8. Unit Hvdrograph Hvdrofogv-z"d (2024/2023) Prof. Dr Rugavah K. Mohammed

8. Unit Hydrograph (UH)

8.1 Components of the unit hydrographs.

UH: The hydrograph of direct runoff resulting from one unit depth (1 em) of rainfall excess

occurring uniformly over the basin and at a uniform rate for a specified duration (D hrs).

e The term unit here refers to a unit depth of rainfall excess which 1s usually taken as /

cm.
e The duration, being a very important characteristic, 1s used as a prefix to a specific UH.

Thus, one has a 6-hr. unit hydrograph (UH), 12-hr. - UH, etc. and in general a D-hr. UH

applicable to a given catchment.

Two basic assumptions constitute the foundations for the UH theory:
(1) the time mvariance, and

(11) the linear response.

-— Unit 1
E period = T cm/hr
t T
= -
E € st Prer = 1om=ixt
i i‘ Recession time T, =i
: Lag time !
— Q to_.- :
Q, r-t,/2---——--—--7 Peak of UG, Q,, cumec !
L]
T T Time to pe E
oy Concen- -
g tration time I, inflection '
ts point :
2 ! :
= H Unit :
! hydrograph -
L]
Area under | ‘
(= bt : Channel :
= 1cmof ; storage !
runoff over | :
catchment |} :
area A - H
- H
L]
i: Time base T-(hr) -':‘l

(Runoff duration)
Time t (hr)—p»

Fig. 8.1 Elements of Unit Hydrograph.
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T=t+T,

Where T = Time base of UH;

t,= rainfall duration;

T, = Time of recession after the rain;

Qp=CIA

Where Qp = peak discharge;

C = runoff coefficient;

I = rainfall intensity;

A = Area of basin.
8.2 Derivation of the unit hydrographs.
The following steps are adopted to dertve a UH from an observed flood hydrograph (Fig. 8.2).

(1) Select from the records single-peaked intense storms, which occurring uniformly over the
basin have produced flood hydrographs with appreciable runoff (>1 cm, say, 8 to 16 cm). The
unit period selected should be such that the excess rainfall (i.e., Pye;) occurs fairly uniformly

over the entire drainage basin.
(2) Select a flood hydrograph, which has resulted from a unit storm chosen in item (1) above.
(3) Separate the base flow (BF) from the total flow (TF);

(4) From the ordinates of the TF hydrograph (at regular time mtervals) deduct the

corresponding ordinates of BF, to obtain the ordinates of DR;

volume of DR

(5) Phet = A >

(6) Divide each of the ordinates of DR by the P, depth to obtain the ordinates of the UH.
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(7) Plot the ordinates of the UH against time since the beginning of DR.

This will give the UH for the basin, for the duration of the unit storm (producing the flood

hydrograph) selected i item (1) above.
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8.3 Average unit hydrograph

It 1s better if several UHs are derived for different isolated (single peaked) uniform intensity
storms. If the durations of storms are different, the UH; may be altered to the same duration.
From several UH; for the same duration, so obtained, an average UH can be sketched by
computing the average of the peak flows and times to peak and sketching a median line, so that

the area under the graph 1s equal to a runoff volume of 1 cm, Fig. 8 4.
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Fig. 8.3 Average unit hydrograph

Example 1: The table below gives the recorded flow from a storm of 3-hrs. duration on a
stream with a basin area equal 2231 km’. Derive the UH for the basin if the BF is 600m/s.
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Time (hr.) | Day 1 | Day 2 | Day 3
3 AM 600 | 4600 | 1700
6 AM 550 | 4000 | 1500
9 AM 6000 | 3500 | 1300
Noon 9500 | 3100 | 1100
3 PM 8000 | 2700 | 900
6 PM 7000 | 2400 800
9 PM 6100 | 2100 | 700
Mid night | 5300 | 1900 | 600
Solution:
Coll| Col2 Col.3 Col4 = Col.2 ColL. 3 5=4/29.82
Timme | Flow | Base Flow . NN 3-hr UH
(day) _(m3 /s) (m’/s) Direct Flow (m’/s) (m/s)
3 600 600 0 0
6 550 600 0 0
9 6000 600 5400 181.09
12 9500 600 8900 298.46
15 8000 600 7400 248.16
18 7000 600 6400 214.62
2 6100 600 5500 184.44
24 5300 600 4700 157.61
27 4600 600 4000 134.14
30 4000 600 3400 114.02
33 3500 600 2900 9725
36 3100 600 2500 83.84
39 2700 600 2100 70.42
42 2400 600 1800 60.36
45 2100 600 1500 50.30
48 1900 600 1300 43.60
51 1700 600 1100 36.89
54 1500 600 900 30.18
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o)l 1300 600 700 23.47
60 1100 600 500 16.77
63 900 600 300 10.06
66 800 600 200 6.71
69 700 600 100 3.35
T2 600 600 0 0
Sum = 61600 Sum = 2065.728
Volume 61600 x3 x 3600
Depth = = = x100=29.82 cm
A 2231 x 10
2065.74 x3 x 3600
To check ....... depth= z x100=1cm must be
2231 x 10

Example 2: Two storms each of 6-hrs duration and having ramfall excess values of (3 and 2

cm), respectively, occur successively. Determine the resulting direct runoff hydrograph if the 6-

hrs UH for the basin 1s tabulated below:
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Tmme | 6-hr-UH
(hr) (m’/s)
0 0
6 25
12 50
18 85
24 125
30 160
36 185
42 160
48 110
54 60
60 36
66 25
12 16
78 8
84 0
90 0
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Solution:

: DRH DRH

T]hJ:;ne 6—hr3—/UH of (3 o wE (2 cari TotalsI/)RH
( ) (m S) (m3 /S) (m3 /S) (ll‘l S)
0 0 0 0 0
6 23 75 0 75
12 50 150 50 200
18 85 253 100 355
24 125 373 170 545
30 160 480 250 730
36 185 555 320 875
42 160 480 370 850
48 110 330 320 650
54 60 180 220 400
60 36 108 120 228
66 25 75 16 147
72 16 48 50 98
78 8 24 32 56
84 0 0 16 16
90 0 0 0 0

8.3 Unit Hydrograph From Complex Storms

UH; from complex storms, involving varying intensities of rain can be obtained by considering
the complex storm as successive unit storms of different intensities and the runoft hydrograph,
due to complex storm, as the result of superposition of the successive storm hydrographs. The
ordinates of each storm hydrograph are obtained as “the storm intensity times the corresponding

ordinate of the UH” as shown in Fig. 8.4.

The UH ordinates:

uj, Wy, ... are thus obtained by writing a series of eqs for each of the ordinates Q;, Q, .... of

the runoff hydrograph (due to complex storm) and successively solving them. In Fig. 5.3,

Number of equations can be write to calculate (Q,) by (n-m+1) unknown values of UHG;
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Where m = number of the rainfall excess, (R).

n = number of the pulses in the DRH, (Q).

n—m+ 1 = number of the pulses in the UH, (U).

Q
Oy =2U 0+ 04 e eer e KLKKL &y = ?1
—-—YUu
Q=xu,+ yu, +0+ - .......... KKK K Uy = @ -y
X
— YU, — ZU
Qz=xuz+yu,+ zu, +0+---. KKLKLK K S Uz = Os =y x2 1
5
=2
E 2 W <— P due to 3-storms
s 8 77777 yy cmy/
A DS NN S
— et Dl —H

Observed hydrograph

Q; =xu,
Q, =xup+yu,
Q;=XU3+YyU,+2Zu,etc

Successively solve
for u,, u,, ug, etc.

which give t, - hr UGO

Discharge Q (cumec) —»

Time t (hr) ———»

Fig. 8.4 Derivation of unit hydrograph from multi-period storms
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Example 3: Denive a UH from a DRH data resulting from a storm of variable rainfall excess.

Time (hr) 1 2 3 4 5 6 7 8 9 10 11
DRH (cfs) | 428 | 1923 | 5297 | 9131 | 10625 | 7834 | 3921 | 1846 | 1402 | 830 | 313
E.R. (in) [1.06] 1.93 | 1.81
Solution:
m=3 number of the rainfall excess, (R).
n=11 number of the pulses in the DRH, (Q).
n—-m+1=11-3+1=9 number of the pulses in the UH, (U).
Time L 15 storm Z‘EIs{gjml 3% storm DEU UH
f f: f
@ | ) 1 106im) | ¢,1.931m) | @ 1.811m) | P (¢5)
428 = U=
1 U, 1.06 x U, 0 0 428 BB o
1923 = U, =
g Uz 1.06 XUy | 193xU, D 1923 1.06 X Uy + 1.93 x 404 1079
5207 =
3 U, | FO6XUs | o35y, | 1.81xU, | 5297 1.06 x Uy +1.93x1079 + 2[;34;
1.81 x 404
1.06 x U 1.93 xU Alal= Usz=
4 Ua SRS 22 XUs 1181 xU, | 9131 1.06 x Us+1.93 x2343 + 25*0‘6
181 x 1079
10625 =
- [ =
s | w | LORXUs | LBAGGINHLXU | T0O2 1 106w it 1.0 xas06 | O
- 1.81 x 2343
7834 =
6 67t 106 x Us | 1.93xUs | 181xUs | 7834 | 106 x Ug + 1. 93 x 1460 + ﬂg;
181 x 2506
1.06 x U 1.93xUs | 181xU SEL= U, =
7 (N X L 3 X Ug S1XVUs 13921 | 1.06 x Uy +1.93x453 +1.81 251
X 1460
1.06 x U 1.93xU, | 1.81xU 1515~ U=
8 Us bRl Lot S1XUs | 1846 | 1.06 x U + 1. 93 x 381+ 1.81 §=
274
X 453
1.06 x U. 1.93xUs | 1.81xU 1102 = Uo=
9 Us 210 Xy o SIX U7 11402 | 1.06 x Uy +1.93 x 274+ vy
1.81 x 381
1.06 x U 1.93xU, | 181xU Rele= Uis=
10 U D0 X Lo 3 X Lo I X Us | 830 1.06 x Uy 1.93x173 + | “07
1.81x274
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Example 4: The stream flows due to three successive storms of 2.9, 4.9, and 3.9 cm of 6-hrs

duration each on a basin are tabulated below. The area of the basin is 118.8 km’. Assume a

constant base flow of 20 cumec and an average storm loss of 0.15 cm/hr. Derive a 6-hr UH for

the basin.
Time (hr) 0] 36| 9 | 12 |15] 18 | 21 | 24 | 27 | 3033
Flow (cumec) | 20 | 50 | 92| 140 | 199 |202 ] 204 | 144 [ 845 | 455 |29 | 20
Solution: For the 1% storm (0to6) :x=29-0.15x6=2cm
For the 2™ storm (6t012):y=49-0.15x6=4cm
For the 3™ storm (0to6) :z=39-0.15x6=3cm
Time UH lsr . letP]tRH 31‘(1 t DRH Equatlon 6—1‘11'.—
h storm storm storm _ _ UH
oy (x,2cm) | (y,4cm) | (z,3 cm) O H=1R-BF
0 | U 0 : - 20-20=0 0=20-20 0
3 | U, | 2xU, : . 50-20=30 2 xU, =30 15
6 | u, | 2xU: 0 ; 92-20=72 2 x U, =72 36
g | o, | ¥ | 4XTh ' 140.20-120 | 2X D IAXUT |50
2xUs+4xU,+0 | 175
12 | u, | 2XUs | 44X 0 199-20=179 — 179
15 | U, | 2XUs | 4xUs | 3xUl | 5p90=182 | 2XUsF4xUs*3 | ¢
x U, = 182
18 | Ug | 2%Us | 4T | 3xUr | 5gq90-184 | 2XUst4XUst3 | 5
x U, = 184
o1 | U, | 2XUn [\ 4xUs | 3XUs | jg490-124 | 2XUrFaXUst3 1
x U, = 124
24 4xUs | 3xUs |gqs590-6a5| 4XUst3XxUs™
64.5
27 4 xU, 3 x Us 455- 4xU-+3xUs =
25.520=25.5 25.5
30 3 xUs 29-20-9 3xU; =9
110 x 3 x 60 x 60
Depth = =0.0l m,or 1 cm ok

118.8 x10°
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