CHAPTER 4., STREETS AND INLETS

4.1 Design Criteria

The design criteria for streets and inlets includes minimum standards for
design storms, streets with curb and gutter, gutter inlet on continuous grade,
combination inlet on sag or sump, maximum street spread and streets with side
ditch swales,

4.1.1 Design Storms

For street and inlet design the design storm is the 5-year rainfall (see
Section 5.1.1 for storm sewer pipe design requirements). After initially
designing the streets and inlets for the design storm, a check shall be made
to ensure that the 10- and 100-year rainfalls do not exceed the maximum depth
of flow (Article 4.1.2).

Final design shall indicate water surface elevations for the design storm. In
addition, the 100-year water surface elevation for all streets and inlets
shall be shown.

4,1.2 Streets with Curb and Gutter

The design roughness coefficient "n" value shall be 0.015 for paved streets.
The minimum qutter slope shall be 0.50 percent. All street resurfacing shall
be done to maintain a recommended minimum flow depth of 5 3/4 inches at the
face of the curb.

Depth of flow shall not exceed the top of curb for the 5-year design storm.
In addition, the 100-year water surface elevations shall not exceed 10-inch
depth above the curb for local and collector streets and shall not exceed
6-inch depth at crown for arterial streets. In order for the depth of flow
not to exceed the specified limit, especially for the 100-year rainfall, an
open channel or storm sewer system may be required to convey some of the flow
to a major channel. Where a drainageway is located outside a street
right-of-way, easements shall be provided. In determining the required
capacity of surface channels and storm sewer system, the street storm iniets
and conduit provided shall be assumed to be carrying not more than one-half
their design capacity.

4.1.3 Gutter Inlets: Continuous Grade

Gutter inlets shall have a local depression of 3/4 inch below the normal
gutter flow line.

Gutter inlets shall be located at all points where the maximum pavement spread
or maximum flow depth is reached. No flow is permitted to cross street
intersections for the initial design storm. Maximum inlet spacing on a
continuous grade shall be 300 feet. Gutter inlets shall not be closer than
3 feet to the point of the drop curb to a driveway or handicap ramp.
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4.1.4 Combination Inlets: Sag or Sump

Combination inlets shall be provided at all sag or sump locations. If the
length of grade coming into a sag or sump inlet exceeds 600 feet, two
combination inlets shall be provided at the sag or sump location. When
combination inlets are used, the grate capacity alone shall be considered the
capacity of the inlet. The curb opening serves as a relief in the event the
grate is clogged.

Combination inlets with grate and curb opening shall have a local depression
of 3/4 inches below the gutter flow line.

Combination inlets shall not be closer than 3 feet to the point of the drop
curb to a driveway or handicap ramp.

4.1.5 Maximum Street Spread

The following are maximum spread of the 5-year rainfall design storm onto the
pavement.

For two-lane streets, maximum spread is 6 feet from the face of the curb.

For four-lane streets, maximum spread is 8 feet from the face of the
curb.

The more restrictive condition for either maximum street spread or depth of
flow (Article 4.1.2) shall control,

4.1.6 Streets with Side Ditch Swales

Side ditch swales shall be designed in accordance with the general procedures
stated in Chapter 3, "Open Channels" of this manual. The minimum channel
bottom slope shall be 1.00 percent for grass or sod lined channels and
0.50 percent for paved or lined channels.

4.2 General Design Procedures
A generalized design approach to inlet spacing is as follows:

Step 1. Locate the first inlet at the point where the maximum gutter capacity
is reached based on the 5-year design storm,

Step 2. Determine the inlet capacity Q and percent carryover (gutter flow) to
the next inlet (Exhibit IV-1, page 4-8). As a general rule, the
carryover flow should be no greater than 15 percent and the picked up
flow no less than 85 percent.

Step 3. Locate the next inlet downstream at that point where the gutter
capacity is again reached including the qutter flow (carryover) from
the upstream iniet. Note that inlets so placed may or may not be
located directly across from each other on each side of the street,
The individual inlet spacing depends on the configuration of the
tributary drainage area and the percent of carryover from the
upstream inlet.
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Step 4. Continue locating inlets at maximum gutter capacity points on
continuous grades until a street intersection or a low point (sag) in
the street profile is reached.

Step 5. At street intersections, inlet locations vary, depending on the
respective street grades and pedestrian convenience.

Step 6. Inlets located at the sags of vertical curves are designed for a
capacity adequate to intercept 100 percent gutter flow.

The following design procedures are included to outline a uniform approach to
the determination of gutter carrying capacity, and capacity of inlets.

4.2.1 Gutter Capacity

Step 1. Draw the street cross section and determine the maximum depth of flow
and the permissible pavement spread.

Step 2. Determine the gutter slope in feet per foot, and "z," the reciprocal
of the cross slope.

Step 3. Calculate the theoretical gutter (triangular channel) carrying
capacity by using the modified Manning's formula:

Q = (0.56 z s1/248/3)n
where Z is the reciprocal of the cross slope (T/d), n is Manning's
coefficient of roughness, S is the longitudinal slope of the qutter
in feet per foot, d is the depth of flow in the qutter at the deepest
point in feet, and T is the top width of water surface in the gqutter
in feet. A nomograph for the solution of this formula is shown on
Exhibit IV-2 (page 4-9). The nomograph may be used for all gutter
configurations.
4.2.2 Capacity of a Grate Inlet or Combination Inlet on Continuous Grade

Step 1. Determine the gutter flow at the inlet location (Qa).

Step 2. Determine the gutter flow depth at the curb (d) and the spread of
water on the roadway.

Step 3. Calculate the width, depth (d') and amount (Qa') of flow outside of
the grate.

Step 4. Determine the flow over the end of the grate as QE = Qa - Qa'.
Step 5. Calculate flow over the side of the grate using the following steps:

a. Using the depth (d') and the depression (a) of the grate, enter
Chart A of Exhibit IV-1 (page 4-8) and read Qa'/La.

b. Compute the 100 percent pickup length, La = Qa'/(Qa'/La)
c. Compute the ratio L/La where L is the distance along the outside

edge of the grate. If this ratio is greater than or equal to
1.0, 100 percent of the flow is being intercepted, flow over the
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side of the grate is Qa' and continue with step 6 below. If the
ratio is less than 1.0, only a portion of the flow is being
intercepted over the side of the grate. The amount intercepted
is calculated beginning with step d.

d. Determine the ratio a/d'.

e. Using L/La and a/d' enter Chart B of Exhibit IV-1 (page 4-8) and
read Q'/Qa', the ratio of intercepted flow to total flow outside
of grate.

f. Calculate the total flow intercepted over the outside edge of
the grate, Q' = Qa' x (Q'/Qa").

Step 6. Determine the total flow intercepted Q = (Qa - Qa") + Q'.
Step 7. Calculate the carryover flow to the next inlet, Qa - Q.
Step 8. Calculate the percent of intercepted flow (% pickup), (Q/Qa) x 100.

Step 9. If the intercepted flow is less than 85 percent, try a different
inlet location or type of qutter inlet.

4.2.3 Example - Capacity of a Grate Inlet on Continuous Grade

Find the discharge intercepted by the single gutter grate inlet. The inlet
has the following characteristics: (1) local depression of 3/4 inch; (2) width
of grate of 1.4 feet; (3) length of grate of 2.5 feet; (4) perimeter of grate
of 4.6 feet; and (5) total clear opening area of grate of 1.6 square feet.
The inlet is located on a four-lane street on a continuous longitudinal slope
of 3 percent. The pavement cross slope is 2.5 percent and has a roughness
coefficient value of 0.015. The qutter flow at the inlet location is 1.5
cfs.

Step 1. Gutter flow at the inlet location is 1.5 cfs.

Step 2. Use Exhibit IV-2 (page 4-9) with Z/n = (1/0.025)/0.015 = 2667, S =
0.03 ft/ft and Qa = 1.5 cfs read d = 0.15 ft,

Calculate spread of water = d/cross slope = 0.15/0.025 = 6 ft.
Check maximum street spread 6 ft < 8 ft,

Step 3. Calculate width, depth (d'), and flow (Qa') outside of the grate
width = spread - width of grate = 6 - 1.4 = 4.6 ft. Depth (d) =
width x cross slope = 4.6 x 0.025 = 0.115 ft. Use Exhibit V-2
(page 4-9) with S = 0.03 ft/ft d' = 0.115 feet and Z/n = 2667. Read
Qa' = 0.8 cfs.

Step 4. Calculate the flow over the end of the grate QE = Qa - Qa' = 1.5 -
0.8 = 0.7 cfs (flow at inlet location - flow outside of grate).

Step 5a. Use Exhibit IV-1 (page 4-8) Chart A with d' = 0.115 ft and a = 0.0625
ft and read Qa'/lLa = 0.047.
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Step 5b. Calculate 100 percent pickup length (La). La = Qa'/(Qa'/La)
0.047 = 17.02 ft.

0.8/

Step 5c. Calculate ratio of length of grate L/La = 2.5/17.02 = 0.15 < 1.0 only
portion of flow is intercepted.

Step 5d. Calculate ratio of local depression a/d' = 0.0625/0.115 = 0.54

0.54

Step 5e. Use Exhibit IV-1 (page 4-8) Chart B with L/La = 0.15 and a/d'
and read Q'/Qa’' = 0.27. ‘

Step 5f. Calculate flow over the side of the grate Q' = (Qa'y(Q'/Qa') = (0.8)
(0.27) = 0.22 cfs.

Step 6. Calculate total flow intercepted Q@ = (Qa - Qa") + Q' = (1.5 - 0.8) +
0.22 cfs = 0.92 cfs.

Step 7. Calculate carryover flow = Qa - Q = 1.5 - 0.92 = 0.58

Step 8. Calculate percent of intercepted flow = (Q/Qa) x 100 =
(0.92/1.5) x 100 = 61

Step 9. Check that intercept flow picks up 85 percent of flow in gutter.
(1.5)(0.85) = 1.28 cfs > 0.92 cfs. Therefore, change location of
inlet or try a double gutter inlet.

4.2.4 Capacity of Grate Inlet or Combination Inlet in Sag or Sump
(Water Ponded on Grate)

The following general procedures are stated for a combination grate inlet.
The same procedures would apply to a grate only inlet; however, in
consideration of possible clogging of the grate it is recommended the design
perimeter and the design area of the grate be one-half of the effective
perimeter (P) and effective area (A) determined below.

Step 1. Calculate the total inflow (Q) to the inlet.
Step 2. Determine the effective perimeter of the grate opening (P) in feet
ignoring the bars and omitting any side of the grate over which water

does not enter; e.g., side against face of curb.

Step 3. Calculate the discharge per foot of perimeter (Q/P). Q@ is the total
gutter discharge from each side of the grate.

Step 4. Determine the total clear opening area (A), excluding the area of the
bars.

Step 5. Calculate the discharge per square foot of effective area (Q/A).
Step 6. Enter Exhibit IV-3 (page 4-10) with the values of Q/P and Q/A and
read the required head (H) in feet using the appropriate weir or

orifice curve,

Step 7. Compare the two head values from Curve A and Curve B to determine the
type of flow; i.e., weir flow or orifice flow.
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Step 8.

"~ Step 9.

If the required head (H) is between 0.4 and 1.4 feet, the actual head
may be anywhere in this head range. Use the value that gives the
more conservative result (highest H).

Compare the value of H determined in the preceding steps to the
maximum allowable gutter depth (d) including local depression (a).

a. H > (d + a) indicates that the allowable ponding limits are
exceeded and that additional inlets are required.

b. H < (d + a) indicates the inlet has ample grate capacity and the-
maximum allowable ponding limits will not be exceeded.

4.2.5 Capacity of Combination Inlet on Continuous Grade

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.
Step 9.

Step 10.

Step 11.

Determine the length (L) of the inlet opening and the depth of local
flow line depression (a) at the inlet.

Calculate the design qgutter discharge (Qa) for the initial design
storm as stated in the preceding Article 4.3.1, including carryover
from previous inlets.

Determine the gutter flow depth (d) at design Qg for the particular
street section using Exhibit IV-2 (page 4-9).

Enter Chart A of Exhibit IV-1 (page 4-8) with depth of flow in gutter
(d) and local depression (a) and determine the interception per foot
of inlet opening (Qg/Lg).

Calculate the length, La - Qa(Qa/La). If length La is less than
actual inlet length L, 100 percent of the flow is being intercepted.
If Ly is greater than L, determine the percentage intercepted
following Steps 6 through 10.

Calculate the ratio of actual inlet length (L) in feet to length of
inlet required to intercept 100 percent of gutter flow (Lg). The
ratio is expressed as (L/Lg). Also, calculate the ratio a/d.

Enter Chart B of Exhibit IV-1 (page 4-8) with the ratios calculated
in Step 6 and determine Q/Qg (the ratio of total flow intercepted by
the inlet to gutter flow).

Calculate the total intercepted flow, Q = Q/Qz x Q.

The carryover flow to the next inlet is Qg - Q.

Calculate the percent of intercepted flow (percent pickup) =
@/Q4 x 100.

If the intercepted flow is less than B85 percent, try a different
inlet location.
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4.2.6 Capacity of Gutter Inlet or Combination Inlet at Street Intersections

Inlets are usually placed immediately upstream from pedestrian crosswalks and
street
ponded water depth at such low points of street intersections is determined in
terms of curb opening height (Exhibit IV-4, page 4-11) as follows:

Step

Step

Step

Step

Step

Step

1.

2.

intersections and should intercept 100 percent of the gqutter flow. The

Calculate the inflow (Q) to the inlet.

Determine the vertical height of curb opening (h) at the curb face,
including local depression (a).

Calculate the required capacity of the inlet per foot of length of
opening, Q/L in cfs/foot.

Determine the ratio of ponded water depth (H) to vertical curb
opening height (h), H/h, using Exhibit IV-4 (page 4-11).

Calculate the ponded water depth, H = H/h x h (in feet).

The ponded water depth (H) is compared to the maximum allowable depth
of flow in the gutter including local depression (a).

a.

If H is less than (d + a) using the same units of depth, the
curb opening inlet is intercepting 100 percent of the initial
design storm discharge.

If H is greater than (d + a), the physical design criteria are
exceeded and adjustments in the design are necessary.

CITY OF NEWARK 4 - 7

1



DISCHARGE PER FOOT OF LENGTH OF CURB OPENING CHART A
INLETS WHEN INTERCEPTING 100% OF GUTTER FLOW

.8

.6

7 5

.4

A
.3
r// 2
N4

\Q/ OQ
> 10 -
4 a

é_)\'§/ .08

3é% ’ .06

$7 , 05

T T
Y4
o ‘
/,/ .03
A
7
.02
/I/
/
.01 02 03 .04 .06 .08 .10 2 3 .4 5 .6 .8 |.6°|
DEPTH OF FLOW-d'-FEET
CHART B

PARTIAL INTERCEPTION RATIO FOR INLETS OF

LENGTH LESS THAN La
1.0

- .8
A
asd’ 947 6
J’ ‘ .
o o . 5
/ 7,
7 0.‘45 7 4 ,
S AA "~ Qe
/Y
// //>°1 / 2
a7 %
NANY
Z N
05 08 .1 2 3 .4 5.6 .8 1.0
L/La

CAPACITY OF CURB OPENING INLETS
ON CONTINUOUS GRADE

CITY OF NEWARK 4 -8 EXHIBIT V-t



— 10000
— 9000
— 8000
I~ 7000

— 6000
— 5000

— 4000Q

3000

2000

T l]llll]llll]lllll

RATIO Z/n

TTTFTTTTT T I

200

I
g

— 90

T

[ { Ill'l]lllllll'l“ll
»N
(=]

——
e — —

TURNING L INE

CITY OF NEWARK

EQUAT | ONs

2 7
O-O.S&(?):”zda 3

n 1S ROUGHNESS COEFFICIENT IN MANNING
FORMULA APPROPRIATE TO MATERIAL IN

L1

. FOR SHALLOW-

. TO DETERMiINE

. TO DETERMINE DiSCHARGE

BOTTOM OF CHANNEL
Z 1S RECIPROCAL OF CROSS SLOPE

EXANPLE (SEE INSTRUCTION 1)

TURNING L INE. .
e
V-BHAPED CHANNEL

AS SHOWN USE NOMOGRAPH AS EXPLAINED
IN INSTRUCTION | BUT WITH g

- 100
GIVENT =0.03 : £70
=24 Ty 50
n=, 02 - 30
G=2.0 CFS 2 |20
FINDy @=0.22 BY FOLLOWING <!
DASHED LINES _ _ . —~——— 10 T "
b e e o - -~ 57
~——— o b5
- - .
~\“\\j3
PR Gt
o L,
®
<t
: L
O .3
® .2
-
INSTRUCTIONS a k.
.07
. CONNECT Z/n RATIO WITH SLOPE (s) L 05
AND COMNECT DISCHARGE (Q) WITH I
POINT WHERE LINE CROSSES TURNING - 03
LINE. READ DEPTH AT CURBI(d). - .02
Q CAN BE FOUND FROM d BY
CONNECTING d WITH CROSSING OF - .01

\

DISCHARGE Q x IN
PORTION OF CHANNEL
HAYING WIDTH X:

t

X
FR

DETERMINE DEPTH o FOR TOTAL DISCHARGE IN

ENTIRE SECTIONS AS EXPLAINED IN .
NOMOGRAPH TO DETERMINE Qp

THEN USE
IN SECTION OF WIDTH

b FOR DEPTH d'=d—('§). THEN Qg =0-0p.

-

CTTTTIT

tt./fy.
[

| I‘llll]ll[l]

TR

SLOPE OF CHANNEL (8) |n/

1

TTTTTT]

(Q ) IN COMPOSITE
SECTIONt- FOLLOW

[d:b
du

INSTRUCTION 3. T0
OBTA!N DISCHARSE (Q)
IN SECTION a AT ASSUMED

t.—)(——<— Zy d’
Zgld-d’?Y

- X
Z

T

FT

DEPTH d BASED ON AN EXTENSION OF SLOPE RATIO Z _
TO INTERSECT WATER SURFACE» )PBTAIN Qp FOR SLOPE

RATIO Z,AND DEPTM d'» d'=d—_—z' ‘
a

Q

THEN O =0Qq +Q

NOMOGRAPH FOR FLOW
IN TRIANGULAR CHANNELS

10
.09

.08
.07

.06

.05

.04

— .03

.02

—
inadl

.01
.009
.008

007
.0086

. 005

. 004

. 003

.002

.001

DEPTH AT CURB OR DEEPEST PqINT (d) tn f¢t.

EXHIBIT

I

Illl IIIII‘IIIIIII|

‘ T Il'l]I|II‘IHI[HI||HH|IIIII { ] { Il] i ‘ | TT II]||Il[llll]lllllllll“’llll 1

N

.10
.09

.08
.07

.06

.05

.04

.03

.02

.04

Iv-2



10 7
8
6 E
E /
USE WEIR FLOW FOR DEPTHS 4 E 1@?
OVER GRATE LESS THAN 0.8 5 E Ind
FOOT AND USE ORIFICE FLOW = /&
FOR DEPTHS OVER GRATE MORE - J £y
THAN 0.8 FOOT. 2 E //é?
- P
. C
IIII'OE
w8
e E.
g . .
E '65 //
- E A/
x .4 E d
- - Q\
g P
™ o 7
T o F A
= /
ol
0.1
0.1 2 4 .6 .81.0 2 3 4 6 810 20
e e .
[l bl I .
DISCHARGE PER FOOT DISCHARQE PER
OF PERIMETER S8QUARE FOOT OF
asp AREA Q/A

CAPACITY OF GRATE INLET IN SUMP
(WATER PONDED ON GRATE)

CITY OF NEWARK 4 - 10 EXHIBIT 1v-3



| Oj—|2
- _——]
‘9__—H 580 ;—5
T = 4
o 3E- s
4—9q E (4 : -
T R b
— 8 E “F
7 [} - e I
- _ C -
a6 = -~12 25
» 7 2 S E -
x - ; : E'- /1‘3 L
= 516 _ Z 1.0 el o
- . - ® g P - 1.0
. + = I = x [
— [ I ~ ® L g
x ] o ° [ ¢ - :
z :—5 z n 7 5 : i
- 4._: = O'_ ’ _.8
a -~ [ e — 4 n -
o - a e x : (-
O r-y - - — .7
" - A7 N0 e L 3 [
° —] = ¢ N ® [ =
o -4 ° *‘“\)?\;/’ 5 F - 6
E B = %’/ w 2 - | ‘
. .3 : /// ° :_. _I_
= - : T 'o' — — .5
T //‘“0‘\5 o L '=' N
— // \ [ S . i a |
._.// ‘//’b s — LJ
—+<3 = .08 o
- a a )
- - 06 .
- rE )
] ; '__05 r e
i < [— .04 & T
.2 : | — .3
. o — .03 -
L, -
i Height Surtace of 2
*“" ' L‘—'_.‘ |°f curby ponded waote -
“ i J - N
—J.—_—.j_—.—_ h.a.._ = H h —
L! ‘ W L 5
- ocal depression (a) a '
ELEVATION SECTION
CAPACITY OF CURB OPENING INLET AT
LOW POINT IN GRADE (STREET INTERSECTION)
CITY OF NEWARK 4 - || EXHIBIT 1v-4




Lid
—
<
[an)
(]
z
o
=
o«
-
-
o
=
o
Prs
W
2 u
- A
<
(- 4
a
=
- 4
d
=
[11]
>
<
o,
.__
Q
Ll
-
Q
(2 4
a.

CITY OF

- :
Qlon
wiq %0 L3INI
(3]
0
@ dNioTd %
o
~ MOT4 Y3AO A¥YYD |
N0 (0} Q3LJIONIINT |p
R Mo14 V1oL |6
-
26 {.0) ILVHD 40 |w
Sl 301S ¥3IA0 MO14 |8
D
Z | « ONIN3dO 3LY¥D 0.0/.0
Z| N SNIN3dO 8dN2 °0/0
w -
% o 9ININIHO ILvyd .pso
ol 9ININ3dO g4nd P/o
[a 4
~N
3|8 0/
- (07) HLONZT |
~ dN¥ITd %001
©ININIO ILY49 01/0.0
™ BNIN3IJ0 8¥NO 071/00
o (0.0-90) 3LVYY |w
el 40 ON3 LV MO14 |3
Zl e (9.0) 3LvH9 40 |,
al= 301SLN0 M4 |6
2 T (.P) 3ivyo d0 |,
Z|— 3503 3AISIN0 Hid3Q -
&l  3Lvao 40 3aISiM0 |,
W= NOT4 40 HIGIM [
«
&|w LINI 40 3dAL
b avayds |&
e -
1 (p) 8¥ND LY Hid3Q |&
[2 4
) [
ol (Z) 34078 SSO0ND (&
- N
=2
[ -
= (S) 3d0TS ¥3LiNG SAI
™
e °0 |§
OV AONINOIYA ¥V3IA 1 E
© MIL |
~ 2] g
0 2
L
& v g
< [Ty
I
AR HlgIM |k
—
3 :
a2} HiON3T | E
~ NOILYLS WYIdL1Sdn
- NOILYLS L3INI
NEWARK 12 FORM T4-|




