















































Sediment Storage Zone: The trapped sediment is held in the sediment
storage zone, which 1s directly beneath the settling zone. The volume
of sediment qtorage may be estimated from the So0il Conservation
Service Universal Soil Loss Formula, or the following equation may be
used, as taken f{rom ”D651gn Approaches For Stormwater Mdnagcment in
Ulbaﬂ Ateas"

s = 0.151 AY-84

where § Sediment accumulation (acre feet/year of exposure)

il

A Disturbed area (acre)

Riseér and Barrel Assembly: The major basin outlet 1is through the riser
and barrel. The riser is a vertical pipe into which water flows through
orifices, perforated in the sides, and over the top in weir flow. The
barrel is the near-horizontal pipe which conducts the outflow through
the dike to the point of release. More than one riser/barrel may be
used if neceded.

The flow through the perforations is the flow when the basin is performing
as a settling device. The flow over the top of the riser is all or part
of the emergency overflow.

The top of the riser is usually located at the top of the settling zone.
The pipe size used for the riser is determined by routing the large-
storm hydrograph through the basin, and sizing the riser by determining
the length of weir (or circumference of pipe) necessary to operate satis-
factorily at peak outflow. TFor this purpose, the weir formula can be
rearranged to yield -
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where L o= Required circumfercnce of the riser or risers ({r)

Q

o Peak outflow (cfs)

H Maximum height of wateyr over the top of riser during design

s large.
A vertical plate, called the anti-vortex plate, is installed at the top
of the riser to prevent spiral flow around the riser, which will cause
water to rise to a higher level at the same outflow.
The barrel may be designed as a culvert under inlet control. The head-
water should not back up to more than half the riser height during peak
cutflow.
The perforations in the riser are intended to limit the outflow in the

for sediment control performance. Perforations .are grouped around the

riser at selected levels, so that through the combination the correct
fiow is cobtained. TFrom the orvifice formula:

Q = cp A 2an (4-5)

using Cp = 0.60 and solving for the diameter of a circular orifice,
expressed in inches

Qo = 0.026 p2¥h (4-6)

i

where Qg Outflow through a single perforation (cfs)

.

i

Diameter of perforation (inches)

ft

h = Water depth from the top of the riser to the center of the
REVISIONS perforation (ft)

HG.| DATE DEACMIPTION ‘
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The riser should be checked to see 1f£f 1t acts as an orifice, i1f the hecad

the

riser to the flow used in Equation 4-2, during the design storm selccted
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>. Imergency Spillway: If the large-storm design flow is too much for a
reasonable combination of risers, an emergency spillway should be
installed. If it is long enough, the weir formula, Equation 4-4, can
be used to determine its length. The top of the weir used for the
emergency spillway should be above the top of the riser. If the
emergency spillway is cut in virgin soil at the side of the dike, it
may be seeded and mulched if the season is right. If not, or if it is

placed in the dike, immediate protection against the high-velocity
spillway should be provided to prevent failure of the dike.

[

Freeboard: The top of the dike should be located one to three feet
above the highest expected design water level, depending on the size of
the pond.

4

7. Construction Standards for Dike: Side slopes should be three to one or

tiatter. The dike should be protected against erosion if its expected
life is more than 30 days. The usual care for soil placement, compaction

and protection against seepage failure at the riser/barrel should be
employed. The higher the dike, the greater should be the care.

8. Design Checks: Hydrographs for the sediment-control-performance storm,
and for the large storm should be routed through the basin. TFor the
sediment-control-performance storm, the percent reduction of peak flow is
high, so a longer storm is probably critical. : '

NOTE: The basin shall be designed for a six-month design life and
should be cleaned out every six months, or may be designed
for the entire life of the project.
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DESEGN REQUIREMENTS

1. Set the crest of the emergency spillway at the 25-year storm.

Z. Design the riser/barrel assembly so that it will carry the 25-year storm.
3. The top of the riser shall be set at the 10-year storm.
4. The emergency spillway must be located in undisturbed soil.

[#a]

The maximum permissible overtopping velocity of the emergency spillway
is 5 feet per second. :

6. The emergency spillway shall be designed to carry the full 100-vear
storm plus a minimum of one foot of freeboard to the top of the dam (For
bread crested weirs, the length of the weir may quickly be determined
by the following formula).

7. The basin shall be designed to control sediment discharge in the 10-year
storm and to pass the 100-year storm safely.

8. The design particle size shall be 60 microns with a settling efficiency
of 75%.
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EXAMPLE

GIVEN DATA :

Total watershed area = 20 acres
Exposed area = 15 acres
Expected Time of Exposure = §6 Months

Unexposed area is wooded

DESIGN REQUIREMENT :

Design a sediment basin to control sediment discharge in the 1l0-year storm
and to pass the 100-year storm safely. Design particle size = 60 microns

-with a settling efficiency of 75%.

BASIN SURFACE AREA AND OUTFLOW

Settling velocity, Vo =0.011 ft/sec. for 60 microns (table DE-01). Set

N =1, where N is the number of cells per basin. For this example only one

inlet baffle shall be used without any settling zone baffles. Design
efficiency = 0.75, . :

a0
AREA = N =x (1L -E) - -
Vo

AREA (ft2) = 273 x Q (efs)

Therefore allowable Q = Area

(relationship between flow
273 and basin surface area to

meet settling requirements)

SETTLING ZONE :

Select trial basin sizes, compute allowable outflow during 10-year
storm, determine settling zone volume by one step routing.

REVISIONS g = ( Qi - QO ) % tp
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AL Estimate t. for 20 acres:
LI fr. in 1300 ft., (charts SD-1, SD-2)
= 11 Minutes

B. Composite "C":

livoded area: 5 acres 3 0.20 = 1.0
Exposed area: 15 acres 3 0.70 = 10.5
; 11.5
Ce = 11.5 = 0.58
20
. Intensity "IV = 6.2" (Chart SD-3)
D. Peak inflow = Q= C I A
Qi = (0.58) x (6.2) x (20) = 72 cfs
PEAK INFLOW, 10-yr. = 72 cfs
E.  Determine basin size:
(1) Try basin: 50 ft. x 100 ft. = 5000 sq. ft.
Qo = A = 5000 = 18.31, SAY 18 cfs
273 273

Sreqd = ( Qi - QO ) x tp
(72 - 18 ) x (11 ) x ( 60 sec/min )
35,640 cu. ft.

il

il

Depth of storage = 35,660 = 7,13 ft
REVISIONS 5000

HO.,
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-5AY 7.1 ft

APPROVED: DATE May 8,1980

ST0. NQ.

REV.

1TY OF GREENVILLE, N.C.— ENGINEERING DEPT.

20.18




60 Lo, x 100 ft.

(2) Try basin: = 6000 sq. ft.
Qo = __A__ = 6000 = 21.97, SAY 22cfs
273 273 ' =
Sreqd:-{Qi_Qo)ti
= (72 -22 ) x (11 ) x ( 60 sec/min )
= 33,300 cu. ft.
Depth of storage = 33,000 = 5.50 f{t
SAY 5.5 f¢

G. Select Settling Zone:
USE
22 ¢fs. (This outflow could be reduced
increase the efficiency of the basin.
that this size basin was chosen except
restriction on the depth due to the amo

HEIGHT OF EMERGENCY SPILLWAY:

Set height at the 25-year storm:

Cc = 0.58 (from previous calculation)
125 = 7.2" (chart SD-3)
Peak inflow = Q = C 1 A
= (0.58 7.2 20) =
REVISIONS Q ( ) x ) X ( )
NO.JDATE REICRIPTION PEAK INFLOW, 25-yr. = 084 c¢fs

60' x 100' x 5.5' BASIN with maximum permissible‘outflow of

83.5 cfs

if desired which would i
There is no special reason
that there might be a
unt of fall.)
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Using basin 60' x . ' = 6000 sq. fr.:
Qo = A = 60030 = 22 cfs {(from previous calculatcion)
273 273
Sreqd = (Q1 - Q) x tp
= (84 -22 ) x ( 11 ) x ( 60 sec/min )
= 40,920 cu. ft. '
Depth = 40,920 = 6.82 ft.
6000
HEIGHT OF EMERGENCY SPILLWAY = 6.6 ft.
SEDIMENT STORAGE ZONE:
Set sediment zone to hold entire 6 month delivery:
S = 0.151 x A 0.35 (where "A" = 15 acres exposed)
=1.47 ac. ft./ yr. x ( 6 mo./ 12 mo./ yr. )
= 32,234 cu. ft.
Depth = = 32,234 = 5.37 fec.
607 x 1007

DEPTH OF SEDIMENT STORAGE = 5.4 ft.
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-
A _,:_,EM_B.
Size as welr for 25-year storm, using anti-vortex plate. For routing
assume sediment storage to be full. Top of riser to be at same elevation
as lO-year storm (top of settling zone).
NOTE: The head between the l0-year storm and the 25-year storm must be less than-
0.4 x the diameter of the riser in order to prevent the flow from going
" from weir control to orifice control.
Inflow peak:
"C" : Increase by 0.15 to account for saturated depression
storage -
”125” : for tC = 11 min., = 7. 2"
Q= (0.73) x (7.2 ) x (20) =105.1
PEAK INFLOW, 25-yr. = 105 c¢fs
WEIR ¢ .
Assume a weir head equal to the difference in elevation of the 25-yr.
and 10-yr. storms.
Elev.)5 - Elev.1g = 6.8" - 5.5' = 1,3' head
This head must be less than.{ 0.4 ) x ( dia. ) and will be checked
later.
Sforage at peak = settling zone + flood zomne
Depth of storage = 5.5' -+ 1.3' = 6.8"
Storage vol. = ( 60') x ( 100") x 6.8") = 40,800 cu. ft.
Qy = Q1 - _5_
p
REVISIONS
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- Minimum pipe size (inches) =10.9 x 12"/ft. = 41.6'", SAY 42" DIA., PIPE

Q, = 105 - 40, 200 = 43.12 cu. ft./sec.
: ¢ 11T min. ) x (60 sec/miny

OUTFLOW FROM WEIR, Q = 43 cfs

L = Qo 43
3.0 x HL'D 3.0 x ( 1.2 )2

il

L

i

10.9 fi,

v
Check to insure weir flow; head must be less than (0.4) (dia)

L.3' = 3.25', which is less than 42'", therefore PIPE OK
0.4

USE 42" DIA. PIPE

Arrange holes to provide 22 dfs when water level ‘is at tép of riser and to
drain down to top of sediment storage.

o G
hI
© o o o —L- |
h3
' o o o —l h, (€7¢.)
5.5
O o o O
o TOP OF © o ©
SEDIMENT Z ! :
REVISIONS [ AU — 2 ‘
0.} DATE DESCRIPTION s E e . RISER
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Arbitrarily select 1%" diamert holes
9 = 0.026 B% x VI
Q = 0.0585 x Yo for a single hole
h no. Q £Q
~ {ft D) holes (cfs) | (cfs)
5.5 20 2.74 2.74
5.0 20 2.62 5.36
4,5 20 2.48 7.84
4.0 20 2.34 10.18
. 3.5 20 2.19 12.37
3.0 20 2.03 14.40 :
2.5 20 1.85 16.25
2.0 20 1.65 17.90
1.5 20 1:.43 19.33
1.0 20 1.17 20.50
0.5 20 0.83 '{21.33 | 22 cfs; OK
Select this hole pattern
(stagger holes vertically)
BARREL: , .
METHOD "A':
Q=0C4 xAx V2 x g x h
where: A = area of pipe
g = 32.2
REVISIONS C4q = property of pipe, see chart SD-e
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| DIA,
2

Size Barrel as culvert for outflow of 43 cfs
settling zone + sediment storage depth

Assume Corrugated Metal Pipe:

i

at

NO

oK

Type no. | size C&-x Q HW
pipe | pipes| (in) | (cfs) (ft)

cMp | 1 24 | 0.59 | 43 9.4
e | 1 30 | 0.59 | 43 | 4.7
oMp | 2 18 | 0.59 | 43 7.4

METHOD "B':
Using Chart SD-e, headwall entrance type,
ahove.
REVISIONS
Mo | DATE DESCRIPTION

headwater depth = %

n

6.8 £f£.)

to yield same results as

USE ONE 24'"" PIPE WITH A HEADWATER DEPTH OF 9.4 ft.

GOOD (HW must be at least
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Size weir to carry 10C-yr. storm, Qigqg:

Peak Inflow, Qigg

e = 0.73 (from previous calculations)
1T = 8.6 (for ty = 11 min.)

"Qro0" = ( 0.73 ) x ( 8.6 ) x ( 20 ) = 126 cfs

_Lhzfﬂﬂi_ﬁxﬁh___;&

H Qg —— 25H N

¥ '

? é{/’ I}

EMERGENCY
SPILLWAY

Use maximum velocity of 5 ft./ sec. over emergency

spillway:
Q-cyxLanl? .
v= q = Cy x L x H ' 2
A (2/3)yx (CH) x (L)
(Cy = 3.0 for broad crested weir)
Vo= 4.5 x I
H = (Va4 4.5)2

Hallow = ;;23 fe.
REVISIGNS

L = - Quo0o . for V = 5 ft/ sec,

| DATE DESCRIPTION

3
( Cyu ) = ( Hyllow /2

APFROVED: DATE May8,i980

CITY GF GREENVILLE. N.C.— ENGINEERING DEPT. o




L = 100
4.09
L = 126 =30.8"%, SAY 31 ft. for Length of Weir
4,09 —
Add 1.0 ft. of freeboard for safety [actor:
SUMMARY SKETCH:
TOP OF DIKE
110 . < Q100 R
§ 123 vQes s~
.3 7 Qo EMERGENCY
' SPILLWAY
Ve C; TTLING
1443 5, ZONE)
9.
P35 LR a4 D nraay £
ZTOP OF 1
SEDIMENT /['D
54' —J— et
@l b ;
o [
/ e - . s . i >
A T e S AT LT R " . . ,
é"ILL WHIGH MAY BE NEEDED ToO ‘
STABILIZE RISER AND BARREL ASSEMBLY
REVISIONS
NG| DATE DESCRIPTION
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COMMENT :

It might be noted that this basin is quite deep and the grade
necessary for construction may not be available. The depti can
be reduced considerably if the area of the basin is increased.

ROUTING CHECKS:

All elevations refer to top of sediment storage (Assume sediment
storage to be full).

Stage storage:

Assume
may be

Volume

rectangular cross-section (Actual slopes
L:1 or flatter). Assumption is conservative.

It

i
length x width x height

100" % 60" x H

6000 H (cu. ft.)

discharge:

Stage.

REVISIONS

HC.3 DATE

DESCRIPTION

(1) Depth 0' to 5.5', flow by orifices:
" (assume linear rise to 21.33 cfs)

(2) Depth 5.5' to 6.8', flow by orifices plus weir

' 3/2
assume Q = 21L.33 + 3.0L H

3/ 2
21.33 4+ 3.0 T (3.5) H
= 21.33 + 32.99 /2

I

(3) Depth 6.8" to 9.03', emergency spillway and
barrel controls.
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TOP OF DIKE TOP OF DIKE

[&1]
|
1
o]
:
T

T : 7T EMERGENCY SPILLWAY
G - 6
TOP QF RISER
5 - 5 +
!
4 + 4 T '
3 4 3+
2 <+ ' 2 T
!
t + -
o : : : — 0 i : s : & | :
a’ 1o 20 30 40" 50 60 Q 20 40 60 80 100 120 140
'STORAGE (1000 cu.ft) : OUTFLOW  {cfs)
STAGE — STORAGE STAGE -~ DISCHARGE
REVISIONS
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NOTE :
When water level is at top of dike, outflow is 126 cfs, much greater
than 43 cfs expected from 25-year storm; therefore, need only check
settling performance in l0-year storm.
INFLOW HYDROGRAPH: Qg = 72 cfs @ t, = 11 min.
From Table SWD-01, (SWD-02 could be used also):
t , Q £ {min) O (cfs)
/t /O
P P
0.5 0.4 5.5 28.8
1.0 1.0 11.0 72.0.
1.5 0.6 16.5 43.2
2.0 0.3 22,0 21.6
3.0 0.07 33.0 5.0
REVISIONS
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HYDROGRAPH (10-YR., 11 MIN. STORM)
80 ' ' ‘ : S
‘ - P } i | ‘. '
:‘ ! = ! ! ! | ' I :
70 | - ' N
[ ; 1 :
- 1 L |
€0 . : ; B S N S i
| ol i ' |
50 o f""‘"T—I _ i . . 1 .
. R ;
@ ! e S ! ;
§ 50 |- = R R R
| | <STORAGE | | ’ | |
Z 30 e e .__i- J.%»m i - ' . I -
S o : SRR |t
. S N S O O | -~ N :
20 e ! . .,;&,_..E..,_:;_...!__‘.. et \-:.‘_ il . ’ . A e e - |! - i
AL N
o |- T.T_i__;_ﬂml B ! ~_t
= - ' L | I
] | o
0
5 1O IS 20 25 30 35
TIME (MIN.)
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SET &Tli = | min.
={I; =0;) (Imin) (60 S9%min.)
= (I, - 0,) (0.06)
TIME | INFLOW |STORAGE {OUTFLOW || TIME INFLLOW |STORAGE |QUTFLOW
{miln.) (cts} HICO0 cuft)| (ctfs) { min) {cfs) (1000 cu.ft)] (cfs)
Rt 0 0.00 0 11 77 18.08 1z
) 0.00 3.60
1 3 0.00 0 12 70 21.66 14
0.18 : 3.36
2 7 .18 0 13 G4 25,02 1o
0.42 2.88
3 12 0.60 0 14 56 27.90 18
. 2. 28
4 , 18 .32 1 15 50 30.18 20
1.02 1,80
5 25 2.34 2 16 44 31.98 21
1,38 1.50
O 33 3.72 p/ 17 42 33.48 22
_ 1.86 1.2
7 43 5.58 4 18 38 34.68 20
234 _0.72
8 55 7.92 5 1% 35 35.40 30
9 65 10,92 7 20 32 35.70 31
3.48 0.06
10 70 14.40 9 21 20 35.76 32 —— Greater than
3.66 design outflow of
22 cfs, therefore,
. additional design
AEVISIONS is necessary.
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FURTHER DESIGN WORK NECESSARY

Several alternatives are possible in order to reduce the outflow down te the design outflow

cf 22 cfs:
1. Increase the height of the riser so that the storm as routed does not avertop
the riserx., In addition to this, It may be necessary to decrease the aumber

of holes in the riser.

2. Control the outflow with barrel control. 8Size the barrel so that the helght
¢f the storage as routed will yield 22 cfs, |

REVIZIONS
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TABLE  SB-Oi

Particle (Spherical) Settling Velocitics

in 68° Water by Stokes Law

Particle Diameter Settling Velocity
(microns) (Lt/sec)
8 ¢.00010
10 0.00029
12 7 0.00042
15 : _ 0.00066
18 : 0.00085
20 ‘ 0.0012
25 | 0.0018
30 0.0027 |
40 0.0047
50 0.0074
60 ¢.011
REVISIONS 80 0019
woJoate OEBCHIPTION 100 0.029
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