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CITY OF YAN EUREN

!"ﬁ
MINDMM STORM TRAINAGE STANDARDS |
1. _SCOPE.
1. a. Shall apply to all sterm dralnage facility, whethar an en-
closed styusture, pipe, open charmel, dltch ar stream.
1. b. These Minimm Starm Drainage Standards are those referred
to in Crdinance No. 841963 as amended, { Sub-Division Regulaticns)
Sectim IV, IMPROVEMENIS, o. ftcrm Drainage. '
rj"‘""‘ | 2. _GENERAL DESIGN RRCUTREMENTS AND TESIGN SUBMITTALS

2, 1. A. A1l designa, plans and specifications gubmlttad to the Plarming

Commtasion for approval shall be prepared by a reglstered prow-
fosaional engineer, licensed in the State of Arlansas,

B. _Plan Requirements
Plans shall be sutmtttad on 24" x 35" aheots.

The plans shall include:
-Locaticns of the project with respect to wall-knoun

roads, streets, subdivisions or survey lines m a key

map of the entire project.

-Plans and profiles for each storm sewer ilne shall be

provided which show locetim, size, flowline elavaticns, gradlents,



2.2,

profiles submitted shall have a verticle scale of not less

than one Inch equal to flve feoet.

-111 easements, storm sewers (enclosed or open chamnel), utliitles
and facilities, both existing and proposed shall be shown.

. -Flevations submitted shall use USGS Intwm. Iocatlon and elevation

of all benchmarks shall be indicateéed.

-The erltleal charmel section and typleal cross sections shall be
shown.

«Detalls of drailnage structures shall be provided.

C. _[IATNACE ARFA MAP
An area map showlng topography shall be furndshed with the drainage

basin and subareas outlined. Area map shall be of 1" : 100 scale
and shall have a two (2) foot contour interval when required.

D. _DESIGN CALCUTATIONS
Storm drainage caleulations shall be provided which suppoert the

drainage system shown on plan submittal. Calculations summari zed
In a form similar to Flgure 1 and 2.

CESTGN FLOWS

4 storm sewer system shall be desipned to contain all run-off from a

1‘0 vear storm except in the following cases:

A, Arterdial street drainage shall be designed such that curd flows ars
not to Immdate the center two lanes of roadway with a S0-year storm.

This shall include back water from storm sewers.



2.4,

2.5.

B. A1l lots adjacent to storm sewers or ditches or in low areas
shall have a mindwmm findish floor slab elevation given on the
final! plat that will be one foot above the water level of ths

100-year flood.

. Flow Toward Streets

Ay concentration of surface flow in excess of 6 ¢.f.s. shall be
intercepted before crossing the curb (or curbline) and carried by
enclosed storm sewers. No storm water concentration will be sllowed
to empty Into the street except as stated above.

Methods of Conveying Water

A. A1 flows within the R/W of non-estate strests not carried in
the gutter and side lot flows to drainage channels at the rear
of lots shall be In storm sewers.

B. Storm flows in areas not listed in 2.4.A. may be carried in open
charnels as defined in Section 5.

€. Natural drainage channels (not relocated or channelized) may be
used in new developments providing the chaymel wlll. earry the
storm runoff used in the design storm without eroslon problems

and sufficient land far a one foob (1') freeboard is ineluded in

a drainage easement.

Svastem Discheres

A1 storm sewer systems shall be adequate to eontain the design storm
ruoff to the dlschargs point at the dowm-stream property line. The

point of storm water discharge from the developed property shall be
the same a3 the pre-develcpment discharge point. ALl reasonsble effort




Eiﬁt

should ke taken fo 1lnsure that storm WatA__er dlacharge vl nd

veloclty would be 1lmdted to the pre-development discharge conditlons.

Easements

A1 storm sewers shall be located in street right-of-way or in an

pasement dedicated to fublic use:
A. Enclesed drainsge structures require a minimum easement width
of 15" or the width of the drainage strueture plus 10', which-

aver is grealer.
B. Open charnel easements shall be required to contain the entire

channel deslgn widih including freeboard with the mindmm width
belng 15'.

HYTROLOGY

Hydrologle Desipn Method

The Ratiéinal Method shall be used to determine stom water rnoff
characteristics for storm sewer desim when tributary dralnage area
1s 200 acres or less. When the tributary drainage srea is ower 200
acres, other methods such as the 803 Method, derogra;hf';, or computer
models shall be used as spproved. The Ratlonal 'Ivbthod wses the baslce
formda § = ClA for estimatirng mmoff from ra.inf‘a.l_l, where:

Q
1

Ll

Rate of mmoff in cubic feet per second
Average rainfall irtensity In inches per hour for the

design stomm heving a durationequal to the tims of con-
centraticn for the eritical upstream drainags ares.
C = Run off cocefficlent, which is the fraction of the rain-
fall which becomes mumoff.
Tributary drainage area in acres

‘e
11




3.2,

Rainfall and Intensity

The duration - intensity relationships are shown by the
curves in Figure 3; and shall be used for all storm sewer
design.

A. The time of concentration equals the overland flow
time plus the time for the water to flow down the
pipe.or channel to the peint in question. The
overland flow time, 1t, may be figured from the following

equation*:
i

Ttﬂ " L
K ?j.a
Where: ‘t= overland flow time, seconds;

L = gverland flow distance, feet;

K = conveyance factor which depends
on growmd cover;

¥ = ground slope, percent.

K Ground Cover
0.25 Fcrest;with Hegvy Ground Litter and Meadow
0.47 Fallow-or Minimum Tillage Cultivation
.71 Short Brass Pasture and Lawnﬁ

1.00 Nearly Bare Ground

1.52 Grassad Watarway

2.00 Pavad Area (Sheet Flow) and Shallow Gutter Flow

Adapted from Fig. 3=-1 pp 3-2 of 8C3 TR-53, U. 8. Dept. of Agriculture




-

Inlenslty (in/hr)

Suration (min.)

RAINTALL DURATION - INTENSITY CURVES *
Tigure 3
*Based on information presented in NCOAA Tech. Memo. NS HYDRO-35
"Five to 60 Minute Precipltation Frequency for the Eastern and
Central United States”, National Veather Service



B. Where a section of the storm sewer system is beiﬁg
designed in the middle or lower portion of a drainaga
basin, the designer shall design the system based on

on the future development of the upland trihutarﬁ area,

Runoff Coefficient

In selecting a funoff coefficient, the ulrimate devei-
opment of the drainage area must be considered. The
following values should be used as a guide th selecting
the runoff coefficient:

Descriction of Area . Runocff Coefficients

Residential '
Single~family~~—=mr= T e —————————— 0.30 to 0.50
 Multi-Units, detached———eammmmm . 0.40 to 0.60
Multi-Units, attached—m———mcmm——— e 0.60 to 0.75
Residen+tial {suburbap)

1l acre or MOre—————— e 0.25 o 0,40
Apartment=m=——mmoc————— e e .50 to 0.70
Industrial :

Light -------------- it e ~—==0,50 to 0.BO
B Yy e e e 0. 60 to 0. 00

Parks, Cemeteries—==—m——acomm——— e 0.10 €0 0.25

Playgroundg————m————me o 0.20 to 0.35

Fajilrcad Yard —— - .20 to 0.35

Unimproved - -==0,10 to 0,39

In somec cases 1t may ba necessary o develop a composite

runoif coefficient, in which case the following value

should be used.

Character of Surface - Runoff Coefficients
Favement
Asphalt and Concrete————==—c——- s — 0.70 to .25
Erickees—rsm e . 28 e s .70 £o Q.85
RoO g e e e ——— 9.75 to 0.%5
Lawvns, sandv soil ;
Flat, 2 percent-——w——————m— e 0.05 o 0.10
Average, to 7 percent-—mm———e—m—me—e(), 20 to 0.15
taen, above 7 pergente—e———momma—a—— 0.15 to 0.20
Lawns, heavy soil
Flazt, 2 percente———a————=———————e 0.13 to 0.17
Average, 2 tc 7 pergent-———~c——rm—m—mee 0.18 o 0.22

Steep, above 7 pergent=-memcmccccaaoa- 0.25 o 0.35



e 4, PIPES AND CULVERTS - GENERAL REQUIREMENTS aAND DESIGN CRITERIA

4.1, Culwvert Hydraulics

- Culvert flow may be limited by conditions existing at
either the inlet or the cutlet of the pipe, when inlet
control governs the cross sectiocnal area of the barrel,
.the shape of the inlet and the amount of ponding (head-
water) at the inlet are primary design considerations.
Outlet control 1s dependent upon the depth of water in
the outlet channel {(tallwater), the slope of the barrel,
type of culvert matexripl and length of the barrel. The
basis for all hydraulic design caloculations will be

Manning's Formula and the Continuity Equation:

- v-l—'.ﬁ—a—@ 50,67 £9.50

Q = AV

where V = mean veloclty of flow in feet per
second {(fps)

= Manning's coefficlent of roughness
= hydraulic radius (ft.)
slope {fr./fr.)

g o= g
i

= discharge (ecfs)
A = area of flow (sq.ft.)

A. Coefficgients of Roughness

The coeffieients of roughness ro be used for culverts

of the wvarious kinds of pipe are as follows:

Portland Cement Concrete n = 0.012-0.013
£ Corrugated Metal n = 0.024
— Corrugated Metal with Paved
invert (25% paved) n= 0.021
Smooth Flow Corrugated Metal n = 0.013
Asbestos Cement n = 0.013




m

Inlet Control

The size of a culvert operating with inlet contrel
is determined by the size and shape of the inlet
and the depth of ponding allowable (headwater) as
shown in Figure &,

Factors not affecting inlet control design are the
barrel rcugﬁhess, slope and length and the depth of
tailwater.

The headwater (HW) depth for a culvert of a given
diameter or heighF (D} for a given discharge can
be determined by obtalning the HW/D value from
Figure 6 to Figure 9. The elevation of adjacent
faeciliries (i.e., bulldings, ete.) must be

examined teo aveid flooding.

Ourlet Control

A culvert will operate under outlet contrel when
the depth of tailwater, the length, slope ox
roughness of the barrel act as the control on the
quantity of water able to pass through a given
culvert as shown in Figure 5. The energy head
required for a culvert to operate under outlef
contrel is comprised of veloelty head (Hv), entrance
loss {HE} and friction loss {Hf). This energy
head (H) 1s obtained from Figure 10 to Figure 13
and entrance loss coefficients from Table 1.

The headwater depth (HW) at the culwvert entrance is




calculated by the following formula:

HW=H + ho-LS0

Whera:
H = energy head.
L = length of culvert (ft.)
8g= slope of barrel (ft. per ft.)

h, = dc+D or TW, whichever is greater
=z

d =critical depth of flow in barrel. Cricical
'€ depth may be determined by using Figure 14
through 16.

D = height of pilpe 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.B.

Computaticn Format

Figure 2 1is to be used to present culvert design calculactions.
Design methods utilizing computers may be used with pricr
approval.
The procedures to follow in determining culvert size are:
1. TList all design data.
2. Select a trial culvert size.
3. Determine the headwater depth for the trial size.
a. Headwater for inlet control
b. Headwater for outlet control
c. Compare headwaters and use higher value

4. {Compare this headwater with the allowable limic

4




4.3.

4.4,

4.5.

a. If headwater is wlithin allowable limit, proceed
to Step 5.

b. If headwater is above allowable limit, repeat
Steps 2 through 4 until allowable limits are
reached,

3. Compute outlet velocity to determine need for
channel protectcion.

Culvert Tvpes and Stzes

The permissible types of culverts under all roadways and
embankments are concrete box, round pipe and pipe arch.
411 corrugated metal pipe placed With;street right-of-
ways shall be asphalt coated. The mininmum size of pipe
for all culverts shall be 15 inches (15") or the equi-
valent sized pipe arch. Box culverts may be constructed
in sizes equal te or larger than 4' x 3' .(span vs. height),
Velocity ‘
All storm drainage pipes and culverts shall be designed
to maintain a minimum velocity of 2.0 feet per
second and a maximum veloelty of 15 feet per second when
flowing full.
Velocity Head

Large quantities or masses of water flowing at a high rate
of speed contain a large amount of kinetic energy which
is defined as welocity head, gé: &ny change in cross see-
tion, restrictions in pives or inlets shall be copsidered

energy losses and shall be taken Iinto consideration in

the design of the system.



4.6.

5.
1.

5.

2,

Srructural Comnsiderations

The minimum allowable £ill or cover for structures (RCP,-
CMP, concrete culverts) under roadways shall be one foot’
or a minimum clearance of six inches from top of struc-
tures to the bottom of pavement base, except for a specilal
box culvert designed to carry traffic on the top slab. -
Structural protection, such as special bedding, shall be
provided where adequate cover canncot be attained. Max-
imum £ill shall be determined on the basis of structural
strength.ﬂf pipe and design lcoads. Outside of street
right-of-ways, a minimum cover of twelwe (12} inches I1s
considered desirable for purpcsed of growth of vegetation

and protectlon against unusual loading.

QPEN CHANNELS - GENERAL REQUIREMENTS AND DESIGN CRITERIA

Open Channels

Shall be desipned using the Manning Formula and "d"

values shown.

CHANTTEL LINING "n'
Grass 0.03-0.05
Concrete 0.013-0.015
Riprap 06.017-0.03

411 open channels shall have a minimum of one foot (17)
of freeboard.

Open Channels (Unpaved}.

Unpaved channels may be used where the velocities of a
10-year storm runoff ave not greater than 3 fc/second.
The sides shall have a slope rarioc not steeper than
3:1, All unpaved channels shall be seeded, plugged,

or sodded immediately after their construction and




adequate measures taken tec prevent erosion.

5.3. Open Channel (Paved)

Where velocities are greater than 3 feet per second,

the channel section shall be paved with concrete. The
paved ditch may have ejther vertical sides with a max-
imum height of 24" or sloped sidewalls with a maximum

slope of 1 to 1. The minimum flat bottem width shall

be three (3) fes-.

5.4. OQOpen Channel Erosion Procection

Special protection such as headwalls, riprap, or concrete
lining will be required in places such as bends, juncticns,
and inlets and outlets for storm sewers where erosion 1s

likely.
&. CURB INLETS - GENERAIL REQUIREMENTS AND DESIGH CRITERTA

G.1. Curb Iniets

Curb inlets will be required at low polnts of streats
and at all other locations where water is removed from
Street gutters.

6.2. Areas of Potential High Pedsstrian Volume

Inlets may be required near intersections-to Eeep CTOS55E —
walks free of storm water.

6.3. Arterial Streets

Curb inlets shall be located on arterial streets so that
the center two lands aye free from water during runoff

from a 50-year storm.




6.4 Minor and Collector Streets

6.5.

Curh inlets shall be located an streets so that depth of runoff
fram a 10-year storm shall not exceed the top of standard 6" curbs,

urb inlet capaclity shall be determined as shown in Fipgure 17.

Swales

6.5.1. No swales shall be permitted across through strests.
6.5.2. A1l swales on "mon~through" streets shall be of concrete

ecnistrustion.




ENTRANCE LOSS COEFFICIENTS :
TYPE OOF STRUCTURE AND DESIGN OF ENTRANCE COEFFICIENT K &
Pipe, Cancrete
Projecting from fill, socket end 0.2
Projecting from fill, sq. cut end 0.5
Headwall or headwall and wingwalls
Socket end of pipe 0.2
Square—edge 0.5
Rounded {Radius = 110} 8.2
Mitered to conform 1o fill slope 0.7
End-section conforming to fill slope” 0.5
Pipe, or Pipe-Arch, Corrugated Meral
Projecting from fill (no headwall} 0.9
Headwall or headwall and wingwalls
Square-edge 0.5
Mitered to conform to fili slope 0.7
End-secrion conforming to fill slope® 0.5
Box, Reinforced Concraa
Headwall parallel 1o embankment [no wingwails)
Square-edged on 3 edges 0.5
Rounded on 3 edges to radius of /3
Barrel dimension 0.2
Wingwalis at 30° 1o 75° to barred
Square-edged at crown 0.4
B Crown edge rounded to radius of 1/1
Barrel dimension 0.2
Wingwalls at 10°% ¢ 25° 10 barrel
Square-edged at crown 0.5
wingwalls parallel |extension of sides)
Square-edged at Crawn 07

= Srandard sections are commenly available from manufaciurers

Table 1,
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INLET CONTROL
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