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The Rational Method
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Derivation of a unit hydrograph.



E 30N 111,970%3/24=1496 cfs-days
EX3.2 3 gnizim-kiE:1496/(25%26.9)=2.22 in

Total Base Direct Ordinates of Hour

Date(1) Hour(2) flow(given) unit hydrograph after

(3)  Tow(d) runoff(®) o lved)®)  start(7)

14 0500 470 470 0 0 0
0800 1200 440 760 342 3

1100 2250 410 1840 829 6

1400 2920 380 2540 1145 9

1700 2670 400 2270 1022 12

2000 2060 410 1650 743 15

2300 1430 420 1010 455 18

15 0200 1100 430 670 302 21
0500 910 440 470 212 24

0800 780 450 330 149 27

1100 680 460 220 99 30

1400 600 470 130 59 33

1700 540 480 60 27 36

2000 510 490 20 9 39

2300 500 500 0 0 42

Total 11,970



EX 3-4 24 1 | 1 I I I Ll I | 1 I I I I 1 1 1 T 1

Upstream
20 + hydrograph ]
(Example 3.4)
- —
Routed
16 - hydrograph B

(Example 3.5)

Flow in 1000 cfs
o

Time in hours

FIGURE 3.11
Constructing the storm hydrograph for a storm of more than one unit duration. The effect of routing
(Example 3.6) is also shown.



Time. hr 3-hr unit Runoff per period
EX34 " hydrograph 0.15 0.50 1.25 1.75  Total

0 0.0 0.0 0.0 0.0 0.0 0.0
1 2.5 0.4 0.0 0.0 0.0 2.9
2 9.0 1.4 0.0 0.0 0.0 10.4
3 10.0 1.5 0.0 0.0 0.0 11.5
4 8.5 1.3 1.3 0.0 0.0 11.0
5 5.2 0.8 4.5 0.0 0.0 10.5
6 2.4 0.4 5.0 0.0 0.0 1.8
7 1.2 0.2 4.3 3.1 0.0 8.8
8 0.6 0.1 2.6 11.3 0.0 14.5
9 0.3 0.0 1.2 12.5 0.0 14.0
10 0.1 0.0 0.6 10.6 4.4 15.7
11 0.0 0.0 0.3 6.5 15.8 22.6
12 0.0 0.0 0.2 3.0 17.5 20.7
13 0.0 0.0 0.1 1.5 14.9 16.4
14 0.0 0.0 0.0 0.8 9.1 9.9
15 0.0 0.0 0.0 0.4 4.2 4.6
16 0.0 0.0 0.0 0.1 2.1 2.2
17 0.0 0.0 0.0 0.0 1.1 1.1
18 0.0 0.0 0.0 0.0 0.5 0.5
19 0.0 0.0 0.0 0.0 0.2 0.2
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FIGURE 3.12
A simple unit hydrograph.



Hydrographs of Catc

PD=1nNr e=10Nnr
a0 LL=U.0= 1L0=0onr
f;u.wl,_-_’,)s'2*'F_’__-'J,TFH‘)_-(‘),;:JiJ £

(5280)° ft* 1 ft® . 3600sec

= ft x A(Mi®) x base(hr)><Qpeak(—)><

12 mi* hr
1290 A(mi®
Qpeak (CfS) = ( )
1:base(hr)
Q ek = 1289 0(210) _ 15,600(cfs)

—%x6.5
3



The earlier sections of this chapter outline methods for

estimating streamflow hydrographs from small areas.
A hydrograph is really a record of the movement of a wave

past a gagint station.
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FIGURE 3.14

Successive longitudinal profiles of a flood wave illustrating the changes in shape.
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If the reservoir has no gates, discharge takes place over a
weir or through an uncontrolled orifice in such a way that
O is a function of the reservoir level.

Spillway discharge in thousands of cfs
4 8 12 16

Pool elevation

FIGURE 3.15

Relation between reservoir surface
) ) . " elevation, storage, and spillway dis-
10 20 30 40 charge for a reservoir with ungated

Storage in thousands of sfd spillway.
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FIGURE 3.16
Routing curves for an uncontrolled reservoir.



Routing through Uncontrolled Reservoir

25 25
|, + |2+A—’[1_01:A—t2+02

TABLE 3.3
Routing with the 2s/At + O curves of Fig. 3.16

Date Hour I, cfs 2s/At — O, cfs 2s/At + O, cfs

1/8 Noon ® 4v |2000| 8,500 12,500
Midnight  2800°— 8900 13300
1/9 Noon 4000 10,900 15,700
Midnight 5200 13,700 20,100
1/10  Noon 6000 17,300 24,900
Midnight 5700 20,000 29,000

Note: Computed values are shown in italics. Also, 2s/At — O = (2s/At + O) — 20.




rRouting in Natural Channels
s =K|xl+(1-x)O

Q
@ 252] 9.0] 3499
220 ; Mat 8813
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FIGURE 3.18
Relation between outflow and storage for the data of Fig. 3.17.

FIGURE 3.17
Inflow and outflow hydrographs for a reach of a river showing calculation of channel storage.



Storage Routing in Natural Channels

s, —s, =K[x(l, - 1,)+(1-x)(0, -0,)]
(|1+ Iz) At — (01+02) At =

I\

\ 2 2 (52_51)

=0, =¢,l, +¢c,l, +¢,0,
rc - —Kx+0.5At

? K —Kx+0.5At

KX+ 0.5At
1C, = C,+C +C, =1

K — Kx+ 0.5At

. K — Kx—0.5At

| ° K —Kx+0.5At



Storage Routing in Natural Channels
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FIGURE 3.19
Method of determining K and x for the Muskingum method of routing.



Storage Routing in Natural Channels
Ex 3.6

Example 3.6, Assumc the hydrograph of Examplec 3.4 (Fig. 3.11) was dcnved.
the flow records at a gaging station several miles upstream of a reservoir. Assu
negligible intervening inflow, compute the inflow to the reservoir using the

kingum routing procedure.

Solmiqn. From historic flow records K is cstimated to be 6 hr and x 1is 02,1
Eqs. (3.19),

2 3
car--~l6OOXOl 0.5 x 3,600 e 01320

21,600 — 21,600 x 0.2 + 0.5 x 3,600

Similarly. ¢, = 0.3208 and ¢; = 0.8113. As a check, the sum of the three ¢
cients is 1.0001. The routing rcquires the solution of (Eq. 3.18) as shown |
following tabulation:



Storage Routing in Natural Channels

Time ! Ca ! 2 ©y / \ Cy 0, 0
( 20X) -792 64.2 1622 1473
! 600 P e AL 119.5 1008
2 1,600 — 2244 5133 318 370.7
3 1,700 —356.4 3454 0.8 489.8
4 2,700 ~7260 8662 1974 537.6
5 3,500 ~7392 1,764.4 436.2 14614
6 5,600 —10164 1,796.5 1,185.6 1.965.7
7 1,700 —-1,861.2 24702 1,594.8 22038
8 14100 —18348 45233 17879 44764
9 13,900 ~2085.6 4439.1 3,631.7 6.005.2
10 15800  -30096 SO686 48720 69310
i 22,800 —2.758.38 73142 5.623.1 10,187.5
12 20,900 21912 6,704.7 8.265.1 12,778.6
13 16,600 —1,3332 33253 10,367.3 143594
4 10,100 —-633.6 3.240.1 11,6498 14,2563
15 4,800 -317.8 1,539.8 11,566.1 12,788.1
16 2,400 - 1580 7699 10,375.0 10.986.9
17 1,200 -924 1849 89137 9.206.2
18 700 ~264 2246 7469.0 7,667.2
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Kinematic Routing

Continuity equation

| -AAL=0

Vianning equation

O _ KAR2/381/2



Computer Simulation
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