FIGURE 4.9 Regions of applicability of S¢S 24-hr rainfall distributions.

TABLE 4.11 SCS Cumulative Rainfall Distributions

Ruinfull
Distribusion

i Type|
“Type 1A
[::j Type Il

AR Type I

2d-hour storm

PPy 6-hour storm
Hour ¢ /24 Type | Type 1A Type 11 Type II1 Hour ¢ 16 PP,
0 0 0 0 0 0 0 0 ]
2.0 0.083 0.035 0.050 0.022 0.020 .60 (+10 0.04
4.0 0167 0.076 0.116 0.048 0.043 1.20 (+.20 0.10
0.0 0.250 {r.125 0.206 0.080 0.072 1,50 0.25 0.14
7.0 0.292 0.156 0.268 0.098 0.089 1.80 0.30 0.19
8.0 0.333 0,194 0.425 0.120 0.115 210 (.35 031
8.5 0.354 0219 0.480 0.133 0.130 228 0,38 (.44
9.0 0.375 0,254 0,520 0,147 0.148 2.40 (0,40 (0.53
9.5 0.396 0.303 0.550 0.163 0.167 2.52 0.42 0.60
9.75 0.406 0.362 0.564 072 0178 2.64 - 0.44 (.63
0.0 0417 0.514 0.577 0.181 0.189 2.76 0.46 .66
10.5 0,438 0.583 0.601 0.204 0216 3.00 .50 0.70
1.0 0.459 0.624 0.624 0.235 0,250 3.30 0.55 0.75
15 0.479 0.654 0.645 00.283 (1,298 3.60 0.60 079
1175 0.489 0.669 0.655 0.357 0.339 3.90 .65 0.83
12.0 (3.500 0.682 0.664 0.663 (0.500 4.2( 0,70 0.86
12.5 0521 0.706 0.683 0.735 (0,702 4,50 .75 (.86
13.0 0.342 0.727 0,761 0772 0.751 480 0,80 0.91
135 0.563 0.748 0.719 0.799 (0.785 340 (.90 0.v6
14.0 (0.583 0.767 0.736 (L820 0811 6.00 1.00 1.00
16.0 (.667 .830 0.800 (1880 (0.880
200 (0.833 0.926 0.906 0.952 (3,957
24 1.000 1.000 1.000 1.000 1.000

Source:  U.S. Dept. of Agriculture, Soil Conservation Service, 1973, 1986
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{After Currey and Akan, 1998)

where § = storage above the outlet
i, = stage above the outlet
b, ¢ = constant parameters

1i

i

The constant ¢ i8 dimensionless, and the constant b has the dimension of [tengtiz)® . These
constant parameters depend on the size and the shape of the pend. For instance, for a pond
that has vertical sidewalls, ¢ = | and & = horizontal area. Figure 7.4 displays approximate
relationships between the parameter & and ¢, the base area, fength to width ratio, and the
side slope for trapezoidal ponds that has 2 rectangular base arca and a constant side slope
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SCS, 1986) SCS chart for detention besin sizing. (After



Example 7.4
A detention basin will be built at the outlet
; . ilt . of a 73-acre watershed. The stage-st -
ilgé]f%héi Iﬁ)ro 1tCh;;‘: planézzcé ba'slllnbls shoévn in Fig, 7.11. A weir-type outlet thaL?l %Zssaogﬁglﬁ;e
] Sow = WLAU Wil be used. The depth of runoff resulting f -
design storm is 3.4 inches, and the y F i o peal shom o Dp]
, peak runoff rate s 360 cfs. This peak should
to 180 cfs at the delention basin, We are o d i G Torage voluin g on
. v ! t .
of %16 wc;r if the weir crest is at elevation 10% ?tm e o required storage volume and si
tom the problem statement 7, = 350 cfy @,= 180
i ! : : A , @, = efs, 0,/f, = 0.50, and V.= (3.
121 21.2 acre-ft. Using Fig, 7.10, for a type-1T storm, V./ . 2 0,28, The re {Jiregj sﬁg(l?)/
Vo %ne becomes, V, = (0.28)(21.2) = 5.94 acre-ft, o 1 5
1€ Maximum storage volume of 5.94 acre-ft Tepresents a waler st
: ] \ a3 : age of 1057
E?:Stsizclg';rr;s}?}zg. ;711 10.58711106 ltgg crest elsvatﬁon is 100 fi, the maxin;gum head abfct)vaf:S t‘}?:
eemonin cre,’st fl,ength a.S = 5.7 ft, Finally, from Eq. (7.10), we can find the cor-

L = 180/[(0.40yV2(32.2)(5.7)'] = 4.1 ft
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FIGURE 7.11 Stage-storage relationship for
Examples 7.4 and 7.5,

Example 7.5
The watershed and the defention basin of Example 7.4 is considered again. In addition (o

the requirements of Example 7.4, il is decided to limit the 2-year outflow rate to 50 cfs. A
2-year type-II design storm produces a runoff depth of 1.5 in and a peak runoff rate of 91
cfs, The outlet structure will be a two-stage weir. The lower crest elevation is 100 fl. We
are to determine the crest length for the lower and upper stages.

First, we consider the Z-year storm. The Jower crest of the weir will be designed to control
the runoff from this storm. From the problem statement, for the 2-year type-II storm, /, =
91 cfs, ¢, = 50 cfs, @1, = 055, and V, = (1.5)(75)/12 = 9.4 ac-ft. From PFig. 7.10,
V./V, = 026, and therefore V, = (0.26)(94) = 24 ac-ft. This represents a stage of
103.6 as cbtained from Fig. 7.11. Thus, the maximum head over the lower crest is /1, =
103.6 — 100 = 3.6 fi, and from Eq. (7.10), the corresponding crest length will be

L = 50/[(0.40V(2)(32.2)(3.6)"%] = 2.3 fi

Now, we will consider the second stage. The upper weir crest 1s meant {o operate for the
25-year storm but nol {or the 2-year storm. Therefore, the crest elevation for the second
stage is chosen as 100 + 3.6 = 103.6 fl. From Bxample 7.4, the maximum waler stage
resulling from a 25-year storm is 105.7 ft. The head over the lower crest al this slage is
1057 = 100 = 5.7 fu. From Eq, (7.10), the peak discharge over the lower crest, {J,;, will

be

@, = 0.40V2(32.2)(2.3)(5.7)'° = 100 cfs
Then, the peak discharge o be accommodated over the upper crest is 0, = ¢, — 0,
180 — 100 = 80 f1, This discharge will occur under & head of 1057 — 103.0 = 2.1 fi.
Therefore, from Eq. (7.13)

L = 80/{040v2(32.2)(2.1}'"] = 8.2 1

for the vpper stage.




Example 7.7

An extended detention basin is to be designed for a [50-acre walershed in Norfolk, Virginia
that is 40% impervious, Determine the required size if (he detained runoff is 10 be released
over 36 hours.

From Fig. 7.13, P, = 0.67 in. for Norfolk, Virginia. Because the watershed is 40%
impervicus, / = 0.40. Also, interpolating the a, values between 24 and 48 hours, a, = 1.422
for 36 hours. Then, from Eq. (7.20), we obtain P, = 0.27 in. Therefore, the volume of runoff
1o be detained is (150)0.27/12) = 3.38 acre fi = 147,233 1", It i advisable Lo increase this
volume by aboul 20% for sedimentation.

Example 7.8
An extended detention basin has a bottom length of 80 f{, a width of 20 fi, and side slopes

of 3:1(/4: V). The outlet is to be sized so that it will release a water quality volume of 10,200
fi* over a period of 40 hours,
To determine the depth of waier corresponding Lo the water quality volume, Bg. (7.3) is

written as
10200 = (BOY20) + (80 + 20034* + {4/3)3% 4°

By trial and error, ¢ = 3.6 . Let the outlet structure be composed of A-1n circular ragged
edge orifice holes cut around a riser pipe. Let the average elevation of the holes be 1 1t
above the pend bottom. Therefore, the average head over the orifice holes is (3.6 — 1.0)/2
= 1.3 1t To empty 10200 ft* over 40 hours = 144,000 seconds, the average release rate is
10200/ 144000 = 0.0708 cfs. Noting that the crifice area of a 'A-in hole is 0.00136 1%, and
k, = 0.40 for ragged edge osifices, we can write Eq. (7.7} a8

0.0708 = N(O.40)(0.00]36)\/2(32.2)\/73
where N = number of orifice holes

Solving for N we obtain N = 14.22. Therefore, we use 14 holes evenly distribuled.

FIGURE 7.13 Mean-storm precipitaticn depth in inches. (After ASCE, 1998)



TABLE 7.5 Example for Modified Rational Msthod

(1) (2) (3) ] (5) (&)

1, (min} i (in/hr) 1, (sec) i (ft/sec) I, (cfs) S, (f13)
N 4,0 1,800 9.25 x 107 36.41 65,538
40 35 - 2,400 8.10 x 107 49,40 76,560
60 2.7 3,600 6.25 X 1073 38.11 83,196
90 20 5,400 462 X 107 28.17 80,188 .

Example 7.6

An urban walershed has a drainage arez of A = 20 acres = 871,200 1%, runoff cocfficient
of € = (0.70, and time of concentration of 7, = 30 minutes = 1,800 seconds. A detention
basin is needed to reduce the peak discharge for a design return period of 10 years to Q, =
20 cfs. The rainfail duratior and intensity for this design return period is tabulated in columns
I and 2 of Table 7.5. Determine the size of the detention basin needed at this site.

The calculations for this example are presented in Table 7.5, First, the given storm du-
ration and rainfall intensities are converted (o seconds and feet per hour and tabulated in
celumns 3 and 4 to allow the use of consistent units in the problem. Then the peak runoff
rate is caleulated vsing Eq. (7.18) for each storm duration and intensity pair included in the
Lable and entered in column 5. For example for £, = 1,800 sec and i = 9.25 % 1075 ft/sec,
I, = (0.7)(9.25 X 1075)(871200)= 56.41 cfs. Finally, the detention volume is calcu-
lated using FEq. (7.19) and tabulated in column 6. For instance, for ¢, = 1,800 sec and i =
0.25 X 107 ft/second )

1800 + 1800

= 38 fi3
5 ) 65,538 ft

8¢ = (90.41)(180D) — (20) (
The maximum detention volume included in column 6 is 83,196 12, and this value should
be chosen as the size of the detention basin required. Also, it can be seen from the table

that design storm for this detention basin has & duration of 60 minutes and an intensity of
2.7 in/hr,
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FIGURE 7.14 Schematic of a retention basin. (After Schueler, 1987)
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FIGURE 7.12 Schematic of an extended delention basin. (After Schueler, 1987)



