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SECTION | - SUBMITTAL PROCEDURES

1.1

GENERAL

The following are the submittal requirements for new development and
infrastructure improvements in The City of Batesville. Two sets of plans for the
proposed improvements should be submitted in the following format, where
pertinent, and shall include: (1) Title Sheet, (2) General Layout/Site Plan, (3)
Grading/Drainage Plan, (4) Utility Plan, (5) Plan and Profile Sheet(s), (6)
Standard and Special Detail Sheets, (7) Drainage Area Map, and (8)
Calculations. Combining of the above items is allowed when legibility and
readability is maintained.

Plans and drainage reports are required for Subdivisions, roadway
improvements, and new site development.

On combination roadway-drainage projects or site development projects, it is not
the intent that completely separate storm drainage plans be prepared. Where
the required details of the proposed storm drainage system can be adequately
shown on the roadway/grading plans without sacrificing clarity, the
roadway/grading plans will be sufficient. If a combined project submittal is made
for review of only roadway or only storm drainage aspects of the project, this fact
shall be clearly indicated in large, bold lettering on the Title Sheet.

Plans and Specifications for storm drainage plans are to be signed by a
professional engineer registered in the State of Arkansas. Because all plans,
specifications, and calculations are retained by the City for use as permanent
records, neatness, clarity and completeness are very important and lack of these
qualities will be considered sufficient basis for submittal rejection. The
topographic symbols and abbreviations shown on Figure 1-1 shall be used on all
Plans.

The suggested plan sheet size is 24" x 36" with all sheets in a given set of plans
the same size. Plan drawings will be prepared with a maximum horizontal scale
of 1" =100". Plan and Profile sheets shall have a maximum scale of 1" = 50" and
a minimum vertical scale of 1" = §'. Special cases may warrant use of larger or
smaller scale drawings for increased clarity or conciseness of the plans and may
be used with prior permission of the City Engineer.
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FIGURE 1.1
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FIGURE 1.1
TOPOGRAPHIC SYMBOLS AND ABBREVIATIONS
(CONTINUED)
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1.2

1.3

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 must contain a revision block with identifying notations and dates for
revisions.

TITLE SHEET

Title shall include:

1.

7.

The designation of the project which includes the nature of the project, the
name or title, city, and state.

Project number.
Index of sheets.
Location maps showing project location in relation to streets, railroads,
and physical features. The location map shall have a north arrow and

appropriate scale.

A project control bench mark identified as to the location and elevation.
Elevation shall be based on National Geodetic Vertical Datum (N.G.V.D.).

The name and address of the owner of the project and the engineer
preparing the plans.

Engineer's seal.

GENERAL LAYOUT SHEET

The General Layout Sheet shall include:

1.

2.

North arrow and scale.

Legend of symbols which will apply to all sheets. (See List of Standard
Symbols, Figure 1.1.)

Name of subdivision, if applicable, 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.

Boundary line or project area.



10.

11.

12.

13.

14.

15.

Location and description of existing major drainage facilities within or
adjacent to the project area.

Location of major proposed drainage facilities.
Name of each utility within or adjacent to the project area.

If more than one general layout sheet is required, a match line should be
used to show continuation of coverage from one sheet to the next sheet.

The registration seal of the Engineer of Record shall be placed in a
convenient place on each set of plans.

Elevations on profiles of sections or as indicated on plans shall have
U.S.G.S. data. At least one permanent bench mark in the vicinity of each
project shall be noted on the first drawing of each project, and their
location and elevation shall be clearly defined.

The top of each page shall be either north or east. The stationing of
street plans and profiles shall be from left to right and downstream to
upstream in the case of channel improvement/construction projects unless
approved by the City Engineer.

Each project shall show at least 20' of topography on each side. At least
50' of topography shall be shown in areas of channel flow at the property
boundary. All existing topography and any proposed changes, including
utilities, telephone installations, etc., shall be shown on the plans and
profiles.

Revisions to drawings shall be indicated above the title block in a revision
block and shall show the nature of the revision and the date made.

Utilizing the standard symbols for engineering plans, (Figure 1.1), all
existing utilities, telephone installations, sanitary and storm sewers,
pavements, curbs, inlets, and culverts, etc., shall be shown with a broken
line; proposed facilities with a solid line; land, lot, and property lines to be
shown with a slightly lighter solid line. Easements shall be shown.

Lot lines and dimensions shall be shown where applicable.



16.

17.

Minimum floor elevation for all structures shall be shown a minimum of 2
ft. above the 100- year flood elevation. On a subdivision plat, label each
lot with the minimum finish floor, when located in a designated floodplain
and in areas where flooding is known to occur.

It shall be understood that the requirements outlined in these standards
are only minimum requirements and shall only be applied when
conditions, design criteria, 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.



10.

11.

12.

13.

DRAINAGE CHECKLIST
THE CITY OF BATESVILLE, ARKANSAS
REVISION NO.
DATE

PROJECT TITLE AND DATE

PROJECT LOCATION MAP

PROJECT DESCRIPTION

NAME OF OWNER, ADDRESS, AND TELEPHONE NUMBER
SITE AREA

UPSTREAM AND DOWNSTREAM DRAINAGE - Brief description of the
drainage path from the proposed site shown on a 1” = 200’ minimum
scale, 2’ contour topographic map. Show where the drainage enters the
site and exists the site.

IDENTIFY REGULATORY FLOODPLAIN/FLOODWAY - Annotate the
site on the existing FIRM.

HYDROLOGIC COMPUTATIONS - Include complete runoff computations
for the design frequency storm specified in the Manual for each specific
type drainage system

OPEN CHANNEL FLOW DESIGN - Include computations for normal
depth and velocity (Use Figure 9.2 or equal)

PAVEMENT DRAINAGE DESIGN - Include width of spread for design
flow (Use Figure 7.14 or equal)

CULVERT DESIGN - Include all computations and check for inlet/outlet
control (Use Table 4.4 or equal)

STORM SEWER INLET DESIGN - Include all computations (Use Figure
7.14 or equal)

STORM SEWER DESIGN - Include all computations (Use Figure 8.1 or
equal)



14.

15.

16.

17.

STORMWATER DETENTION DESIGN
Detention required based on runoff computations

1. Detention basin size requirement computations
(using an approved method)

2. Release structure design computations
(include release rate computations for the 2,
10, 25, 50, and 100 year storms)

3. Stage-Storage and Stage-Discharge curves for
the detention facility

AS-BUILT DRAWINGS AND CERTIFICATION that drainage facility is
constructed to the City of Batesville Standards and Ordinances and
signed and sealed by an Arkansas registered engineer.

ADD THE FOLLOWING PARAGRAPH TO ALL DRAINAGE DESIGNS:

l, ;
Registered Professional Engineer No. in the State of
Arkansas, hereby certify that the drainage designs and specifications
contained in this Report have been prepared in accordance with the
regulations of the City of Batesville, Arkansas, the Professional Engineers
Registration Act of the State of Arkansas, and reflect the application of
generally accepted standard of engineering practice.

Signed & Sealed by Professional Engineer

OTHER
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SECTION Il - DETERMINATION OF STORM RUNOFF

2.1

2.2

GENERAL

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 City's drainageways.
Experience based prediction of the probable frequencies and amounts of runoff
are not available as a standard practice in determining stormwater runoff and
flood flows.

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 occurrence for various rainfall events.

CITY OF BATESVILLE 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 Hydrograph Method, and the use of the Corps of
Engineers HEC-HMS/HEC-RAS computer programs or a method authorized by
the Little Rock Office of the Crops of Engineers. One of these three methods
should be the basis of all drainage analysis in the City of Batesville. 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 area limits and/or ranges for the analysis methods are:

Rational Method, SCS 100 Acres or Less
TR-55/ TR-20 or HEC-1

SCS TR-55/TR-20 100 to 2,000 Acres
Hydrograph Method
or HEC HMS / HEC RAS

HEC-HMS Methods or Greater than 2,000 Acres
other Corps of Engineers or within Designated FEMA
authorized methods Flood Plain Areas

Criteria for the above three methods are specified in the following Sections

I1-2



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:

Q=C(l)(A)

"Q" is defined as the peak rate of runoff in cubic feet per second. Actually, Q is
in units of acre inches per hour, but calculator results differ from cubic feet by
less than 1 percent. Since the difference is so small, the "Q" value calculated by
the equation is universally taken as cubic feet per second or "CFS".

"C" is the dimensionless coefficient of runoff represented in the ratio of the
amount of runoff to the amount of rainfall.

"I" is the average intensity of rainfall in inches per hour 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 to as "time of
concentration".

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

Basic assumptions associated with use of the Rational Method are as follows:

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

2. The time of concentration is the critical value in determining the design
rainfall intensity and is equal to the time required for water to flow from the
hydraulically most distant point in the watershed to the point of design.

3. The ratio of runoff to rainfall, "C", is uniform during the entire duration of
the storm event.

4. The rate of rainfall or rainfall intensity, "I, is uniform for the entire duration
of the storm event and is uniformly distributed over the entire watershed
area.

I1-3



2.3.1 RUNOFF COEFFICIENT ("C")

2.3.2 SOIL

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

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. The 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 table, the degree of soil compaction,
the porosity of the subsoil, vegetation, ground slopes, and surface
depressions.

2.3.3 SELECTION OF RUNOFF COEFFICIENTS

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 affect the time
distribution and peak rate of runoff. However, to standardize City
Design Computations, Table 2.1 represents standard runoff
coefficient values by land use and composite analysis. The values
for respective land uses shall govern for all drainage analysis and
design projects using the Rational Method.

I1-4



TABLE 2.1

RUNOFTF COEFFFICIENTS

City of Batesville, Arkansas

SCS RUNOFF
Batesville CURVE NO." COEFFICIENT
ZONING (TR-55/HMS) (RATTONAL)
A-1 Agricultural 74 - 84 0.30 - 0.60
R-1 Single-Unit Residential
1 Acre 79 0.40
1/2 Acre 80 0.45
<16,000 Sg. Ft. 82 0.50
HR Historic District 83 0.55
R-2 General Family Residential
Single Family Residential 83 0.55
Patio Home/Two Family Residential 84 0.60
Multifamily Residential 85 0.75
Mobile Home Park 83 0.55
T-1 Traditional Business District 90 0.80
Cc-1 Commercial Community District 94 0.90
I-1 Light Industrial 84 - 92 0.70 - 0.90
I-2 Heavy Industrial 84 - 92 0.70 - 0.90
Church 84 - 92 0.70 - 0.90
School 82 - 92 0.50 - 0.90
Park 74 - 84 0.30 - 0.70
Cemetery 74 - 82 0.30 - 0.50
CITY OF

RUNOFF COEFFICIENTS / SCS CURVE NUMBERS

BateSVllle FOR THE CITY OF BATESVILLE, ARKANSAS
ARKANSAS TABLE 2.1




TABLE 2.1 (Continued)

RUNOFE COEFFICIENTS FOR RATIONAL METHOD COMPOSITE ANALYSTIS

City of Batesville, Arkansas

RUNOFF
CHARACTER OF SURFACE COEFFICIENTS
Undeveloped Areas:
Historic Flow Analysis,
Greenbelts, Agricultural,
Natural Vegetation
Clay Soil
Flat, 2% .30
Average, 2-7% .40
Steep, 7% .50
Sandy Soil
Flat, 2% .12
Average, 2-7% .20
Steep, 7% .30
Streets:
Paved .90
Gravel .60
Drives and Walks: .90
Roofs: .90
Lawns:
Clay Soil
Flat, 2% .18
Average, 2-7% 22
Steep, 7% .35
Sandy Soil
Flat, 2% .10
Average, 2-7% .15
Steep, 7% .20
CITY OF

: RUNOFF COEFFICIENTS FOR
BateSVllle THE CITY OF BATESVILLE, ARKANSAS
ARKANSAS TABLE 2.1 (Continued)




2.3.4 RAINFALL INTENSITY ("I")

Rainfall intensity is the design rainfall rate in inches per hour for a
particular drainage basin or subbasin. The rainfall intensity is
selected on the basis of the design rainfall duration and frequency
of occurrence. The design 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 (see Table 2.5).
The frequency of occurrence is a statistical variable which may be
established by the City standards or chosen by the Engineer as a
design parameter.

2.3.5 TIME OF CONCENTRATION

The time of concentration used in the Rational Method is a
measure of the time of travel required for runoff to reach the design
point or the point under consideration. The critical time of
concentration is the time to the peak of 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 time of concentration, therefore, is assumed to be the
flow time measured from the most remote part of the watershed to
the design point. A trial and error procedure is usually required to
select a most remote point of a watershed since type of flow,
ground 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 design time of concentration;
overland flow and channelized flow. Overland flow is defined as
that portion of the flow pattern which results in thin sheet flow
across a given area. Channelized flow is that which allows
significant depth accumulation either in a swale, ditch, natural
channel, improved channel or pipe system.

I1-7



R (@]
“c Z i
- 5:’ 18]
= =
& = =
O o 4 =
o 59
3 = Y
58 £3 s
2, “;_J L WG
2 . win
== qlg = —a0 |- 4
Q) &k g
O GBS =
N Z >2 a
5 W 52 =
w L
[——1000 z l0.01
rr 00 g i
legtis T © L. -
- Q l—
—— 700 @ N —002(PVHT) s
—— 600 ! u?J — L ’————25 —25
— W E —0.03 }_'_ =———
:—-—500 5_ § 004 = i
= w 7 .
y - olc :_0.05 O // 20 2
% —o0.01F = - _'
Tk = s e AT
S -5, Y =—o0lo — Ll
w & (BARE PACKED SOIL) = T @
W = % — ofs¢ ol
s = =002 B = 5 b—is s
& N [ —
Z E—200 Ry [0 27&100 =
T ~ — =
8 - e \:003\~<-030(P00R GRASS) LU o = |_
Z 150 | Qo4 [~<.040 (av.GRASS) ///// L = 15 & |
™ L Eosuz~o g o =T 3
— N ~ S / — ')
o Ceos = ok 0 BB 2
o -E—OﬁO(DEN&QRASS) / bes M i E
_ 100 = . e h [ 200 ——10 |—10
:5 = 99 e i | 47 }D—: —
T 8o —0.10 Nid Z t—9 |—09
|58 :.70 L
— O
_— =z —8 —Q3
o S -
0 W —7 |—o7
; Q L
F—40 w
. OVERLAND FLOW GUTTER FLOW -
g L=200" L :400' -
L n 2 0.40 (AV. GRASS) nz0.02
8:1.0% s:1.0% 5 %0-5
¥ 20 MIN, Ies 2.4 MIN,
— 20 TOTAL TIME OF CONGENTRATION:20.0+2.4522.4 MIN. .
f——4 |—04
NOTE: For use in determining gutter and channel —
flow time of concentration only
——3 |—03
CITY OF
Bate SVj_ l l e NOMOGRAPH FOR TIME OF CONCENTRATION
SOURCE: City of Fort Worth, TX
ARKANSAS TABLE 2.2




1N3DH3d NI 3d0TS ISHNODHILYM
o © y N e
b2 B o S 9 ovw < © o . B % 9 '
O I 1 T T3 a8 SRR
. ~ A R Hxagid
T i
TU B 1]
o
Q
[ P
()
| M VI
AN SIS
RRNERAP
M A..U _Im A _
~ :O
, ™ ™ 174
o ~l /7, 1l
| T
[3Y]
¥ _<
/A
SO
" ] e
3 JRENA NI
e TSty EiEN]
" [EEE] ™ 11
1] ~
N~ i 1
= 1] | |
v m =4
gl 1 s
b Tell] )
T s
" I S EE AR AT =
' 1 l/x»TL 5.0 i 6 1A ot s
1 1 i o g . =
1 q qu g f
— : Syih HEHEE
o g s ; 23 i & ST == T
: o e L M o e [ e | BE A S o i
e i e B o 1B -
- i L
T ] oy IEEIINE 5 T
‘s o o o o o o v < © o~ © own < O G | -
v (] o~ -~ A .

3d071S 40 %

20

10

IN FEET PER SECOND

VELOCITY

w
(®)
>
e
w
n
0
2
— %
=y
SO
RA
i 1
|
AT
<
@)
O g
<
~4 0
oz
nx
(®)
«
)
o
.:H
O
o
-
(@]
"

This chart shall be used for reference only and not to determine times

of concentration

TABLE 2.3

AVERAGE VELOCITIES FOR OVERLAND FLOW

CITY OF

Batesville
ARKANSAS




800

700

600 80

500 -
. 400 0
] E
S 300 50 &~
i) 3
= f=

S0 40

100

Time of concentration in minutes
Average Runoff Coefficient

nwoo-d

Length of overland flow in feet
Slope percentage

NOTE: For use in determining overland
flow, time of concentration

CITY OF TIME OF CONCENTRATION NOMOGRAPH
Batesville FAA METHOD

Source: “‘Airport Drainage’’ Federal Aviation Agency
ARKANSAS Department of Transportation TABLE 2.4




100
YEAR

50

YEAR

25
YEAR

2
YEAR

DURATION
MINUTES

YEAR

YEAR

N MO KoM
InTMmao oy

NMINUVOVOONTOOMOVONDNOMOMONCONOMEONQMO
65[4332109987765544322110099888

onNnNNANNM
7.66370

..........

0.36

.......................................

...........................................

O SO

COTDVD I —OOOROGTOONVOOMVOYN —VDOMODTOMON —It O
308530

~IS3.I09875433210998776554432211100999

NOANT OO INNOOVOITO QO
ONMNMNMNMNOYOOVOOYNNNINTON

..........................

.......

VOOITNOITONRNRNNNOANOGOINONMOINNONNOVUM—OOM—ON— 3N
65543321100998877766655444433322221140632

ONOANONONOOMOUVUNONTO ONVO Y
665544433222111000999988

NORA HYDRO-35

5-60 min.

Source:

60-120 min. interpolated

120 min.

40

- 24 hr. Technical Paper No.

RAINFALL INTENSITY CHART

TABLE 2.5

n
<
n
Z
IS¢
e
0
IS¢
> 5
Lo
— S
|lr
%50
O
F.me "
()
o
£
G
mu.l
ale
H H
HZ
]
s
=

CITY OF

Batesville
ARKANSAS




Tables 2.2, 2.3, or Table 2.4, depending upon type of flow shall be used for all time of
concentration flow computations. In Table 2.3, 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
those shown. Overland flow distances will rarely exceed 300 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 considering the projected ultimate
development of the area.

2.3.6 CHANNELIZED FLOW

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, swales, and improved
ditches in any combination. (See Table 2.2)

2.3.7 DESIGN INTENSITY

The design rainfall intensity can be obtained from Table 2.5. 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 criteria of Section 2.

The calculated time of concentration for the watershed 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 significant errors
for watersheds several acres in size. However, errors may be
involved with significant channel and overland flow storage effects.
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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
2.41 GENERAL

The Soil Conservation Service tabular method is a synthetic hydrograph
method developed specifically for use in urbanized and urbanizing areas.
This method is similar to the Rational Method in that runoff is directly
related to rainfall amounts through use of runoff curve numbers (RCN's)
(See Table 2.1). The basic equation used with the tabular method is also
very similar to that used for the Rational Method.

g = (DRO) x (DA) x (HDO)

g = 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

Hydrograph coordinates are computed from the hydrograph
distribution data in the TR-55 Manual. A coordinated value is
computed for each time shown in the distribution data. The
calculated "g" results, when plotted against the corresponding
times, constitute the runoff hydrograph.
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The tabular method is useful in analyzing watersheds 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 control measures. The SCS
tabular method as described herein shall be used in all cases
where watershed problems involve two or more interacting
subareas. The SCS tabular method is the suggested method to be
used in evaluating the runoff effects of urbanization and the
evaluation/design of runoff control measures.

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 runoff potential from various
types of development 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 amount of rainfall
which will actually result in runoff. The amount of runoff which will
occur for a given RCN value is a function of the design rainfall, and
is termed direct runoff amount (DRO). The RCN values differ from
runoff coefficients in that:

1. Their development encompasses a wide range of land uses.

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 reoccurrence intervals or frequencies of occurrence of 10,
25, 50, and 100 years.
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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 computing
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.

One advantage of using the empirically-based hydrograph
distributions over simpler 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 wide 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. Also, volumetric effects of
runoff can be considered with hydrograph methods.

2.4.3 LIMITATIONS ON TABULAR METHOD USE

The tabular method should not be used when large changes in
RCN values occur among watershed subareas and when runoff
volumes are less than about 1-1/2 inches for RCN values less than
60.

The tabular method should not be used for watersheds that have
several subareas with times of concentration below six minutes. In
these cases, subareas should be combined so as to produce a
time of concentration of at least six minutes (0.10 hours) for the
combined areas.
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2.4.4 TABULAR METHOD USE

2.4.4.1

DETERMINATION OF RUNOFF CURVE NUMBER
(RCN)

The runoff curve number determines the amount of
runoff that will occur with the given rainfall. Soil types
and land use are used to determine the runoff
potential.

Calculation of the RCN values for a watershed or
subarea proceeds in the same fashion as the
calculation of weighted runoff coefficients used in the
Rational Method. Area calculations are completed for
each land use type within the study area. Table 2.1
lists runoff curve numbers for various land uses. A
more complete table listing RCN values for specific
soil types and land coverages can be found in the TR-
55 Manual. These values are used along with the
area calculations to arrive at a weighted runoff curve
number for the watershed or subarea under
consideration. Table 2.6 is a worksheet which is
useful in tabulating weighted runoff curve numbers for
watersheds and watershed subareas. Areas can be
measured either in acres or square miles. Weighted
RCN values should be rounded to the nearest whole
number.

2.4.42 DESIGN STORM DATA

The tabular method is based on 24-hour rainfall
amounts for various design recurrence intervals or
frequency of occurrence. These rainfall amounts are
taken from the U.S. Weather Bureau Technical Paper
No. 40 for Batesville and are as follows: 3.90 inches
for the 2-year frequency rainfall; _5.73 inches for the
10-year frequency rainfall; 6.60 inches for the 25-year
frequency; 7.25 inches for the 50-year frequency; and
_7.84 inches for the 100-year frequency.
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2443

2444

DIRECT RUNOFF AMOUNTS FROM DESIGN
STORM (DRO VALUES)

Table 2.4 is a generalized table of direct runoff
amounts for given rainfalls and runoff curve numbers.
This Table can be used to interpolate runoff amounts
(DRO values) from any combination of RCN between
60 and 98 and rainfall amounts between 1 and 12
inches.

MODERN APPROVED COMPUTERIZATION

Modern approved computerization of this design
method by experienced engineers is encouraged.
Generally excepted software include Bently Pond
Pack, Civil 3-D Hydrographs, or others approved by
The City Engineer.

I1-17



RUNOFF CURVE NUMBER WORKSHEET

Subbasin

LAND USE RCN ACRES RCN X ACRES
TOTALS
WEIGHTED RCN = Total (RCN X Acres) =
TOTAL ACRES
Table 2.6
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IT-19

Rainfall Curve Number (CN)1/
(inches)
60 65 70 75 80 85 90 95 98
1.0 0 0 0 0.03 0.08 0.17 0.32 .56 .79
1.2 0 0 0.03 0.07 0.15 0.28 0.46 74 99
14 0 0.02 0.06 0.13 0.24 0.39 0.61 92 1.18
1.6 0.01 0.05 0.11 0.20 0.34 0.52 0.76 1.1 1.38
1.8 0.03 0.09 0.17 0.29 0.44 0.65 0.93 1.29 1.58
20 0.06 0.14 0.24 0.38 0.56 0.80 1.09 148 1.77
25 0.17 0.30 0.46 0.65 0.89 1.18 1.53 1.96 2271
3.0 0.33 0.51 0.72 0.96 1.25 1.59 1.98 245 2.78
40 0.76 1.03 1.33 1.67 2.04 246 2.92 343 377
5.0 1.30 1.65 2.04 245 2.89 3.37 3.88 442 4.76
6.0 1.92 2.35 2.80 3.28 378 4.31 485 541 5.76
7.0 2.60 3.10 3.62 415 4.69 5.26 5.82 6.41 6.76
8.0 3.33 3.90 447 5.04 5.62 6.22 6.81 740 7.76
9.0 410 472 5.34 595 6.57 719 7.79 8.40 8.76
10.0 490 5.57 6.23 6.88 7.52 8.16 8.78 9.40 9.76
11.0 5.72 6.44 713 7.82 8.48 9.14 9.77 10.39 10.76
12.0 6.56 7.32 8.05 8.76 9.45 10.12 10.76 11.39 11.76
1/ To obtain runoff depths for CN's and other rainfall
amounts not shown in this Table, use an arithmetic
interpolation.
DIRECT RUNOFF VALUES
BY RCN'S AND RAINFALL AMOUNTS
Source: U.S. Soil Conservation Service
Technical Release No. 55
Table 2.7




TR-55 WORKSHEET
TR-55 Tabular Hydrograph Method

5 Run- DISCHARGE CSM/IN - CFS
Sub TC TT Area
. RCN Off
Area Hr. Hr. Mi1i. inch Hr. Hr. Hr. Hr. Hr. Hr. Hr. Hr. Hr. Hr. Hr. Hr. Hr. Hr. Hr.

Table 2.8
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SECTION Il - FLOW IN STORM DRAINS AND DRAINAGE APPURTENANCES

3.1  GENERAL

A general description of storm drainage systems and quantities of storm runoff is
contained in this Section and Section Il of this manual. It is the purpose of this
section to consider the significance of the hydraulic elements of storm drain
system.

Hydraulically, storm drainage systems are conduits (open or closed) in which
unsteady and nonuniform free flow exists. Storm drains accordingly are
designed for open-channel flow to satisfy as well as possible the requirements
for unsteady and nonuniform flow. Steady flow conditions may or may not be
uniform.

3.2 STORM SEWER DESIGN REQUIREMENTS

In preparation of storm sewer design, the following is a list of minimum
requirements:

1.

A plan of the drainage area map at a scale of 1" = 200" with 2 or 4 foot
contour intervals using U.S.G.S. datum for areas less then 100 acres or a
plan of the drainage area at a scale of 1" = 500" with 10-foot contour
intervals for larger areas unless approved by the City. This plan shall
include all proposed street, drainage, and grading improvements with flow
quantities and direction at all critical points. All areas and subareas for
drainage calculations shall be clearly distinguished.

Complete hydraulic data showing all calculations, including a copy of all
nomographs and graphs used for the calculations shall be submitted.

A plan and profile of all proposed improvements at a scale of 1" = 20' to 1"
= 50' horizontal and 1" = ' vertical shall be submitted. This plan shall
include the following: Location, sizes, flow line elevations and grades of
pipes, channels, boxes, manholes and other structures drawn on standard
plan-profiles; 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.
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4. 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 life,
the problem must be resolved before the plan will be given approval.

5. 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 flow 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
Batesville and surrounding areas must be submitted.

3.3 REQUIREMENTS RELATIVE TO IMPROVEMENTS
3.3.1 BRIDGES AND CULVERTS

Bridges or culverts shall be provided where continuous streets or
alleys cross water courses and shall be designed to accommodate
a 100-year storm and meet Federal Emergency Management
Agency (FEMA) regulations on FEMA regulated floodways or
floodplains. Additionally, the following requirements shall be met:
A 50-year frequency storm without overtopping on principal arterial
roads and streets, 25-year frequency storm without overtopping for
minor arterials and collectors, and a 10-year frequency storm
without overtopping for all other streets. The structure shall be
designed in accordance with current Arkansas Highway and
Transportation Department specification materials and to carry a
minimum H-20 loadings in any case.

Where same structure is to be constructed in a location other than

existing or proposed street right-of-way, H-10 loadings may be
used.
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3.3.2 CLOSED STORM SEWER

Closed storm sewers for all conditions other than required in
Section 3.3.1 above shall be designed to accommodate a 10-year
frequency storm, based on the drainage area involved. Same shall
either be R.C. box culverts for minimum H-20 loadings on street
right-of-way or H-10 loadings elsewhere, or R.C. pipe ASTM Class
[l when sufficient cover is provided or ASTM Class IV when less
than one-foot under paving or less than two feet of cover.

Under special conditions, the use of corrugated metal pipe may be
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 material; otherwise,
objectionable clogging may result. The controlling velocity is near
the bottom of conduits and considerably less than the mean
velocity. Storm drains shall be designed to have a minimum
velocity flowing full of 2.5 fps. Table 3.1 indicates the grades for
both concrete pipe (n = 0.012) and for corrugated metal pipe (n =
0.024) to produce a velocity of 2.5 fps, which is considered to be
the lower limit of scouring velocity. Grades for closed storm sewers
and open paved channels shall be designed so that the velocity
shall no be less than 2.5 fps nor exceed 12 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 shall be 0.40 percent when possible. Any variance
must be approved by the City Engineer.
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Table 3.1
Minimum Slope Required
to Produce Scouring Velocity

Pipe Size Concrete Pipe Corrugated Metal

(Inches) Slope ft./ft. Pipe ft./ft.
18 0.0018 0.0060
21 0.0015 0.0049
24 0.0013 0.0041
27 0.0011 0.0035
30 0.0009 0.0031
36 0.0007 0.0024
42 0.0006 0.0020
48 0.0005 0.0016
54 0.0004 0.0014
60 0.0004 0.0012
66 0.0004 0.0011
72 0.0003 0.0010
78 0.0003 0.0009
84 0.0003 0.0008
96 0.0002 0.0007

Closed storm sewers extending to furthest downstream point of
development shall give consideration to velocities and discharge
energy dissipaters to prevent erosion and scouring along
downstream properties.

3.3.4 OPEN DITCHES

Open earth ditches shall be designed to carry the 25-year
frequency storm and accommodate the 100 year frequency storm.
The 100 year water surface elevation must not be increased in
conjunction with the ditch.

Ditches shall have a gradient to keep the velocity within 1.5 to 5.0
feet per second. Sod shall be required to the 25 year storm depth
unless approved by the City Engineer. Side slopes shall have a
maximum slope of 3:1 unless approved by the City Engineer. See
Table 3.2 for permissible velocities for swales, open channels, and
ditches with uniform stands of various well maintained grass
covers. Designer's 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 floodways. Floodplains are areas of land adjacent to an
open paved channel or open sodded ditch (not in closed storm
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TABLE 3-2
PERMISSIBLE VELOCITIES FOR CHANNELS LINED WITH GRASS

PERMISSTIBLE VELOCITY, fps

COVER SLOPE RANGE EROSION-RESISTANT EASILY ERODED
(PERCENT) SOTILS SOTILS
Bermuda Grass 0-5 8 6
5-10 7 5
>10 6 4
Buffalo grass, 0-5 7 5
Kentucky bluegrass, 5-10 6 4
smooth brome, >10 5 3
blue grama
Grass mixture 0-5 5 4
5-10 4 3

Do not use on slopes steeper than 10%

Lespedeza Sericea,

0-5

weeping love grass,

3.5 2.5

except

ischaemum (yellow Do not use on slopes steeper than 5";
bluestem), alfalfa, for side slopes in a combination channel
crabgrass

Annuals - used on mild 0-5 3.5 2.4

slopes or as temporary

protection until

permanent covers are

Slopes steeper than 3% is not recommended

established. Common
lespedeza, Sudan
grass
REMARKS: The values apply to average, uniform stands of
each type of cover. Use velocities exceeding 5
fps only where good covers and proper maintenance
can be obtained.
SOURCE: AHTD
CITY OF
: PERMISSIBLE VELOCITIES FOR
BateSVllle CHANNELS LINED WITH GRASS
ARKANSAS TABLE 3.2




sewers) that may flood during a 100-year rain. Such floodways and
floodplains shall be indicated on drainage improvement plans and
individual plot plans.

3.3.5 OPEN PAVED CHANNELS

Open paved channels are to be used where flow velocity exceeds 5
fps or channel grade is less than 0.6%, unless approved by the
City Engineer. Open paved storm drainage channels shall be
designed to accommodate a 100-year frequency storm. Such
channels may be of different shapes according to existing
conditions. The channel shall be of concrete with a minimum four
inch thickness paved to the 25 year storm depth. Six-inch
minimum thickness is required where maintained by machinery.
Thickness of concrete and amount of reinforcing steel shall depend
upon conditions at site and size of channel. Gabion or riprap lined
channels may be used in place of paved channels where approved
by the City Engineer.

3.4 FULL OR PART FULL FLOW IN STORM DRAINS
3.4.1 GENERAL

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 Formula either through the appropriate
charts and nomographs, or by direct solutions of the equations as

follow:
Q = AV and
1.4

Q = n AR g2
Q = Capacity = discharge in cubic feet per second

A = Cross-sectional area in conduit or channel in
square feet

R = Hydraulic radius = A + P

P = Wetted perimeter (feet)
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So = Slope of pipe (feet per feet)

St = Friction slope of energy grade line

n = Coefficient of roughness of pipe

V = Velocity in pipe (feet per second)

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. An 18" pipe diameter is the minimum
acceptable pipe diameter for maintenance purposes. Where
used, arch pipe sizes shall be hydraulically equivalent to the
round pipe size.

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.

At changes in pipe sizes, match the soffits or crown of the
two pipes at the same level rather than matching the flow
lines.

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.
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3.4.2 PIPE FLOW CHARTS

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 0.024 for
corrugated metal and 0.012 for concrete. The charts are self-
explanatory, and their use is demonstrated by the example in
Figure 3.1.

For values of "n" other than 0.012, the value of Q should be
modified by using the formula below:

Qc = Qn (0.012[

Nc
Qc = Flow based upon nc
nc = Value of "n" other than 0.012
Qn = Flow from nomograph based on n = 0.012

This formula is used in two ways. If nc = 0.015 and Qc is unknown,
use the known properties to find Qn from the nomograph, and then
use the formula to convert Qn to the required Qc. If Qc is one of the
known properties, you must use the formula to convert Q¢ (based
on nc) to Qn (based on n = 0.012) first, and then use Qn 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 d/D = 1.8'/3.0' = 0.6. Then enter Figure 3.1 to read

Qn = 34 cfs. Using the formula Qc = 34 (0.012/0.018) = 22.7 cfs
(answer).
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Example 2:

Given: Slope = 0.005; diameter D = 36", Q = 22.7 cfs, n = 0.018
Find: Velocity of flow (fps)

First convert Qc to Qn so that nomograph can be used. Using the
formula Qn = 22.7 (0.018)/(0.012) = 34 cfs, enter Figure 3.1 to
determine d/D = 0.6. Now enter Figure 3.3 to determine V = 7.5
fps (answer).

3.4.3 ROUGHNESS COEFFICIENTS

Roughness coefficients for storm drains are as follows on Table
3.3.

Table 3.3

Roughness Coefficients "n" for Storm Drains

Design Range of
Materials of Manning  Manning
Construction Coefficient Coefficient
Concrete Pipe 0.012 0.011-0.015

Corrugated Metal Pipe
e Plain or Coated 0.024 0.022-0.026
e Paved Invert 0.020 0.018-0.022

3.4.4 MANHOLE LOCATIONS

Manholes or maintenance access ports will be required whenever
there is a change in size, direction, elevation, grade, or where there
is a junction of two or more sewers. A manhole may be required at
the beginning and/or at the end of the curved section of storm
sewer. The maximum spacing between manholes for various pipe
sizes shall be in accordance with the Chart below. The required
manhole size shall be as follows:
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MANHOLE SIZE

Sewer Manhole
Diameter Diameter

15" to 18" 4'

21" to 42" 5'

48" to 54" 6'

60" and larger To be approved by City

Larger manhole diameters or a junction structure may be required
when sewer alignments are not straight through or more than one
sewer line goes through the manhole.

STORM SEWER ALIGNMENT
AND SIZE CRITERIA

Vertical Dimension Maximum Allowable Distance

of Pipe (inches Between Manholes and/or Cleanouts
15 to 36 400 feet
42 and larger 500 feet

3.4.5 PIPE CONNECTIONS

Precast 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 error increases in magnitude as the size of pipe increases.

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 other
junctions in 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.
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The basic equation for most cases, where there is both upstream
and downstream velocity, takes the form as set forth below with the
various values of the coefficient of Kj shown in Tables 3.4, 3.5 and
3.6.

hj = Kj (V22 - V4?)

29
hj = junction or structure head loss in feet.
v1 = velocity in upstream pipe in feet per second.
v2 = velocity in downstream pipe in feet per second.
Kj = junction or structure coefficient of loss.

In the case where the initial velocity is negligible, the equation for
head loss becomes:

hj = K V22

29

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

The values of the coefficient "Kj" for determining the loss of head
due to obstructions in pipe are shown in Table 3.5 and the
coefficients are used in the following equation to calculate the head
loss at the obstruction:

hj = K V22

29
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The values of the coefficient "Kj" 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 calculate the head loss at the change in Section:

hj = K; V2

29
3.5 UTILITIES

In the design of a storm drainage system, the Engineer is frequently confronted
with the problem of grade conflict between the proposed storm drain and existing
utilities, such as water, gas and sanitary sewer lines.

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.

Due to the difficulty and expense to the public with regard 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:

@) Manholes are not allowed in drainage ditches.

o] Access easements shall be required every 600 feet.

@) Utility crossings above the channel flowline shall not be allowed unless
approved in writing by the City Engineer.

@) Utilities shall not be located beneath a concrete ditch bottom except at

crossings.

See Figure 3.12 for dimensions of utility easements required when drainage
facilities are installed within the same easement.
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Table 3.4

Junction or Structure
Coefficient of Loss

Case Reference Coefficient
No. Figure Desc. of Condition Kj

I Inlet on Main Line ** 0.50
[l Inlet on Main Line
with Branch Lateral ** 0.25
11 Manhole on Main Line
with 45° Branch Lateral  0.50
v Manhole on Main Line
with 90° Branch Lateral 0.75
Vv 45° Wye Connection or
Cut-in 0.25
VI Inlet on Manhole at
Beginning of Line 1.25
VI Conduit on Curves for
900 k%%
Curve Radius = Diameter 0.50
(2to 8)
Diameter 0.40
Curve Radius = (8 to 20)
Diameter 0.25
VI Bends Where Radius is
Equal to Diameter
90° Bend 0.50
60° Bend 0.48
45° Bend 0.35
22 1/2° Bend 0.20
Manhole on Line with
60° Lateral 0.35
Manhole on Line with
22 1/2° Lateral 0.75

Notes:

** Must be approved by City Engineer.

*** Where bends other than 90° are used, the 90° bend coefficient can be used with the
following percentage factor applied:

60° Bend - 85%

45° Bend - 70%
22 1/2° Bend - 40%
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TABLE 3.5

HEAD LOSS COEFFICIENTS DUE TO OBSTRUCTIONS

A*
A. K; A. K;
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
22 7.05 10.0 121.0
2.5 9.70
* A = Ratio of area of pipe to opening at obstruction.

A.
TABLE 3.6
HEAD LOSS COEFFICIENTS DUE TO SUDDEN
ENLARGEMENTS AND CONTRACTIONS

Dy** Sudden Enlargements Sudden Contractions
D1 K; K;
1.2 0.10 0.08
1.4 0.23 0.18
1.6 0.35 0.25
1.8 0.44 0.33
2.0 0.52 0.36
2.5 0.65 0.40
3.0 0.72 0.42
4.0 0.80 0.44
5.0 0.84 0.45

10.0 0.89 0.46

0.91 0.47

**D, = Ratio of larger to smaller diameter.
D
Source: City of Waco, Texas, Storm Drainage Design Manual
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SECTION IV - CULVERT HYDRAULICS

4.0

41

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 designer 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 length of
the barrel.

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 (HW) depth for a culvert of a given diameter or height (D) where
a discharge is given can be determined by obtaining the HW/D value from
Hydraulic Engineering Circular #5, FWHA. A desirable maximum headwater for
a culvert should not be greater than the diameter or height plus 2'. The elevation
of adjacent facilities (i.e., buildings, etc.) must be reviewed for flooding.
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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), entrance loss (He) and friction loss (Hr). This energy head (H)
is obtained from Hydraulic Engineering Circular #5, FWHA, and entrance loss
coefficients from Table 4.1.

The headwater depth (HW) at the culvert entrance is calculated by means of the
following formula:

HW =H + ho- LS,
Where: H = energy head
L = length of culvert (ft.)
So = slope of barrel (feet per foot)

ho=dc+ D
2 or TW, whichever is greater

dc = critical depth of flow in the barrel.
Critical depth may be determined by using Hydraulic
Engineering Circular #5, FWHA.

D = height of pipe or box
TW = tailwater depth

The maximum desirable headwater depth for culverts operating under outlet
control shall be the same as described in Section 4.1.

See Section 4.7 for detailed types of culvert flow and Section 4.8 for examples of
culvert sizing computations.
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4.3

HEADWALLS AND ENDWALLS

4.3.1 GENERAL

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 and 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 of 15° or greater shall be
accompanied by adequate inlet and outlet control sections.

4.3.2 CONDITIONS AT ENTRANCE

It is important to recognize that the operational characteristics of a
culvert may be completely changed by the shape or condition at
the inlet or entrance. Design of culverts involve consideration of
energy losses that occur at the entrance. The entrance head
losses may be determined by the following equation:

he = Ke (V22 - V+?)

29
he = entrance head loss in feet
V2 = velocity of flow in culvert
V1 = velocity of approach in feet per sec.

Ke = entrance loss coefficient as shown in
Table 4.1.
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VALUES OF ENTRANCE LOSS COEFFICIENTS "Ke"

TABLE 4.1

Type of Structure & Entrance Design

Box, Reinforced Concrete

Submerged Entrance

Parallel wing walls
Flared wing walls

Free Surface Flow

Parallel wing walls
Flared wing walls

Pipe, Concrete

Project from fill, socket end
Project from fill, square cut end
Headwall or headwall & wingwalls

Socket end of pipe
Square - edge

End - Section conforming to
fill slope

Pipe, or Pipe-Arch, Corrugated Metal

Projecting from fill (No headwall)
Headwall or headwall and wingwalls
Square - Edge

End - Section conforming to fill

IV-6

value of Ke

0.5
0.4

0.5
0.15

0.2

0.5

0.2

0.5

0.5

0.9

0.5

0.5



4.3.3 SELECTION OF HEADWALL OR ENDWALL

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 Endwall:

(1)  Channel is well defined.

(2)  Approach velocities are between 6 and 10 feet per second.
(3) Medium amounts of debris exists.

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 Endwall:

(1)  Channel is well defined and concrete lined.

(2)  Approach velocities are between 8 and 20 feet per second.
(3) Medium amounts of debris exists.

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.
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4.4 CULVERT DISCHARGE VELOCITIES

The velocity of discharge from culverts should be limited as shown in Table 4.2.
Consideration must be given to the effect of high velocities, eddies, or other
turbulence on the natural channel, downstream property, and roadway

embankment.
Table 4.2
Culvert Discharge - Velocity Limitations

Downstream Maximum Allowable
Condition Discharge Velocity (FPS)
Earth 6 FPS

Sodded Earth 8 FPS

Paved or Riprap Apron 15 FPS

Shale 10 FPS

Rock 15 FPS

4.41 Energy Dissipators

Energy dissipators are used to dissipate excessive kinetic energy in
flowing water that could promote erosion. An effective energy
dissipator must be able to retard the flow of fast moving water
without damage to the structure or to the channel below the
structure.

Impact-type energy dissipators direct the water into an obstruction
that diverts the flow in many directions and in this manner
dissipates the energy in the flow. Baffled outlets and baffled
aprons are two (2) impact-type energy dissipators.

Other energy dissipators use the hydraulic jump to dissipate the
excess head. In this type of structure, water flowing at a higher
than critical velocity is forced into a hydraulic jump, and energy is
dissipated in the resulting turbulence. Stilling basins are this type
of dissipator, where energy is diffused as flow plunges into a pool
of water.

IV-8



4.5

4.6

Generally, the impact-type of energy dissipator is considered to be
more efficient than the hydraulic jump-type. Also the impact-type
energy dissipator results in smaller and more economical
structures.

The design of energy dissipators is based on the empirical data
resulting from a comprehensive series of model structure studies
by the U.S. Bureau of Reclamation, as detailed in its book
Hydraulic Design of Stilling Basins and Energy Dissipators. Two
(2) impact-type energy dissipators are briefly explained here.

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 culverts shall be 18" 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 material other than reinforced concrete pipe is to be used, it shall be 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.

FILL HEIGHTS AND BEDDING

Where possible, the minimum cover over any culvert or box culvert shall be 18",
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 Figures 4.18 through 4.20. 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
Departments Standard Plans for Typical Box Culvert Designs. When installed
within public right-of-ways, all culverts shall be capable of withstanding minimum
H-20 loading.

Where culverts under railroad facilities are necessary, the designer shall obtain
approval from the affected railroad.
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4.7

4.8

TYPES OF CULVERT FLOW

Type | Flow Part Full with Outlet Control and Tailwater Depth Below
Critical Depth.
(Figure 4.3)

Type Il Flowing Part Full with Outlet Control and Tailwater Depth
Above Critical Depth.
(Figure 4.4)

Type Il Flowing Part Full with Inlet Control.
(Figure 4.5)

Type IVA Flowing Full with Submerged Ouitlet.
(Figure 4.6)

Type IVB Flowing Full with Partially Submerged Outlet. (Figure 4.7)

CULVERT DESIGN PROCEDURE:

STEP 1 - SELECTING CULVERT SIZE:

The computations involved in selecting the smallest feasible barrel which can be
used without exceeding the design headwater elevation is summarized in the
tabulation sheet, titled "Culvert Computations", Table 4.4.

INITIAL DATA:

Enter initial data and complete required information for first approximation. The
square feet of opening for the initial trial size may be estimated by the ratio of
design discharge divided by 10.

TAILWATER:

The tailwater depth is influenced by conditions downstream of the culvert outlet.
If the culvert outlet is located near the inlet of a downstream culvert, then the
headwater elevation of the downstream culvert may define the tailwater depth for
the upstream culvert. If the culvert outlet is operating in a free outfall condition
then the tailwater is taken as 0.0.
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If the culvert discharges into an open channel, then tailwater conditions should
be determined by either backwater conditions, normal depth (subcritical flow) or
critical depth (supercritical flow). Figure 9.1, provides a graphical solution for
normal depth of flow which may be calculated by Mannings Formula:

Q= 1.486 AR #° §™?
n

In any case, the tailwater depth is defined as the depth of water measured from
the flow line of the culvert (invert) at the outlet, to the water surface elevation at
the outlet.

Enter tailwater depth in Column 8 and applicable stream data in upper left hand
portion of Culvert Computation Form.

STEP 2 - PERFORM OUTLET CONTROL CALCULATIONS:

These calculations are performed before inlet control calculations in order to
select the smallest feasible barrel which can be used without the required
headwater elevation in outlet control exceeding the allowable headwater
elevation.

Column 1:  Enter the span times height dimensions (or diameter of pipe) of
culvert.

Column 2:  Enter the type of structure and design of entrance.

Column 3:  Enter the design discharge or quotient of design discharge divided
by the applicable denominator.

Column 4: Enter the Entrance Loss Coefficient from Table 4.1.

Column 5:  Enter the head from the applicable outlet control nomograph, in the
example problem use Figure 4.12.

Column 6:  Enter the critical depth from appropriate nomograph, in the

example problem use Figure 4.9. Critical depth cannot exceed
height of culvert opening.
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Column 7:  For tailwater elevations less than the top of the culvert at the outlet,
hydraulic grade line is found by solving for ho using the following

equation:
ho = d¢t+D
2
where: ho = vertical distance in feet from culvert invert at

outlet to the hydraulic grade line in feet
dc = critical depth in feet
D = height of culvert opening in feet
Column 8:  Enter the tailwater elevation from initial data shown at top of form.
Refer to tailwater comments under STEP 1 for additional
guidelines.

Column 9:  Enter the product of culvert length times the slope.

Column 10: Headwater elevation required for culvert to pass flow in outlet
control (HWo) is computed by the following equation:

HWo=H + ho - LS
Note: Use TW elevation in lieu of ho where TW>ho

Additional trials may be required. Space for additional trials is
provided on Culvert Computations Form.

STEP 3 - PERFORM INLET CONTROL CALCULATIONS FOR
CONVENTIONAL AND BEVELED EDGE CULVERT:

After minimum barrel size has been determined under STEP 2, the next
procedure is similar to that used in FHWA's Hydraulic Engineering Circular
Number 5, "Hydraulic Charts for the Selection of Highway Culverts".

The computations involved in computing inlet headwater elevation is
summarized in the tabulation sheet used in STEP 2, titled "Culvert
Computations”, Table 4.4.

Column 11: Enter ratio of headwater to height of structure from Figure 4.11.
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Column 12: HW is derived by multiplying Column 11 by the height (or diameter) of
culvert.

Column 13: Enter greater of two headwaters (Column 10 or 12).

Column 14: Inlet control governs, outlet velocity equals Q/A, where A is defined by the
cross-sectional area of normal depth of flow in the culvert barrel at
"S". Figures 4.10, 4.14, 3.7, and 3.14 to 3.26, 3.4, 3.28 to 3.41,
Chapters 3 and 4, provide a graphical solution for estimating
normal depth of flow and velocity. Manning's Formula may also be
used:

V =1.486 R*° §'*
n

If outlet control governs, outlet velocity equals Q/A, where A is the
cross-sectional area of flow in the culvert barrel at the outlet.

Columns 15: Figures shown in this column are believed to be self-explanatory.

IMPROVED INLETS:

A. See Arkansas Highway and Transportation Department's Manual for improved
inlet or side tapered inlet design.
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Typec 1
Culvert IFlowing Part Full
With Outlet Control and Tailwater Depth
Below Critical Depth

HW <120

T NEE -

HW . ———— e e T T \{ _ -
| ‘ Tdn / TW S de

Ui anr St F s BN G 2T G AN G i )’J/K\T'Mi'\"l!m‘)ﬁi‘ii/i\i‘ﬁo‘ﬁfnue' &R |
So < Se CONTROL

Conditions

The entrance is unsubmerged (HW < 1.2D), the slope at
design discharge is sub-critical (S, < S), and the
lailwater is below critical depth (TW < d().

The above condition is a common occurrence where the natural channels are on flat grades and
have wide, {lat flood plains. The control is critical depth al the outlet.

In culvert design, it is generally considered that the headwaler pool maintains a constant level

during the design storm. If this level does not submerge the culvert inlet, the culvert flows part
full.

If critical flow occurs at the outlet the culvert is said Lo have *“Outlet Control.” A culvert flowing
part full with outlet control will require a depth of flow in the barrel of the culvert greater than
critical depth while passing through critical depth at the outlet.

The capacily of a culvert flowing part full with outlet control and tailwater depth below critical
depth shall be governed by the following equation when the approach velocity is considered zero.
ch
HW = g+ Mo + hr - Sl

HW

Headwater depth above the invert of the upstream end of the culvertin
feet. Headwater must be equal to or less than 1.2D or entrance is sub-
merged and Type 4 operation will result.

3
2
de = Critical depth of {low in feet = V—a—g—z—-

D = Diameter of pipe or height of box.
q = Discharge in cfs per fool.
Vo = Critical velocity in fect per sccond occurring at critical depth.
hc = Entrance head loss in feet.
v 2
C
hc - ](c ( 2;; )
CITY OF
Batesville TYPES OF CULVERT FLOW
ARKANSAS SOURCE: City of Austin, TX Figure 4.3




I{c = Entlrance loas coclficient
by = Friction head loss in feet = S(L.

S = Friction slope or slope that will produce uniforin fow. For Type 1
operation the friction slope is based upon 1.1 d¢

So = Slope of culvert in feet per fool.
L = Length of culvert in feet.
Type II

Culvert Flowing Part Full
With Outlet antrol And Tailwater Depth
Above Critical Depth

HW <1.2D
| T -
o i iy e o, Sy i s e e ety s SR T d
. de ~ I
U-zz/z\uw/.wv/mwﬁx‘;f/mm&wm«ﬁ/m,Tm\w/mwzmzm'mz///.:\\T/Z/A'\i‘zzyrxx\v/;f/::ﬁ/%\"D |
So <S¢ CONTROL
Conditions

The entrance is unsubmerged (HW < 1.2D), the slope at
design discharge is subcritical (S, < S(), and the

tailwater is above critical depth (TW > d,).

The above condition is a common occurrence where the channelisdeep, narrow and well defined.

If the headwaler pool clevation does not submerge the culvert inlet, the slope at design discharge
is subcritical, and the tailwater depth is above critical deplh the control is said to occur at the
outlet; and the capucity of the culvert shall be governed by the following equation when the
approach velocity is considered zero.
‘ vV, 2
HW -~ TW + —— W
2g

. hc + by - S,L

HW = Hcadwater depth above the invertof the upstream end of theculvert i.h
feet. Heandwater depth must be equal Lo or less than 1.2D orentranceis
submerged and Type 1V operation will result,

CITY OF

Batesville
ARKANSAS Figure 4.4
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-3
.
=

Tailwater depth above theinverl of the downstream end of the culvert
in feet.

VTW : Culvert discharge velocity in feet per second at tailwater depth.

h, = Entrance head loss in feet.

V 2

TW
hy = K (T)
Ko = Entrance loss coefficient
hy = Friction head loss in feet = S¢L
Sf = TFriction slope or slope that will produce uniform flow. For Type II
operation the friction slope is based upon TW depth.

Sy = Slope culvert in feet per foot.

= Length of culvert in fecet.

Type 111
Culvert Flowing Part Full With Inlet Control

HW<1.20

CONTROL

Conditions

The entrance is unsubmerged (HW < 1.2D) and the
slope at design discharge is equal to or greater than
critical (Supercritical) (Sg 2 Se).

This condition is a common occurrence for culverts in rolling or mountainous country where the
flow does not submerge the entrance. The control is critical depth at the entrance.

If critical flow occurs near the inlet, the culvert is said to have “Inlet Coptrol". The mnxin}um
discharge through a culvert flowing part full occurs when flow is at c.ritmal depth for a given
encrgy head. To assure that flow passes through critical depth near thf: inlet, the cuh'rert must be
laid on a slope cqual Lo or greater than critical slope for the design discharge. Placing cul\{efts
which are to flow part full on slopes greater than critical slope will increase the outlet velocities

CITY OF

Batesville TYPES OF CULVERT FLOW
ARKANSAS

Figure 4.5




but will not increasc the discharge. The discharge is limited by the section neartheinletat which
critical flow occurs.

The capacity of a culvert flowing part full with control at the inlet shall be governed by the
following cquation when the approach velocity is considered zero.

HW

Headwalter depth above the invert of the upstream end of the culvertin
fect. Headwater depth must be equal to or less than 1.2D orentranceis
submerged and Type IV operation will result.

3
de = Critical depth of flow in feet = ¢
_ , 32.2
q = Discharge in cfs per fool.
VZ = Velocity of flow in the culvert in fcet per sccond.

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 oullet velocily is the discharge divided by the arca of
flow in the culvert.

K,

Entrance loss coefficient

Type IV-A
Culvert Flowing Full With Submerged Outlet

HW>120D
—_—
H
HW =2 l
l TW>D
Ut 7a S s 2, - il l
R BN LS TN T[N AN R RO R A TN T A R e s AT T RIS
S S Sc CONTROL
Conditions

(Submerged Outlet)

The entrance is submerged (HW > 1.2D). The tailwater
completely submerges the outlet.

Most culverts {low with free outlet, but depending on topogrnph_Y. a tailwater pool of a (}ﬁpgh
sufficient to submerge the outlet may form at some installation. Generally, these wa c

CITY OF

Batesville TYPES OF CULVERT FLOW

ARKANSAS Figure 4.6




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
submerged outlet shall be governed by the following equation when the approach velocity is
considered zero. Qutlet Velocity is based on full flow at the outlet.

HW = H + TW - S.L

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
submerged. '

H = Head for culvert flowing full.

TW = Tailwater depth in feet.

S, = Slope of culvert in feet per foot.

= Length of culvert in feet.
Type IV-B

Culvert Flowing Full
With Partially Submerged Outlet

HW = 1.2D

CONTROL

Conditions

(Partially Submerged Outlet)

The entrance is submerged (HW > 1.2D). The tailwater
depth is less than D (TW < D).

The capacity of a culvert flowing full with a partially submerged outlet shall be gpve}'ned by the
following equation when the approach velocity is considered zero. Outlet velocity is based on

CITY OF

Batesville TYPES OF CULVERT FLOW
ARKANSAS

Figure 4.7




critical depth if TW depth is less than critical depth. If TW depth is grealer than critical dcpth
outlet velocily is based on TW depth.

HW = H + P - SjL

W = Headwater Depth above the invert of the upstream end of the culvert.
Headwater depth must be greater than 1.2D for entrance to be
submerged.

H = Head for culverts flowing full.

d, + D

P = Pressure line height = —

d, = Critical depth in feet.

D = . Diameter or height of structure in fect.

S, = Slope of culvert in feet per foot.

L = Length of culvert in feet.

CITY OF
Batesville TYPES OF CULVERT FLOW
ARKANSAS Figure 4.8




el dely,

i w HL =100

o Q K EBO

I 60

- CONNECT QBV,  CONNECT K8V, =50

. READ W READ HL 40

o »

20 30

C E— 20

- 3

— 30 2

g 2'0__" =10 40

2 1.9 — =80 go

F— 40 — = ;

1.8 — —¢o0 10

E- = 1 :50 6.0

E Z L7 -

:- lg | 53 :4.0 5.0

—60 W - 55 40

W

- 15—1- = L

70 G = 30—

P w 3 - —20

—80 Q A4 — =l _4 &

= =t o -
?—-90 ELB_ o 3 9 = 20 80 ~

e = N | ~ a
5 100 = ] =z 10 =
e ‘-t-j 1.2 g - <o{ = ':‘:' >
wl e N OF.js w08 g =
st A EF20 wigg °© 8
=} X - S J -
ol T 1—30 T r—05 =0. w
(%] g - o >
al - o —40 " 04 PO

- F 50 o z 0. =

- 1.0— » =~ o e 3

— 200 x " 0. =

u 100 =t °Q. =

C —0.2 Q

o 040 o

é..300 Q.30

E —0.l

E —0.06

: = / ——

B \ —0.04

- - 040

— 700 de — _—

— 900 Sg FRICTIONAL

1000 GRADE Loox

e HW2dg + HL

=, HLahy+he

— 1500

= 2000

CITY OF
. CRITICAL FLOW FOR BOX CULVERTS
Batesville : -
SOURCE: Texas Highway Department
ARKANSAS Figure 4.9




o
[e]
(5]

o
o
&

o
lo]
ol

o
(o4
]

LN L llllITTT[lfllillll]ll”l]llq’ﬁﬁl

= 0.01
— 0.009
—0.008

— 0.007

]

]
o
(@]
o
o

]

o
o
o
(&)

0.004

I]IIH]HHl

SLOPE (fes! par foot)

0.003

0.002

T 7 I5lII‘II'IIIl'IIHIIHI“TT

.3
o
o

3

Q:=DISCHARGE PER BARREL (cfs)
~n
(@)
o

W\
o

H
o

o
o

I’I ”"””I””["”l""lm'] I

(2]
I

SPAN (feet)

(3]
I

3 —

d/SPAN

Q.15 —

o
w
o

o
D
(o]

o
o
[e]

fo)
o
o

o
@
(@]

o
[7e]
o

(o]

(3]

. o
I!ll.llll!llIl]lllllllllllllll.llll‘llllllllllllllIllllelLlLLl 11 ' L1 1.1 ‘ 'S N T W O N W L

1.00—=

— 0.001

- 20

3 SIDES WETTED

3 n=0.0I2

—0.0003

CITY OF

. UNIFORM FLOW FOR BOX CULVERTS

BateSVllle SOURCE: Texas Highway Department

ARKANSAS

Figure 4.10




1
3
(@]
o

- 4000

—3000

= 4 H

¥ HW| Q I—

—-2000 — i . 8

- , [lo =

= Unsubmerged Outlel Submergad Outlet

X _

- 1000 2R 4

N — .5

— 800 10X 10—~ 100 .

- T -

600 o

5 L. & 8

- X 8— o

500 88 60 "

3 — P’O 3 ~1.0

—400 = 7 x7 W L

- w w ™

[ W — 40 -

—300 = st.J_ g -

. o [ond -
53 7 BE
Zz 200 w 5x5.-4_ ; % zt
=F < -0 o =L
st 3 208 o 2

= a o ot
ol 0 4x4- < g ] 3
ac - = « wh

= |15 - =) o =
=k b - 2 R -4
Q —100 = 3.5%35—L = L
pad g B Q o
af ) —10 9 S

80 =z a3l U & (s

- = -8 & -

=60 [a - < _____.-AE

o 25x25- o W 0

L s -

- O_,_'i.‘:ﬁg———--:'g":;"’ —10

i j'eo”}- i

i 2x2—7g -

—30 w“

- EQUATION FOR SQUARE BOX E

- . 1555(1+K,) , 287 24 L —20

:20 ) W= D * D'Y3 (%)

b

- H = Head In feet

- Ke= Entrance loss coefficient

i D = Height, also span, of box In feet

10 n = Manning's roughness coefficient =0.012

- - L = Length of culvert In feet

—8 Q = Deslign discharge rate in cfs

— 6

L5

n=20.012
CITY OF HEAD FOR CONCRETE BOX
. CULVERTS FLOWING FULL
Batesville

SOURCE: Texas Highway Department
ARKANSAS Figure 4.12




— 120 — 3,000
— 114 E- :—0.99
— 108 — 2,000
—102 — B
-
e — 1,000 —
— 90 - -
84 ! — 0.90
500 E
18 400 -
= 0.80
— 72 300 =
66 — 20 E
~:\\\ - F—0.70
\\ o
— 60 \\ =
\\\ =
= l\OO\ F— 0.60
— 54 % — »
~ -~ -
w — -
l— 48 g 50 \\\ o
2 40 ?:—0.50
- A =E
2 a 30 @
0 | " v, :‘
£ o ef
G = ~" o040
] o
=z —36 o
<
a 10 -
a =33 i
5 —0.30
4 =
— 27 =
L— 24 —2 —
— 21 : i
L— 0.20
— 18
— 15
12
CITY OF CRITICAL DEPTHS OF FLOW
: FOR CIRCULAR CONDUITS
Bate SV1 l l c SOURCE: Texas Highway Department Figure 4.13
ARKANSAS




:z; "
. o <
g
§
—0.10 50 — 5,000 E L5
= A 12 —
= 40 = 4000 P //\\
= 30-3E-3,000 : T
E0 05 ES d \ FULL 15—
e 20/—55/2,000 AN 0.90— FLOW 21
0.04 P: \. 070
E P o -:;' 050 1804
5_003 // :: 0.50 i
2 // - RN 040 2127
502 2 == 3 = — 30
{ w ol w <0.30 24—
C < pes 54 = = —33
=4 5 @ < A —1—-36
-\ o 2 el \ 30
- = —
oo\ ® 30-E-300 Uy 42
3= \ x U E i = 331
.~ & E3 ')o" 3 36\5— 48
3 \ 5 20-F-200 3 <
== \ x = x 0.0 a /
= 0005 : £ 2 . i
Wi \ o I & FULL —60
o E-Q004 \ gg IO—:—IOO g o_goE_.FLOW 48—
aE T o= z 70— — 66
£ 0.003 \ 2 =l 0.60= / Bed_s
= i o a 50—
3 & = 2 . /  60—=T8
E o \0.50—--—50 - 040 es——84
3 e 040-2-40 = "’s,/ —90
- \ <030 y: 72 o6
n 0305 a = 78——-102
: o]  utd
— 0.001 0.20-—*!:;_‘T 20 Yl 90" 129
L ¥ . 96 —
- +\ ~] 102—
- o \ . u‘)e-
. s 14—
a0 ——j0 -
120 —
- 0.0005 \\ // 0.10 -
EXAMPLE \ /
GIVEN: $=0.02 FIND: d/D=
Q:20cfs . . \ /
D=36" (CONCRETE) \
SOLUTION \ /
d/0=0.30 , /
4=0.30x 309 \(
CITY OF
: UNIFORM FLOW FOR PIPE CULVERTS
Bate SV1 l le SOURCE: Texas Highway Department
ARKANSAS Figure 4.14




— 114
108 5,000
4,000 i
—102
- 3,000 i
i 2,000 l
:84 =
— 78 1
72\ 1,000 .
- ~ i
O\
B \em -
66 \/ 0.20—
\ 500 T
| x4 \ 300 2 -
> 4
48 20 p 3
e a
\ -t
= - T 0.30—
2 ° \ 400 ]
er—42 W - 100 KO“ 03 d
s @ = < _3 -
= g % 300 ]
- O = .
W E .-
=3 350 N\ 20,0 040—
Sl-33 o f-40 . L E
o . b
30 . g
30 Lo - 3
20 “RQD Vs ZQGJO.O—: 0.50 3
B 1
5 i \/ =O-70) 0.50—€
— 24 o = 5.0—: E
> 40— 070
— 21 3.0 aaog
- 0.90
. 1.0O
4 2.0—
— 18
2 1.0 —
—15
|
-
CITY OF
] VELOCITY IN PIPE CONDUITS
Bate SV1 l le SOURCE: Texas Highway Department
ARKANSAS

Figure 4.15




n
(@]
o
(@]

-

o

L -4

: . 2 N BN T

e J — D IR oy .6

o —

— 800 £ . -

o —120 Unsubmerged Outlet Submerged Outlet

x —.8

—600 —108 5

’ -

—500 96 ‘_—1.0

b ~

.4 3

x 00 g4 i

300 3

L —72 C

) 66 -2

—200 _c0 ut

o wi

! g

- —54 E [ 5

5 %} = T
il Wl 4g-228 ] =t

zL 0o z| -7 2k4

sF Q-2 2 =]

St o= | "

w ok g g © !

< 5 xi-36 = —6

60 - g L

21 Z -

- af-30 -8
40 oo 10
0 24 I
- -
20 = [

[ 20
i —18
. 2.52(1+Ke) . 466.18nL (Q)?
s EQuATIoN W= 2520ie) , 26680 2
10 15 . '
B H = Head In feet
-8 Ke = Entrance loss coefficient
B D = Dlameter of pipe in fest
-2 n = Monning's roughness coefficlent=0.015
:-6 L = Length of culvert in feet
L5 Q = Deslgn discharge rote in cfs
—4
CITY OF HEAD FOR CONCRETE PIPE
. CULVERTS FLOWING FULL
Bate SV1 l le SOURCE: Texas Highway Department
ARKANSAS Figure 4.16




=120 — 10,000
_-xe,e — 8,000 EXAMPLE (1) (2) (3)
— 6
— 156 B D= 42inches (3.5 fest) ™
" __:,008 Q=120¢cfs i - 6.
144 500 5. -
- — 4000 HW*  Hw st S
—132 :_3000 D feet . 4 -
[ 120 B 0 25 &8 —5 - a
N - — @ 2l 7.4 3 L =
E- ! 3 . - 4, b =
o - @ 22 w7 : R
= - *D In foet = I~ .
e - oo Sl
i — 800 _ - K
e 600 T =
- C 500 ~  F - -
- - ) - L
- 72 —~ 400 }/ =02 - L
- o\ ; - B L
- 3 3 N =15 Ls
o <4 -
(&) / (700 od - "
Z 60 P ;'— 200 / EJ 15
= SE wi B i
SH54 B =5 |
. .5t a[ i
=l 4g _~ "2k 00 =1 i ]
> ~ Qreo -
3l =60 et
Oldz SE o i —l0 Lo
S =F HW o ENTRANCE x| - :
pe Blsg p FCALE TYPE w =10
=l-36 C st A
W — 30 ) Squars sdge with =
= ~ headwall, <9 -
<-33 o w -
a 20 (2) Groove end with Tl
- 30 E hoodwc“- —.8 — .8
. = 3 Groove end pro- —8 i
o7 - Jecting. - 5
— 10 3 »
24 — 8 7 —7
— 6 To use scale (2) or (3) project » i
5 —5 horizontally to scals (1), then -
! - 4 use stralght inclined tine though ,
N D and Q scales, or reverse as 6
- llustrated. _6 —-6
3 .
|5 3 L
- Ls 3 L.s
—1.0
12
CITY OF
] HEADWATER DEPTH FOR CONCRETE
Bate SV1 l le PIPE CULVETTS WITH INLET CONTROL
ARKANSAS Fj_gure a4.17




4.9 Examples of Culvert Sizing Computations
Example 1:

Given:

326 cfs

0.002 ft./ft.

Allowable headwater depth, HW =6.0 ft.
Allowable outlet velocity, V = 8.0 fps
Length of Culvert, L= 200 ft. *

Tailwater depth, TW = 2.6 ft.

Flared Wingwalls

A\l

Q
SO

Required: The most economical concrete box culvert that will pass the design discharge.

Solution:

(1) Enter Figure 49 with Q =326 and V¢ =8.0 and read approximate width of opening. W =

20, and d¢ = 2.0, then connect K value for flared wings = 1.15 with V¢ = 8.0 and read
HL = 1.2". Then

HW, = d, + HL or 2.0 + 1.2 = 3.2

[From the above calculations it appears that a culvert having a width of 20’ and a
height of 3.2 will adequately pass the design discharge. In order to fit a standard
design it is decided to try a 4 - 5 x 4" multiple box culvert.

(2) The next step is to determine the type of culvert operation. This is accomplished by
d

first determining the critical slope by entering Figure4-0 with —Wc— = -2—- =0.4and W=5

and establishing a point on the turning line. Connect the point on turning line with

Q - iiﬂ = 8l.5andread S¢ = 0.0037

We have now assembled the following data:

[

Existing Channel Culvert
S, = 0.002 ft./ft. S, = 0.0037
TW = 2.6 d. =2.0
D - 4.0
Also we know the following:
So <8¢
TW > d,
TW <D
This culvert will function as a Type II operation with the control at the outlet providing
HW < 1.2D.
(3) The next step is to determine the actual headwater depth and to confirm the Type II
operation.

v 2
HW = TW +(§:’\)+ he + hp - Sl

SOURCE: City of Austin, TX

CITY OF
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T™W = 2.6

C/Q\* 326 \:
(VTW\‘ (A> ( 20 x 2.6 ) 39.31

2g )7 644 644 T

b - K, <(VTW)2

c zg

= 0.61

\).. 0.15 x 0.61 = 0.09

hy = SiL Enter Figurc4-0 with

= 0.52,W =~ 5and

S 8l.5andread Sy ~ 0.0019 ft./ft.
hy = 0.0019 x 200 = 0.38
SoL = 0.002 x 200 = 0.40

HW = 2.60 + 0.61 + 0.09 + 0.38 - 040 = 3.28
The computation of the headwater depth confirms the Type II operation since HW < 1.2D.

328

(4) The outlet velocity = % = g

- 6.3 fps

Since the calculated HW = 3.27 which is substantially less than the allowable HW = 6.0’ and the

calculated V = 6.3 fps which isless than the allowable V = 8.0 fps, the above structure is considered
uneconomical.

Example 2:
Given: Same data as in Example 1.
Try 2- 6.5 x 4’ multiple box culvert.
Solution:
(1) From Figure4-7 d = 2.65, V, = 9.30
(2) From Figure 4-0S¢ = 0.0035 ft./ft.
since S, < S,
and TW < d,
We have a Type | operation with control at the outlet providing HW < 1.2D.
(J) Check HW for Type I operations:

2

Ve
HW-dc+-———+he+hI-SoL

2g
d, = 2.65'
Ve (9.30)? "
Z—E - ——_64.4 Ld 1.34

V’ ’ !
he = Kg (“ég_) = 0.15 x 1.34' = 0.20

CITY OF
] EXAMPLES OF CULVERT SIZIN MPUTATION
Batesville S OF CU SIZING COMPUTATIONS
Example 2
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hf = S{L Enter Figure with

1lde  1.1x265
W 6.5

Q= 2%2 = 163andread Sy = 0.00275ft./ft.

= 045, W = 6.5

hp = SiL = 0.00275 x 200 = 0.55'
Sl = 0.002 x 200 = 0.40'
HW = 265 + 1.34 + 0.20 + 0.55 - 0.40 = 4.34’

Since HW < 1.2D the installation will function as a Type I operation.
(4) Outlet Velocity = V. = 9:30{ps.
HW is still lower than the allowable HW = 6.0"; however, the outlet velocity is greater than the

allowable which was assumed to be 8 fps. The designer has the choice to provide riprap in the
downstrecam 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’ x 4’ multiple box culvert. HW must be equal to or

greater than 1.2D, or HW = 1.2 x 4.0 = 4.8’ minimum. A partially submerged outlet (Type
IV-B) will be considered. Under these conditions:

HW = H + P - S,L
(1) Arca of one barrel= 5x 4 = 20 sq. ft. Length of Culvert =200 ft. Ko (Flared Wingwalls) =

0.4
Q per barrel = —3-?— = 163 cfs

(2) Use Figure 4-12. Connect area of one barrel -20 sq. ft. with 200 ft. length on K, = 0.4
scale. The position of K, = 0.4 must beinterpolated between thelimits K,=0.2and K =
(.7. Mark point on turning line. Connect this point with Q = 163 and read H = 2.3".

(3) According to the definition,

d. + D
2

Enter Figure 4-9 with Q = 326, W = 10 and read d, = 3.1’

3.1 + 4.0 - 3.55'
2

and HW = 2.3 + 3.55 - (0.002 x 200)
HW = 5,45

Q 326
(4) V (outlet) = % = Tisti

P =

ThenP =

= 10.5 fps (concrete apron reg’d.)

Note: Had TW been higher than 1) we would have had a submerged outlet and Type
IV — A Flow would have controlled

HW = H + TW - SOL and V toutlet) %

CITY OF

Batesvi
ARKANSAS

lle EXAMPLES OF CULVERT SIZING COMPUTATIONS
Example 3




Example 4:

Given: To illustrate Type III operation assume the same data as in Example 1 except that By
0.005 and the allowable outlet velocity = 10.0 fps.

Required: To determine the size of concrete box culvert.

Solution:

(1) Enter Figure 47 with Q =326 ¢fs and V. =10.0 fps and read W=10,d.= 3 1'and HL =
1.3". Then

HWe=de + HL = 3.1 + 1.3 = 4.4’

(2) 10" x 5" single box culvert.

d,
To determine the type of operatlon first find S_ by entering Figure 4/° with—— = Sl

= 031, W = 10 w 10
and establish a point on the turning line. Cormect this point with Q =326 c¢fs and read
Sc = 0.00295 ft./ft.

We now have assembled the following data:

Existing Channel Culvert
Sp = 0.005 ft./ft. Se¢ = 0.00295 ft./ft.
TW = 2.6’ d. =31V

Since 5, > S¢

and TW < D

indications are the structure will function as Type III operation providing the HW < 1.2D.
(3) For Type III operation the control is critical depth at the entrance and

HW = —}%N-(from Nomograph) x D

check HW: Q 326

Enter Figure 4-ll with T 326and D=5

and determine H—D—— 1.0

Then HW=10xD=1.0x5=5"

(4) The velocity for Type III culverts varies from critical velocity at the entrance to
uniform velocity at the outlet provided the culvert is sufficiently long. We assume in
this example that the outlet velocity is equal to the uniform velocity which is
computed as follows:

Enter Figure 40 with S5 = 0.005, Q = 326 and W = 10 and determine W = 0.26
d = 0.26W = 0.26 x 10 = 2.6
A =10 x 2.6 = 26.0 sq. ft.

V (uniform) = g _ 26 12.5 fps (Outlet requires riprap)
A 26.0
CITY OF
: EXAMPLE F
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Example 5:
Given:
Q =326 cfs
S, =0.002 ft./fL.
Allowable headwater depth, HW = 6.5 ft.
Allowable outlet velocity, V = 8.0 fps
Length of Culvert, L = 200 ft. +
Tailwater depth, TW = 2.6 ft.
Square edge with headwall
Required: Determine size of concrete pipe culvert to pass the design discharge.
Solution:

(1) Use Figure 4-17, conncctz%w— = 1.2 with Q = 326-and read approximate opening

required = 80 inches. Since the allowable HW isrestricted t0 6.5 and HW for 80" pipe =
1.2 x 6.7 = 8.0’ the designer trys 2 - 60" pipes, and HW = 1.2 x 5.0 = 6.0".
, d
(2) Use Figure 4-13; connect Q =-3—§§—=163 with D = 60" and read DC
de=0.73D = 0.73 x 5.0 = 3.65'

=0.73.

d
(3) Use Figure 4-14; connect 60" with —Dg—- = 0.73 and intersect turning line. Connect

turning line with Q = 163 and determine S, = 0.0046 for concrete pipe.
We have now assembled the following data:

Existing Channel Culvert
So =0.002 ft./ft. Sc = 0.0046 ft./ft. (Conc.)
TW = 2.6' d, = 3.65'

D = 5.0

Since S, < S¢ and TW <d;, wehave a Type ] operation with control at the outlet, providing
HW £ 1.2D.

(4) The nextstepin this design is to determine the actual headwater depth and to confirm
the Type I operation.
2

4
Hw-dc+—2§—+ he + hg - S,L

d, = 3.65'

d
For -T)c—- = 0.73;V, (Figure4-15) = 10.7 fps

Ve (107)?

2g g - 77
hc = 0.5 x 1.77 = 0.89
CITY OF
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hf is calculated as follows:

1.1 dc - 1,1 X 3,65 = 4.01’
1.1 dc . 4.01
D 5.0

To determine the friction slope Sy,

= 0.8

d
enter Figure 4-/4 withD = 607, —DS— = 0.8

Q = 163and determine S; = 0.0038
he = SQL = 0.0038 x 200 = 0.76'
SoL = 0.002 x 200 = 0.40'

HW = 3.65 + 1.77 + 0.89 + 0.76 - 0.40 = 6.67

(5) Since HW > 1.2D for the concrete pipe, the concrete pipe will not function as Type I
operation. Also the HW exceeds the allowable.

(6) The designer must now try another pipe size to carry the design flow. Try 2-66” pipes.
(7) Use Figure 4-13; Connect Q = 163 cfs with D =66"” and read‘_%:_ = 0.65.

d
~DL = 0.65D = 0.65 x 5.5 = 3.58

: d
(8) Use Figure 4-14; Connect 66" with Tc= 0.65 and intersect turning line. Connect
turning line with Q = 163 and determine S, = 0.004.

We have now assembled the following data:

Existing Channel Culvert
o = 0.002 ft./ft. S. = 0.004 ft./ft.
TW = 2.6’ dc = 3.58'
D =558

Since S, < S and TW <d,, we have a Type I operation, providing HW < 1.2D.

(9) Check to determine the actual headwater depth and to confirm the Type l operation.

2
v
HW-dc+-2£g-+he+hf-S°L

d, = 3.58’
d
For—-—Dc = 0.65; [rom Figure 4-15,V, = 10.0 fps
Ve o)
.—c- - eee——————e n 5’
25 - o4 - P
hy = 0.5 x 1.55 = 0.78'
1.1d
c 1.1 (3.68) - 0.72
D 5.6
CITY OF
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From Figure 4-14 withD = 66", 4 = 0.72,and Q = 163;
c

determine S = 0.0032

hf = S(L = 0.0032 x 200 = 0.64'

SoLo= 0.002 x 200 = 0.40'

HW = 358 + 1.55 + 0.78 + 0.64 - 0.40 = HW = 6.1

(10) Since HW < 1.2D, the pipe will function as a Type I operation. Also the headwateris
calculated to be less than the allowable.

(11) Check outlet velocity to determine if within allowable.
Outlet velocity = V¢ = 10 fps

This velocity is greater 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: Toillustrate Type II] operation assume the same data asin Example 5except that S;=0.02
and the allowable outlet velocity is 15 fps  due to a solid rock channel.

Solution:

_ Follow the same procedure as in Example 5 for determining the initial size, critical depth
and critical slope which is summarized below:

Existing Channel Culvert
Sy = 0.02 ft./ft. S = 0.0046 ft./ft.(Conc.)
TW = 2.6 d¢ =3.65'

D=5.0

Since Sy > S¢ and TW < D, the installation will function as Type III operation
providing the entrance is unsubmerged, i.e. HW < 1.2D

(1) The nextstep in this design is to determine the actual headwater depth and to confirm
the Type III operation. '

Hw-ﬂﬁ"lxn

-I%—V- (Figure 4-]7 = 1.13 for concretz pipe.)

HW (Conc. - grooved end with headwall) = 1.13D = 1.13 x 5.0 = 5.65".
Since HW < 1.2D the concrete pipe will function as Type III operation.

(2) The velocity for Type III operation varies from critical velocity at the entrance to
uniform velocity at the outlet providing the installation is sufficiently long and the
TW depth = uniform depth.

CITY OF
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Enter Figure 4-14 with S, = 0.02, Q = 163,

D = 60” and delermine

d =0.45,d = 045D = 0.45 x 5.0 = 2.25

D
Since TW 2> 2.25 the outlet velocity is based on TW depth as follows:

d
W 2.25 - 0.45

D ~ 50

Enter Figure 4-15 with D = 60”, Q = 163 and the controlling

-g—ratios and determine

V (outlet - Conc.) 2 19.0 fps

Some provision must be made to reduce the outlet velocity to the allowable velocity.

CITY OF
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CONCRETE PIPE

CLASS "B" BEDDING CLASS "C” BEDDING
DIAM.
p?:E (H) MAXIMUM ALLOWABLE (H) MAXIMUM ALLOWABLE
0 COVER-FEET COVER-FEET
N
(INCHES) n* ur v v Hi m v v
18 1 13 20 25 9 12 18 22
24 12 14 21 26 10 13 19 23
36 K] 16 23 28 11 14 20 24
48 14 16 24 29 n 15 21 25
60 14 17 24 9 1 15 21 2
72 14 17 24 30 i 1 22 2
84 15 17 25 30 13 1 22 2
96 15 18 25 31 13 1 23 27
108 1S D 32 13 17 23 28

* ASTM C76-72 Table Designation

CORRUGATED METAL PIPE

3"x1" CORRUGATIONS 2 #"x%" CORRUGATIONS
DIAM, MIN. (H) MAXIMUM ALLOWABLE COVER-FEET DIAM. MIN (H) MAXIMUM ALLOWADBLE COVER-FEET
OF COVER OF COVER
PIPE ABOVE 16 GA. 14 GA. 12 GA. 10 GA. 8 GA PIPE ABOVE 16 GA. 14 GA, 12 GA. 10 GA. 8 GA.
D PIPE {0.0647) {0.079%) {0.108") (0.1387) {0.168") 0 PIPE (0.064™) (0.0797) (0.109) (0 138™) (0 168™)
(INCHES) (XNCHES)Round Elong Round| Elong [Round|Etong IRound| Elong Rounad|Elong (INCHES)|(INCHES) Round| Elong [Round| Elong|Round| Elong [Roundj Elong Round Etong
36 12 27 | 40 | 50| 40 | 74 12 12 70 76
42 12 21 | 34 | 23 t 42 | 29 | 58 15 12 56 61
48 12 17 1 30 | 19 | 37 | 23 | 46 18 12 40 48 64
54 12 15 | 27 16 4 32 19 | 38 24 12 23 26, 33
60 12 13 | 24 151 .29 16_j 33 30 12 81 30 (22 | 43 |25 | 9t
66 12 13 | 22 13 1 27 15 | 30 36 12 15 125 17_4 33 19_1 38
72 12 12 |20 ) 12| 25 14 1 27 42 12 14 28 16 1 31 17 | 34
78 12 12 | 8 12 | 23 13_1 26 48 12 13_1.25 14 27 15 | 29
84 12 12 1 2% 12 4 13 126 54 12 12 1 .24 13 25 3] 26
90 12 12 4 12_13% 13 . 26 .60 12 12 23 12 25
96 12 n 3 {12 | 24 | 12 | 25 12 o122 11212
102 24 12 123 12 4 24 72 12 11 17 11 21
108 24 12, 23 78 12 171 17
114 24 1y v 23 B4 12 11 13
120 24 1| 20
: L
CORRUGATED METAL PIPE ARCH
2%"x%" CORRUGATIONS 3"x1" CORRUGATIONS
MIN.  [(H) MAXIMUM ALLOWABLE COVER-FT MIN. H) MAXIMUM ALLOWABLE COVER-FT
COVER COVER
SPAN RISE RC ABOVE [16 GA.|14 GA.}12 GA.J 10 GA.| 8 GA. SPAN RISE AC ABOVE | 16 GA. | 14 GA. | 12 GA. | 10 GA.
(INCHES)[{INCHES)|(INCHES)} PIPE [0.064")(0.079"){(0.109"}(0.1387)((0.168™) (INCHES)|INCHES)[{{INCHES}| PIPE (0.064") | (0.0797) | (0.109™) | (0.1387)
(INCHES) (INCHES)
18 1 3.5 1 6 43 27 7.75 18 6
22 13 4 1 6 50 31 g 18 6
25 16 4 58 36 10.5 1 6
29 1 45 5 65 40 12 18 6
36 2 5 5 72 44 13.25 1 6.
43 2 S5 1 4 4 73 S5 18 1 8
50 N 6 1 4 4 4 81 59 18 1 7 7
58 36 1 4 4 4 87 63 18 18 7 7
65 40 1 4 4 £l 95 67 18 18 6 3
7 44 1 4 3 103 71 18 24
7! 49 10 1 4 112 75 18 24
B! 54 1 1 4 17 7 18 24 5
128 83 18 24 5
NOTE.
1 Where a pipe size not bisted in the tadle «s required. the Hindicated for the neal
smaller 31z¢ shown snall apply.
Source: City of Shreveport, LA
CITY OF
Batesville DEFTH OF COVER TABLES
Figure 4.18
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PIPE BEDDINGS

EMBANKMENT BEDDINGS
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NS 5 5 v
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, 1.25 Bc
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SECTION V - STORMWATER DETENTION

5.1

5.2

5.3

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 measures are used: (1) On-site
storage, (2) off-site storage, or (3) improve the drainage system.

Stormwater runoff and 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 a longer time of
concentration. With the construction of buildings, parking lots, etc., permeability
and the time of concentration are significantly decreased. 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.

VOLUME OF DETENTION
Volumes of detention shall be evaluated according to the following methods:

A. Volume of detention for basins with total drainage areas of less than 25
acres may be evaluated by the "Modified Rational Hydrograph Method".

B. For basins with total drainage areas larger than 25 acres, the Owner's
Engineer shall submit his proposed method of evaluation for the sizing of
the retention basin or detention basin to the Department of Pubic Works.
The method will be evaluated for a professional acceptance, applicability,
and reliability by the City Engineer. No detailed review for projects larger
than 25 acres will be rendered before the method of evaluation of the
retention or detention basin is approved. See examples of approved
computer hydrologic analysis methods for designing detention basins for
drainage areas greater than 25 acres in size at the end of this Section.

DESIGN CRITERIA
Stormwater detention ponds shall be designed to limit the peak stormwater

discharge rate of the 2, 10, 25, 50, and 100 year storm frequencies after
development to predevelopment rates.
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METHOD OF DETENTION

The following conditions and limitations shall be observed in selection and use of
the method of detention:

5.4.1 GENERAL LOCATION

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.

5.4.2 DRY RESERVOIRS

Wet weather ponds or dry reservoirs shall be designed with proper
safety, stability, and ease of maintenance facilities, and shall not
exceed eight (8) 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 twenty (10) 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 sodded or grass established as required prior to final plat
approval or issuance of certificate of occupancy unless bond is
posted for completion of said work. Any area susceptible to, or
designed as, overflow by higher design intensity rainfall shall be
sodded or paved depending upon the outflow velocity.



5.4.3 DETENTION IN OPEN CHANNELS

Open channels may be used as detention areas provided that the
limits of the maximum ponding elevation are not closer than twenty
(10) 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 right-of-way unless approval is
given by the City Engineer. Maximum depth of detention in open
channels shall be four (5) 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 channel
used for detention 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 sodded as
required in the original design. The hydraulic or water surface
elevations resulting from channel detention shall not adversely
effect adjoining properties.

5.4.4 PERMANENT LAKES

Permanent lakes with fluctuating volume controls may be used as
detention areas provided that the limits of maximum ponding
elevations are no closer than thirty (10) feet horizontal from any
building and less than one (1) foot below the lowest sill or floor
elevation of any building.

Maximum side slopes for the fluctuating area of permanent lakes
shall be one (1) foot vertical to three (3) feet horizontal (3:1) unless
provisions are included for safety, stability, and ease of
maintenance.



Special consideration is suggested regarding safety and
accessibility of small children in design of permanent lakes in
residential areas. It is suggested that the minimum of twenty-five
percent (25%) of the permanent pool area be no less than 10 feet.
Allowances for silting during construction for a period of no less
than one year is also recommended.

The entire fluctuating area of the permanent reservoir shall be
sodded. Also, calculations must be provided to ensure adequate
"live storage" is provided for the 100 year storm. Any area
susceptible to or designed as overflow by higher design intensity
rainfall (100-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.

5.4.5 PARKING LOTS

Detention is permitted in parking lots to maximum depths of 7
inches. In no case should the maximum limits of 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.

5.4.6 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.

5.4.7 VERIFICATION OF ADEQUACY

Projects shall provide documented verification of adequacy
according to the scope and complexity of design signed originally
and certified as-built by the same Arkansas registered professional
engineer, if feasible.

5.4.8 CONTROL STRUCTURES



5.4.9

Detention facilities shall be provided with effective control
structures. Plan view and sections of the structure with adequate
details shall be included in Plans.

The structure selected shall have documented evidence that it will
control the 2, 10, 25, 50, and 100 year storms.

The overflow opening or spillway shall be designed to accept the
total peak runoff of the improved tributary area. Conveyance for
any off-site drainage shall also be provided for.

DISCHARGE SYSTEMS

For site-specific runoff, the effectiveness of local detention
structures can be acknowledged in the design of any on-site
downstream drainage facilities assuming that the detention facilities
comply with all criteria and that they are properly constructed and
maintained.

In the case of regional detention basins, 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 unless
approved in writing by the City Engineer.

In the event the Engineer desires to incorporate the flow reduction
benefits of existing upstream detention ponds, the following field
investigations and hydrologic analysis will be required: (Please
note that under no circumstances will the previously approved
construction plans of the upstream pond suffice as an adequate
analysis. While the responsibility of the individual site or
subdivison plans rests with the Engineer of Record, any
subsequent engineering analysis must assure that all the
incorporated ponds work collectively.)

1. A field survey of the existing physical characteristics of both
the outlet structure and ponding volume. Any departure
from the original engineer's design must be accounted for. If
a dual use for the detention pond exists, (e.g., storage of
equipment), then this too should be accounted for.

2. A comprehensive hydrologic analysis which simulates the
attenuation of the contributing area ponds. This should not
be limited to a linear additive analysis, but rather a network



of hydrographies which considers incremental timing of
discharge and potential coincidence of outlet peaks.

5.4.10 OWNERSHIP OF STORMWATER DETENTION PONDS

Ownership of stormwater detention ponds in residential
subdivisions accepted by the City, shall be vested in the City of
Batesville within 30 days after filing the final plat. The Developer
must warrant the operation of the drainage system for a one-year
period after the acceptance by the City by an acceptable
Performance/Payment Bond or equal provided by the Developer's
Contractor or the Developer. The Bond shall be required to be
extended until one year after all phases of the subdivision that
substantially drain into the basin are completed.

Ownership of stormwater detention ponds in commercial, industrial,
and non-residential areas not accepted by the City of Batesville
shall be vested in the property owner.

No alternation of drainage system will be allowed without the
approval of the City Engineer. If construction of the basin is not
complete, a cash bond or Letter of Credit from an acceptable
financial institution shall be posted in addition to the
Performance/Payment Bond.

5.4.11 EASEMENTS

Two types of easements shall be provided in Plans for detention
facilities if the basin is not to be deeded to the City of Batesville.

A. Drainage/Maintenance Easement:

All detention reservoirs with the exception of parking lot and
roof detention shall be enclosed by a drainage/maintenance
easement for public use unless the basin is to be maintained
by the property owner. The limits of the easement shall
extend around the maximum anticipated flooding area.

B. Drainage Easement:

If the easement described in Article 5.4.11A is not feasible, a
minimum ten (10) foot wide drainage easement shall be
provided within the reservoir area, connecting the tributary



pipes and the discharge system along the most passable
routing of piping system for possible future elimination of
detention.

5.4.12 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 detention area and control structure in order 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 from the basin and outlet control structure. Maintenance
to an outlet structure is minimum due to the initial design of
permanent concrete or pipe structures. Studies indicate that in
developing areas, basin cleaning by front-end loader or grader is
estimated to be needed once every 5 to 10 years. In residential
subdivisions where the detention basin has been accepted by the
City, the City is responsible for long-term maintenance. The
residential developer and all non-residential property Owners are
responsible for long-term maintenance in basins not accepted by
the City.

Short-term maintenance or annual maintenance is the second
component and is the responsibility of the Developer or association
for one year after acceptance of the final plat or filing of the last
subdivision phase which substantially adds stormwater to a
detention basin. The items considered short-term maintenance are
as follows:



5.5

Minor dirt and mud removal
Ouitlet cleaning

Mowing

Herbicide spraying

Litter control

RN =

The responsibility of maintenance of the detention 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 vested with the owner of the detention pond.

DETENTION BASIN DESIGN PROCEDURE (Using the Modified Rational

Method)

1.

Compute existing (predevelopment) and proposed (developed) site
characteristics:

A. Drainage Area
B. Composite Runoff Coefficient
C. Time of Concentration (use Figures 2.2 and/or 2.4)

Determine rainfall intensity for existing conditions (2 through 100 year
storm) from City of Batesville Rainfall Intensity-Duration Curves (Figure
2.5).

Compute existing peak runoff rates using Rational Formula Q=CiA -
These will also be the maximum allowable release rates from the
detention basin.

Determine inflow hydrograph using Modified Rational Method (see Figure
5.2 and Example).

Find estimated detention volume using Modified Rational Method.

Size detention basin based on estimated required volume. Develop
stage-storage curve for the detention basin.

Size release structure based on allowable release flow. Develop stage-
discharge curve for the release structure.



8. Route the inflow hydrographs (developed using Modified Rational Method
for the 2 through 100 year storms) through the detention basin using
Modified Puls Method. (See Exhibit 5.1).

9. Check routed hydrographs to insure flows do not exceed predevelopment
peaks. Adjust detention basin and release structure, if necessary.

5.5.1 MODIFIED RATIONAL METHOD DETENTION BASIN DESIGN
PROCEDURE EXAMPLE

Given: A 10 acre site currently agricultrual use is to be developed
for townhouses. The entire area is the drainage area of the
proposed detention basin.

Determine: Maximum Release rate and required detention
storage.

Solution:

Step 1:

Determine 100-year peak runoff rate prior to site development.
This is the maximum release rate from site after development.

NOTE: Where a basin is being designed to provide detention for
both its drainage area and a bypass area; the maximum release
rate is equal to the peak runoff rate prior to site development for
the total of the areas minus the peak runoff rate after development
for the bypass area. This rate for the bypass area will vary with the
duration being considered.

Present Conditions Q=CiA

C=.30

Tc =20 min.

i100 = 7.0 in./hr.

Q100 = .30 (7.0) 10 = 21.0 cfs (Maximum release rate)

Step 2:

Determine inflow hydrograph for storms of various durations in
order to determine maximum volume required with release rate
determined in Step 1.



NOTE: Incrementally increase durations by 10 minutes to
determine maximum required volume. The duration with a peak
inflow less than the maximum release rate or where required
storage is less than storage for the prior duration is the last
increment.

Future Conditions (Townhouses)
C=.80

Tc =15 min.

i100 = 7.0 in./hr.

Q100 =.80(7.7) 10 = 56.0 cfs

Check various duration storms

20 min. i=7.0Q=.80(7.0)10 = 56.0 cfs
30 min. i=5.8Q=.80(5.8) 10 = 46.4 cfs
40 min. i=5.0Q=.80 (5.0) 10 = 40.0 cfs
50 min. i=4.4Q=.80(4.4)10 = 35.2 cfs
60 min. i=4.0Q=.80(4.0) 10 = 32.0 cfs
70 min. i=3.7Q=.80(3.7) 10 = 29.6 cfs
80 min. i=3.4Q=.80(3.4)10 = 27.2 cfs
90 min. i=3.1Q=.80(3.1) 10 = 24.8 cfs

NOTE: Rainfall intensities are for illustrative purposes only and do

not represent actual values for the City of Batesville.

Maximum Storage Volume is determined by deducting the volume of
runoff released during the time of inflow from the total inflow for each
storm duration. See Figure 5.1.

V = time x Qin x 60 sec/min - 0.5 x Qout x (Time +Tc) x 60 sec/min.

15 min. Storm Inflow 15 (61.6) 60 sec/min = 55,440 cf
Outflow (0.5) 30 (21.0) 60 sec/min = 18,900 cf
Storage 36,540 cf

20 min. Storm Inflow 20 (56.0) 60 sec/min = 67,200 cf
Outflow (0.5) 35 (21.0) 60 sec/min = 22,050 cf
Storage 45,150 cf

30 min. Storm Inflow 30 (46.4) 60 sec/min = 83,520 cf
Outflow (0.5) 45 (21.0) 60 sec/min = 28,350 cf
Storage 55,170 cf



40 min. Storm Inflow 40 (40.0) 60 sec/min = 96,000 cf
Outflow (0.5) 55 (21.0) 60 sec/min = 34,650 cf
Storage 61,350 cf

50 min. Storm Inflow 50 (35.2) 60 sec/min =105,600 cf
Outflow (0.5) 65 (21.0) 60 sec/min = 40,950 cf
Storage 64,650 cf

60 min. Storm Inflow 60 (32.0) 60 sec/min =115,200 cf
Outflow (0.5) 75 (21.0) 60 sec/min = 47,250 cf
Storage 67,950 cf

70 min. Storm Inflow 70 (29.6) 60 sec/min =124,320 cf
Outflow (0.5) 85 (21.0) 60 sec/min = 53,550 cf
Storage 70,770 cf

80 min. Storm Inflow 80 (27.2) 60 sec/min =130,560 cf
Outflow (0.5) 95 (21.0) 60 sec/min  =_59,850 cf
Storage 70,710 cf

90 min. Storm Inflow 90 (24.8) 60 sec/min =133,920 cf
Outflow (0.5) 105 (21.0) 60 sec/min =__66,150 cf
Storage 67,770 cf

Step 3:

Route design storm hydrograph through the detention basin using the
Modified Puls Routing Method or another approved method, based on
final detention basin and release structure design. Computer programs to
accomplish this task are readily available.
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Rectanqular Weir Flow Eauation

@ = CLH*®
where

Q = Weir discharge in CFS

C = Weir coefficient

L = Horizontal length of the weir on feet

H = Head on the weir in feet

RECTANGULAR WEIR
CITY OF
Batesville Pigure 5.3

ARKANSAS




V-Notch Weir Flow Equation

Q@ = C tan (O/2>H>*
where
Q@ = Weir discharge in CFS
C = Weir coefficient
© = Angle of the weir notch in degrees
H = Head on the weir in feet
V-NOTCH WEIR
CITY OF
Batesville Figure 5.4

ARKANSAS
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Orifice Flow Eguoation

Q
where

CAGRgH>"®

Orifice discharge in CFS

Orifice Coefficient

Area of orifice in square feet
Gravitational constant (322 FT/S%)
Head on the orifice measured from
the centerline in feet

IO >0
o nn

ORIFICE DESIGN

CITY OF

Batesville
ARKANSAS

Figure 5.5
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Rectangular Weir and Orifice Flow

Q,= CLKh"
R, = C,ALRGHY®
where
Q, = Weir discharge in CFS
Q, = Orifice discharge in CFS
C, = Weir coefficient
C, = Orifice Coefficient
L = Horizontal length of the weir on feet
h = Head on the weir in feet
H = Heod on the orifice in feet
—— l_ —
‘ NZ

o]

Rectanaular Weir Flow Only

Q,= CLh"®
where
Q, = Weir discharge in CFS
C,= Weir coefficient
L = Horizontal length of the weir on feet
h = Head on the weir in feet

MULTISTAGE RELEASE STRUCTURES

CITY OF

Batesville
ARKANSAS

Figure 5.6
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SECTION VI - FLOW IN STREETS

6.1

GENERAL

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
runoff building up to the top of the curb for a 10-year storm.

6.1.1 INTERFERENCE DUE TO FLOW IN STREETS

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 or some other 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 a traffic 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.

As the width of flow increases further, it becomes impossible for
vehicles to operate without moving through water and they must
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 becomes great enough, the street loses its
effectiveness as a traffic-carrier. During these periods, it is
imperative that emergency vehicles such as fire trucks,
ambulances, and police cars be able to traverse the streets by
moving along the crown of the roadway.

VI-2



6.1.2

INTERFERENCE DUE TO PONDING

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.

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.

VI-3



Streets should be classified with respect to pedestrian traffic as
well as vehicular traffic. As an example, streets which are
classified as residential 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 same effective grade used to
calculate the theoretical capacity.

6.1.6 STREET CROSS FLOW

Whenever storm runoff, other than limited sheet flow, moves
across a traffic lane, a serious and dangerous impediment to traffic
flow occurs, therefore, cross flow is not allowed. In case of
superelevation of a curve or overflow from the higher gutter on a
street with cross fall, potential cross flow is to be collected by inlets
prior to the superelevation transition.

6.1.7 ALLOWABLE FLOW OF WATER THROUGH INTERSECTIONS

As the storm water flow approaches an arterial street or tee
intersection, an inlet is required. Concrete swales may be used to
convey water across residential streets at the intersection of a
residential street and a larger capacity street. Swales are not

allowed across larger capacity streets without the approval of the
City.
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6.2. PERMISSIBLE SPREAD OF WATER

The depth of flow in the street shall be limited to a maximum of 6" above the top
of curb except in FEMA controlled floodplains, where FEMA guidelines shall

6.2.1 PRINCIPAL ARTERIAL STREETS

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. If
used however, gutter depressions may not exceed 2-1/2 inches
unless specifically approved by the City Engineer. The design
storm will have a 10 year return frequency.

Example:

Street width 60 feet; two 12-foot lanes to remain clear.

Therefore: Street flow in each gutter shall not exceed (60 - 24)/2 =
18 feet.

6.2.2 MINOR ARTERIAL AND COLLECTOR STREETS

The flow of water in gutters of the minor arterial 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 3 inches in any case. The design storm will have
a 10 year return frequency.

Example: Street width 49 ft.; one 12-foot traffic lane to remain
clear.

Therefore; Street flow in each gutter shall not exceed (49 - 12)/2 =
18.5 ft.
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6.3

6.4

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 3
inches in any case. The design storm will have a 10 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 the permissible spread

of water.

The design storm will have a 10-year return frequency.
BYPASS FLOW

Flow bypassing each inlet must be included in the total gutter flow to the next
inlet downstream. A bypass of 10 to 20 percent per inlet will result in a more
economical drainage system. Refer to Section VIl for inlet design.

MINIMUM AND MAXIMUM VELOCITIES

To ensure cleaning velocities at very low flows, the gutter shall have a minimum
slope of 0.005 feet per foot (0.5%). 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.
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DESIGN METHOD
6.5.1 STRAIGHT CROWNS

Flow in gutters which are straight crown pavements is normally
calculated by using Manning's equation for various hydraulic
properties for uniform flow in pavement gutters and triangular
channels. The equation is:

Qo=0.56 z So'? Yo*°
n
Qo = gutter discharge (CFS)

z = reciprocal of the crown slope (Ft./Ft.)
(foot per foot)

So = street or gutter slope (Ft./Ft.)
(foot per foot)

n = roughness coefficient

Yo = depth of flow in gutter (Ft.)
The nomograph in Figure 6.2 provides for direct solution of flood
conditions for triangular channels most frequently encountered in

urban street drainage design. For a standard concrete gutter, a
value of 0.015 for "n" is recommended.
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6.5.2 PARABOLIC CROWNS

Flow in gutters which are on parabolic crown pavements is
calculated from a variation of Manning's equation for steady flow in
a prismatic open channel.

109 Q = Ko + K1 log So + K2 log Yo

Where, Q = Gutter flow, cfs
So = Street grade, ft/ft
Yo = Water depth in the gutter, feet
Ko, K1, Kz =
Constant coefficients shown in Table 3-2 for
different street widths

Coefficients for Parabolic Streets

Street Width* Coefficients

(ft) Ko K1 K2

30 2.85 0.50 3.03
36 2.89 0.50 2.99
40 2.85 0.50 2.89
44 2.84 0.50 2.83
48 2.83 0.50 2.78
60 2.85 0.50 2.74

*Note: Based on the Transportation Criteria Manual, the street
width is measured from face of curb to face of curb (FOC-
FOC).

Source: City of Austin, Watershed Management Division
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SECTION VII - STORM DRAIN INLETS

71

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
with that purpose.

The following guidelines shall be used in the design of inlets to be located in
streets:

1.

2.

Minimum transition for depressed inlets shall be 10 feet.

The use of inlets with a depression is discouraged on collector, industrial
and arterial streets unless the inlet depression is recessed a minimum of
2' behind the curb.

When recessed inlets are used, they shall not interfere with the intended
use of the sidewalk.

The capacity of a recessed inlet on grade shall be calculated the same as
the capacity of a similar unrecessed inlet.

Design and location of inlets shall take into consideration pedestrian and
bicycle traffic.

Inlet design and location must be compatible with the criteria established
in Section Il of this manual.

Inlet lengths shall be in 4' increments.

VII-2



7.2

7.3

CLASSIFICATION

Inlets are classified 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 reasonable
wide use. (See Figures 7.1 -7.7)

Inlets in Sumps

1. Curb opening Type A-1
2. Grate Type A-2
3. Combination (grate & curb opening Type A-3
4. Drop Type A-4
5. Drop (grate covering) Type A-5

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

Inlets on Grade With Gutter Depression

1. Curb Opening Type C-1
2. Grate Type C-2
3. Combination (grate & curb opening) Type C-3

Recessed inlets are identified by the suffix (R), (i.e.: A-1 (R)).

Public Works Department review of the 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 as a permanent record in order to speed review.

INLETS IN SUMPS

Inlets in sumps are inlets placed in low points of surface drainage areas to
relieve ponding. Inlets with depressions located in streets of less than one
percent (1.0%) grade, shall be considered inlets in sumps. 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.
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7.3.1

CURB OPENING INLETS AND DROP INLETS

Unsubmerged curb opening inlets (Type A-1) and drop inlets (Type
A-4) in a sump at 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=3.0Y%L

Q = capacity in CFS of curb opening inlet or capacity in CFS of
drop inlet

Y = head at the inlet in feet when Y is less than the height of the
opening

L =length of opening through which water enters the inlet in feet

Figure 7.8 provides for direct solution of the above equation. Curb
opening inlets and drop inlets in sumps have a tendency to collect
debris at their entrances. For this reason, the calculated inlet
capacity shall be reduced by 20 percent to allow for clogging.

7.3.2 GRATE INLETS

General. A grate inlet, type A-2 or A-5 in a sump can be
considered an orifice with the coefficient of discharge of 0.67. The
capacity shall be based on the following:

Q =5.37 Ag Y'?

Q =Capacity in CFS

Ag = area of clear opening in square feet

Y = depth at inlet or head at sump in feet
when Y is less than height of opening

The curve shown in Figure 7.9 provides for direct solution of the
above equation.
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Grate inlets in sumps have a tendency to 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 50 percent to
allow for clogging.

7.3.3 COMBINATION INLETS (TYPE A-3)

The capacity of a combined inlet type A-3 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 y'° whereas the capacity of the grate varies as

y

Combination inlets in sumps have a tendency to clog and collect
debris at their entrance. For this reason, the calculated inlet
capacity shall be reduced by 30 percent to allow for this clogging.

7.4 INLETS ON GRADE WITHOUT GUTTER DEPRESSION
7.4.1 CURB OPENING INLETS (UNDEPRESSED: TYPE B-1)

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 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 the 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 20 to 40 percent of gutter flow
reaching each inlet will carry over 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
7.11 is included at the end of this section.
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7.4.2 GRATE INLETS ON GRADE (UNDEPRESSED: TYPE B-2)

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. For flow capacity through
grade inlets, the Engineer should refer to Federal Highway
publication H.E.C. 12 or refer to appropriate vendor catalog. Grate
inlets should be designed and spaced so that 20 to 40 percent of
the gutter flow reaching each inlet will carry over to the next
downstream inlet, provided the carry-over does not inconvenience
pedestrian or vehicular traffic.

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 clogging.

7.4.3 COMBINATION INLETS ON GRADE (UNDEPRESSED: TYPE B-3)

The interception capacity of a combination inlet consisting of a curb
opening and grate placed side-by-side, is not appreciably greater
than that of the grate alone. Capacity is computed by neglecting
the curb opening. A combination inlet is sometimes used with the
curb opening or a part of the curb opening placed upstream of the
grate. The curb opening in such an installation intercepts debris
which might otherwise clog the grate and has been termed a
"sweeper" by some. A combination inlet with a curb opening
upstream of the grate has an interception capacity equal to the sum
of the two inlets, except that the frontal flow and thus the
interception capacity of the grate is reduced by interception by the
curb opening.

The capacity of a Type B-3 inlet without extensions shall be

considered the same as the capacity of a Type B-2 inlet. (allowing
reduction due to clogging).
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7.5 INLETS ON GRADE WITH GUTTER DEPRESSION
7.5.1 CURB OPENING INLETS ON GRADE (DEPRESSED: TYPE C-1)

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 one
percent (1%) except that their use in traffic lanes shall conform with
the requirements of Section 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 towards 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.
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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 the
longitudinal bar grates. A bicycle safe grate must be used.

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.

7.5.3 COMBINATION INLETS ON GRADE (DEPRESSED: TYPE C-3)

The interception capacity of a combination inlet consisting of a curb
opening and grate placed side-by-side, is not appreciably greater
than that of the grate alone. Capacity is computed by neglecting
the curb opening. A combination inlet is sometimes used with the
curb opening or a part of the curb opening placed upstream of the
grate. The curb opening in such an installation intercepts debris
which might otherwise clog the grate and has been termed a
"sweeper" by some. A combination inlet with a curb opening
upstream of the grate has an interception capacity equal to the sum
of the two inlets, except that the frontal flow and thus the
interception capacity of the grate is reduced by interception by the
curb opening.

The capacity of a Type C-3 inlet without extensions shall be

considered the same as the capacity of a Type C-2 inlet. (allowing
reduction due to clogging).
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Example 1

Given:

Find:

Solution:

7.6

USE OF FIGURES 7.10 AND 7.11

Sx=0.03
S =0.035

Q =51t3S
n =0.016

(1)
(2)

Qi for a 10-ft. curb-opening inlet
Qi for a depressed 10-ft. curb
opening inlet

a=2in.

W =2 ft.

T = 8 ft. (Figure 6.3)
Lt = 41 ft. (Figure 7.10

L/MT = 10/41 = 0.24

E = 0.39 (Figure 7.11)
Q=EQ=0.39x5=2.0ft%S

T = 7.0 ft. (Figure 6.3)

W/T = 2/7 = 0.29

Eo = 0.72 (Figure 6.5)

Se = Sx + SuEo = 0.03 + 0.083(0.72)
=0.09

Lt = 23 ft. (Figure 7.10)
L/LT = 10/23 = 0.43

E = 0.64 (Figure 7.11)
Qi=0.64 x5=3.2t.%S
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RUNOFF AND INLET COMPUTATIONS

Column 1:

Column 2:

Column 3:

Column 4:

Column 5:

Column 6:

Column 7:

Column 8:

Column 9:

Column 10:

Column 11:

Column 12:

Column 13:

Inlet number. All inlets are classified with a designated number.
Inlet location. Location or station of inlet.
A - Drainage area in acres contributing runoff to the inlet.

C - Average or composite runoff coefficient of the area, A,
contributing runoff to the inlet.

Tc - Time of concentration for the drainage area in minutes. See
section Il.

i - Rainfall intensity in inches per hour for the design storm. Based
on the time of contration. See Figure 2.5.

CA for the drainage area. Equal to Column 3 multiplied by
Column 4.

Carry over, CA, from preceding inlet (Column 27).

Q¢ - Total flow at the inlet. Equal to the sum of the values in
Column 7 and Column 8 multiplied by the value in Column 6
or
Qit=i*2CA

n - Manning's roughness coefficient for the gutter section.

S - The slope of the gutter profile in feet per foot.

Sx - Cross slope of the roadway section at the inlet in feet per foot.
Not applicable for parabolic street sections.

T - Ponded width of flow in the street/gutter in feet. Obtained from
Figure 6.3.
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Column 14:

Column 15:

Column 16:

Column 17:

Column 18:

Column 19:

Column 20:

Column 21:

Column 22:

Column 23:

Column 24:

d - Depth of flow in the gutter section of the inlet in feet. Obtained
from figure 6.2 or

d=T* S«

V - Velocity of flow in gutter in feet per second. Equal to Column 8
divided by one half of Column 12 multiplied by Column 13 or

V=QA

L - Length of the inlet in feet.

a - Depth of the gutter depression at the inlet in inches.

W - Width of the gutter depression at inlet in feet.

Eo - Ratio of frontal flow to total flow. Obtained from Figure 6.5 or
Eo=Quw/Q-1-(1-W/T3?*¥

Se - Equivalent cross slope of the pavement at the inlet in feet per
foot:

Se = Sx + (a/l12w) * Eo
E
Lt - Required length of inlet in feet for total flow interception.
Obtained from Figure 7.10.
E - Efficienty of the inlet of length L. Obtained from Figure 7.11.

Qi - Flow intercepted by the inlet of length L in CFS. Equal to
Column 22 multiplied by Column 9 or

Q=Qt*E

RF - Clogging reduction factor for the inlet.
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Column 25: Qa - Actual flow intercepted by the inlet in CFS. Equal to Column
23 multiplied by Column 24 or

Qa=Q *RF
Column 26: Qp - Bypass flow in CFS. Equal to Column 25 subtracted from
Column 9 or
Qp=Qt-Qa
Column 27: Carry over, CA, for the next downstream inlet. Equal to Column 26

divided by Column 6 or

Carry over = Qpli
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INLET FLOW CALCULATION TABLE

Figure 7.12
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SECTION VIII - STORM SEWER DESIGN

8.1

8.2

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 investigation shall be made of all existing
structures and their performance of the waterways in question.

The design of the storm drainage systems 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 traffic.

Runoff resulting from storms exceeding the design storm must be
anticipated and disposed of with minimum damage to physical facilities
and minimum interruption of normal traffic.

The storm drainage system must have a maximum reliability of operation.

The construction cost of the system must be reasonable with relationship
to the importance of the facilities it protects.

The storm drainage system must require minimum maintenance and must
be accessible for maintenance operations.

The storm drainage system must be adaptable 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
preceding sections with corresponding tables and graphs of information.

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.

Make a tentative layout of the proposed storm system, locating all inlets,
manholes, mains, laterals, ditches, culverts, etc.
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C. Outline the drainage area for each inlet in accordance with present and
future street development.

D. 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.

E. Show all existing underground utilities.

F. Establish design rainfall frequency.

G. Establish minimum inlet time of concentration.

H. Establish the typical cross section on each street.

l. Establish permissible spread of water on all streets within the drainage
area.

J. Include A. through I. with Plans submitted 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.

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 following 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.

Compare the calculated runoff to allowable street capacity. If the
calculated 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.
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8.4

C. 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. (Figure 7.12)

D. If an inlet is to be used to remove water from the street, size the inlet(s)
and record the inlet size and amount of intercepted flow, and amount of
flow carried over (bypassing the inlet).

E. Continue the above procedure for other subareas until 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 variation of street alignments and grades.

G. Record information as in C. and D. for all inlets.
H. After the inlets have been located and sized, the inlet pipes can be
designed.

Inlet 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 and the larger size thus determined should
be used.

STORM SEWER SYSTEM

After the computation of the quantity of runoff entering each inlet, the storm
sewer system required to carry 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.
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8.4.1 STORM SEWER PIPE

The ground line profile is now used in conjunction with the previous
runoff calculations. The maximum elevation of the hydraulic
gradient is two feet (2') below the ground surface. When this
tentative gradient is set and the design 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 two-foot (2')
criteria below the ground surface. If there is an encroachment, use
the 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.

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 friction slope.

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.
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F. Determine head loss coefficient "K" at junction, inlet, or
manhole at design point from Tables 3.4, 3.5, 3.6, or Figures
3.10 or 3.11.

G. Compute head loss at junction, inlet, or manhole.
hi= Kj (v2° - v1%)/2g

H. Compute hydraulic gradient at upstream end of junction as if
junction were not there.

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 review.
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PROPORTIONING STORM SEWER PIPES.

The computations involved in proportioning various runs of sewer pipe are summarized
in the tabulation sheet titled "Storm Sewer Computations, Figure 8.1.

Column 1:
Column 2:

Column 3:

Column 4:

Column 5:
Column 6:

Column 7,
8, &9:

Column 10:

Inlet Number - Enter the inlet number.
Inlet Location - Enter the station and location of the inlet.

Inlet CA from the Inlet Flow Calculation Table, Figure 7.12, the
quotient of Column 25 + Column 6 or Column 27 is used to obtain
the CA product to be entered in Column 3. Only structures
contributing flow to the system should have values in Column 3.

Other CA - Enter the CA product of flow from any contributing
upstream structure.

Structure No. - Number the inflowing structure.
Total CA - Enter the sum of Columns 3 and 4.

The time of concentration is the time required for

water to flow from the most remote part of the drainage area or
areas involved to the upper end of the pipe run under
consideration. The first run time of concentration is the inlet time
for the first inlet. For all succeeding runs, time of concentration
may be either the time as computed along the sewer line or the
inlet time of the inlet at the beginning of the run under
consideration, depending upon which of these two periods is
longer. Accordingly, the larger of the two is used in determining "I"
and "Q", unless this larger value is less than 10 minutes, in which
case the established minimum time of 10 minutes is used.

The time of concentration shown in Column 7 is computed by
taking the time of concentration for the preceding run and adding it
to the time required for water to flow through the preceding run to
the beginning of the run under consideration.

At junctions of lines, the larger value of the time of concentration is
used.

i - Rainfall intensity in inches per hour for the design storm. Base
on Tc. See Figure 2.5.

VIII-7



Column 11:

Columns 12:
13, 14, & 15:

Column 16:

Column 17:

Column 18:

Q¢ - Total flow in pipe in CFS. Equal to the product of Column 6
times Column 10.

Pipe Characteristics - The size and gradient of

pipe as shown in Columns 12 and 14 must be chosen in such
manner that the pipe when flowing full, but not under head, will
carry an amount of water approximately equal or greater than the
computed discharge, "Q". In other words,the "Capacity" shown in
Column 15 must be approximately equal to or greater than the
value "Q" shown in Column 11.

The capacity may be calculated by Manning's formula:

Q = 1.486 AR?°S"”
n

or capacity can be taken directly from the appropriate nomographs
in Sections Il and IV.

Whenever a pipe run is designed in such a manner that the
capacity of a pipe as shown in Column 15 is less than the
computed discharge shown in Column 11, a check of the hydraulic
gradient above this run should be made to make such that the
backwater head created by such a design is not large enough to
cause blowouts at inlets or junctions above the run.

The velocities shown in this column can be calculated by Manning's
formula:

V = 1.486 R*°s"”
n

or the velocities can be taken directly from the appropriate graphs
or figures in Sections Ill and IV.

L - The length of each run as shown in this column is the length
center to center of inlets or junctions in feet. This length is used in
determining the time of flow from one inlet or junction to another.

Pipe Tc - The time of concentration in the pipe under consideration

is actual flow time, in minutes from the present inlet to the next
junction point. Run time is calculated by dividing the length of run
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(Column 17) by velocity of flow (Column 16) and converting the
answer to minutes by dividing by 60.

Columns 19: These columns are believed to be self-explanatory.
to 24

HYDRAULIC GRADE LINE

The final step in designing a storm sewer is to check the Hydraulic Grade Line (HGL).
Computing the HGL will determine the elevation under design conditions to which water
will rise in various inlets, manholes, junctions, and etc.

The HGL should be computed for all storm sewer systems if required by the City
Engineer. The City Engineer reserves the right to require this final step if conditions
deem necessary. Computations are summarized in tabulation sheet entitled "Hydraulic
Grade Line", Figure 8.2.

Column 1: Inlet Station - Enter the station for the junction immediately
upstream of the outflow pipe. HGL computations begin at the
outfall and are worked upstream taking each junction into
consideration.

Column 2: Outlet Water Surface Elevation - Enter tailwater elevation in feet if
the outlet will be submerged during the design storm or 0.8
diameter of pipe plus invert out elevation of the outflow pipe,
whichever is greater.

Column 3: Do - Enter diameter of outflow pipe in inches.

Column 4: Qo - Enter design discharge for outflow pipe in CFS.

Column 5: Lo - Enter length of outflow pipe in feet.

Column 6: St - Enter friction slope in feet/foot of the outflow pipe using the

Manning's formula:

St = Qn 2

1.486 AR?3
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Column 7:

Column 8:

Column 9:

Column 10:

Column 11:

Column 12:

Column 13:

Column 14:

Hs - Enter friction loss by multiplying Column 5 by Column 6.
Vo - Enter velocity of the outflow pipe in feet per second.

Qi - Enter design discharge (Q1 Q2 Qs...) in CFS for each pipe
flowing into the junction.

Vi - Enter velocity (V1 V2 Vs...) in feet per second for each pipe
flowing into the junction.

Him - Enter terminal junction losses in feet for the upper reach of
each storm sewer run using the formula:

Htm = V_2
29

He - Enter pipe entrance losses in feet for the upper reach of each
storm sewer run using the formula:

H= KV
29

where:
K = 0.5 for square-edge

Enter junction losses Hj or Hj2 in feet for each junction using the
formula:

Hj = V2 outflow
29

or:

Hiz = QaV4? - Q1V4? - QaV22+ KQ1V42
29Qa4

Hb - Enter bend losses (changes in direction of flow) in feet for
each inflowing pipe to the outflow pipe using the formula:

Hp = K V2

29
Refer to Section Ill for "K" values.
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Column 15:

Column 16:

Column 17:

Ht - Enter total head losses in feet using the formula:

Ht = Hr + Him + He + Hji or Hj2 + Hp
HGL - Enter the new Hydraulic Grade in feet by summing
elevations in column 2 and column 15. This elevation is the
potential water surface elevation for the junction under design
conditions.

Enter the top of junction cover or the gutter flow line, whichever is
lowest and compare it with the HG in Column 16.
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STORM SEWER COMPUTATIONS

Figure 8.1
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Figure 8.2

HYDRAULIC GRADE LINE
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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 over a long period of
time. The benefits of such a channel are:

(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.

(4)  The channel provides a desirable green belt and recreational area
adding significant social benefits.
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9.2

Generally speaking, the natural channel or the man-made channel which
most nearly conforms to the character of the natural channel is the most
efficient and the most desirable.

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 trickle
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 taken 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.

Sufficient right-of-way or permanent easement should be provided
adjacent to open channels to allow entry of City maintenance vehicles.

DESIGN CRITERIA

Open channels shall be designed to the following criteria:

(1)

(2)

Channel shall carry the 25 year storm minimum with free board specified
herein.

Channel or adjacent public drainage easement, floodway, etc., shall be
capable of carrying the 100 year storm.
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9.2.1 CHANNEL DISCHARGE - MANNING'S EQUATION

feet)

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, erosion, and silting.
The hydraulic characteristics of channels shall be determined by
Manning's equation.

Q = 1.49 AR?*s"2
n

Q = Total discharge in CFS
n = Coefficient of roughness

A = Cross-sectional area of channel (square

R = Hydrologic radius of channel (feet)
S = Slope of channel (feet per foot)

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 in 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.

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 depth,
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.
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The normal depth is computed so frequently in trapezoidal
channels 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.

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 in runoff estimates,
changes in channel coefficients, channel obstructions, and silt
accumulations.

Accurate determinations of the "n" value is critical in the analysis of
the hydraulic characteristics of a channel. The "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.

Where practical, unlined channel should have sufficient gradient,
depending upon the type of soil, to provide velocities that will be
self-cleaning but will not be so great at to create erosion. Lined
channels, drop structures, 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 City
Engineer, channel velocities in man-made channels shall not
exceed six (6) feet per second.

Where velocities in excess of six (6) feet per second are
encountered, riprap, pavement, or other approved protective
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erosion shall be required. As minimum protection to reduce
erosion, all open channels slopes shall be seeded or sodded as
soon after grading as possible.

9.2.2 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

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.

Depth

Deep channels are difficult to maintain and can be
hazardous. Constructed channels should, therefore, be as
shallow as practical.

Bottom Width

Channels with narrow bottoms are difficult to maintain and
are conducive to high velocities during high flows. Itis
desirable to design open channels such that they bottom
width is at least twice the depth.

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.
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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.

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 safety margin. The height of
freeboard should be a minimum of 1-foot for velocities up to
8 FPS and 2' for velocities over 8 FPS or provide an
additional capacity of approximately one-third of the design
flow. For deep flows with high velocities, one may use the
formula:

Freeboard (in feet) = 1.0 + 0.025 VD", where

V = Velocity of flow

D = 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=V? (I +B)
2gR

H =Additional height on outside edge of channel (feet)
V =Velocity of flow in channel (feet per sec.)
T =Width of flow at water surface (feet)

B = Bottom width of channel (feet)
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9.3

9.4

R =Centerline radius of turn (feet)
g =Acceleration of gravity (32.2 feet per sec.z)

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.

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 lieu of a few higher drops.

The use of sloped drops will generally result in lower installation cost. 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 of the drop (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 than 10 feet,
even for low Q values. In addition, follow-up riprapping will often be necessary at
most 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, and 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.

BAFFLE CHUTES
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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.

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 up to 60 CFS per foot per foot of width, and the drop may
be as high as structurally feasible. The lower end of the chute is constructed to
below stream bed level and backfilled as necessary. Degradation of the
streambed does not, therefore, adversely affect the performance of the structure.
In urban drainage design, the lower end should be protected from the scouring
action.

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 and Engineering
Nomograph No. 25.

STRUCTURAL AESTHETICS

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.
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Play Areas: An additional consideration is that the drainage structures offer
excellent opportunities for neighborhood children to play. It is almost impossible
to make drainage works inaccessible to children, and therefore, what is
constructed should be made as safe as is reasonably possible. Safety hazards
should be minimized and vertical drops protected with decorative fencing or rails.

Concrete Surface 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.

Rails and Fences: The use of rails and fences along concrete walls provides a
pleasing topping to an otherwise stark wall, and also gives a degree of protection
against someone inadvertently falling over the wall.

COMPUTATION FORMAT

Figure 9.2 is to be used for open channel design. The steps to follow in an open
channel design are:

1. List all the design data (i.e., location, area, runoff coefficients, typical
section, slope, etc.).

2. Determine the initial time of concentration (To).

3. Estimate travel time (T4) through study reach and add to initial time of
concentration to obtain time concentration (T¢) at lower end of study
reach.

4. Determine the discharge for the design storm using Tec.

5. Enter the discharge and slope in 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 using
Manning's equation.

A. If the estimated travel time is comparable to the calculated travel
time (+1.0 min.) proceed to Step 7.

B. If the estimated travel time does not check with the calculated
travel time, repeat Steps 3-6 until an agreement is reached.
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7. If excessive velocities or water depths are determined, select another

typical section, revise channel grade, or revise lining and repeat Steps 3-
7.

8. Similar calculations are to be made to determine operational
characteristics - freeboard, velocity, etc.

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
noncohesive 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 using 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
should 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.
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9.7.3 GRASS LINING

Several different types of vegetative covers are listed and grouped
according to degree of retardance in Table 9.2. This Table can be
used in conjunction with seeding specification in the Department's
Standard Specifications. Figures 9.14 through 9.21 determine flow
velocities or maximum flow depths 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 stability 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
embankment from erosion by a current moving parallel to the
embankment is determined by the use of Figures 9.22, 9.23 and
9.24.

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.
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9.9

DESIGN OF GRANULAR FILTER BLANKET
For a granular filter blanket, the following criteria should be met:

D15 filter <5<D1s filter < 40

Dss base D15 base
and

Dso filter < 40
Dso base

In the above relationships, filter refers to the overlying material. The
relationships must hold between the filter blanket and base material and the
riprap and filter blanket.

CONCRETE
Concrete lined channels provide high capacities, but also have high outlet
velocities so erosion problems become evident and must be dealt with. Since no

scour occurs in rigid linings for the velocities normally encountered in drainage
design, no curves are necessary.
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TABLE 9.1

COMPUTATION OF COMPOSITE ROUGHNESS COEFFICIENT
FOR EXCAVATED AND NATURAL CHANNELS

n=(n,+n;+n+n3+ns) m

CHANNEL
CONDITIONS VALUE
Material Involved Earth 0.020
no Rockcut 0.025
Final Gravel 0.024

Coarse Gravel 0.028

Degree of Smooth 0.000
Irregularity Minor 0.005
n Moderate 0.010
Severe 0.020
Variation of Channel Gradual 0.000
Cross Section Alternating
n2 Occasionally 0.005
Alternating
Frequently 0.010-0.015
Relative Effect Negliible 0.000
Of Obstructions Minor 0.010-0.015
n3 Appreciable 0.020-0.030
Severe 0.040-0.060
Vegetation Low 0.005-0.010
n4 Medium 0.010-0.025
High 0.025-0.050
Very High 0.050-0.100
Degree of Minor 1.000-1.200
Meandering Appreciable 1.200-1.500
m Severe 1.500

Roughness Coefficient For Lined Channels

Concrete Lined - n=0.017
Rubble RipRap -n=0.022 Open Channel Hydraulics

CITY OF
COMPUTATION OF COMPOSITE ROUGHNESS COEFFICIENT

B a t eSVvV1i l l S FOR EXCAVATED AND NATURAL CHANNELS
ARKANSAS Table 9.1
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SECTION X - EROSION AND SEDIMENT CONTROL

10.1

10.2

GENERAL

Control of erosion DURING CONSTRUCTION requires an examination of the
entire site to pinpoint potential problem areas, such as steep slopes, highly
erodible soils, soil areas that will be unprotected for long periods or during peak
rainy seasons, and natural drainageways. Steps should be taken to assure
erosion control in these critical areas. After a heavy storm, the effectiveness of
erosion control measures should be evaluated. Periodic maintenance and
cleaning of the facilities is also important.

Control of erosion AFTER CONSTRUCTION consists of primarily minimizing
bottom and side scouring of the natural drainageways. This can be
accomplished with a proper initial design which limits velocities and specifies
correct drainageways linings and structures, and by proper routine maintenance
and repair of the system.

Some of the basic concepts for controlling erosion during and after construction
are:

EROSION CONTROL METHODS

Earth Slopes: Erosion of cut or fill slopes is usually caused by water
concentrations at the top of the slope flowing down an unprotected bank. Runoff
should be diverted to safe outlets. Slopes should be protected from erosion by
quick establishment of a vegetative cover, benches, terraces, slope protection
structures, mulches, or a combination of these practices as appropriate.

Waterways or Channels: Waterways should be designed to avoid serious
erosion problems. Wide channels with flat side slopes lined with grass or other
vegetation will usually be free of erosion. Where channel gradients are steep,
linings or grade control structures may be required. Space limitations may make
it necessary to use concrete or stone linings. Every effort should be made to
preserve natural channels.




10.3

10.4

Structures for Erosion Control: Erosion may be controlled through the use of
grade control structures, energy dissipators, special culverts and various types of
pipe structures. Structures are expensive and should be used only after it has
been determined that recommended vegetation, rock revetment or other
measures will not provide adequate erosion control.

Existing Vegetation: Good stands of existing vegetation adequate to control
erosion should be preserved wherever possible.

Soil Treatment, Seeding and Mulching: The ability of the soil to sustain
vegetation intended for erosion control must be ascertained. The additional item
of a mixture of fine textured topsoil may be warranted to assure success of more
attractive, lower maintenance vegetation. Liming and fertilization should be done
according to recommendations based upon soil test information. After the soill
has been prepared, the correct seed mixture, sod, ground cover, and mulch
should be applied.

Outfall Design: The outfall pipe should be designed and located so as to
minimize erosion; especially if the outfall is to an overland flow area with a steep
slope or is elevated above the base flow of the receiving streams. An energy
dissipater may be necessary.

SILTATION AND SEDIMENT CONTROL

Proper control of soil erosion during and after construction is the most important
element of siltation and sediment control. However, it is physically and
economically impractical to entirely eliminate soil erosion. Therefore, provisions
should be made to trap eroded material at specified points. Some measures that
can be implemented are:

O Temporary ponds which store runoff and allow suspended solids to settle
but can be used during construction and may be retained as part of the
permanent storage system after construction.

O Protection of inlets to the underground pipe system can be accomplished
during construction by placing hay bales around the structure.

O Egress points from construction sites should be controlled, so that the
sediment is not carried off-site by construction traffic.

CONTROL OF EROSION FOR SWALES, OPEN CHANNELS, AND DITCHES



In designing channels for erosion control, the velocity must be estimated and
compared to the allowable velocity for the material in which the water is flowing.
Table 9.1 indicates the allowable velocities for grass channels. It should be
noted that the quantity of water which can be carried in well-established dense
earth swales without erosion is surprisingly large, even for steep slopes. For
urban residential drainageways, flow velocities for erosion potential evaluation
should be based upon the 10-year frequency runoff event, which generally is a
practical break-point between initial costs and excessive maintenance costs.

Where the allowable velocity for a turf channel is exceeded, there are a number
of alternatives to consider. They include: Lining channel with an impervious
material; drop structures or other velocities and erosion control measures; gravel
or rip-rap bottoms; and gabions (rock enclosed in wire baskets).

The probable performance of the open channels and swales should be
evaluated for major storm runoff with respect to the depth and spread of water
and erosion potential. Antecedent flow conditions resulting from previous storms
are an important consideration. Open channels and swales may suffer damage
during major storms, even if properly designed.

It is important that open channels be constructed in accordance with plans.
When intermittent channels are sodded to the depth of the expected flow, they
can immediately provide protection from minor storms. It is not practical to
establish turf in a drainage channel by seeding and mulching unless jute mats, or
similar protective materials are placed over the seedbed.



10.5 DESIGN STANDARDS OF EROSION AND SEDIMENT CONTROL METHODS

The following is a discussion of design standards and definitions for different
erosion and sediment control methods to be used on construction sites and
similarly disturbed areas. These methods are presented to help establish
uniformity in the selection, design, review, approval, installation and maintenance
of practices contained in erosion and sediment control plans.

These methods have similar functions, but may differ in life span and degree of
maintenance. These methods are defined as temporary and permanent erosion
and sediment control measures.

Temporary measures are designed to have a short life - typically, for the duration
of the construction period. They may be only used for a matter of days.

Because of their short life, they need not be designed to last for many years with
minimum maintenance, nor need they be built of highly durable materials.
Nonetheless, they must receive regular maintenance during their period of use to
remain effective. Such measures may have a low initial cost that may have
relatively high maintenance cost if frequent or intense storms occur during the
construction period.

Permanent measures are intended to remain in place for 50 years or more with a
minimum maintenance, so they may be designed and constructed of durable
materials with life span in mind.

Generally, both temporary and permanent erosion and sediment control
practices for disturbed areas caused by excavation or other construction
activities fall into two broad categories - vegetative practices and mechanical
practices. An overview of most of the practices is contained in the following
discussion.



10.5.1 VEGETATION PRACTICES

Vegetation practices may be either temporary or permanent. They
may be applied singularly or in combination with other practices.
Cutting, filling and grading soils with heavy equipment results in
areas of exposed subsoils or mixtures of soil horizons. Conditions
such as acidity, low fertility, compaction and dryness or wetness
often prevail and are unfavorable to plant growth, and should be
considered in the selection of plant growth type.

Excessive long slopes and steep grades are often encountered or
created. Water disposal structures are normally subjected to
hydraulic forces requiring both special establishment techniques
and grasses that have high resistance to scouring. Plants and
techniques, however, are available to provide both temporary and
permanent protective cover on these difficult sites.

1. Temporary Vegetation

Earth moving activities such as heavy cutting, filling, and
grading are generally performed in several stages and are
often interrupted by lengthy periods, during which the land
lies idle and is subject to accelerated erosion. In addition,
final land grading may be completed during a season not
favorable for immediate establishment of permanent
vegetation. These and similar sites can be temporarily
stabilized by establishment of rapid growing annual grasses.
This type of vegetation provides quick protective cover and
can later be worked into the soil for use as mulch when the
site is prepared for establishment of permanent vegetation.

2. Permanent Vegetation

When areas are to be vegetated permanently, special care
should be taken in selecting the type of plants to use. There
is a fairly wide choice of grasses, legumes, ground covers,
shrubs, and trees from which to choose. If a high level of
management can be provided, the range of plants which can
be used in broader. Final selection should be based on
adaptation of the plants to the soils and climate, suitability
for their specific use, ease of establishment, longevity or
ability to reseed, maintenance requirements, aesthetics, and
other special qualities. Plans which provide long-lived



stabilization with the minimum amount of required
maintenance should be selected. Where management
potential is limited because of specialized circumstances,
the best plants to choose are those which are well adapted
to the site and to the specific purpose which they are to be
used. For example, grasses used for waterway stabilization
must be able to withstand submergence and provide a
dense cover to prevent scouring of the channel boundary.
In playgrounds, grasses must lend themselves to close
grooming and be able to withstand heavy trampling. In
some places such as southern exposed cut and fill slopes,
the plants needed are those that are adapted to full sunlight
and droughty conditions. In other places, plants must be
able to tolerate shade or high moisture conditions. Some
plants can be used for beautification as well as for soil
stabilization.

Maintenance must be the most important consideration in
selecting plants for permanent stabilization.

Most domestic grasses and legumes require a high level of
maintenance, or they will not survive and will gradually give
way to more hardy native grasses, legumes and shrubs. In
some areas, native plants are preferred. On steep slopes
and other inaccessible areas, it is preferable to select plants
requiring little or no maintenance. Crown vetch,
honeysuckle, sericea lespedeza are examples of long-lived
species that provide good erosion control with a minimum of
maintenance. Most native grasses, trees, and shrubs grow
well with little or no maintenance.



3. Mulching

When final grading has not been completed, straw, wood
chips, asphalt emulsion, jute matting or similar materials can
be applied to provide temporary protection. Areas brought
to final grade during midsummer or winter can be mulched
immediately and over seeded at the proper season with a
number of permanent grasses or legume species.
Application of mulch to disturbed areas allows for more
infiltration of water into the soil, reduces runoff, holds seed,
fertilizer and lime in place, retains soil moisture, helps
maintain temperatures conducive to germination and greatly
retards erosion. Mulch is essential in establishing good
stands of grasses and legumes in disturbed areas. ltis
important to anchor mulch to prevent it from blowing or
washing off the site.

10.5.2 MECHANICAL PRACTICES

Where mulches and vegetated cover will not provide adequate
protection against erosion and sediment damages, other erosion
and sediment control measures will be needed. There are a
number of mechanical practices which can be used to curb erosion
and sedimentation during construction. These practices must be
selected in the proper combination, carefully designed and
constructed to accomplish the most effective job. The design of all
mechanical practices must be based on the maximum storm runoff
which will result from a 25-year frequency storm and consider the
maximum storm runoff which will result from the 100-year
frequency storm if public health and safety are effected. The
following are some of the conversation structures appropriate for
use on excavation and construction sites and similar disturbed
areas:



Temporary Construction Entrance

This structure is a stone stabilized pad constructed at points
where traffic will be entering or leaving a construction site
from or to public right-of-way, street, alley, sidewalk, or
parking area. Its purpose is to reduce or eliminate the
transport of mud from construction area onto the public right-
of-way by motor vehicles or by runoff.

Diversion Dike

This is a compacted earthen ridge constructed immediately
above a cut or fill slope. Its purpose is to intercept storm
runoff from soil drainage areas above and divert the water
away from the exposed slopes to a stabilized outlet.

Perimeter Dike

This is a compacted earthen dike constructed along the
perimeter of a disturbed area in such a manner as to divert
sediment laden stormwater to on-site trapping facilities. It is
maintained until the disturbed area is permanently stabilized.

Interceptor Dike

This is a temporary ridge of compacted soil or, preferably,
gravel constructed across disturbed rights-of-way. An
interseptor dike reduces said erosion by intercepting
stormwater and diverting it to stabilized outlets.

Straw or Hay Bale Barrier

This is a temporary barrier constructed across or at the toe
of the slope. Its purpose is to intercept and detain sediment
from areas one-half acre or smaller where only sheet
erosion may be a problem.



Gravel Outlet Structure

This is an auxiliary structure installed in combination with
and as a part of a diversion, interceptor or perimeter dike, or
other structures designed to temporarily detain sediment
laden stormwater. The gravel outlet provides a means of
draining off and filtering the stormwater while retaining the
sediment behind the structure.

Level Spreader

This is a temporary structure which is constructed at zero
grade across the slope where concentrated runoff may be
intercepted and diverted onto a stabilized outlet. The
concentrated flow or stormwater is converted to sheet flow at
the outlet.

Waterways or Outlets

Waterways may serve as outlets for diversion, berms,
terraces, or other structures.

This may be natural or constructed, shaped to require
dimension and vegetated or paved for disposal of runoff
water. Usually they are constructed to one of three general
cross sections; parabolic, trapezoidal or V-shaped. Where
they are to be vegetated, parabolic waterways are the most
commonly used. Successful function of a waterway
depends on protection from erosion. This is achieved by
designing for flow velocities that are nonerosive for the
vegetation used or by paving with concrete or rock.



10.

11.

Diversions

These are designed, graded channels with a supporting
ridge on the lower side constructed across the slope. Their
purpose is to intercept surface water. Diversion structures
may be temporary or permanent and graded or level, and
are useful above cut slopes, borrow areas, gully heads and
similar areas. They can be constructed across cut slopes to
reduce slope plains into nonerosive segments and can be
used to move runoff water away from critical construction
sites. They may be used at the base of cut or fill slopes to
carry sediment laden flow to traps or basins. Division should
be located so that the water will empty into established
disposal areas, natural outlets or prepared individual outlets.
Individual outlets can be designed as grass or paved
waterways, chutes or buried pipes.

Grade Stabilization Structures

Grade stabilization structures can be constructed from such
materials as earth, pipe, masonry concrete, steel, aluminum,
wood or a combination of these. Grade stabilization
structures are used to safely convey water from one level to
a lower level without damage, to reduce grade in a
watercourse, to stabilize head cutting of watercourses or to
change the direction of flow of water. They can consist of
straight drop spillways, box inlet drop spillways, drop box
culverts, chutes, pipe drop inlets or bond inlets. An earthen
embankment is usually incorporated as part of this structure.

Sediment Basins

Sediment basins can be used to trap runoff waters and
sediment from disturbed areas. The water is temporarily
detained to allow sediment to drop out and be retained in the
basin while the water is automatically released.



12.

13.

Sediment basins usually consist of a dam or embankment, a
pipe outlet and an emergency spillway. They are usually
situated in natural drainageways or at the low corner of the
site. In situations where embankments may not be feasible,
a basin excavated below the earth's surface may serve the
same purpose. A special provision, however, must be made
for draining such an impoundment. Sediment basins may
be temporary or permanent. Temporary ones serve only
during the construction stage and are eliminated when
vegetation is established and the area is stabilized.
Permanent structures are so designed that they fit into the
overall plan for the permanent installation. The size of the
structure will depend upon the location, size of drainage
area, soil type, and rainfall pattern. Significant space for
sediment should be provided to store the expected sediment
from the drainage area for the planned life of the structure,
or provisions made for periodic cleanout of sediment from
the basin. State and local safety regulations must be
observed regarding design, warning signs and fencing of
these structures.

Sediment Trap

A sediment trap is a structure of limited capacity designed to
create a temporary pond around storm drain inlets, or at
points where silt laden stormwater is discharged. It is used
to trap sediment on construction sites, prevent storm drains
from being blocked and prevent sediment pollution of
watercourses.

Land Grading

Grading should be held to a minimum level that makes the
site suitable for its intended purpose without appreciably
increasing runoff. Grading only those areas going into
immediate construction, as opposed to grading the entire
site, greatly helps in controlling erosion. Large tracks should
be graded in units of workable size within construction
phased so that the first unit is stabilized before the next unit
is opened up. This technique helps minimize the area and
duration of exposure of bare land to erosion.
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16.

17.

Storm Drain Outlet Protection

This practice involves putting paving or riprap on channel
sections immediately below storm drain outlets. A storm
drain outlet is designed to reduce the velocity of flow and
prevent channel erosion below storm drain outlets. It is also
known as an energy dissipater.

Riprap

This is a layer of loose rock placed over the soil surface to
prevent erosion by service flow or wave action. Riprap may
be used, as appropriate, as storm drain outlets, channel
bank and bottom protection, roadside ditches protection,
drop structures, etc.

Subsurface Drains

Subsurface drains, used to remove excess ground water,
are sometimes required at the base of fill slopes or around
building foundations. When heavy grading is done and
natural water channels are filled, the subsurface drains may
be used to prevent accumulation of ground water.
Subsurface drains may be needed in vegetated channels to
lower a high water table and to improve drainage conditions
so vegetation can be established and maintained.

Flexible Down Drain

This is a temporary structure used to convey stormwater
from one elevation to another without causing erosion. Itis
made of heavy-duty fabric or other material which can be
removed when the permanent water disposal system is
installed.
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SECTION XI - STORMWATER MANAGEMENT FOR CONSTRUCTION
ACTIVITIES DEVELOPING POLLUTION PREVENTION PLANS
AND BEST MANAGEMENT PRACTICES

General Stormwater NPDES Permits

When stormwater from rain or snow melt flows, it carries dirt, litter, chemicals, or other
pollutants that could harm water quality. Stormwater discharges are considered point
sources, and stormwater permitting is administered under the National Pollutant
Discharge Elimination System (NPDES) program.

ADEQ issues individual and general stormwater permits. The permit conditions for an
individual permit are specific for each facility. General permits are used for those
facilities with similar operations. Facilities seek coverage with a Notice of Intent (NOI)
document to obtain coverage under a general permit.

How to Receive Coverage through a General Stormwater Permit

ADEQ considers issuing a Notice of Coverage (NOC) to facilities seeking coverage only
after payment has been received. When applicable, send a completed and signed NOI,
a completed Stormwater Pollution Prevention Plan (SWPPP), and permit fee to:

Arkansas Department of Environmental Quality
Water Discharge Permits Section

5301 Northshore Drive

North Little Rock, AR 72118-5317

Or email documents in PDF format to Water Permits Application.

Most General NPDES Permits may be completed and submitted online through the
ADEQ ePortal site.

Construction Stormwater Permit: Permit ARR150000

For sites 1 Acre or More but less than 5 Acres, Small Site SWPPP is required per
permit.

For sites greater than 5 Acres, Large Site SWPPP, NOI, and ADEQ approval is
required per permit.

ALL FORMS, INCLUDING SWPPP DOCUMENTS CAN BE FOUND ON ADEQ
WEBSITE: https://www.adeq.state.ar.us/water/permits/npdes/stormwater/

XI-2
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Stormwater Pollution Prevention Plan (SWPPP) for Construction Activity
for Small Construction Sites

National Pollutant Discharge Elimination System (NPDES)
General Permit # ARR150000

Prepared for:

Date:

Prepared by:

Revised date: 10/20/2016



Stormwater Pollution Prevention Plan for Construction Activity

ARR150000

Project Name and Location:

Page 1

Property Parcel Number (Optional):

Operator Name and Address:

A. Site Description

a. Project description, intended use after NOI is filed:

b. Sequence of major activities which disturb soils:

c. Total Area:

B. Responsible Parties

Disturbed Area:

Be sure to assign all SWPPP related activities to an individual or position; even if the

specific individual is not yet known (i.e. contractor has not been chosen).

Individual/Company

Phone Number

Service Provided for SWPPP (i.e.,
Inspector, SWPPP revisions,
Stabilization Activities, BMP
Maintenance, etc.)

C. Receiving Waters

a. The following waterbody (or waterbodies) receives stormwater from this

construction site:

b. Is the project located within the jurisdiction of an MS4? [ ]Yes [ |No

i. If yes, Name of MS4:

c. Ultimate Receiving Water:
[ _]Red River
[ ]ouachita River
[ ]Arkansas River

D. Site Map Requirements (Attach Site Map):
a. Pre-construction topographic view;

[ ]White River
|:|St. Francis River
|:|Mississippi River

Revised date: 10/20/2016
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> 0 o

Direction of stormwater flow (i.e., use arrows to show which direction
stormwater will flow) and approximate slopes anticipated after grading
activities;

Delineate on the site map areas of soil disturbance and areas that will not be
disturbed under the coverage of this permit;

Location of major structural and nonstructural controls identified in the plan;
Location of main construction entrance and exit;

Location where stabilization practices are expected to occur;

Locations of off-site materials, waste, borrow area, or equipment storage area;
Location of areas used for concrete wash-out;

Location of all surface water bodies (including wetlands) with associated natural
buffer boundary lines. Identify floodplain and floodway boundaries, if available;
Locations where stormwater is discharged to a surface water and/or municipal
separate storm sewer system if applicable,

Locations where stormwater is discharged off-site (should be continuously
updated);

Areas where final stabilization has been accomplished and no further
construction phase permit requirements apply;

. Alegend that identifies any erosion and sediment control measure

symbols/labels used in the site map and/or detail sheet; and
Locations of any storm drain inlets on the site and in the immediate vicinity of
the site.

E. Stormwater Controls

a.

Initial Site Stabilization, Erosion and Sediment Controls, and Best Management
Practices:
i. Initial Site Stabilization:

ii. Erosion and Sediment Controls:

iii. If periodic inspections or other information indicates a control has been
used inappropriately or incorrectly, the operator will replace or modify
the control for site situations: [ ]Yes [ |No

If No, explain:

iv. Off-site accumulations of sediment will be removed at a frequency
sufficient to minimize off-site impacts: [_]Yes [ _]No

Revised date: 10/20/2016
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If No, explain:

v. Sediment will be removed from sediment traps or sedimentation ponds
when design capacity has been reduced by 50%: |:|Yes |:|No
If No, explain:

vi. Litter, construction debris, and construction chemicals exposed to
stormwater shall be prevented from becoming a pollutant source for
stormwater discharges: [_|Yes [ |No

If No, explain:

vii. Off-site material storage areas used solely by the permitted project are
being covered by this SWPPP: [_]Yes [ |No

If Yes, explain additional BMPs implemented at off-site material

storage area:

b. Stabilization Practices
i. Description and Schedule:

ii. Are buffer areas required? [ |Yes [ |No
If Yes, are buffer areas being used? [ ]Yes[ |No
If No, explain why not:

If Yes, describe natural buffer areas:

iii. Arecord of the dates when grading activities occur, when construction
activities temporarily or permanently cease on a portion of the site, and
when stabilization measures are initiated shall be included with the plan.

[ ]ves[ |No

If No, explain:

iv. Deadlines for stabilization:
1. Stabilization procedures will be initiated 14 days after
construction activity temporarily ceases on a portion of the site.
2. Stabilization procedures will be initiated immediately in portions
of the site where construction activities have permanently ceased.

Revised date: 10/20/2016
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c. Structural Practices
i. Describe any structural practices to divert flows from exposed soils, store

flows, or otherwise limit runoff and the discharge of pollutants from
exposed areas of the site:

ii. Describe Velocity Dissipation Devices:

iii. Sediment Basins:
Are 10 or more acres draining to a common point? |:|Yes |:|No
Is a sediment basin included in the project? [ ]Yes [ |No
If Yes, what is the designed capacity for the storage?
[ 13600 cubic feet per acre = :
or
[ ]10 year, 24 hour storm =
[ ] Other criteria were used to design basin:

If No, explain why no sedimentation basin was included and
describe required natural buffer areas and other controls
implemented instead:

F. Other Controls
a. Solid materials, including building materials, shall be prevented from being
discharged to Waters of the State:[_]Yes [ |No
b. Off-site vehicle tracking of sediments and the generation of dust shall be
minimized through the use of:
[ ]A stabilized construction entrance and exit
[ |Vehicle tire washing
[ ]other controls, describe:

c. Temporary Sanitary Facilities:

Revised date: 10/20/2016
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d. Concrete Waste Area Provided:

e.

|:|Yes

|:|No. Concrete is used on the site, but no concrete washout is provided.

Explain why:

[ IN/A, no concrete will be used with this project
Fuel Storage Areas, Hazardous Waste Storage, and Truck Wash Areas:

G. Non-Stormwater Discharges

a.

The following allowable non-stormwater discharges comingled with stormwater
are present or anticipated at the site:

|:|Fire-fighting activities;

|:|Fire hydrant flushings;

[ ]Water used to wash vehicles (where detergents or other chemicals are
not used) or control dust in accordance with Part [I.LA.4.H.2;

[ ]Potable water sources including uncontaminated waterline flushings;
|:|Landscape Irrigation;

|:|Routine external building wash down which does not use detergents or
other chemicals;

[ ]JPavement wash waters where spills or leaks of toxic or hazardous
materials have not occurred (unless all spilled materials have been removed)
and where detergents or other chemicals are not used;
|:|Uncontaminated air conditioning, compressor condensate (See Part
[.B.12.C of the permit);,

[ ]Uncontaminated springs, excavation dewatering and groundwater (See
Part 1.B.13.C of the permit);

|:|Foundation or footing drains where flows are not contaminated with
process materials such as solvents (See Part I.B.13.C of the permit);

b. Describe any controls associated with non-stormwater discharges present at the

site:

H. Applicable State or Local Programs: The SWPPP will be updated as necessary to reflect
any revisions to applicable federal, state, or local requirements that affect the
stormwater controls implemented at the site. |:|Yes |:|No

I. Inspections

a.

Inspection frequency:

[ _]Every 7 calendar days

or

DAt least once every 14 calendar days and within 24 hours of the end of a
storm even 0.25 inches or greater (a rain gauge must be maintained on-site)
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b. Inspections:
Completed inspection forms will be kept with the SWPPP.
|:|ADEQ’5 inspection form will be used (See Appendix B)
or
[_JA form other than ADEQ’s inspection form will be used and is attached
(See inspection form requirements Part 11.A.4.L.2)

c. Inspection records will be retained as part of the SWPPP for at least 3 years from
the date of termination.

d. Itis understood that the following sections describe waivers of site inspection
requirements. All applicable documentation requirements will be followed in
accordance with the referenced sections.

i.  Winter Conditions (Part 1.A.4.L.4)
ii.  Adverse Weather Conditions (Part Il.A.4.L.5)

J.  Maintenance:
The following procedures to maintain vegetation, erosion and sediment control
measures and other protective measures in good, effective operating condition will
be followed:

Any necessary repairs will be completed, when practicable, before the next storm
event, but not to exceed a period of 3 business days of discovery, or as otherwise
directed by state or local officials.

K. Employee Training:
The following is a description of the training plan for personnel (including
contractors and subcontractors) on this project:

**Note, Formal training classes given by Universities or other third-party
organizations are not required, but recommended for qualified trainers; the
permittee is responsible for the content of the training being adequate for personnel
to implement the requirements of the permit.
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Certification

"I certify under penalty of law that this document and all attachments such as Inspection
Form were prepared under my direction or supervision in accordance with a system
designed to ensure that qualified personnel properly gather and evaluate the information
submitted. Based on my inquiry of the person or persons who manage the system, or those
persons directly responsible for gathering the information, the information submitted is, to
the best of my knowledge and belief, true, accurate, and complete. | am aware that there
are significant penalties for submitting false information, including the possibility of fine and
imprisonment for knowing violations."

Signature of Responsible or Cognizant Official:

Title: Date:

Revised date: 10/20/2016
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Inspector Name: Date of Inspection:
Inspector Title:

Date of Rainfall: Duration of Rainfall:
Days Since Last Rain Event: days Rainfall Since Last Rain Event: inches

Description of any Discharges During Inspection:
Location of Discharges of Sediment/Other Pollutant (specify pollutant & location):

Locations in Need of Additional BMPs:

Information on Location of Construction Activities

Location Activity Activity Activity Stabilization Stabilization
Begin Date | Occuring Ceased Initiated Date | Complete
Now (y/n)? | Date Date

Information on BMPs in Need of Maintenance

Location In Working Maintenance Scheduled Maintenance Completed Maintenance to be
Order? Date Date Performed By
Changes required to the SWPPP: Reasons for changes:

SWPPP changes completed (date):

"I certify under penalty of law that this document and all attachments such as Inspection Form were prepared under my
direction or supervision in accordance with a system designed to ensure that qualified personnel properly gather and evaluate
the information submitted. Based on my inquiry of the person or persons who manage the system, or those persons directly
responsible for gathering the information, the information submitted is, to the best of my knowledge and belief, true, accurate,
and complete. | am aware that there are significant penalties for submitting false information, including the possibility of fine
and imprisonment for knowing violations."

Signature of Responsible or Cognizant Official: Date:

Title:

Revised date: 10/20/2016




BMP Consideration Checklist

Appendix B

The BMPs listed here should be considered for every project. Those BMPs that are not included in the SWPPP
should be checked as “Not Used” with a brief statement describing why it is not being used.

Note: Appendix B and C do not have to be submitted with the SWPPP. These attachments are for use during the
development of the SWPPP.

EROSION CONTROL BMPs

BMP

BMP
Considered
for project

BMP Used

BMP Not
Used

If not used, state
reason

EC-1 Scheduling

EC-2 Preservation of Existing Vegetation

EC-3 Hydraulic Mulch

EC-4 Hydroseeding

EC-5 Soil Binders

EC-6 Straw Mulch

EC-7 Geotextiles & Mats

EC-8 Wood Mulching

EC-9 Earth Dikes & Drainage Swales

EC-10 Velocity Dissipation Devices

EC-11 Slope Drains

EC-12 Stream bank Stabilization

AR EEE NN

HE NN NN

HE NN NN

SEDIMENT CONTROL BMPs

BMP

BMP
Considered
for project

BMP Used

BMP Not
Used

If not used, state
reason

SE-1 Silt Fence

SE-2 Sediment Basin

L]

SE-3 Sediment Trap

SE-4 Check Dam

SE-5 Fiber Rolls

SE-6 Gravel Bag Berm

SE-7 Street Sweeping and Vacuuming

SE-8 Sand Bag Barrier

SE-9 Straw Bale Barrier

SE-10 Storm Drain Inlet Protection

SE-11 Chemical Treatment

OO

AR RENE NN

ARREN NN

WIND EROSION CONTROL BMPs

BMP

BMP
Considered
for project

BMP Used

BMP Not
Used

If not used, state
reason

WE-1 Wind Erosion Control

[

[

[]
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TRACKING CONTROL BMPs

BMP

Considered BMP Not If not used, state
BMP for project BMP Used Used reason
TR-1 Stabilized Construction Entrance/Exit |:| |:| |:|
TR-2 Stabilized Construction Roadway D |:| |:|
TR-3 Entrance/Outlet Tire Wash |:| |:| |:|

NON-STORM WATER MANAGEMENT BMPs

BMP

Considered BMP Not If not used, state
BMP for project BMP Used Used reason
NS-1 Water Conservation Practices |:| |:| |:|
NS-2 Dewatering Operations |:| |:| |:|
NS-3 Paving and Grinding Operations |:| |:| |:|
NS-4 Temporary Stream Crossing |:| |:| |:|
NS-5 Clear Water Diversion |:| |:| |:|
NS-6 Illicit Connection/ Discharge |:| |:| |:|
NS-7 Potable Water/Irrigation |:| |:| |:|
NS-8 Vehicle and Equipment Cleaning |:| |:| |:|
NS-9 Vehicle and Equipment Fueling |:| |:| |:|
NS-10 Vehicle and Equipment Maintenance |:| |:| |:|
NS-11 Pile Driving Operations |:| |:| |:|
NS-12 Concrete Curing |:| |:| |:|
NS-13 Concrete Finishing |:| |:| |:|
NS-14 Material and Equipment Use Over Water |:| |:| |:|
NS-15 Demolition Adjacent to Water |:| |:| |:|
NS-16 Temporary Batch Plants |:| |:| |:|

WASTE MANAGEMENT AND MATERIALS POLLUTION CONTROL BMPs

BMP

Considered BMP Not If not used, state
BMP for project BMP Used Used reason
WM-1 Material Delivery and Storage |:| |:| |:|
WM-2 Material Use |:| |:| |:|
WNM-3 Stockpile Management |:| |:| |:|
WM-4 Spill Prevention and Control |:| |:| |:|
WM-5 Solid Waste Management |:| |:| |:|
WM-6 Hazardous Waste Management |:| |:| |:|
WM-7 Contaminated Soil Management |:| |:| |:|
WM-8 Concrete Waste Management |:| |:| |:|
WM-9 Sanitary/Septic Waste Management |:| |:| |:|
WM-10 Liquid Waste Management |:| |:| |:|
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SWPPP Completion Checklist

Yes = Complete

No = Incomplete/Deficient

N/A = Not applicable to project

Yes No N/A

A. Asite description, including:

Appendix C

Permit Section

1. Project description, intended use after NOT

Part ILA4.A.1

2. Sequence of major activities Part I.LA.4.A.2
3. Total & disturbed acreage Part IILA.4.A.3
B. Responsible Parties: All parties dealing with the SWPPP and the areas they are
responsible for on-site. Part I1.LA.4.B
C. Receiving Water. Part 11.A 4.C
-M S4 Name Part I1.A.4.C
-Ultimate Receiving Water Part II.LA .4.C

| | | |D.Site Map --- See End of Evaluation Form Part IILA.4.F

E. Description of Controls:
1. Erosion and sediment controls, including:

a. Initial site stabilization

Part .LA4.G.1.a

b. Erosion and sediment controls

Part LA 4.G.1.b

c. Replacement of inadequate controls

Part 1I.LA.4.G.1.c

d. Removal of off-site accumulations

Part II.A.4.G.1.d

e. Maintenance of sediment traps/basins @ 50% capacity

Part [.LA.4.G.1.e

f. Litter, construction debris and chemicals properly handled

Part ILA4.G.1.f

g. Off-site storage areas and controls

Part ILA.4.G.1.g

2. Stabilization practices:

a. Description and schedule for stabilization Part [1.LA.4.G.2.a
b. Description of buffer areas Part [I.LA.4.G.2.b
c. Records of stabilization Part 11.LA.4.G.2.c
d. Deadlines for stabilization Part I1LA.4.G.2.d
3. Structural Practices:

-Describe structural practices to divert flows, store flows, or otherwise limit runoff Part I1.A.4.G.3

a. Sediment basins

Part I1.A.4.G.3.a.1

-Are more than 10 acres draining to a common point? If so, are sediment basins included?

Part I1.A.4.G.3.a.1

-Sediment basin dimensions and capacity description and calculations

Part [.LA.4.G.3.a.1

-If a basin wasn't practicable, are other controls sufficient?

Part [.A.4.G.3.a.1

b. Velocity dissipation devices concentrated flow from 2 or more acres

Part [.A.4.G.3.b

F. Other controls including:

1. Solid waste control measures

Part ILA.4.H.1

2. Vehicle off-site tracking controls

Part I.LA.4.H.2

3. Compliance with sanitary waste disposal

Part I.LA.4.H.4

4. Does the site have a concrete washout area controls?

Part II.A.4.H.5

5. Does the site have fuel storage areas, hazardous waste storage and/or truck wash areas

controls? Part II.A.4.H.6
G. Identification of allowable non-storm water discharges Part 11.LA 4.1
-Appropriate controls for dewatering, if present Part I.B.12.C

| | | |H State or local requirements incorporated into the plan. Part 11.A .4.K
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Yes = Complete
No = Incomplete/Deficient
N/A = Not applicable to project

Yes No N/A L Inspections Permit Section
1. Inspection frequency listed? Part IILA4.L.1
2. Inspection form Part II.A.4.L.2

Ours.
If not ours, does it contain the following items:
a. Inspector name and title Part ILA4.L.2.a
b. Date of inspection. Part ILA.4.L.2.b
c. Amount of rainfall and days since last rain event (14 day only) Part I.LA.4.L.2.c
d. Approx beginning and duration of storm event Part II.LA.4.L.2.d
e. Description of any discharges during insp ection Part IILA.4.L.2.e
f. Locations of discharges of sediment/other pollutants Part [LA.4.L.2.f
g. BMPs in need of maintenance Part [LA.4.L.2.g
h. BM Ps in working order, if maintenance needed (scheduled and completed) Part ILA.4.L.2.h
i. Locations that are in need of additional controls Part I.A.4.L.2.i
j. Location and dates when major construction activities begin, occur or cease Part [ILA.4.L.2j
k. Signature of resp onsible/cognizant official Part [LA.4.L.2.k
3. Inspection Records Part 11.LA.4.L.3
4. Winter Conditions Part 11.LA.4.L.4
5. Adverse Weather Conditions Part I.A.4.L.5
| | | |J. Maintenance Procedures |Part 1.A.4.M
| | | |K. Employee Training |Part 1ILA.4.N
Signed Plan Certification Part IL.A.7. and Part
11.B.10
D. Site Map showing:
1. Pre-construction top ograp hic view Part II.A 4.F.1
2. Drainage flow Part IILA4.F.2
3. Approximate slopes after grading activities Part II.LA.4.F.2
4. Areas of soil disturbance and areas not disturbed Part ILA.4.F.3
5. Location of major structural and non-structural controls. Part 1I.LA.4.F.4
6. Location of main construction entrance and exit. Part 11.LA.4.F.5
7. Areas where stabilization practices are expected to occur. Part II.LA.4.F.6
8. Locations of off-site materials, waste, borrow area or storage area. Part IILA4.F.7
9. Locations of areas used for concrete wash-out. Part IILA.4.F.8
10. Locations of surface waters on site. Part 1I.LA.4.F.9
11. Locations where water is discharged to a surface water or M S4. Part II.LA.4.F.10
12. Storm water discharge locations. Part II.LA 4.F.11
13. Areas where final stabilization has been accomplished. Part II.A 4.F.12
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Project Name and Location:

Property Parcel Number (Optional):

Operator Name and Address:

A. Site Description
a. Project description, intended use after NOI is filed:

b. Sequence of major activities which disturb soils:

c. Total Area®: Disturbed Area’:
d. Soils Information:
i. Runoff Coefficient Pre-Construction (See Appendix A) :
ii. Runoff Coefficient Post-Construction (See Appendix A) :
iii. Describe the soil or the quality of any discharge from the site:
B. Responsible Parties

Be sure to assign all SWPPP related activities to an individual or position; even if the
specific individual is not yet known (i.e. contractor has not been chosen).

Service Provided for SWPPP (i.e.,
Individual/Company Phone Number | Inspector, SWPPP revisions,
Stabilization Activities, BMP
Maintenance, etc.)

C. Receiving Waters
a. The following waterbody (or waterbodies) receives stormwater from this
construction site:
b. Isthe project located within the jurisdiction of an MS4? |:|Yes |:|No
i. If yes, Name of MS4:
c. Ultimate Receiving Water:

[ |Red River [ ]White River
|:|Ouachita River |:|St. Francis River
|:|Arkansas River |:|Mississippi River

ncreases in total acreage require an additional acreage request, an updated SWPPP and a $200 modification fee to be
submitted to ADEQ.
’Increases in only disturbed acreage require an additional acreage request and an updated SWPPP to be submitted to ADEQ.
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D. Documentation of Permit Eligibility Related to the 303(d) list and Total Maximum Daily
Loads (TMDL) (https://www.adeg.state.ar.us/water/planning/)
a. Does the stormwater enter a waterbody on the 303(d) list or with an approved
TMDL? [ JYes[ |No
b. Ifyes:
i. Waterbody identified on 303(d) list:
ii. Pollutant addressed on 303(d) list or TMDL:
iii. This specific project ,or generally construction activity i.e. surface erosion,

is identified on 303(d) list or associated assumptions and allocations
identified in the TMDL for the discharge: [_]Yes [ _|No
iv. Additional controls implemented:

E. Attainment of Water Quality Standards After Authorization

a. The permittee must select, install, implement, and maintain BMPs at the
construction site that minimize pollutants in the discharge as necessary to meet
applicable water quality standards. In general, except in situations explained
below, the SWPPP developed, implemented, and updated to be considered as
stringent as necessary to ensure that the discharges do not cause or contribute
to an excursion above any applicable water quality standard.

b. At any time after authorization, the Department may determine that the
stormwater discharges may cause, have reasonable potential to cause, or
contribute to an excursion above any applicable water quality standard. If such a
determination is made, the Department will require the permittee to:

i. Develop a supplemental BMP action plan describing SWPPP modifications
to address adequately the identified water quality concerns and submit
valid and verifiable data and information that are representative of
ambient conditions and indicate that the receiving water is attaining
water quality standards; or

ii. Cease discharges of pollutants from construction activity and submit an
individual permit application.

| understand and agree to follow the above text regarding the attainment of water
quality standards after authorization. [ [Yes| |No

F. Site Map Requirements (Attach Site Map):
a. Pre-construction topographic view;
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> 0 o

Direction of stormwater flow (i.e., use arrows to show which direction
stormwater will flow) and approximate slopes anticipated after grading
activities;

Delineate on the site map areas of soil disturbance and areas that will not be
disturbed under the coverage of this permit;

Location of major structural and nonstructural controls identified in the plan;
Location of main construction entrance and exit;

Location where stabilization practices are expected to occur;

Locations of off-site materials, waste, borrow area, or equipment storage area;
Location of areas used for concrete wash-out;

Location of all surface water bodies (including wetlands) with associated natural
buffer boundary lines. Identify floodplain and floodway boundaries, if available;
Locations where stormwater is discharged to a surface water and/or municipal
separate storm sewer system if applicable,

Locations where stormwater is discharged off-site (should be continuously
updated);

Areas where final stabilization has been accomplished and no further
construction phase permit requirements apply;

. Alegend that identifies any erosion and sediment control measure

symbols/labels used in the site map and/or detail sheet; and
Locations of any storm drain inlets on the site and in the immediate vicinity of
the site.

G. Stormwater Controls

a.

Initial Site Stabilization, Erosion and Sediment Controls, and Best Management
Practices:
i. Initial Site Stabilization:

ii. Erosion and Sediment Controls:

iii. If periodic inspections or other information indicates a control has been
used inappropriately or incorrectly, the operator will replace or modify
the control for site situations: [ ]Yes [ |No

If No, explain:
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iv. Off-site accumulations of sediment will be removed at a frequency
sufficient to minimize off-site impacts: [_|Yes[ |No
If No, explain:

v. Sediment will be removed from sediment traps or sedimentation ponds
when design capacity has been reduced by 50%: [ ]Yes[ |No
If No, explain:

vi. Litter, construction debris, and construction chemicals exposed to
stormwater shall be prevented from becoming a pollutant source for
stormwater discharges: [ ]Yes [ |No

If No, explain:

vii. Off-site material storage areas used solely by the permitted project are
being covered by this SWPPP: [_]Yes [ |No

If Yes, explain additional BMPs implemented at off-site material

storage area:

b. Stabilization Practices
i. Description and Schedule:

ii. Are buffer areas required? [ ]Yes[ |No
If Yes, are buffer areas being used? [ ]Yes [ |No

If Yes, describe natural buffer areas:

If No, explain why not:

iii. A record of the dates when grading activities occur, when construction
activities temporarily or permanently cease on a portion of the site, and
when stabilization measures are initiated shall be included with the plan.

|:|Yes |:|No

If No, explain:
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iv. Deadlines for stabilization:
1. Stabilization procedures will be initiated 14 days after
construction activity temporarily ceases on a portion of the site.
2. Stabilization procedures will be initiated immediately in portions
of the site where construction activities have permanently ceased.
c. Structural Practices
i. Describe any structural practices to divert flows from exposed soils, store
flows, or otherwise limit runoff and the discharge of pollutants from
exposed areas of the site:

ii. Describe Velocity Dissipation Devices:

iii. Sediment Basins:
Are 10 or more acres draining to a common point? |:|Yes |:|No
Is a sediment basin included in the project? [ [Yes [ ]No
If Yes, what is the designed capacity for the storage?
[ 13600 cubic feet per acre = :
or
[ ]10 year, 24 hour storm =:
[ ] Other criteria were used to design basin:

If No, explain why no sedimentation basin was included and
describe required natural buffer areas and other controls
implemented instead:

H. Other Controls
a. Solid materials, including building materials, shall be prevented from being
discharged to Waters of the State:[ |Yes [ |No
b. Off-site vehicle tracking of sediments and the generation of dust shall be
minimized through the use of:
[ ]A stabilized construction entrance and exit
|:|Vehicle tire washing
[ ]other controls, describe:

c. Temporary Sanitary Facilities:
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d. Concrete Waste Area Provided:

e.

|:|Yes

|:|No. Concrete is used on the site, but no concrete washout is provided.

Explain why:

[ IN/A, no concrete will be used with this project
Fuel Storage Areas, Hazardous Waste Storage, and Truck Wash Areas:

I. Non-Stormwater Discharges

a.

The following allowable non-stormwater discharges comingled with stormwater
are present or anticipated at the site:

|:|Fire-fighting activities;

|:|Fire hydrant flushings;

[ ]Water used to wash vehicles (where detergents or other chemicals are
not used) or control dust in accordance with Part [I.LA.4.H.2;

[ ]potable water sources including uncontaminated waterline flushings;
|:|Landscape Irrigation;

|:|Routine external building wash down which does not use detergents or
other chemicals;

[ ]Pavement wash waters where spills or leaks of toxic or hazardous
materials have not occurred (unless all spilled materials have been removed)
and where detergents or other chemicals are not used;
|:|Uncontaminated air conditioning, compressor condensate (See Part
[.B.13.C of the permit);

[ ]Uncontaminated springs, excavation dewatering and groundwater (See
Part 1.B.13.C of the permit);

|:|Foundation or footing drains where flows are not contaminated with
process materials such as solvents (See Part 1.B.13.C of the permit);

b. Describe any controls associated with non-stormwater discharges present at the

site:

J.  Permanent Controls for Post-Construction Stormwater Management:
Describe measures installed during the construction process to control pollutants in

stormwater discharges that will occur after construction operations have been

completed:

K. Applicable State or Local Programs: The SWPPP will be updated as necessary to reflect
any revisions to applicable federal, state, or local requirements that affect the
stormwater controls implemented at the site. | |Yes[ |No
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L. Inspections
a. Inspection frequency:
[ _]Every 7 calendar days
or
|:|At least once every 14 calendar days and within 24 hours of the end of a
storm even 0.25 inches or greater (a rain gauge must be maintained on-site)

b. Inspections:

Completed inspection forms will be kept with the SWPPP.

[ JADEQ’s inspection form will be used (See Appendix B)

or

[_]A form other than ADEQ’s inspection form will be used and is attached
(See inspection form requirements Part [1.A.4.L.2)

c. Inspection records will be retained as part of the SWPPP for at least 3 years from
the date of termination.

d. Itis understood that the following sections describe waivers of site inspection
requirements. All applicable documentation requirements will be followed in
accordance with the referenced sections.

i.  Winter Conditions (Part 1.A.4.L.4)
ii.  Adverse Weather Conditions (Part I1l.A.4.L.5)

M. Maintenance:
The following procedures to maintain vegetation, erosion and sediment control
measures and other protective measures in good, effective operating condition will
be followed:

Any necessary repairs will be completed, when practicable, before the next storm
event, but not to exceed a period of 3 business days of discovery, or as otherwise
directed by state or local officials.

N. Employee Training:
The following is a description of the training plan for personnel (including
contractors and subcontractors) on this project:

**Note, Formal training classes given by Universities or other third-party
organizations are not required, but recommended for qualified trainers; the
permittee is responsible for the content of the training being adequate for personnel
to implement the requirements of the permit.
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Certification

"I certify under penalty of law that this document and all attachments such as Inspection
Form were prepared under my direction or supervision in accordance with a system
designed to ensure that qualified personnel properly gather and evaluate the information
submitted. Based on my inquiry of the person or persons who manage the system, or those
persons directly responsible for gathering the information, the information submitted is, to
the best of my knowledge and belief, true, accurate, and complete. | am aware that there
are significant penalties for submitting false information, including the possibility of fine and
imprisonment for knowing violations."

Signature of Responsible or Cognizant Official:

Title: Date:

Revised date: 10/20/2016



Computation Sheet for Determining Runoff Coefficients

Total Site Area =

Existing Site Conditions

Impervious Site Area 1=

Impervious Site Area Runoff Coefficient 242
Pervious Site Area ® =

Pervious Site Area Runoff Coefficient * =

Pre-Construction Runoff Coefficient
[BxC]+[DxE]
[A]

Proposed Site Conditions (after construction)
Impervious Site Area 1=

Impervious Site Area Runoff Coefficient >* =
Pervious Site Area ® =

Pervious Site Area Runoff Coefficient * =

Post-Construction Runoff Coefficient

[FxG]+[HxI]
[A]

Appendix A
Acres [A]
Acres [B]
[C]
Acres [D]

(E]

= This is your pre-construction runoff coefficient.

Acres [F]
[G]
Acres [H]

[1]

= This is your post-construction runoff
coefficient.

1. Includes paved areas, areas covered by buildings, and other impervious surfaces.

2. Use 0.95 unless lower or higher runoff coefficient can be verified.

3. Includes areas of vegetation, most unpaved or uncovered soil surfaces, and other pervious areas.
4. Refer to local Hydrology Manual for typical C values.

Note: The impervious and pervious surfaces should equal the total area.
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ARR150000 Inspection Form Appendix B

Inspector Name: Date of Inspection:

Inspector Title:

Date of Rainfall: Duration of Rainfall:

Days Since Last Rain Event: days Rainfall Since Last Rain Event: inches

Description of any Discharges During Inspection:

Location of Discharges of Sediment/Other Pollutant (specify pollutant & location):

Locations in Need of Additional BMPs:

Information on Location of Construction Activities

Location Activity Activity Activity Stabilization Stabilization
Begin Date | Occuring Ceased Initiated Date | Complete
Now (y/n)? | Date Date

Information on BMPs in Need of Maintenance

Location In Working Maintenance Scheduled Maintenance Completed Maintenance to be
Order? Date Date Performed By
Changes required to the SWPPP: Reasons for changes:

SWPPP changes completed (date):

"I certify under penalty of law that this document and all attachments such as Inspection Form were prepared under my
direction or supervision in accordance with a system designed to ensure that qualified personnel properly gather and evaluate
the information submitted. Based on my inquiry of the person or persons who manage the system, or those persons directly
responsible for gathering the information, the information submitted is, to the best of my knowledge and belief, true, accurate,
and complete. | am aware that there are significant penalties for submitting false information, including the possibility of fine
and imprisonment for knowing violations."

Signature of Responsible or Cognizant Official: Date:

Title:
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BMP Consideration Checklist

Appendix C

The BMPs listed here should be considered for every project. Those BMPs that are not included in the SWPPP
should be checked as “Not Used” with a brief statement describing why it is not being used.

Note: Appendix C and D do not have to be submitted with the SWPPP. These attachments are for use during the
development of the SWPPP.

EROSION CONTROL BMPs

BMP

BMP
Considered
for project

BMP Used

BMP Not
Used

If not used, state
reason

EC-1 Scheduling

EC-2 Preservation of Existing Vegetation

EC-3 Hydraulic Mulch

EC-4 Hydroseeding

EC-5 Soil Binders

EC-6 Straw Mulch

EC-7 Geotextiles & Mats

EC-8 Wood Mulching

EC-9 Earth Dikes & Drainage Swales

EC-10 Velocity Dissipation Devices

EC-11 Slope Drains

EC-12 Stream bank Stabilization

AR EEE NN

HE NN NN

HE NN NN

SEDIMENT CONTROL BMPs

BMP

BMP
Considered
for project

BMP Used

BMP Not
Used

If not used, state
reason

SE-1 Silt Fence

SE-2 Sediment Basin

L]

SE-3 Sediment Trap

SE-4 Check Dam

SE-5 Fiber Rolls

SE-6 Gravel Bag Berm

SE-7 Street Sweeping and Vacuuming

SE-8 Sand Bag Barrier

SE-9 Straw Bale Barrier

SE-10 Storm Drain Inlet Protection

SE-11 Chemical Treatment

OO

AR RENE NN

ARREN NN

WIND EROSION CONTROL BMPs

BMP

BMP
Considered
for project

BMP Used

BMP Not
Used

If not used, state
reason

WE-1 Wind Erosion Control

[

[

[]
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BMP Consideration Checklist Appendix C

TRACKING CONTROL BMPs

BMP

Considered BMP Not If not used, state
BMP for project BMP Used Used reason
TR-1 Stabilized Construction Entrance/Exit |:| |:| |:|
TR-2 Stabilized Construction Roadway D |:| |:|
TR-3 Entrance/Outlet Tire Wash |:| |:| |:|

NON-STORM WATER MANAGEMENT BMPs

BMP

Considered BMP Not If not used, state
BMP for project BMP Used Used reason
NS-1 Water Conservation Practices |:| |:| |:|
NS-2 Dewatering Operations |:| |:| |:|
NS-3 Paving and Grinding Operations |:| |:| |:|
NS-4 Temporary Stream Crossing |:| |:| |:|
NS-5 Clear Water Diversion |:| |:| |:|
NS-6 Illicit Connection/ Discharge |:| |:| |:|
NS-7 Potable Water/Irrigation |:| |:| |:|
NS-8 Vehicle and Equipment Cleaning |:| |:| |:|
NS-9 Vehicle and Equipment Fueling |:| |:| |:|
NS-10 Vehicle and Equipment Maintenance |:| |:| |:|
NS-11 Pile Driving Operations |:| |:| |:|
NS-12 Concrete Curing |:| |:| |:|
NS-13 Concrete Finishing |:| |:| |:|
NS-14 Material and Equipment Use Over Water |:| |:| |:|
NS-15 Demolition Adjacent to Water |:| |:| |:|
NS-16 Temporary Batch Plants |:| |:| |:|

WASTE MANAGEMENT AND MATERIALS POLLUTION CONTROL BMPs

BMP

Considered BMP Not If not used, state
BMP for project BMP Used Used reason
WM-1 Material Delivery and Storage |:| |:| |:|
WM-2 Material Use |:| |:| |:|
WNM-3 Stockpile Management |:| |:| |:|
WM-4 Spill Prevention and Control |:| |:| |:|
WM-5 Solid Waste Management |:| |:| |:|
WM-6 Hazardous Waste Management |:| |:| |:|
WM-7 Contaminated Soil Management |:| |:| |:|
WM-8 Concrete Waste Management |:| |:| |:|
WM-9 Sanitary/Septic Waste Management |:| |:| |:|
WM-10 Liquid Waste Management |:| |:| |:|
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SWPPP Completion Checklist

Yes = Complete

No = Incomplete/Deficient
N/A = Not applicable to project

Yes No N/A A. Asite description, including:

1. Project description, intended use after NOT

2. Sequence of major activities

3. Total & disturbed acreage

responsible for on-site.

C. Receiving Water.

-MS4 Name

-Ultimate Receiving Water

1. Identify pollutant on 303(d) list or TMDL

2. Is construction activity or the specific site listed as cause?

3. Measures taken to reduce pollutants from the site.

|F. Site Map — See End of Evaluation Form

G. Description of Controls:
1. Erosion and sediment controls, including:

a. Initial site stabilization

b. Erosion and sediment controls

c. Replacement of inadequate controls

d. Removal of off=site accumulations

e. Maintenance of sediment traps/basins @ 50% capacity

f. Litter, construction debris and chemicals properly handled

g. Off-site storage areas and controls

2. Stabilization practices:

a. Description and schedule for stabilization

b. Description of buffer areas

c. Records of stabilization

d. Deadlines for stabilization

3. Structural Practices:

a. Sediment basins

-If a basin wasn't practicable, are other controls sufficient?

H. Other controls including:

1. Solid waste control measures

2. Vehicle off-site tracking controls

3. Compliance with sanitary waste disposal

4. Does the site have a concrete washout area controls?

controls?

Appendix D

Permit Section Citation

Part I1.LA.4.A.1

Part 1. A.4.A.2

Part I1.LA.4.A.3

4. Pre- and post-construction runoff coefficient OR soil/discharge data

Part IILA.4.A.4

B. Responsible Parties: All parties dealing with the SWPPP and the areas they are

Part II.A.4.B

Part II.A.4.C

Part I1.A.4.C

Part 11.A.4.C

D. Documentation of permit eligibility related to Impaired Water Bodies and Total M aximum Daily Loads (TMDL:

Part II.A.4.D.1

Part II.LA.4.D.2

Part I1.A.4.D.3

|E. Attainment of Water Quality Standards After Authorization.

Part 1ILA.4.E

Part ILA.4.F

Part [.LA4.G.1.a

Part 1.A.4.G.1.b

Part 1.LA.4.G.1.c

Part 11.LA.4.G.1.d

PartI1.LA.4.G.1.e

Part ILA.4.G.1.f

Part LA4.G.1.g

Part 11.A.4.G.2.a

Part 1.A.4.G.2.b

Part I1LA.4.G.2.c

Part11.A.4.G.2.d

-Describe structural practices to divert flows, store flows, or otherwise limit runoff

Part I1.A.4.G.3

Part 11.LA.4.G.3.a.1

-Are more than 10 acres draining to a common point? Ifso, are sediment basins included?

Part I1.A.4.G.3.a.1

-Sediment basin dimensions and capacity description and calculations

Part II.A.4.G.3.a.1

Part I1.A.4.G.3.a.1

b. Velocity dissipation devices concentrated flow from 2 or more acres

Part [.LA.4.G.3.b

Part IILA.4.H.1

Part IILA.4.H.2

Part I1LA.4.H.4

Part II.A.4.H.5

5. Does the site have fuel storage areas, hazardous waste storage and/or truck wash areas

Part II.A.4.H.6

Revised date: 10/20/2016



SWPPP Completion Checklist

I. Identification of allowable non-storm water discharges

-Appropriate controls for dewatering, if present

|J . Post construction stormwater management.

|K. State or local requirements incorporated into the plan.

L. Inspections

| 1. Inspection frequency listed?

2. Inspection form

Ours.

If not ours, does it contain the following items:

a. Inspector name and title

b. Date of inspection.

¢. Amount of rainfall and days since last rain event (14 day only)

d. Approx beginning and duration of storm event

e. Description of any discharges during inspection

f. Locations of discharges of sediment/other pollutants

g. BMPs in need of maintenance

h. BMPs in working order, if maintenance needed (scheduled and completed)

i. Locations that are in need of additional controls

j- Location and dates when major construction activities begin, occur or cease

k. Signature of responsible/cognizant official

3. Inspection Records

4. Winter Conditions

5. Adverse Weather Conditions

|M. Maintenance Procedures

|N. Employee Training

|Signed Plan Certification

Site Map showing:

Pre-construction topographic view

Drainage flow

Approximate slopes after grading activities

Location of major structural and non-structural controls.

Location of main construction entrance and exit.

Areas where stabilization practices are expected to occur.

Locations of off-site materials, waste, borrow area or storage area.

F.
1.
2.
3.
4. Areas of soil disturbance and areas not disturbed
5.
6.
7.
8.
9.

Locations of areas used for concrete wash-out.

10. Locations of surface waters on site.

11. Locations where water is discharged to a surface water or MS4.

12. Storm water discharge locations.

13. Areas where final stabilization has been accomplished.

14. Legend for symbols/labels used

15. Location of storm drain inlets on site or in immediate vicinity

Appendix D

Permit Section Citation
Part I.A.4.1

Part1.B.12.C

Part [1.LA.4.)

Part [1.LA.4.K

Part [LA4.L.1

Part I1.LA4.L.2

Partl.LA4.L.2.a

Part 1.A4.L.2.b

Part IILA4.L.2.c

Part IL.A4.L2.d

PartI.LA4.L.2.e

Part LA4.L2.f

PartILA4.L.2.g

PartILA4.L2.h

Part ILA4.L.2.i

Part ILA.4.L.2 ]

Part I.A4.L2.k

Part [1.A.4.L.3

Part I.LA4.L.4

Part ILA4.L.5

Part ILA.4.M

Part ILA.4.N

Part II.LA.5. and Part IL.B.10

Part II.LA4.F.1

Part [I.LA.4.F.2

Part ILA4.F.2

Part ILA4.F.3

Part ILA4.F.4

Part ILA4.F.5

Part ILA4.F.6

Part II.LA.4.F.7

Part I[1.A.4.F.8

Part ILA4.F.9

Part II.LA.4.F.10

Part ILA4.F.11

Part ILA.4.F.12

Part [I.LA.4.F.13

Part LA4.F.14
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