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./ 1. The mass curve of a storm is given below. Determine the effective rainfall and volume
of direct runoff from the watershed due to given storm, if the area of watershed is 35
km?. Assume the @-index of the watershed as 0.45 cm/h.

Time or start

of storm A

Accumulated

i 0 075(350(4.75]7.15]920(1990|1050|11.75] 130
rainfall (cm)

2. Using the data in Question 1, compute the duration of effective rainfall.

\/ 3. Compute the effective rainfall due to following storm. Take the @-index for watershed

as 0.35 cm/h.
Time since start of rainfall (h) | 0 3 6 9 12
Accumulated rainfall (cm) 0 4 11 15 L7

X On a watershed of arca 35 km?, two storms of magnitude 2.5 and 2.0 em occurring |
consecutively at 3.0 hour durations. The produced hydrograph at the outlet of
watershed is given below. Determine the rainfall excess and @-index.

Time (h) 3 (0 (3 ) 9 12 |15 18 (21 |24 (27 |30 |33
Discharge (m'/s) |45 [45(11.0]23.0 [ 160|145 11.5[7.0 (65|50 (4514545

'/ 5. The followings are the ordinates of 3 hour unit hydrograph of a given watershed.
Determine the ordinates of DRH due to ER of 3.0 ¢m.

Time {h) 013 |6 |9 12 (15 |18 |21 |24 |27|30(33]3639 |42 (45

OUDH (m%s) | 0 | 30 | 70 | 105 | 150 | 180 | 205 | 170 | 100 | 85 | 60 | 50 | 35 | 25 | 25 | 15

/ 6. At the outlet of a given watershed the following hydrograph was produced by a storm

of 4.2 em. Compute the ordinates of DRH and total volume of surface runoff. Assume
the constant base flow as 3.0 m¥/s.




Time (h) 0 |3 6 |9 12 15 |18 |21 |24
Ordinate of hydrograph (m?/s) 3014517020105 |7.0(5.0(|4.0]3.0

f 7. Compute the ordinates of DRH due to two successive storms of 3-h duration having
their rainfall excess as 2.5 and 3.0 cm, respectively. The ordinates of unit hydrograph
of 3-h duration are the same as given in question 5.

A. Compute the ordinates of hydrograph of 5 cm ER, from the given unit hydrograph in
question 5. Consider the constant base flow as 10m?/s.

/ 9. Derive the ordinates of 3-h unit hydrograph for a watershed. The measured discharge
rates at the outlet of watershed are given below. The area of watershed is 500 sq km.

Time (h) 310 03 |6 |9 (12115 (18 [21 |24|27|30
Discharge (m*/s) | 10 | 10 | 10 {37 [ 50 | 75 | 115 | 110 | 101 | 79 | 65 | 61
Time (h) 3313639 (42 (45|48 |51 |54 |57 |60|63]|66
Discharge (ms) | 57 | 50 | 47 [ 4540 [33[30 [25 [17 [15]10]10

74 10. Derive a 9-h unit hydrograph from the ordinates of 3-h unit hydrograph given in
question 5

/ 11. The following are the ordinates of the flood hydrograph from a catchment area of 780
km2 due to 6 hr storm. Derive the 6 hr unit hydrograph of the basin.

Time (h) 6 12|18 (24 |6 12 |18 |24 (6 12 |18 (241 6
Discharge (m's) | 40 | 64 | 215 | 360 | 405 | 350 [ 270 | 205 | 145 [ 100 | 70 | 50 | 40

)( 12, The following data represent the ordinates of hourly interval of one unit hydrograph;
Time (h) 01 12 314 |5 |6 [7|8[9]10|11 |12]13
UH coordinates {m*/sec) 0158(110(96(53 (26|14 |8|5(|4(3 [15]1 |0

Compute storm hydrograph resulting from three-hour storm rainfall as;
Time (h) 1% hr 2% hr 3% hr
Rainfall depth (cm) . 4 3 2.5

Take @-index as 2 cmy/hr and assume a base flow of 2 m¥/sec.
_ 13, The flood data and base flow in a storm are estimated for a storm in a catchment area

of 600 km?, Estimate the rainfall excess.
Time in days 0 1 2 3 4 5 6 7 8 9
Discharge (m*/sec) 20 |63 [ 151 (133 |90 |63 |44 [29 [20 |20
Base flow (m*/sec) 200 (22 (25 |28 |28 [26 |23 |21 |20 |20




AQSESn-m Qn‘t 4

~— Accamalcted | Rainh M [oss of Effech Lotons;
-3 ‘N “Time . . ve .Sw
Tre Sow | U 00| gyl | et | whin | Renkf | of oR
(h) ﬁho Cem) Cem) At ﬁgb ﬁns...b ﬁn!\t
o — ®) @ O ) S
3 3 Q.75 0-75 | 1-35 O O
& 3 3.59 2.75 | ¥ 35 140 | 0-46%F
9 3 4 75 .25 .35 O )
2 2 LS 2.406 1-35 [-05 0.350
'S 3 9.20 2.05 | 135 o.F0 | 0-233
(g 3 g.90 0. 70 (.35 o ®)
2| 3 /6. 50 Q. 60 .35 O 'e)
O
Un“ /W \;w. O /. -p.ml \.,W/W\ O Q
. . h
[ass o._n wadie 1A \V.m\ s X ﬂ?)khx\ = 3 Xg.45 03\&
~ E 4o ctive E:%PQ. mJ\F\.h& = mN\P.m =

——
et

.35 em

(40/3 = o.A.m..Ts\h



| 2
Effeche minfall = Aea of ER hyehogeph
= 6.4-6? + 0-350 ¢ 0.233)3

= 3.15 cm,

e —
[

Vo (dme of divect vundff - ER x Area of
Watershed

3.1
/4 Q

- &
m X 35 X/ Ml

—
—

- 1.1025x10° W3

2. Duraton d’f e‘)af’&c‘/ﬂ/e, mfn]gj»(f 3+3+3= 7A

Pltme Ginw  Accumidd ekl ER
RE Start (&)  RP (em) ;Zcﬁ)t “)
o o) | © ©
2 4 4 4 - (o-_?,SX3> < 295
6 I 7 7 - (o:35x3) » 575
9 15" 4 4 - Co3sn3) - 298
a . > » _ Coasx3) = 9. 75

bl ER 128 em

—



& .
Bine| ODRH VYolume of Direct RundfF
3 < nd
Time (j\) Q@/S) i{:’;‘:' (@/_9 (Acen of DRH) ()
O
-3 4.8 A S
O O
o 4.5
2 /-0 g__;' '-é-x Ax 6axb60 x 6-5
/4 23-0 18.G -_%_—xaxéo x §a » (6'5""3'5)
| /6.0 1.5 |2 x3 60 x 60x (18-5 +11-5)
12 /L/-_S- 1. 0O ‘lihs Xéa'rnéa (ll..g.‘.tq)
|
s (-5 2 7. 0O ,;/-xsxéoxéono-t- 7)
(& 7.0 2.5 éxzxéoxéou(_'T-l-J-S)
2 £.5 2.0 \g'ﬂs.x_(-.o xGOA(Z.S‘l"J)
-7-1,'- 5.0 o-.S %‘.1‘-3K6ox-60 x@-§+2.o)
27 4.5 o /15_1&31.6ox6€3 x 0.5
30 4.5 o a

Lx 3%x6axébo0 l:é.S+ (e-s+18-S)¢ (185 +11-8) + (.sH19)+
jo )
Qo +‘1) . L‘H—‘l-:a + G5+ o.g)

= 63| &0

—

3
™

Puncff Wlume F)  ¢a) soo o

D_e‘)f‘. Q'F QHM‘.F‘F £ .
Acea of basin Cmd)

2

1R M
= G.Ql&lm

x (-8

om




Time CA) OUHG Ordinater & DRH dug B
(/2D 3em ER)
o S ©
3 2o 9o
210
A 70
9 [0S 215
12, Aw)e 4-5°
IS ) 80 540
& 205 615
2l iI70 519
24 loo 200
27 85 255
30 460 1 &0
33 5o 15D
36 3¢ 105
39 25 75
&2 25 75
Ry ‘g!_g 4-5 I




6 ' Ordine T of Base ODRH
'Ffdu-' m;
Time (:2))\ hjhja}k (,"39 () G /“9 .
e 3-0 <
3 4.5 s
4.0
& 7 0
9 (2.6 G.0
= o | 75
12 105 o
Y 7-O 4-.0
| & | 5.0 2.0
21 4--0 -0
2.4 3-0 v L ©

/'Z'il/ l/a(,b{mz O7c Sqﬂg«cﬂ f'unc?a;lc
( Mvea of DRH) ()

= i—x 3% ox b0 [1-5 + C'-$+4~0)+Q- +9)+(q +7.5)+ QS+@+

(4 +:.)%—Q2 +)+Q )J

= 213 200 ™
p)




*.
. DR M jDR: ODRH
T Ch dae o 25l ot e o) oy
N @ | Gecwio 1 Feen) S5Bem
B aqqed by 34 ER (o?fs)
o O ) @) S
6
70 | 75 90 26%
9 05 262.5
. o — 210 472.5
375 33 4
IS /] &0 4SO e
4-5 Qo0. O
& Jos 512.5 °
2. S4+0
21| I'70 425 loe2.>
S €15
24 {00 250 [~ e lo4o
) 76
2,7 35 2LI2.5 B0 o -
Si12.5
30 69 1S 2585 4-
, oS
_2 50 [ 2 S [ 8O 3 oS
3 -
35 8§7.5 15 237. 5%
as -
39 €2.5 105 167. S
5‘ — ,
4 1S 37. 75 2.5
48 o Q
N . 45 45
5 O Q




T (‘9\ OU HG’ OfC{l'ﬂa‘fV.& alc Base OfJ(ndtLo_ 670
e (4) Cwfs) | DRH dug %@ ﬁﬂ;"’ Hydageapin
S ER Cﬂ;/:) C /J) (n‘s/‘()
G O O A O
4 70 256 Lo
? ([0S 5 25 535
I 1 S 750 7€
S |0 900 9.0
14 205 /625 [03G
&S50 860
")_’ 1770 0 i
‘2% (&0 =YsRe O ST A
27 8S #2125 - 435
| kY XKe)
30 6o 2300
33 250 260
36 > 175 | &S
| 37 25 ] 257 126
7.3 25 125 \b 13§
4| 15 75 €s”
48 © 1o




Time.

®
B) | (=70

-3 o
o) (@
3 /S
4 37
9 | Sb
2. | 75
Is| s
18 1o
2|ty
24| 77
27| €5
30| 6/
23 g7

34| 52
3q| ¢7

4.2 ¢S5
45| ¢o
48 32
S| 3o
54| 25
SA 17
So| /S
63 ] o
¢l o

— (O mg/f

Y

’(Z'M Va(ﬂmp_ G'F Divect QunafF (ﬂf&ﬂ °‘f( DRH)

L 2

/
ER= RAad Dicecd Runsft 9 136800

,i.,x 2ax 86 X600 x L5

< ’3{/&1Q

= o .0183
) rea of Watenhad 580 X et : /- PR cm i




Odinddes of 3h | Ocdinohes of - Ocdinates of

Time_ | OUME | 4HG I-«j&uﬁl &y DRH dug @ Qb UH§
eSHRED ah € h 3cm BR in 9k C.mYs)

. o o ) O &

3 2e o o 20 (O

6 70 30 o /o © 23.3
9 (05 /0 30 205 £8 -2
(2 | /s |les | 70 3257 (8. 3
5 | rge | Jsp | 105 4 35 le &
T G e - = RN
21 170 205} |&o 5585 | & C
24 | (o0 170 | 205 G758 158-3
27 | 85 |ree 90 255 (ne-3
20 £ 85 (o0 24 & 81-7
23| so 6o 8.5 19 ¢ 65

36| 35 £ 60 145 “5-3
39| 25 25 50 /0 O 33. 32
42| 25 25 28 75 28
451 Ig T 25 5% (& 3
48 © a s /S S

o O o




Tora | © | Bae QDRH Ora{znﬂfq of &b

(R) | (Y| skl )| ot bydagaph Gl

6 40 A Q <

[ 6 o 24 24_/4,_.93_ s 4 .88
& 218" (75 75/492 = 32 57
> 240 2256 S . o

6 465 3 (S Z4. 19

‘2 352 . | 3o ¢ 3.0l

(& 270 "ﬁ. 2 30 4 6. 7S

S T I R 33.5¢

¢ s \ (0S 2134

2 160 | 6o 2 .20

& 70 30 6. /0

24 5ea { O 2.62

& |40 ] 7 | © o

4

Totnl wvalume of Dicect Runaff (Acea of DRH)

4
2

X §x 60 xb0 x 355¢

3

39) 395, 290 Mm

=

’T?rd'a,f Direct MUn csfjc

32
3F 383 2¢9 m

Pvea of Wotegbed

2

780 x (0 w
= 6, 9«92 m

= 4.92 em

@]




(

{2 . ¢ inAe;g = 3 C.-Wl/‘e‘
h s
& 1L mn‘ﬁ.u ex.cags = 4 -2 & 2 Cm
Q.“Cl he mn‘fhu exwss S 2 - 3 x I em
.3'?k hour inhAll exwss = 2.§-2 = 0.S Cny
ODR H ODRH ODRH |Rase] Shoem
Tima uHO ODR R ot duety lmﬂ C\L*QTU 3 d‘-’-’-—b’:}u\ Haw Wi‘ma‘lt’h
R | () e dfe | storen ()| Shacm (Pl chorras () (/s
o < A o
o | o o o
V1 &
1 oy 3 S Q - [é
2y 280
2. e | 220 S& o 278
3 1 9¢ | 192 he 29
| 257 259
¢ 53 10 § 96 55
S 2L 52 53 4 8 153 1s&
6 1 28 R T R S % 82-S
7 X 16 L ) (2 4.3 N 43
§ 5 (Q & 7 25 \ 27
1 * & = 4 \ 7 |§]
Te) 3 6 4 2-5 12-§ 1.8
Iy .S 3 > Py o 6
i3 o @ l g-7)¢ | 1-7€ 2.5
-y uﬁol = Uait H‘ycfng‘a[_ék O('O(A'nq'f‘q . o




12
3,

Time & Base OPRH
(dag) (/8D s (wifs)

(ms)

o 20 20 O

‘ 63 22 ¢ |
2 /5] 25 [ 26
3 /23 28 | o
7a G o 28 62
£ §€3 24 37
4 4-4 23 2|
7 29 =21 8
& 20 2.2 o
g 2o 1e O

Total  velume o direct rqna# O’Trz-a of DRH)

Yy £ 6
l x | X 24 % 60 KGO [4—[+Q61_41_¢)4_Q2_6+(05)+(103{- 2_)
= 2

Hers7) + @3 421) aCatc8) ]

3
(s} m
< 34 , 5S¢0, 000

3
Todhd Divedt Runoff = 34 S80 000 ™

boo )Cubé me
Acen of wetethed

ER s

s O0.08F&m

= 5-76_ m

——







