CE 374 K — Hydrology

Runoff Hydrograph Computation

Daene C. McKinney
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Example (7.4.1)

Recall: Shoal Creek Flood, May 24-25, 1981 (Example 5.3.1)
Find: Y2-hr unit hydrograph
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Example (Cont.)

Direct Excess

e Excess Rainfall: M =3 pulses Time Runoff  Rainfall
Time
e Streamflow: N =11 pulses v2hr  cfs in
10:00 PM 1 428 1.06
* Unit Hydrograph: N—M + 1 =9 pulses 10:30 PM 2 s 193
11:00 PM 3 5297 1.81
11:30 PM 4 9131
n<M 12:00 AM 5 10625
Q=R Q= XPUnma  EEm ¢
Q=PU;+ RU, Jo0oAM o 1400
2:30 AM 10 830
Q3 = P3U1 + P2U2 + P1U3 3:00 AM 11 313
Q4 = PUy+ PUz+ RUy
Qs = PUs+ PUs+ RUs
Q6 = P3U4 + P2U5 + P1U 6
Q7 = PUs+ PUg+ RU7
Qg = PUg+ PU7+PUg

Qg = PU7 + P,Ug + PUg



Example (Cont.)

e Excess Rainfall: M =3 pulses Q, Pn
e Streamflow: N =11 pulses | Direct  Excess
e Unit Hydrograph: N—M + 1 =9 pulses e Time Run: Ram:”
_"M osoeM 2 12s 193
o7 2 e A
12:00 AM 5 10625
428=1.06U, o
1923 =1.93U, +1.06U., Jo0aM 9 1409
5297 =1.81U; +1.93U, +1.06U5 SooAM 1 a3
9131= 1.81U, +1.93U5 +1.06U 4
10625 = 1.81U5+1.93U 4 +1.06Ux
7834 = 1.81U4 +1.93U¢ +1.06U5
3921= 1.81U5 +1.93U¢ +1.06U -
1846 = 1.81Ug +1.93U5 +1.06U5

1402 = 1.81U5 +1.93Ug +1.06U,



Unit Hydrograph (cfs/in)
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Example
0

1

Three period storm: :23
1st period: 2 in rain 4
2nd period: 3 in rain 5
3td period: 1in rain 6
Find: DR using UH from last ex. ;
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Unit Hydrographs

1 in. Excess Rainfall in 2 hr storm
(0.5 in/hr) 2 2-hr UH

1 in. Excess Rainfall in 12 hr storm
(1/12 in/hr) = 12-hr UH

1 in. Excess Rainfall in 24 hr storm
(1/24 in/hr) - 1-day UH

2 in. Excess Rainfall in 3-hr storm
- 2*runoff of 3-hr UH

1/2 in. Excess Rainfall in 3-hr
storm = 1/2*runoff of 3-hr UH



Lagged Hydrograph

e @Given a 2-hr UH, a 4-hr UH

can be derived.

300
— Plot the 2-hr UH /\ /'\
— Plot another 2-hr UH, lagged 250 =4=2-hr UH (cfs) |
2 hrs \/ @-2-hr UH (cfs)-Lag 2
200 /\ ]

— Add the ordinates of the UHs a-hr UH (cfs)
and divide by 2to get 4-hr
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S - Hydrograph
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lagging a 1-hr UH e e e e e e e e e L
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UH of Different Duration from SH

Lagging to obtain UH of @ 10000
different duration is

9000
restricted to multiples of R (‘ j
. 8000 A
the original duration /{

7000 ~ B
To obtain a non-multiple oo Y A-B /

duration UH, use the S- / /

Hydrograph method o / 5 - Hydrograph

Plot an S — Hydrograph / )é e
Plot another S — / /

D*(A-B)/t

Hydrograph, lagged bya @ ** / / /

time interval equal to the

desired duration 0 —/ . -/'/

Take the difference
between the two to get
new UH



Hydrographs of Different Duration

SH (0.5) = AtJUH (t)] = 0.5[404]
* S-Hydrograph g, (1) = 0.5[UH (1) + UH (0.5)]

Time 1/2%ar

[ N-M+1
SH(t)=Atf >YUH(t- jAt)}
| j=0

= AtlUH (t) + UH (t — At) +...+UH (t = (N =M +1)At - 202
UH (t) (t—At) (t—( )AL)] o 1070 70
5000 1.5 2343 1913

20 2506 3166
25 1460 3896
3.0 453 4123
3.5 381 4313
4.0 274 4450
e 4.5 173 4537
~Lag S-hyd 5.0 0 4537
55 0 4537
6.0 0 4537
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Hydrographs of Different Duration

e Advance (lag) the S— Hydrograph by a time equal to
the new desired durationat’

e Subtract this Lagged S — Hydrograph SH'(t—At’)
from the original S — Hydrograph to get the new
Unit Hydrograph with duration At’

UH'(t) = Ait,[SH (t)— SH (t - At")]



Hydrograph of Different Duration
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Time 1/2-hr Lagged 1.5-hr
UH S-hyd S-hyd UH
hr cfs/in cfs cfs cfs/in
0.0 0.0 0.0 0.0 0.0
0.5 404 202 0 135
1.0 1079 742 0 494
15 2343 1913 0 1275
2.0 2506 3166 202 1976
2.5 1460 3896 742 2103
3.0 453 4123 1913 1473
3.5 381 4313 3166 765
4.0 274 4450 3896 369
4.5 173 4537 4123 276
5.0 0 4537 4313 149
55 0 4537 4450 58

6.0 0 4537 4537 0



