Rational Problem — Incremental Rainfall

Time Rainfall Incremental Incremental
Minutes Inches Rainfall, Inches Rainfall, Inches
5 0.42 0.42 0.42
10 0.72 0.30 0.30
15 0.91 0.19 0.19
20 0.117
25 0.117
30 1.26 0.35 0.117
35 0.057
40 0.057
45 0.057
50 0.057
55 0.057
60 1.60 0.34 0.057

Rational Problem - Incremental Rainfall

Time Incremental Rainfall, Incremental
Minutes Inches Rainfall, Inches
5 0.42
10 0.30 0.72
15 0.19
20 0.117 0.307
25 0.117
30 0.117 0.233
35 0.057
40 0.057 0.113
45 0.057
50 0.057 0.113
55 0.057
60 0.057 0.113
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Rational Problem - Hyetograph

Time Incremental Rainfall Rainfall Intensity
minutes Inches Inches/hr
10 0.72 4.32
20 0.307 1.84
30 0.233 1.40
40 0.113 0.68
50 0.113 0.68
60 0.113 0.68
Rational Problem - Hyetograph
Time Rainfall Clock Time Rainfall
minutes Intensity minutes Intensity
inches/hr inches/hr
0 0 0 0
10 4.32 10 0.68
20 1.84 20 1.84
30 1.40 30 4.32
40 0.68 40 1.40
50 0.68 50 0.68
60 0.68 60 0.68
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Rational Problem - Hydrograph

Clock time Rainfall C*A Q=CIA
minutes Intensity cfs
inches/hr
0 0 0.95*5 0.0
10 0.68 0.95*5 3.2
20 1.84 0.95*5 8.7
30 4.32 0.95*5 20.5
40 1.40 0.95*5 6.6
50 0.68 0.95*5 3.2
60 0.68 0.95*5 3.2

Modified Rational Method

Can be used for estimation of storage volumes for
detention calculations

Rising and falling limbs have a duration equal to time of
concentration (t,)

Q, is allowable release rate

t, is critical duration of storm and is varied until the
storage volume is maximized (normally an iterative
procedure) 1

Discharge
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Modified Rational Method

+ Allowable release rate:
Q,=C,*1*A
Where
Q, = allowable release rate (cfs)

C, = predevelopment Rational Method runoff
coefficient

| = rainfall intensity for corresponding time of
concentration (in/hr)

A = Area (acres)

* For the Ottumwa, IA example (using C,=0.2), Q,=11.9
cfs, t; = 60 minutes, storage volume = 50,250 cubic feet

Modified Rational Method

+ Critical duration of storm (for North Central Texas):
ty = (2*C*A*a*»/Q,)°5 - b
Where
ty = critical storm duration (minutes)
Q, = allowable release rate (cfs)

C = developed condition Rational Method runoff
coefficient

A = Area (acres)

a, b = rainfall factors dependent on location and
return period (see example table below)

Rainfall factor 1-year event 100-year event
a 90.5-108.7 298 - 350
b 13.1-15.7 22,7 -26.7
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Rainfall-Runoff Modeling: SCS Method

We will use the SCS (NRCS) Curve Number Method
presented in TR-55 to develop peak runoff and a
hydrograph

Q = runoff in inches (note that it is not in cfs)

P = rainfall in inches (Q should always be < P)

S = maximum potential retention after runoff begins
I, = initial abstraction

CN = runoff curve number (0-100) depending on soils
(hydrologic soil group A-D), slope and antecedent runoff
conditions

SCS Method - Limitations

Curve numbers describe average conditions - accuracy
decreases if modeling a historical storm - also does not
account for rainfall duration or intensity

I, accounts for interception, initial infiltration, surface
depression storage, evapotranspiration and other
factors; |, = 0.2S may not be appropriate

Runoff from snowmelt or rain on frozen ground cannot
be estimated using these procedures

Curve Number method less accurate when Q < 0.5 inch

Applies only to direct surface runoff - does not include a
groundwater component

Weighted CN > 40

Watershed must be hydrologically homogeneous
Accuracy of peak discharge reduced if 0.1 > |,/P > 0.5
Tc <2 hours
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SCS Method - Limitations; Equations

Runoff Equations

S = (1000/CN) -10

Q= (P-1,)?
(P-1)+S
l,=0.2S (but 0.1 <1 /P <0.5)
Q= (P-0.25)2
(P +0.8S)

SCS Example - Runoff

Example for a 10-acre lawn in good condition with soils
in hydrologic soil group B (CN = 61) and for a 10-acre
parking lot that will replace the lawn (CN = 98). Site is
located in Ottumwa, lowa (same as example for Rational
Method). Find the 10-year runoff (in inches) for each
condition. From “Rainfall Frequency Atlas of the
Midwest”, 10-year, 24-hour rainfall is 4.7 inches.

For the lawn area:
S = (1000/CN) -10 = (1000/61) - 10 = 6.39
[,=0.2S=0.2(6.39) = 1.28 inches
I/P =1.28/4.7=0.27 OK
Q= (P-0.2S)2 =(4.7-0.2(6.39) )2 =1.19 inches
(P +0.8S) (4.7 + 0.8(6.39))
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SCS Example - Sketch

Parking Lot

725

0.8% 600

Pond

SCS Example - Runoff

For the paved area:
S = (1000/CN) -10 = (1000/98) - 10 = 0.20
l,=0.28=0.2(0.20) = 0.04 inches
I,/P = 0.04/4.7 = 0.01 not OK
use l/P=0.1,s0l,=0.1*P =047
Q= (P-1)> =(4.7-047) = 4.04 inches
(P-1,)+S (4.7-0.47 +0.20)
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SCS Example - Sheet Flow, Lawn

« Compute time of concentration (lawn).
— Sheet flow (300 ft max), Tt (hours) = 0.007 (nL)%8
(p2)0.5 S0.4
for lawn area, n = 0.24
maximum length = 300 ft

P, = 3.0 inches (2-year, 24-hour, as defined in SCS
Method) from Bulletin 71

S =0.8% = 0.008 ft/ft

Tt=0.007 (nL)%8 =0.007 (0.24*300)08
(p2)0.5 go.4 (3.0)05 (0.008)04

Tt = 0.853 hours = 51.2 minutes

Average velocity = 300/(51.2*60) = 0.10 ft/sec

SCS Example - Shallow Concentrated Flow,
Lawn

» Compute time of concentration (continued).
— Shallow concentrated flow: Tt=L/N/
From Figure 3-1,V = 1.4 ft/sec for S = 0.8%
Total Length = (7252 + 6002)%5 = 941 ft
Flow Length = 941 ft - 300 ft = 641 ft
Tt = 641/(1.4*60) = 7.6 minutes

Total travel time = £Tt = 51.2 + 7.6 = 58.8 minutes (0.98
hour)
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SCS Example - Sheet Flow, Paved

» Compute time of concentration (paved).
— Sheet flow (300 ft max), Tt (hours) = 0.007 (nlL)%8
(Pz)0'5 S04
for asphalt parking lot, n = 0.016
maximum length = 300 ft

P, = 3.0 inches (2-year, 24-hour, as defined in SCS
Method) from Bulletin 71

S =0.8% = 0.008 ft/ft
Tt=0.007 (nL)°8 =0.007 (0.016*300)%8
(P,)0-5 S04 (3.0)°5 (0.008)04
Tt = 0.098 hours = 5.9 minutes
Average velocity = 300/(5.9*60) = 0.85 ft/sec
(note - Rational method answer was 5.0 minutes)

SCS Example - Shallow Concentrated Flow,
Paved

» Compute time of concentration (continued).
— Shallow concentrated flow: Tt=L/N
From Figure, V = 1.8 ft/sec for S = 0.8%
Total Length = (7252 + 6002)°5 = 941 ft
Flow Length = 941 ft - 300 ft = 641 ft
Tt = 641/(1.860) = 5.9 minutes

Total travel time = ZTt=5.9 + 5.9 = 11.8 minutes (0.2
hour)

» Type of Rainfall events (Type Il for lowa)
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SCS Method - Rainfall Distribution Map

109

SCS Method - Rainfall Types

SCS Rainfall Types

- Type |
- Type la

-+ Type Il
Type i

12 14 16 18 20 22 24

Hours

v

(dnoyysayouy)
Ayisusju) |ejurey

8 10

6
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SCS Method - Class Problem

* Class Problem: For a 400’ x 545’ (5-acre) parking lot (CN
= 98) in Red Wing, Minnesota (same as example for
Rational Method). Find the 5-year runoff (in inches).
From “Rainfall Frequency Atlas of the Midwest”, 5-year,
24-hour rainfall is 3.5 inches. The 2-year, 24-hour
rainfall is 2.8 inches (from Bulletin 71).

- S =(1000/CN)-10 = (1000/_)- 10 =

« 1,=028=02(C_)=__ inches
/P = / = OK?
usel/P=_sol,=__ *P=___

+ Q= (P-1)2

(P-1)+$S

e Q=

SCS Problem - Runoff

+ S =(1000/CN) -10 = (1000/98) - 10 = 0.20
* 1,=0.25=0.2(0.20) = 0.04 inches
|,/P = 0.04/3.5 = 0.01 not OK
usel/P=01,s0l,=0.1*P=0.35
Q= (P-1)? =(3.5-0.35)2 = 2.96 inches
(P-1)+S (3.5-0.35+0.20)
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SCS Problem - Sheet Flow

» Compute time of concentration (paved).
— Sheet flow (300 ft max), Tt (hours) = 0.007 (nL)%8
(P)05 S04
for asphalt parking lot, n = 0.016
maximum length = 300 ft

P = 2.8 inches (2-year, 24-hour, as defined in SCS
Method) from Bulletin 71

S =0.8% = 0.008 ft/ft
Tt=0.007 (nL)°8 =0.007 (0.016*300)°8

(P)0-5 S04 (2.8)%5 (0.008)04
Tt =0.101 hours = 6.1 minutes

(note - Rational method answer was 5.7 minutes)

SCS Problem - Shallow Concentrated Flow

» Compute time of concentration (continued).
— From Figure, V = 1.8 ft/sec for S = 0.8%
Total Length = (5452 + 4002)0-5 = 676 ft
Flow Length = 676 ft - 300 ft = 376 ft
Tt = 376/(1.8"60) = 3.5 minutes

Total travel time = £Tt= 6.1 + 3.5 = 9.6 minutes (0.16
hour)
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SCS Example - Peak Flow

Continuing with Ottumwa lowa example:
* Peak flow, q,
qp=qu*Am*Q*Fp
d, = peak discharge, cfs
g, = unit peak discharge, csm/in (cfs square miles/inch)
A, = drainage area, square miles
Q = runoff, inches
F, = pond and swamp adjustment factor
» From Exhibit 4-11 (Type Il rainfall event)
q, = 310 for la/P = 0.27 and Tc = 0.98 hour (lawn)
q, = 800 for la/P = 0.1 and Tc = 0.2 hour (paved)

SCS Example - Peak Flow

* Peak flow, ap
9= * A, *Q*F,
qp, =310 * (10/640) *1.19* 1.0
d, = 5.8 cfs for lawn area
d, = 800 * (10/640) * 4.04 * 1.0
dp = 50.5 cfs for parking lot
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SCS Example - Unit discharge

iin)

206

Unit peak discharge (q,). {csm

100+

80—

50

T T T T d
Nl 2 4 & 8 1 2 4 B 8 10

Time of concentration {T ), (hours)

SCS Example - Hydrograph
Using Tabular Hydrograph Method to develop a inflow
hydrograph, the requirements include:

* Need to divide watershed into areas that are relatively
homogeneous and have convenient routing reaches.

* Drainage area of each subarea in square miles

» Time of concentration, Tc for each subarea in hours
* Travel time, Tt for each routing reach in hours

» Weighted CN for each subarea

* Appropriate rainfall distribution

» 24-hour rainfall for the selected frequency

 Total runoff (Q)

» la for each subarea and la/P for each subarea
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SCS Example - Hydrograph

* g=9,"A, " Q (Equation 5-1)
* where:
g = hydrograph coordinate (cfs) at hydrograph time t

q, = tabular hydrograph unit discharge from exhibit 5
(csm/in - cubic feet per second per square mile per inch)

A, = drainage area of individual subarea (square miles)
Q = runoff (inches)

* Round actual values of Tt and Tc to values presented in
Exhibit 5. For our example Tt = 0 (single basin).

SCS Example - Unit Hydrograph Table, Lawn

» From Exhibit 5-1l, with la/P = 0.3 (actually 0.27), Tc =
1.00 (actually 0.98) and Tt =0.0:

Time q, Time q,
11.0 0 12.6 195
11.3 0 12.7 243
11.6 0 12.8 271
11.9 0 13.0 292
12.0 1 13.2 227
12.1 4 13.4 178
12.2 16 13.6 143
12.3 42 13.8 117
12.4 83 14.0 98
12.5 137
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SCS Example - Hydrograph Table, Lawn
* g=q*A, *Q with A=10/640=0.0156 and Q = 1.19

inches:

Time
11.0
11.3
11.6
11.9
12.0
12.1
12.2
12.3
12.4
12.5

of

Hh 2 OOOO

16
42
83
137

q
0.0

0.0
0.0
0.0
0.0
0.1
0.3
0.8
1.5
2.5

Time
12.6
12.7
12.8
13.0
13.2
13.4
13.6
13.8
14.0

h
195
243
271
292
227
178
143
117

98

q
3.6

4.5
5.0
54
4.2
3.3
2.7
2.2
1.8

Note - Peak flow is 5.4 cfs vs. 5.8 cfs by Runoff equations

(due to I /P for hydrograph of 0.3 vs. 0.27)

SCS Example, Unit Hydrograph Table, Paved

* From Exhibit 5-l, with la/P = 0.1, Tc = 0.2 and Tt =0.0:
Gt

Time
11.0
11.3
11.6
11.9
12.0
121
12.2
12.3
12.4
12.5

Q:
23

31

47
209
403
739
800
481
250
166

Time
12.6
12.7
12.8
13.0
13.2
13.4
13.6
13.8
14.0

1
1

28
02
86
70
61
54
49
44
40

44
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SCS Example - Hydrograph Table, Paved

* g=q,"A, " Q, with A=10/640=0.0156 and Q = 4.04
inches:

Time oh q Time a; q
11.0 23 1.5 12.6 128 8.1
11.3 31 2.0 12.7 102 6.4

11.6 47 3.0 12.8 86 54
11.9 209 13.2  13.0 70 4.4
12.0 403 254 132 61 3.9
121 739 466 134 54 3.4
12.2 800 50.5 136 49 3.1
12.3 481 304 13.8 44 2.8
12.4 250 158 14.0 40 2.5
12.5 166 10.5

SCS Example - Hydrograph comparison

60.0
50.0

40.0

30.0

Flow (cfs)

20.0
10.0

00 y=—o—o

-10.0

Time (hours)
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SCS Method - Class Problem

» Class Problem: for a 5-acre parking lot (CN = 98). Site is
located in Red Wing, Minnesota (same as example for
Rational Method). Find the 5-year hydrograph. From
“Rainfall Frequency Atlas of the Midwest”, 5-year, 24-
hour rainfall is 3.5 inches. From earlier problem, Tc =
9.6 minutes (0.16 hour), Tt =0, la/P =0.1 and Q = 2.91
inches.

SCS Problem - Hydrograph

* g=q," A, *Q, with A=5/640 = 0.0078 and Q = 2.91
inches:

Time (oh q Time oh q
11.0 ___ 12.6 _ L
11.3 L 12.7 . L
11.6 _ 12.8 o L
11.9 L 13.0 . .
12.0 L 13.2 . o
12.1 . 13.4 . L
12.2 . 13.6 . L
12.3 _ 13.8 . .
12.4 __ 14.0 _ L
12.5
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SCS Problem - Hydrograph

inches:
Time oh q Time oh q
11.0 23 0.5 126 128 2.9
11.3 31 0.7 127 102 23
11.6 47 1.1 128 86 2.0
11.9 209 48 13.0 70 1.6
12.0 403 92 132 61 1.4
12.1 739 16.8 134 54 1.2
12.2 800 18.2 13.6 49 1.1
12.3 481 109 138 44 1.0
12.4 250 57 14.0 40 0.9
12.5 166 3.8
SCS Problem - Hydrograph

20.0
18.0 -
16.0 J{

__ 140 7

ﬁ 12.0 ]

3 100 $

= 80 ] \
6.0
40 / '\\
g S——— M

Time (hours)
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Inlet capacity analysis

Inlet capacity can be a significant issue in design of
storm drain systems and detention ponds. A very
expensive piping system can be ineffective if there are
not enough properly sized inlets.

Factors affecting inlet capacity are depth of flow, width of
flow, slope of gutter at inlet, inlet geometry and inlet type

Inlets in sags can function in weir control or orifice
control - compute both, lower capacity is limiting

Inlet types

— Grate inlets

— Curb-opening inlets
— Slotted inlets

— Combination inlets

Inlet Types

¢. Combination inlet d. Slotted Drain Iniet
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Inlet Types - Grate

Inlet Types - Grate
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Inlet Types - Grate, curved vane
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Inlet Types - Curb opening

Inlet Types - Curb opening
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Inlet Types - Combination
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Inlet Types - Slotted Drain

Inlet Types - Slotted Drain
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