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Figure 9.15 Lagging procedure to convert unit hydrograph duration

Discharge

IUnit storm of {, duration

&
|Unit storm of 2t, duration
2t
““
e " S
[ )
H kN Unit
= /] % hydrograph

[§ Unit hydrograph
‘. lagged by t,
> Runoff hydrograph

\ of two-unit storm
/ of 2t, duration

NS Unit hydrograph
of 21, duration

sum of n, UH of £, duration
each lagged by ¢, time

UH of nt, duration =
n

[

(9.8)



EXAMPLE 9.5
The following unit hydrograph results from a 2-hour storm. Determine the hourly ordi-
nates of a 6-hour unit hydrograph.
Time(hn) | o 1 2 3 4 5 6
Qm¥s) | o 142 . 8507 1130 566 . 145

SOLUTION  See Table 9.8.

t,=2hr
_ 6-hr duration =
"Bk duration

Table 9.8 Conversion of Unit Hydrograph Duration by Lagging
1) 2 @3) 4 (5) (6) 7)

Three 2-hr Hydrographs Each Lagged by 2 hr 6-hr Unit
2-hr Unit . Hydrograph
Hydrograph (m3/s)
Time (hr) (m3/s) 1x UH 1% UH 1xUH Total (col. 6/3.0)
0 0 0 0 0
1 1.42 1.42 1.42 0.47
2 8.50 8.50 0 8.50 2.83
3 1 .30 11.30 1.42 12.72 424
4 5.66 5.66 8.50 0 14.16 472
5 1.45 1.45 11.30 1.42 14.17 4.72
6 0 0 5.66 8.50 14.16 4.72
7 1.45 11.30 12.75 4.25
8 0 5.66 5.66 1.89
9 1.45 1.45 0.48

10 0 0 0




Figure 9.16 lllustration of the S-curve.

Unit storm
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EXAMPLE 9.6
Solve Example 9.5 by the S-curve method.

SOLUTION Computations are shown in Table 9.10.

Table9.10 Computation of 2-Hour S-Curve and 6-Hour Unit Hydrograph
(1 2 €) o i) ) ©® @)

2-hr Unit 2-hr S-Curve 6-hr Unit
Hydrograph S-Curve Lagged by S-Curve  Hydrograph
Time (hr) (m3/s) Addition 2-hr S-Curve 6-hr Difference (col. 6 x 2/6)
0 0 +0 P 0 0
1 1.42 0 42 ] 1.42 0.47
2 8.50 o & oy m50 8.50 2.83
3 11.30 [ +1.42 ¥ 1272 1272 424
4 5.66 +8.50 14.16 14.16 472
5 1.45 +12.72 —p 1417 14.17 4.72
6 0 14.16 14.16 0 14.16 472
7 14.17 14.17 1.42 12.75 425
8 14.16 1416 8.50 5.66 1.89
9 14.17 14.17 12.72 1.45 0.48
10 14.16 14.16 14.16 0 0
17 14.17 14.17 14.17 0 0




Two Synthetic Unit Hydrographs



9.11.1 Snyder’s Method

The four parameters—lag time, peak flow, time base, and standard duration—of rainfall

excess for the unit hydrograph have been related to the physical geometry of the basin by
the following relations:

t,=C,(ILc)" [unbalanced] (9.9)
C.A
Q, =—:—>—- [unbalanced) (9.10)
p
T=3+f§1 ] 9.11)
- T] (9.12)
el :

When the duration of rainfall excess, t,, is other than the standard duration, ¢, the follow-
ing adjustments in lag time and peak discharge are made:

t,g =t + 025 (,— 1p) (T] (9.13)
fp

Qur =Q,— [L'T7] - (9.14)
PR

where
t = standard duration of rainfall excess, hours

t, = duration of rainfall excess other than standard duration adopted in the study, hours

t, = lag time from midpoint of rainfall excess duration, ¢ , to peak of the unit hydrograph,

hours
t,g = lag time from midpoint of duration, ¢, to the peak of the unit hydrograph, hours
T= time base of unit hydrograph, days
Qy= peak flow for standard duration, ¢,
Q= peak flow for duration, ;
L .= stream mileage from the outlet to a point opposite the basin centroid
L= stream mileage from the outlet to the upstream limits of the basin

A= drainage area, mi? or km?



C, = coefficient representing slope of the basin;

varies from 1.8 to 2.2 for distance in miles, or from 1.4 to 1.7 for distance in kilometers;

Taylor and Schwarz state that C, equals 0.6/ S for distance in miles, being the basin
slopes

C, = coefficient indicating the storage capacity;

varies from 360 to 440 for English units, and from 0.15 to 0.19 for metric units

If the ungaged basin and the gaged basin are located in close proximity to each other
within a region, the coefficients C; and C,, are computed from the data of the gaged basin.
The coefficients so obtained are used in the preceding equations to construct the unit hydro-
graph for the ungaged basin. Otherwise, generalized values are used for the coefficients.

A unit hydrograph is sketched, from the lag time, peak discharge, and time base com-
puted from egs. (9.9) through (9.14), to represent a unit runoff amount (area under the
graph). Equation (9.11) usually gives long base length for small to medium basins. The
following Corps of Engineers formulas give additional assistance in plotting time width,
Wy, in hours, at the discharge point equal to 50% of the peak discharge, and the width,
W5, in hours, at the discharge point equal to 75% of the peak flow.

770A 08

1.08
PR

W= (Engliskr units) [unbalanced] (9.15a)

or

23A1.08
Wiy = Q_Q_ﬁ-s__ (metric units) [unbalanced] (9.15b)
PR

and

(English units) [unbalanced] (9.16a)

or

013408
75 Qll;l(z)s
In egs. (9.15a) and (9.16a), A is in mi? and Q in cfs, and in egs. (9.15b) and (9.16b), A is in
km? and Qin m?/s.
As a rule of thumb, the widths W, and W, are proportioned each side of the unit

hydrograph peak in the ratio 1:2, with the short side on the left of the synthetic unit hydro-
graph.

(metric units) [unbalanced] (9.16b)



Figure 9.17 Synthetic unit hydrograph by Snyder’s method.
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EXAMPLE 9.7

For a basin of 500 km? having L = 25 km and L = 10 km, derive the 4-hour unit hydro-
graph. Assume that C, = 1.6 and C, = 0.16.

SOLUTION

L. t =4 hr (given). From eq. (9.9),

2.

3.

5.

6.

9. From eq. (9.16b),

From eq. (9.10),
From eq. (9.11),
From eq. (9.12),

From eq. (9.13),

From eq. (9.14),

t, = 1.6(25 x 10)%3 = 8.38 hr

~ 0.16(500)

=9.55m3/s
p 8.38

T=3+8—§§=4.OS days or 97 hr

8.38
tn=——=15hr
B es

tg=8.38 +0.25(4— 1.5) =9 hr

_9.55(8.38)
g0

Q,r =8.89 m¥/s

Time from beginning to peak,

From eq. (9.15b),

t
P, =7’+tPR =2+9=11hr

_ 023(500)"%

(#.69) e 18 hr

50

_ 0.13(500)"%

(8.89)"% =10k

75

The unit hydrograph has been sketched in Figure 9.17.




9.11.2 Natural Resources Conservation Service (NRCS) Method

The NRCS employs an average dimensionless hydrograph developed from an analysis of a
large number of unit hydrographs from field data of various-sized basins in different geo-
graphic locations.

This dimensionless hydrograph has its ordinate values of dlscharge expressed as the
dimensionless ratio with the peak discharge and its abscissa values of time interval as
the dimensionless ratio with the period of rise (time from beginning to the peak flow).
The ratios for the NRCS dimensionless unit hydrograph are given in Table 9.11.

The unit hydrograph ordinates for different time periods can be obtained from
Table 9.11. However, to use thlS table, the values of P, and Q are required, which are com-
puted as follows:

484A

Q 5= (English units) [unbalanced] (9.17a)
2
VT B
0.208A
Q = L (metric units) [unbalanced)] (9.17b)
pitit
,—7+tl2 [T] (9.18)

The time lag, ¢ 5> 1s computed by eq. (9.9) or by a regional empirical relatlon, or by the
NRCS equation involving the NRCS curve number.

Table 9.11 Ratios for the NRCS Dimensionless Unit Hydrograph

Time Ratio, t/P, Hydrograph Discharge Ratio, (Q/Q,)
0 : 0
0.1 0.030 -
025 0.100
0.3 ; 5}; 2/ 0190
0.4 0310 i
En. 05 = {o. 2 a0t 040 - Qfide &= 04104 p
' 0.6 0.660
0.7 bk 0.820
0.8 0.930
0.9 0.990
1.0 1.000
1.1 0.990
1.2 ; 0.930
13 0.860
1.4 0.780
15 0.680
1.6 0.560
1.8 : 0.390
2.0 0.280
a9 0207 .
24 0.147
26 G 0.107
2.8 0.077
3.0 0.055
35 0.025
40 0.011
45 0.005
5.0. 0.000

Source: NRCS (formerly Soil Conservation Service), 1972.

E%.qz.f?i—e



EXAMPLE 9.8
Solve Example 9.7 by the NRCS method.

SOLUTION
1. t,=8.38 hr, from eq. (9.9) computed in Example 9.7.
2. From eq. (9.18), P, = 4/2 + 8.38 = 10.38 hr = 10.5 hr.

3. From eq. (9.17b),

9 ~0.208(500)
e, s

4. Using Table 9.11, the hydrograph ordinates are given in Table 9.12.

=9.90 m3/s

Table 9.12 Synthetic Unit Hydrograph by NRCS Method
Q)] @2 @3) (4P

QQ,

t/P, tthy (fromTable9.11) Q(m?¥/s)
0 0 0 0
0.2 2.1 0.100 0.99
0.5 525 0.470 4.65
0.8 84 0.930 9.21
1.0 10.5 1.00 9.90
15 15.75 0.680 6.73
2.0 21.0 0.280 2.77
3.0 315 0.055 0.54
4.0 420 . 0.0m 0.11
5.0 52.5 0.000 0.00

2Col.2=col. 1 xP,
b Col.4=col.3x Q,
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