

3) Bottom Width

J Channels with narrow bottoms are difficult to maintain

and are conducive to high velocities during high flows.

It is desirable to design open channels such that the

bottom width is at least twice the depth.J

J
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Table 9- 1

Computation of Composite Roughness Coefficient

For Excavated and Natural Channels

oJ

n4

ft - ( Do . ft. . Dt . n~ · n.) m

Channel Conditions Value

Earth
0.020

Rackcul
n.U2.:;

Fine Gravel 0.024

Coarae Gravel 0.028

Smooth 0.000.

Minor u.OO5

Moderate 0.010

Severe
0.020

Gradual 0.000

Alternating
Oc:cuionally

n.OO5

Altematin<<
Frequentl)' (

1.01 D-0.015

Negligible . 0.000

Minor O.OID-O. OIS

Appreciable 0.U20-0.030

Severe
11.040.0.060

Low
n.no~ O. OI 0

Medium ( 1.01 (J.().02.:;

Hitth
0.~ 0.050

Very Hi<<h n.OSo.o. IOO

Minor 1. 000.1. 200

Appreciable I .200-1. 500

Severe I. SOO

J__

Material Involved

nU

r-

J__

1

Dettree of

Irregularity

nl

l
r

J
L.

Variation of Channel
Cross Section

nl)

Relative Effect

Of Obstructions
n:,

I

1

Roughness Coefficient For Lined Chann" l..

Concrete Lined. n = (1.017

Rubble RipRap . n = 0.022

J/H*" Chan",'/ HydrauliC' s

Ven Tt" Chuw. Ph. D.

lL

r

l
L
L
f'"

O.--

t.

Vegetation

Degree of

Meandering
m.



4) Bend Radius

Twenty- five ( 25) feet or ten ( 10) times the bottom

width, whichever is larger, is the minimum bend radius

required for open channels.

5) Trickle Channels

The low flows, and sometimes base flows, from urban

areas must be given specific attention. If erosion of

the bottom of the channel appears to be a problem, low

flows shall be carried in a paved trickle channel which

has a capacity of. 5. 0 percent of the design peak flow.

Care must be taken to ensure that low flows enter the

trickle channel without the attendant problem of the

flow paralleling the trickle channel.

6 ) Freeboard

For channels with flow at high velocities, surface

roughness, wave action, air bulking, and splash and

spray are quite erosive along the top of the flow.

Freeboard height should be chosen to provide a. suitable

s.afety margin. The height of freeboard should be a

minimum of l- foot, or provide an additional capacity of

appoximately one- third of the design flow. For deep

flows with high velocities, one may use the formula:

Freeboard ( in feet) c 1. 0 + 0. 025 V 01/ 3, where

I
L

u

lJ

v c Velocity of flow

o c Depth of flow

For the freeboard of a channel on a sharp curve, extra

height must be added to the outside bank or wall in the

amount:

H c v2 ( T+B)

2gR

U H c Additional height on outside edge of

channel ( feet)

J

JI

JI

JI

JI

V c velocity of flow in channel ( feet per

sec. )

T - Width of flow at water surface ( feet)

B c Bottom width of channel ( feet)

R _ Centerline radius of turn ( feet)



g c Acceleration of gravity ( 32. 2 feet per

sec. 2)

If R is equal or greater than 3 x B, additional

freeboard is not required.

7) Connections

Connections at the junction of two or more open channels

shall be smooth. Pipe and box culvert or sewers entering an

open channel will not be permitted to project into the

normal channel section. Nor will they be permitted to enter

an open channel at an angle which would direct flow from the

culvert or sewer upstream in the channel.

9 . 3 CHANNEL DROP

The use of channel drops permits adjustment of channel

gradients which are too steep for the design conditions. In

urban drainage work, it is often desirable to use several

low head drops in li~u of a few higher drops.

The use of sloped drops will generally result in lower cost

installation. Sloped drops can easily be' designed to fit

the channel topography.

Sloped drops shall have roughened faces and shall be no

steeper than 2: 1. They shall be adequately protected from

scour, and shall not cause an upstream water surface drop

which will result in high velocities upstream. Side cutting

just downstream from the drop is a common problem which must

be protected against.

The length L. will depend upon the hydraulic characteristics

of the channel and drop. For a Q of 30 cubic feet per

second/ feet, L would be about 15 feet, that is, about 1/ 2 of

the Q value. The L should not be less 10 feet, even for low

Q values. In addition, follow- up riprapping will often be

neoessary at mos.t drops to more fully protect the banks and

channel bottom. The criteria given is minimal, based on the

philosophy that it' s less costly to initially under protect

with riprap, than to place additional protection after

erosional tendencies are determined in the field. Project

approvals are to be based on - provisions for such follow- up

construction.

9. 4 BAFFLE CHUTES

Baffle chutes are used to dissipate the energy in the flow

at a larger drop. They require no tailwater to be

effective, they are partially useful where the water surface

upstream is held at a higher elevation to provide head for

filling a side storage pond during peak flows.
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Baffle chutes are used in channels where water is to be

lowered from level to another. The baffle piers prevent

undue acceleration of the flow as it passes down the chute.

Since the flow velocities entering the downstream channel

are low, no stilling basin is needed. The chute, on a 2: 1

slope or flatter, may be designed to discharge to 60CFS per

foot per foot of width, and the drop may be as high as

structurally feasible. The lower end of the chut is

constructed to below stream bed level and backfilled as

necessary. Degradation of the streambed does not,

therefore, adversely effect the performance of the

structure. In urban drainage design, the lower end should

be protected. from the scouring action.

1:

The baffled apron shall be designed for the full discharge

design flow. Baffle chutes shall be designed using

acceptable methods such as those presented by A. S. Peterka

of the united States Bureau of Reclamation a~ d Engineering

Nom09raph No. 25.

9. 5 STRUCTURAL AESTHETICS

I
J
L....i

The use of hydrologic structures in the urban environment

requires an approach not encountered elsewhere in the design

of such structures. The appearance of these structures is

very important. The treatment of the exterior should not be

considered of minor importance. Appearance must be an

integral part of the design.

Parks. It must be remembered that structures are often the

only above- ground. indication of the underground works

involved in an expensive project. Furthermore, parks and

green belts may later be developed in the area in which the

structure will play a dominant environmental role.

Pla~ areas. An additional consideration is that the

dra1nage structures offer excellent opportunities for

neighborhood children to play. It is almost impossible to

make drainage works inaccesible to children, and there~ore,

what is constructed should be made as safe as is reasonaby

possible. Safety hazards should be minimized and . vertical

drops protected with decorative fencing or rails.

Concrete service treatment. The use of textured concrete

presents a pleasing appearance and removes form marks.

Exposed aggregate concrete is also attractive but may

require special control of aggregate used in the concrete.

J

JI

J,-

Rails and fences. The use of rails and fences along

concrete walls provides a pleasing topping to an otherwise

stark wall, and yet gives a degree of protection against

someone inadvertently falling over the wall.



9. 6 COMPUTATION FORMAT

Figure 9- 2 is to be used for open channel design.

The steps to follow an open channel design are~

1. List all the design data ( i. e., location, area, runoff

coeffici"ents, typical section, slope, etc.).

2. Determine the initial time of concentration ( To).

3. Estimate travel time ( Td) through study reach and

add to initial time of concentration to obtain time

concentration ( Tc) at lower end of study reach.

4. Determine the discharge for the design storm using

Tc) ·

S. Enter the appropriate channel. design chart with the

discharge in the slope to find the velocity and depth

of flow.

6. Check the estimated travel time against the calculated

velocity.

A. If the estimated travel time is comparable to the

calculated travel time (+ 1. 0 min~) proceed to

Step 7. -

If the estimated travel time does not check with

the calculator travel time, repeat Steps 3- 6

until an agreement is reached.

7. If excessive velocities or water depths are determined,

select another typical section, revise channel grade,

or revise lining and repeat Steps 3- 7.

B.

B. Similar calculations are to be made to determine

operational characteristics - freeboard, velocity, etc.

9. 7 CHANNEL LINING DESIGN

9. 7. 1 UNLINED CHANNELS

The design charts for unlined channels ( bare soils) are

based on tests on 10 different classes of soils, ranging

from cohesive clays to nonchesive sands and gravels. These

are Figures 9- 3 and 9- 4, Generally, sandy, noncohesive

soils tend to be very erodible, the large grained gravel

clay- silt mixtures are erosion resistant, and the mixtures

of sand, clay, and colloids are moderately erodible.

9. 7. 2 TEMPORARY LININGS

Temporary linings are flexible coverings used to protect a

channel until permanent vegetation can be established ! Jsing
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seeding. For the most part, the materials used are

biodegradable. Listed below are some of the temporary

linings that can be used, which are established in the

charts for this section. Among the factors which ShOllld be

known in order to use these are hydraulic radius, soil

condition, and channel slope. When one or all of these

factors are known, then a flow velocity or maximum flow

depth can be determined from these charts.

1. * Fiber Glass Roving
2. * Jute Matting
3. * wood Fiber

Refer to the Arkansas Highway and Transportation
Department' s Standard Specifications for material

descriptions and . construction methods.

9. 7. 3 GRASS LINING

Seve~ al different types of vegetal covers are listed and

grouped according to degree to retardance in Table 9- 2.

Tbis table can be used in conjunction with seeding

specifications in tbe Department' s Standard Specifications,
and Figures 9- 14 through 9- 21 determine flow velocities or

maximum flow deptbs given such factors as channel slope,

hydraulic radius, "and/ or soil types. Table 9- 3 is

relatively good source to check permissible velocities for

different types of grass linings in channels.

9. 7. 4 ROCK RIPRAP

The resistance of random riprap to displacement by moving

water depends upon:

1. Weight, size, shape and composition of the individual

stones.

2. The gradation of the stone.

3. The depth of water over the stone blanket.

4. The steepness and s~ abili ty of the protected ' slope and

angle of repose of riprap.

5. The stability and effectiveness of the filter blanket

on which the stone is placed.

6. The protection of toe and terminals of the stone

blanket.

The size of stone needed to protect a streambank or highway

enbankment from erosion by a current moving parallel to the

embankment is determined by the use of Figures 9- 22, 9- 23,

and 9- 24.
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When rock riprap is used, the need for an underlying filter

material must be evaluated. The filter material may be

either a granular blanket or plastic filter cloth.

9. 8 DESIGN OF GRANULAR FILTER BLANKET

For a granular filter blanket, the following criteria should

be me t :

L

015 filter
5< 015 filter

40

085 base 015 base

and

D50 filter 40

050 base

In the above relationships, fiiter refers to the overlying

material and base refers to the underlying material. The

relationships must hold between the filter blanket and base

material and the riprap and filter blanket. Reference 12

contains a detailed procedure for the design of a filter

blanket. .

9. 9 CONCRETE

Concrete lined channels provide high capacities, but also

have high outlet velocities so erosion problems become

evident and must be deal t wi.th. Since no scour occurs in

rigid linings for the velocities normally encountered in

drainage" design, no curves are necessary. capacity Figures

9- 25 through 9- 30 related velocity and discharge to the

channel geometry, slope and resistance. The Manning

equation may be solved by trial and error by the trapezoidal

channel charts.
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SECTION X EROSION AND SEDIMENT CONTROL

10. 1

10. 2
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1. purpose
2. Grading and Drainage plans
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5. other Permitting Requirements
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1. Chemical Stabilization

2 . Filter strips .
3. Permanent Seeding and planting

4. Preservation of Natural Vegetation
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7. subsurface Drain

8 . Temporary Seeding
Erosion control Methods . 
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1. Buffer Zone

2. Diversion Dike

3. Drainage Swale
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9. Pipe Slope Drain

10. Surface Roughening
Siltation and Sediment Control
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1. Check Dams
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3 . silt Fence

4 . Sediment Trap
5. storm Drain inlet Protection

6. Temporary Sediment Basin

7. Temporary Storm Drain Diversion
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1. Oust control

2. HazardOUS Products

3. Off- site. Vehicle TraCking of Sediment
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10. 6 DESIGN OF EROSION AND SEDIMENT CONTROLS - continued

3. Siltation & Sediment Controls Example # 2 - continued

St~p Thr~~ - continued

E.) A stormwater diversion, in this example a straw bale

barrier, is placed south of the disturbed area to

intercept construction runof f and direct it toward the

gravel/ stone filter berm, then on to the undisturbed

buffer zone.

F.) Both the gravel/ stone filter berm and the buffer zone are

designed to direct sheet flow across the undisturbed

portion of the site. This reduces runoff velocity, traps

sediment and increases infiltration of runoff to the

existing soil and vegetation.

Figure # 3 on the following page shows the placement of the

above controls with respect to critical site features.
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10. 6 DESIGN OF EROSION AND SEDIMENT CONTROLS - continued

3. siltation & Sediment Controls Example # 2 - Figure # J

CC\ Si::;UCT STORM DRA~!~ H~LET
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11~: L.~

10- 37 J

C' L- L-- ,..-..,.,.... C":".-.. - C'.......... OSr'D
I

I I ~ I r'T"" _, I:' 
I.. '_ \ '

E' I :"'\ Lo r c-

c.. - C- ...- TO ,..-_. ~ N- "':: lOSION
1,-, 

i-< ':"' :;J ;-:-:"_ I t.., .

CONTRAC1TR TO ~~:: VEI~T

OFF- SIT~ 7~~ CK]\ G.PROPOSED
2~- CMP CUL VERT

QPERTY 3GUNDARY

T ; .LE~lST!N ' 24. C1F S~ 1./1 "';<:,,~\ I"'Ls.... . - - ~

I J 0 . ____ ......-

I 1
i
I

o

L/'I

i-

S

PROPOSED

PARKING CRO~ r-.S~ r'I
I . I ." _~

Q;Ui! DiN'G

6

PROPOSED
SD . I~ LET

L TE~

t.-

t"

0,"

S,'
r"

I
I

I

r"
o,J

I

r. ,- =--

C ~ ::), = .: :: ::: J :=- = t: ~ ~ !..:: ~ - :: - ::

r-.:' :.. E ~~.. ~ 0;:. ~.c.=~~ '..; --
t. ..:.. -::--

T
I

I i -= 50'

C
w
0:::;
I:

C
W
c:l
a:

t:::::>
w ~

0:::;-
c::C

a
Co

w-J
Jl.,;J

CC

lr
at:::

cw
c::c:l

z
0

u~

Q
z

t!')

we

I

i
j-

I

i

I

I
r
I

IIL..

J..

I
i!

i..L

I ;

i j

i....

f

I !

l-L.,
r

R:~/ S': i1

i



10. 7

r

I

I
I

JJ

l

APPENDICES

A - GRADING AND DRAINAGE PLAN CHECKLIST
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APPENDIX A - GRADING AND DRAINAGE PLAN CHECKLIST

APPLICATIONS TO THE PLANNING COMMISSION FOR PLANNED UNIT

DEVELOPMENTS, CONDITIONAL USE PERMITS, SITE PLAN REVIEW,

SUBDIVISIONS OR MULTIPLE BUILDING SITE APPROVALS:

A S1{~ CH G'RAnTNG ANn n'RATNAGF. PLAN TS ' REOUT'R~ n iF;

1) CUT OR FILL ACTIVITY GREATER THAN FIFTEEN ( 15) VERTICAL

FEET IS INVOLVED, OR

2) CUT OR FILL VOLUME EQUAL TO OR GREATER THAN 3, 000 CUBIC

YARDS IS INVOLVED, OR

3) CLEARING EXCEEDS ONE ( 1) ACRE IN AREA, OR

4) CLEARING WILL OCCUR ON ANY LAND WITHIN THE 100- YEAR

FLOODPLAIN BOUNDARY. " "

APPLICATIONS FOil AGB. ICUL'1'URAL USES OB." FOllESTB. Y ACTIVITIES ON

LAND OWNED BY FOllEST- llELA'1'ED INDOSTltIES:

s~ t:'RflnTNt: ANn n'RATNflG~ Py, flN TS ' R'F. nUT'R'F.O TFi

1) CLEARING EXCEEDS ONE ( 1) ACRE IN AREA, OR"

2) CLEARING WILL OCCUR ON ANY LAND WITHIN THE 100- YEAR

FLOODPLAIN BOUNDARY.

APPLICATIONS FOR BUILDING PERHITS:

A ~~ Ml'T .'F.TF. G'RflDTNG flNO D'Rfl TNflG~ PT~flN T S ' R'F.~ tJT'R'F.D iF;

1) CUT OR FILL ACTIVJ:TY" GREATER THAN FIFTEEN ( 15) VERTICAL

FEET IS INVOLVED, OR

2) CUT OR FILL VOLUME EQUAL TO OR GREATER THAN 3, 000 CUBIC

YARDS IS INVOLVED# OR

3) CLEARING EXCEEDS ONE ( 1) ACRE IN AREA, OR

4) CLEARING WILL OCCUR ON ANY LAND WITHIN THE 100- YEAR

FLOODPLAIN BOUNDARY.

SITE PLANS WHICH DO NOT HEET THE CRITERIA FOR A GRADING. AND

DJlAINAGE PLAN SET FORTH ABOVE HUST INCLUDE CERTIFICATION FROH

THE ARCHITECT AND/ OR ENGINEER THAT THE CRITERIA ARE NOT

APPLICABLE ' 1'0 THE PROPOSED DEVELOPHEN'1'. FAILtJRE ' 1'0 PROVIDE

CERTIFICATION WILL RESULT. IN THE PLAN BEXNG REJECTED BY THE

CITY ENGINEER.

A - 1
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APPENDIX A - GRADING AND DRAINAGE PLAN CHECKLIST - continued

SKETCH GRADING AN~ DRAINAGE PLAN REQUIREMENTS

A SKETCH GRADING AND DRAINAGE PLAN MUST IDENTIFY AND/ OR

INCLUDE THE FOLLOWING INFORMATION:

1) ACREAGE OF THE PROPOSED PROJECT,

2) LAND AREA TO BE DISTURBED,

3) STAGES OF GRADING · SECTIONS TO BE DISTURBED AND SEQUENCE,

4) EXTENT OF CUT AND FILL - INDICATE HEIGHT AND SLOPE,

5) PROVISIONS FOR COLLECTING AND DISCHARGING SURFACE. WATER, &

6) EROSION AND SEDIMENT CONTROL MEASURES TO BE USED.

SKETCH GRADXNG AND DRAXNAGE PLAN REQUXRES THE SXGNATURE OF

A REGXSTERED ENGXNEER, ~ CEXTECT OR LANDSCAPE ARCHX~ EC~ WHXCH

CEltTXFXES ' nlAT THE PLAN COHPLXES WX'l'E HtJNXCXPAL CODE

IlEQ'OmEHENTs.

P~ S FOR ~ EAS OF LESS THAN FXVE ( 5) ACRES WHEltE VERTICAL C~

AND FXLL EEXGET no NOT EXCEED FIFTEEN ( 15) FEET HAY BE

PUPAJlED BY ~ CONTRACTOR OR THE PROPERTY OWNER.

Pu.NS FOR AREAS wEllE ONLY nEE CLEAllXNG IS INVOLVED HAY BE

PREPAJlED BY DE CONTRACTOR OR THE . PROPERTY OWlfER.

SXE~ CH PLANS nXCH DO NOT CONTUN ~ HE HXlaHtJM XNFORHATXON SET

FOllH ABOVE WXLL BE llEJECTED BY THE CITY ENGXNEEll.

A - : 2
R: 3/-9 ~



APPENDIX B - SOIL LOSS CALCULATION TABLES

SYMBOL

Cr

Bs

Bu

CMC

CMF

LRE

MoO

SfC

LRE

LkC

LnC

MuD

HuE

StC

StD

SuC

CMC

CMF

CaC

CaD

CbC

CbD

La

Me

No

3 - 8 GR- S:rL

8 - 12 GR- S:rL

o - 1 S:r C

o - 1 SIC

o - 1 SICL

CONTINUED ON NEXT PAGE)

FS - Fine .Sana

SIC - Silty Clay
SICL - Silty Clay Loam

SL - Silt Loam

TABLE 10- 1

SOIL ERODIBILITY FACTOR

SLOPE RANGE

Percent)

o - 2

o - 2

0- 1

3 - 12

12 - 40

SOIL

NAME

Crevasse

Bruno

Bruno

Mountainburg
Mountainburg

Mountainburg
Mountainburg
Saffell
Linker
Linker

12 - 25

3 - 12

3 - 8

12 - 25

3 - 8

Linker

Mountainburg
Mountainburg
Smithaale
Smithdale

3 - 8

3 - 12

12 - 40

3 - 8

8 - 12

Smithdale
Carnasaw

Carnasaw

Carnasaw

Carnasaw

3 - 8

3 - 12

12 - 40

3 - 8

8 - 12

Carnasaw

Carnasaw

Latanier
Morelana
Norwooa

LEGEND: C-=

GR- FSL -

GR- SIL -

ST- FSL -

Clay
Gravelly Fine sandy Loam

Gravelly Silt Loam

Stony Fine Sandy Loam

K

SOIL

TEXTURE

FS

SL

SL

ST- FSL

ST- FSL

ST- FSL

ST- FSL

GR- FSL

GR- FSL

GR- FSL

GR- FSL

FSL

FSL

FSL

FSL

FSL

GR- S:rL

GR- SIL

GR- S:rL

GR- S:rL

K

FACTOR

0. 15

0. 17

0. 17

0. 17

0. 17

0. 17

0. 17

0. 20

0. 24

0. 24

0. 24

0". 24

0. 24

0. 28

0. 28

0. 28

0. 32

0. 32

0. 32

0. 32

0. 32

0. 32

0. 32

0. 32

0. 32

SOURCE: USDA S01.1 Conservat1on Serv1ce - pulask1 County.
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APPENDIX A - GRADING AND DRAINAGE PLAN CHECKLIST - continued

COMPLETE GRADING AND DRAINAGE PLAN REQUIREMENTS - continued

12) SITE PLAN REQUIREMENTS - continued

DEVELOPMENT,
DATES FOR

GRADING WHICH

SEDIMENTATION

AN APPROXIMATE TIMING SCHEDULE FOR

INCLUDING THE START AND COMPLETION

DEVELOPMENT AND A TIMING SCHEDULE FOR THE

INCLUDES THE APPLICATION OF EROSION AND

CONTROL MEASURES,

G) IDENTIFICATION OF UNUSUAL MATERIAL OR SOILS IN LAND

AREAS T.O BE DISTURBED,

H) IDENTIFICATION OF SUITABLE FILL MATERIAL ( NOTE TYPE

AND SOURCE OF OUTSIDE FILL MATERIALS) ,

SPECIFICATIONS TO CONTROL RUNOFF,

SEDIMENTATION DURING CONSTRUCTION,

J) SPECIFICATION OF MEASURES TO PROTECT NEIGHBORING BUILT-

UP AREAS AND THE MUNICIPAL STORM SEWER DURING

CONSTRUCTION,
PROVISIONS TO STABILIZE SOILS AND SLOPES AFTER

COMPLETION OF IMPROVEMENTS, NOTING WHEN AND WHERE

CONTROLS WILL BE PLACED.

F)

EROSION AND

I)

K)

ntE COMPLETE GRADING AND DRAINAGE PLAN REQ'OIRES '!' HE SIGNAT'ORE

OF A REGISTERED ENGINEER WHICH CERTIFIES THAT THE PLAN

COMPLIES WITH Ht1NICIPAL CODE REQUIREMENTS.

ntE SEAL OF A REGISTERED ARCHITECT OR LANDSCAPE ARCHITECT WILL

BE ACCEPTED IF ALL REQUIRED BO'ONDARY STREET AND DRAINAGE

XHPROVEHEN'l'S . ARE IN PLACE.

COHPLETE p~ S WHICH DO NOT CON'rAIN THE HINIHtJH INFORHATION

SET FORTH POVE WILL BE REJECTED BY THE CITY ENGINEER.

A - 4

R: 3/ 94



APPENDIX B - SOIL LOSS CALCULATION TABLES

SYMBOL

Cr

Bs

Bu

CMC

CMF

LRE

MoD

SfC

LRE

LkC

LnC

MuD

MuE

StC

StD

SuC

CMC

CMF

CaC

CaD

CbC

CbD

La

Me

No

3 - 8 GR- S:rL

8 - 12 GR- S:rL

o - 1 S:r C

o - 1 SIC

o - 1 SICL

CONTINUED ON NEXT PAGE)

FS - Fine ' Sana

SIC - Silty clay
SICL - Silty clay Loam

SL - Silt Loam

SOIL

TABLE 10- 1

ERODIBILITY FACTOR

SLOPE RANGE

Percent)

o - 2

o - 2

0- 1

3 - 12

12 - 40

SOIL

NAME

Crevasse

Bruno

Bruno

Mountainburg
Mountainburg

Mountainburg
Mountainburg
Saffell
Linker
Linker

12 - 2S

3 - 12

3 - 8

12 - 2S

3 - 8

Linker

Mountainburg
Mountainburg
Smithaale
Smithdale

Smithdale
Carnasaw

Carnasaw

Carnasaw

Carnasaw

3 - 8

3 - 12

12 - 40

3 - 8

8 - 12

3 - 8

3 - 12

12 - 40

3 - 8

8 - 12

Carnasaw

Carnasaw

Latanier
Morelana

Norwood

LEGEND: c-

GR- FSL -

GR- SIL -

ST- FSL -

Clay
Gravelly Fine Sandy Loam

Gravelly Silt Loam

Stony Fine Sandy Loam

K

SOIL

TEXTURE

FS

SL

SL

ST- FSL

ST- FSL

K

FACTOR

0. 15

0. 17

0. 17

0. 17

0. 17

ST- FSL

ST- FSL

GR- FSL

GR- FSL

GR- FSL

GR- FSL

FSL

FSL

FSL

FSL

FSL

GR- S:rL

GR- SIL

GR- SIL

GR- SIL

0. 17

0. 17

0. 20

0. 24

0. 24

0. 24

0'. 24

0. 24

0. 28

0. 28

0. 28

0. 32

0. 32

0. 32

0. 32

0. 32

0. 32

0. 32

0. 32

0. 32

SOURCE: USDA S011 Conservatlon Servlce - Pulaskl County.
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I APPENDIX B - SOIL LOSS CALCULATION TABLES - continued

i
J

U

IJ

U

J

u

1

I
J

J

fJ

J

J

t

TABLE 10- 1 ( CONTINUED)

SOIL ERODIBILITY FACTOR - K

SOIL SLOPE RANGE SOIL K

SYMBOL NAME ( Percent) TEXTURE FACTOR

Pe Perry
o - 1 C 0. 32

pu Perry
0- 1 C 0. 32

RpB Perry
0- 3 C 0. 32

SgB Sallisaw 1 - 3 GR- SIL 0. 32

SgC Sallisaw 3 - 5 GR- SIL 0. 32

ShC Sallisaw 3 - 5 GR- SIL 0. 32

TaB . . Tiak 1 - 3 FSL 0. 32

TuC Tiak 3 - B FSL 0. 32

Re Rexor o - 2 SIL 0. 37

Rf Rexor
o - 2 SIL 0. 37

SKC Sallisaw 2 - 6 SIL 0. 37

Am Amy
o - 1 SIL 0. 43

Ao Amy
o - 1 SIL 0. 43

ApB Amy
o - 1 SIL 0. 43

Au Amy o - 1 SIL 0. 43

GeB Guthrie o - 2 SIL 0. 43

GeB Leac;1vale o - 3 SIL 0. 43

Ko Keo o - 1 SIL 0. 43

Ku Keo o - 1 SIL 0. 43

LdB Leadvale 1 - 3 SIL 0. 43

LdC Leadvale 3 - B SIL 0. 43

LeB Leadvale 1 - 3 SIL 0. 43

LeC Leadvale 3 - B SIL 0. 43

RmA Rilla o - 1 SIL 0. 43

bC Rilla 3 - 5 SIL 0. 43

RpB Rilla 0 - ' 5 SIL 0. 43

RuA Rilla o - 1 SIL 0. 43

SKC Leadvale : 2 - S SIL 0. 43

Wt Wrightsville 0 - 1 SIL 0. 49

Wu wrightsville 0 - 1 SIL 0. 49

LEGEND: C .. Clay
FS .. Fine Sand

GR- FSL .. Gravelly Fine Sandy Loam SIC .. Silty Clay

GR- SIL .. Gravelly Silt Loam SICL -= Silty Clay Loam

ST- FSL .. Stony Fine Sandy Loam SL -= silt Loam

SOURCE: USDA 5011 conservation SerV1ce - pulaski County.
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APPENDIX B - SOIL LOSS . CALCULATION TABLES - continued

TABLE 10- 2

TOPOGRAPHIC FACTOR ( LS)

FOR SPECIFIC COMBINATIONS OF SLOPE LENGTH AND STEEPNESS

PERCENT
SLOPE LENGTH

25 50 75 100 150 200 300 400 500

0. 2 . 060 . 069 . 075 . 080 . 086 . 092 . 099 . 105 . 110

0. 5 . 073 . 083 . 090 . 096 . 104 . 110 . 119 . 126 . 132

0. 8 . 086 . 098 . 107 . 113 . 123 . 130 . 141 . 149 . 156

2 . 133 . 163 . 185 . 201 . 227 . 248 . 280 . 305 . 326

3 . 190 . 233 . 264 . 287 . 325 . 354 . 400 . 437 . 466

4 . 230 . 303 . 357 . 400 . 471 . 528 . 621 . . 697 . 762

5 . 268 . 379 . 464 . 536 . 656 . 758 . 928 1. 07 1. 20

6 . 336 . 476 . 583 . 673 . 824 . 952 1. 17 1. 35 1. 50

8 . 496 . 701 . 859 . 992 1. 21 1. 41 1. 72 1. 98 2. 22

10 . 685 . 968 1. 19 1. 37 1. 68 1. 94 2. 37 2. 74 3. 06

12 . 903 1. 28 . 1. 56 1. 80 2. 21 2. 55 3. 13 3. 61 4. 04

14 1. 15 1. 62 1. 99 2. 30 2. 81 3. 25 3. 98 4. 59 5. 13 .

16 1. 42. 2. 01 2. 46 2. 84 3. 48 4. 01 4. 92. 5. 68 6. 35

18 1. 72 2. 43 2. 97 3. 43 4. 21 3. 86 5. 95 6. 87 7. 68

20 2. 04 2. 88 3. 53 4. 08 5. 00 5. 77 7. 07 8. 16 9. 12

SOURCE: USDA ~ 9T,~ ultur~1 H~ ndhook Numh~ T 5~ 7, December 1978.
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APPENDIX B - SOIL LOSS CALCULATION TABLES - continued

I
i \

TABLE 10- 3

COVER AND MANAGEMENT FACTOR ( C)

FOR MULCHING CONSTRUCTION SLOPES

MULCH LAND
LENGTH

TYPE OF RATE SLOPE C LIMIT

MULCH  ( tons/ acre) ( percent) FACTOR ( feet)

None 0 all 1. 0 ----

straw or 1. 0 1- 5 0. 04 200

Hay - loose 1. 0 6- 10 0. 04 100

1. 5 1- 5 . 204 300

1. 5 6- 10 . 204 150

2. 0 1- 5 . 12 0400

2. 0 6- 10 . 12 200

2. 0 11- 15 . 104 150

2. 0 16- 20 . 22 100

2. 0 21- 25 . 28 75

2. 0 26- 33 . 34 50

2. 0 34- 50 . 40 35

Straw or 1. 0 1- 5 0. 2 200

Hay - tied, 1. 0 6- 10 0. 2 100

anchored or 1. 5 1- 5 . 12 300

tacked 1. 5 6- 10 . 12 150

2. 0 1- 5 . 06 400

2. 0 6- 10 . 06 200

2. 0 11- 15 . 07 150

2. 0 16- 20 . 11 100

2. 0 21- 25 . 14 75

2. 0 26- 33 . 17 50

2. 0 34- 50 . 20 35

Crushed stone 135 < 16 . 05 200

135 16- 20 . 05 150

135 21- 33 . 05 100

135 34- 50 . 05 75

240 < 21 . 02 300

240 21- 33 . 02 200

240 34- 50 . 02 150

Wood Chips 7 < 16 . . 08 75

7 16- 20 . 08 50

12 < 16 . 05 150

12 16- 20 . 05 100

12 21- 33 . 05 75

25 < 16 . 02 200

25 16- 20 . 02 150

25 21- 33 . 02 100

25 34- 50 . 02 75

SOURCE: USDA J\. qr'l~ u' t:\]rel Hl!ndhook Nnmh@T' 1:i:37, December 1978.

li

1

B - "

I
1

R: 3/ 94

1-



APPENDIX B - SOIL LOSS CALCULATION TABLES - Continued
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TABLE 10- 4

COVER AND MANAGEMENT FACTOR ( C)

FOR VEGETATION PRACTICES

VEGETATIVE CANOPY COVER THAT CONTACTS THE SOIL SURFACE

TYPE AND PERCENT PERCENT GROUND COVER

HEIGHT COVER TYPE 0 20 40 60 80 95+

No Canopy G 0. 45 0. 20 0. 10 . 042 . 013 . 003

W . 45 . 24 . 15 . 091 . 043 . 011

fall 25 G . 36 . 17 . 09 . 038 . 013 . 003

Weeds W . 36 . 2t> . 13 . 083 . 041 . 011

er

Short SO G . 26 . 13 . 07 . 035 . 012 . 003

Brush W . 26 . 16 . 11 . 076 . 039 . 011

20' )
75 G. . 17 . 10 . 06 . 032 . 011 . 003

W . 17 . 12 . 09 . 068 . 038 . 011

Brush 25 G . 40 . 18 . 09 . 040 . 013 . 003

er W . 40 . 22 . 14 . 087 . 042 . 011

Bushes

6 1/ 2') SO G . 34 . 16 . 08 . 038 . 012 . 003

W . 34 . 19 . 13 . 082 . 041 . 011

7S G . 28 . 14 . 08 . 036 . 012 . 003

W . 28 . 17 . 12 . 078 . 040 . 011

Trees 2S G . 42 . 19 . 10 . 041 . 013 . 003

but no w . 42 . 23 . 1.4 . 089 . 042 . 011

Low

Brush SO G . 39 . 18 . 09 . 040 . 013 . 003

13'~  W . 39 . 21 . 14 . 087 . 042 . 011

7S G . 36 . 17 . 09 . 039 . 012 . . 003

W . 36 . 20 . 1.3 . 084 . 041 . 011

SOURCE: USDA JU;"' l~ ul't\lr~l J.t~ndb~~ k Numb~ r S~ 7, December 1978.
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APPENDIX B - SOIL LOSS CALCULATION TABLES - continued

TABLE 10- 5

PRACTICE FACTOR VALUES ( P) FOR

GRADIENT TERRACES, EARTH DIKES, INTERCEPTOR DIKES AND SWALES

LAND SLOPE PRACTICE

Percent)   
FACTOR

1 - 2
0. 60

3 - 8
0. 50

9 - 12
0. 60

13 - 16
0. 70

17 - 20
0. 80

21 - 25
0. 90

SOURCE~ CITY OF LITTLE ROCK.

TABLE 10- 6

PRACTICE FACTOR VALUES ( P) FOR

BUFFER ZONES, FILTER STRIPS AND NATURAL VEGETATION

LAND SLOPE STRIP SLOPE PRACTICE

Percent) WIDTH LENGTH MAX. FACTOR

1 - 2 25 150 0. 60

50 300 0. 60

3 - 5 25 150 0. 50

50 300 0. 50

6 - 8 25 100 0. 50

50 200 0. 50

9 - 12 25 75 0. 60

50 150 0. 60

13 - 16 25 SO 0. 70

50 100 0. 70

17 - 20 25 SO O. SO

SO 100 O. SO

21 - 25 25 25 0. 90

50 SO 0. 90

SOURCE: CITY OF LITTLE ROCK.
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APPENDIX C - EROSION AND SEDIMENTATION CONTROLS

Erosion and Sedimentation control Illustrations

Check Dams

Diversion Dike

Drainage Swale

Filter strips
Gradient Terraces

Gravel or stone Filter Berm

Interceptor Dikes and Swales

Outlet Protection

Pipe Slope Drains

silt Fence

Stabilized Construction Entrance

Storm. Drain inlet Protection

straw Bale Barrier
Stream Bank Stabilization
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APPEND=rx C EROSION AND SEDIMENTATION CONTROLS

j Check Dams

J
A check cam is a small, temporary or permanent dam constructed

across a crainage ditch, swale or channel to reduce the speed

of concentrated flows. Check cams can be installed in steeply

sloped swales, or in channels where adequate vegetative cover

can not be establiShed. Check dams may be con'structed of

logs, rock, or gravel- filled sand bags.

Check cams should only be used in small open channels where

the dam will not be overtopped by flowing water once the dam

is constructed. The center section of. the dam should always

be built lower than the edges. The toe of the upstream check

dam should be at the same elevation as the top of the

downstream dam. Check dams should be inspected after each

significant rain eventi and sediment should be removed when it

reaches one- half of the original darn height.
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APPENDIX C EROSION AND SEDIMENTATION CONTROLS - continued

Diversion Dike

A diversion dike is a ridge or ridge and swale combination

used to protect work areas' from up- slope runoff and divert

sediment- laden waters to appropriate sediment traps or

stabilized outlets. The dike consists of a compacted soil

berm and a gravel, vegetation or fabric- lined swale.

Diversion dikes can be used above or below disturbed areas and

unprotected slopes to reduce erosion. Diversion dikes can

also be used along the perimeter of the construction site to

prevent sedimentation of off- site properties and the municipal
storm drain. Diversion dikes should be inspected regu'larly

and after each rain event.
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APPENDIX C - EROSION AND SEDIMENTATION CONTROLS .- continued

Drainage Swale

A drainage . wale is a constructed channel with a lining of

vegetation, . riprap, concrete, asphalt or geotextile applied to

provide stabilization and prevent channel erosion. Drainage

swales are used to convey runoff without causi~ g erosion, such

as from the top , or bottoa of a slope. Drainage swales

discharge a concentrated flow to a sediment trapping device or

stable outlet.

Drainage swales should be carefully designed to provide a

positive grade and prevent ponding of channel flow. Suitable

channel protection depends upon the design flow and grade of

the channel.. Drainage swales are restricted to use. on

relatively flat slopes.

c - ~
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APPENDIX C - EROSION AND SEDIMENTATION CONTROLS.- continued

Filter strips

Filter strips are undisturbed vegetated strips of land which

control erosion by reducing the speed of runoff and allowing

runoff to infiltrate into the ground. Filter strips should be

aliqned perpendicular to the line of flow and ~ re .effective on

gentle slopes where adequate space exists to leave undisturbed

areas.

Filter strips are also effective along the perimeter of the

development site, preventing off- site sedimentation. A

minimum width of twenty- five feet is required for filter

strips. Filter strips require no maintenance, but must be

undisturbed by construction activities to remain effective.
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APPENDIX C - EROSION AND SEDIMENTATION CONTROLS - continued

Gradient Terraces

IJ - Gradient terraces are earthen embankments constructed at

regular intervals along the face of a slope. Gradient

terraces must be built with a positive grade which directs

flow to a stable outlet at a speed which minimizes erosion.
II

J
I

Gradient terraces are used on long, steep slopes where erosion

potential is anticipated to be a problem. Gradient terraces

can be either temporary or permanent features. Terraces

should be inspected at regular intervals and after major rain

events to insure proper operation.
Jl

JI
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APPENDIX C - EROSION AND SEDXMENTATION CONTROLS - continued

Gravel or Stone Filter Berm

A qravel or stone filter berm is a temporary ridge constructed

of loose gravel, crushed rock or stone. A gravel or stone

filter berm. slows, and filters flow, reducinq the amo.unt of

sediment carried off- site.

Berm are meant for use in areas with qentle slopes. Berm

materials should be well graded gravel or crushed stone. The

berm should be inspected regularly and after each rain event.

Accumulated sediment should be removed and properly disposed

of, and the filter material should be cleaned or replaced

regularly.
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u APPENDIX C'- EROSION AND SEDIMENTATION CONTROLS - continued

u
Interceptor Dikes and Swales

Interceptor dikes and swales are used to keep up- slope runoff

from crossing areas exposed by construction. Interceptor

dikes and . swales reduce the speed of flow and direct it to a

stabilized outlet. Interceptor dikes and swales can be either

temporary or permanent controls.

Interceptor dikes and swales can be placed around the

perimeter of the construction site, to divert flow away from

disturbed areas and to direct sediment- laden flow from

disturbed areas to sediment trapping devices. Interceptor

dikes and swales must be constructed with a positive grade,

and the speed of flow within the swale must not cause erosion.

All diKes and swales should be inspected weeKly and after rain

events, and temporary diKes and swales should be rebuilt every

two weeKS during the construction period.
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APPENDIX C EROSION AND SEDIMENTATION CONTROLS - continued

Outlet Protection
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outlet protection reduces erosion and scouring at stormwater

outlets by lowering the speed of . concentrated flows. This
also reduces the potential for erosion downstream and on

adjacent properties. outlet protection can include stone or

riprap, concrete aprons, paving or settling basins below

outfalls. Outlet protection is generally a permanent control.

Outlet protection should be provided wherever pipe, dike and

swale, or channel section outlet velocities may cause erosion.

Outlet protec;:tion should be inspected regularly for erosion

and scouring, and repaired immediately.
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APPENDIX C - EROSION AND SEDIMENTATION CONTROLS - continued

J

Pipe Slope Drains

Pipe slope drains reduce runoff potential by transporting
runoff to stabilized areas or outfalls. They may be

constructed of ~ lexible or rigid pipe, or open swales, and can

be either temporary or permanent control features. Pipe slope

drains are effective in transporting run:)ff away from

saturated slopes which have a potential for failure.

pipe slope drains must be designed for the anticipated volume

of flow. Both the inlet and outlet structures must be

stabilized with end sections, riprap or geotextilesto prevent

scouring and erosion. The pipe slope drain should be

regularly inspected for erosion,. undercutting, breaks and

clogs. Repairs should be made immediately.r-l
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APPENDIX C - EROSION AND SEDI~~:: C~ ~,_~ LS - continued

silt Fence

Silt fence, filter fence or f:.~::E.:' ~~=:.c is a temporary

sediment control measure for co:-.s':...-T,:=~.i=:: .5~ ~es . Silt fence

is usually constructed of filter t~==.i= :.~~~ or without wire

mesh fencing fer support) place:: e:: ~ fE:.:e posts, wi th the

lower edge vertically trenched ~: ~:. c:.:l..ed. Silt fencing
is effective in filteringo"'e=lc.~: ~:;- ==c: small drainage
areas.

Silt fencing should be inste.~. le:: ::=~== ":.= land disturbance

activities, along a line of ~~~f=:: ~_e~;"::'=~. Silt fence is

effective along the botto~ of sl=~~s ~~ C ~-= und the perimeter
of the construction site. Si1": =L~=~ ~ ust be properly
installed and frequently inspe=~e: === sa;$ end erosion under

the fence . Silt should be re:::-.":::. ==== =e fence line and

properly disposed of when i ~ =ea:::. es ::-:::--:.::... ird the height of

the fence.

l !
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APPENDIX C - EROSION AND SEDIMENTATION CONTROLS - continued

Stabilized Construction Entrance

I I
J

A stabilized construction entrance is a portion of the

construction access road adjacent to public rights- of- way'

which is constructed o~ geotextile ( filter fabric) and large

stone. A stabilized construction entrance reduces the amount

of soil tracked off- site by construction vehicles and

equipment. The stone base also protects the portiqn of the

roac1 where the control is placed from erosion and rutting.

Stabilized construction entrances should be constructed before

site work begins at every point where vehicles will leave the

site. The entrance should be constructed with adequate width

and length to accommodate the largest construction equipment

being used at the site. Vehicle washing may also be employed

over stabilized construction entrances. The stone base should

be maintained and kept free of sediment accumulation.
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APPENDIX C - EROSION AND SEDIMENTATION CONTROLS - continued

storm Drain Inlet Protection

Storm drain inlet protection is a filtering measure placed

around existing or constructed inlets and drains to trap

sediment. This prevents silting- up of the storm drainage

system and receiving streams. Inlet protection can be

constructed with stone or gravel and wire mesh, concrete block

and gravel, sod and/ or filter fabric. Inlet protection is a

temporary control during construction.

storm drain inlet protection is not meant for drainage areas

larger than one acre, or for concentrated flows. Inlet

protection is used in combination with other controls, such" as

sediment trappinqdevices. Repairs and silt removal should be

performed as needed, and the , inlet protection should be

regularly inspected.
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APPENDIX C - EROSION AND SEDIMENTATION CONTROLS - continued

straw Bale Barrier

straw bale barriers act as diversion dikes where site

conditions prohibit the use of on- site soil in the

construction of dikes and swales. Straw bale barriers are

also eifective above site slopes on undisturbed areas, and. can

be used below the site to divert flow to stabilized outlets or

sediment trapping devices. Straw bale barriers are a

temporary control during construetion.

Straw bale barriers plaeed in disturbed areas should be

embedded. Where straw bale barriers are placed on undisturbed

ground, embedding is not neeessary. All straw bale barriers

must be properly installed and staked in place. Straw bale

barriers should be inspected regularly and repaired or

replaced when necessary.
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APPENDIX C - EROSION AND SEDIMENTATION CONTROLS - continued

Stream Bank Stabilization

Stream bank stabilization is" used to prevent erosion of

existing- stream banks from increased flows and runoff speeds

caused by development. stream bank stabilization is -necessary

where veg-etati ve controls are not practical. Stream bank

stabilization can be either temporau or perlllanent, and can

include riprap, gabions, " 9'rid pavers, asphalt" or other

materials.

Stream bank stabilization should be desig-~ed by a professional

engineer. Clearance and permits should be obtained as

necessary from local, state and federal agencies before stream

bank stabilization measures are used. Once placed, stream

bank stabilization measures should be inspected regularly and

repaired as necessary.
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APPENDIX D - REFERENCES

city of Little Roc:k, " Stonnwater Management And

Manual", Department of public: works, Engineering

Little Rock, Arkansas, 1985.

Or~ inage

Division,

city of Little Roc:k, " site Development Guide", Department of

pUblic: works and others, Little Roc:k, Arkansas, January, 1993.

united
Water,

Pra~~ic:e5, EPA 832- R- 92- 005, washington, D. C., september 1992.

States Environmental protec:tion Agenc:y, Offic:e of

Storm Water Managelllent For construc:tion Ac:tivities",

Wisch1neier, W. H. ,

Erosion Losses

qrien'~ tlrp- ~Rndhoo~

Agriculture, 
science

D. C. J.978.

and Smith, O. D.. " predicting Rainfall

A Guide To conservation Planning" ,

Nn'mh~ r 53"1, united states Department of

and Education Administration, 
Washington,
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STATE OF ARKANSAS }

County of Saline
ss

I, Ch0~ 1 ~ I'f1d1.. 9 do solemnly swear

that I am Lega Advertising Clerk of The Benton Courier,
a daily newspaper printed in said county and that I was

such at the date of publication hereinafter stated, and
that said newspaper had a bona fide circulation in such

county at said dates, and has h.e~ r.egularly published in

said county for a period of \ 0 L years next before
the date of the first publications of the advertisement
hereto annexed, and that said advertisement was pub-
lished in said newspaper --L- times for

L-is es, t. firs insertion therein having been
made on , and the

Jlast insertion on ,.

FE~~

V.t~
ING

Cost of Proof $ 

Z .
SO

Total $ '~./ S-

Received payment
THE BENTON COURIER

By

71J,'/~ / f(/c.(

X3/?~/. dO/

o-d. 45 'LODl

PUBLIC NOTICE
The City Council of
the City of Benton,
Arkansas, is consider-

ing the adoption of an

Ordinance, which will

adopt, by reference, a

Stormwater Manage-
ment and Dramage
Manual for the City of
Benton. Three ( 3)

copies of the Storm-
water Management
and Drainage Manual
are available for pub-
lic examination at the
office of the City
Clerk, City Hall, 114
South East Street
Benton, Arkansas. '



I, do solemnly swear

that I am Legal dvertising Clerk of The Benton Courier,
a daily newspaper printed in said county and that I was

such at the date of publication hereinafter stated, and

that said newspaper had a bona fide circulation in such

county at said dates, and has

971n regularly published in

said county for a period of -' ~ years next before
the date of the first publications of the advertisement
hereto annexed, and that said advertisement was pub-
lished in said newspaper I times for

issu s t e first insertion therein having been
made on , and

tjlast insertion

on1
Sworn to

fnd nbscribed
before me on

7.~/ 1

t~

i
Nota Public

My commission expires 1-- v I~

FEE FO

Cost of Proof $

Total $

By

OROINANCE 45 OF 2007
AN ORDINANCE ADOPTING A

STORMW ATER MANAGEMENT AND.
DRAINAGE MANUAL FOR THE CITY OF ,.
BENTON; AND FOR OTHER PURPOSES. '.

WHEREAS,, 1'ht! City of 'Benton has an obligatiot\
to manage storm-water throughout the city in or~
der to protect the health and safety of its citizen$
an~ 

t
WHEREAS, the City is experiencing certain issue;
with the proper management of stormwater du~
to the growth and development of the communi~ ,
ty; and, 

Z
WHEREAS, untlil the City can develop its' ow~

stormwater maJ!lagement and drainage manua~
the city desire$ to adopt the storm water an"

drainagemanu$ currently being utilized by thtl
City of Little Ro<!k; and ~
WHEREAS, at least three ( 3) copies of the City of
Little Rock Stormwater Management and Draim
age Manual have been filed with the City Clerk ot
the City of Benton and available for public inspedtion since May 11, 2007; and, ,
WHEREAS, a public notice was published in th~
Benton Courier, a newspaper of general circula.:
tion in the community, on May 24, 2007, advisin~
the public that three ( 3) copies of the manual wertiavailable for public examination at the office 0'
the City Clerk, City Hall, 114 South East StreE;!qBenton, Arkansas; :,
NOW, THEREFORE, BE IT ORDAINED by th~
City Council of the City of Benton, Arkansas, that~
SECTION 1. The City of Benton does herebj
adopt, by referen" e, the City of Little Rock Stormi
water Management and Drainage Manual Re~
vised 1998 as it~ own manual for stormwatet
management in the city. This manual shall be fol;
lowed with respect to all new subdivision con.
struction for all site plans approved by the City
following the effective date of this Ordinance. ;
SECTION 2. AU City of Benton Ordinance,
and / or Resolutions are hereby repealed to the ex~
tent of such conflict, but not otherwise. '
SECTION 3. The City Clerk shall, upon the pas:
sage and approval of this ordinance shall main~
tain at least three ( 3) copies of the text of this Or;'
dinance and the Manual for use and examination
by the public. .
SECTION 4. If any provision of this Ordinance or
the application thereof to any person or circum~
stance is held invalid, such invalidity shall not af;.
fect the other provisions or applications of this
Ordinance which can be given effect without the
invalid provision Qr application, and to this end;
the provisions of this Ordinance are hereby de:-
clared to be severable.
PASSED AND APPROVED this 25th day of June,
2007.

Rick Holland, Mayor
ATTEST: Cindy Stracener, City Clerk . S'

z-


