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Hydrology

(Solutions for Text Book Practice Questions)

01. Precipitation

01. Ans: (d)

Sol: Existing no.of rain gauge stations m = 6
Average depth of rainfall P =92.8cm

Standard deviation of rainfall o = 30.7 cm
Allowable error (E) = 10%

Optimum no. of rain gauge stations,

1006 100x30.7

Cy — =33.08%
P 92.8
c, ]’ 087"
n=|—| = 3393 =10.94~11No’s
E 10
02. Ans: (b)
Sol: n=15; Cv=33%
C 2 2
5] -
E
E =14.758%
% Accuracy = 100—% error
=100-14.758
=85.24%

03. Ans: (d)
Sol: .0 NA:NCZNBi 10% NB
.. Simple mean method is used

P, +P. 153.0+145.0
2 2
=149 cm

Py

04.

Ans: 1093.43

m

N, | P P P
Sol: P, = Pl: Q 4R +—S:|

0s.

Sol:

06.

07.

08.

N, N N

860

3 1850 920 980
P;=1093.43 mm

780{930 1010 PS}
= + +

Ans: (b)
>47 cm f----\--2

depth i

47ecm [~"777C . 3day =t

i 1 day =t,
10* km® Area

For 3day storm
Average depth > depth of one day storm
>47 cm
Ans: (¢)
Refer previous ESE-Obj-(Vol-2) solutions
Book (Cha-1, 30™ Question -pg: 297)
Ans: (¢)
Refer previous ESE-Obj-(Vol-2) solutions
Book (Cha-1, 12™ Question -pg: 293)
Ans: (d)

Refer previous ESE-Obj-(Vol-2) solutions
Book (Cha-1, 10™ Question -pg: 293)
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09. Ans: (¢) 02.
Refer previous ESE-Obj-(Vol-2) solutions Sol:
Book (Cha-1, 29" Question -pg: 296) Time | Rainfall - P, —P, i=mm/hr
(hrs) | (mm) Lo —t (2 hr)
10. Ans: (b) (mm/hr)
Refer previous ESE-Obj-(Vol-2) solutions (30 min)
Book (Cha-1, 35™ Question -pg: 297) 10.00 0
- 10.30 6 i = % =12
( Conventional Practice Solutions D 1100 T i % 1
oL i, =i2‘°=12
Sol: Given: 11.30 . ' =%=10
Na — 610 Pa —? 2416
Ny — 554 Py —5 22 12.00 24 g =% =16
N¢ — 468 Pc— 29
12.30 29
Np — 606 Pp—> 35 =222
Ni > 563 Pg - 13 e 4
Nr — 382 Pr— 25 . 57-24

3829 i, 5 =16.5
13.30 51 s

Arithmetic Average Method:
_ Py +P.+P,+P, +P;

P 14.00 57 . 51-38
’ m "5 8
22+29+35+13+25
P, = 14.30 61 L _S7=SL 4,
5 iy = -
0.5
= 24.8 mm L L
5.00 66 i
Normal Ratio Method: 1 0.5 . 67-57
[ 6061 iy =———=5
05
PAINA i + e + Py + P +£ 15.30 67 . 67-66
m|N, N. N, N, N, iy, = =2
16.00 | 67 05
610( 22 29 35 13 25) 12=0
P, = + + + +
5 \ 554 468 606 563 382
=30.25 mm
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=1-(0.1+0.2+0.3) = 0.4

For 30 min interval —

30 P=10x0.1+15%x0.2+20x0.3+25%x0.4
26

25— ] =20cm
E 20— 18]
E 16
= 157 1 . 03. Ans: (a) 35
£ . [ 110 10| [10] 1 10 .
210 ) Sol:
g
k=
g 7 5

0 10 10:30 11 11:30 12 12:30 14 14:30 15 15:30 16

Time (hr)—

For 2hr interval
16.5

15—

10— NE)

A= 4x4+7(4)2 =22.928km?

% A=A, _ Lok - 2km?
10 12 14 16 2

Time (hr) >

Rainfall intensity (mm/hr)

%ﬁ?f" ! 13y )
//é Az =As; :EX2X2+§XTX(4) =4.309 km

02. Mean Precipitation Calculation

N\

01. Ans: () A, =lx£(4)2 =2.308km?
34
Sol: P — P.A, +P;A; + P AL +P A,
A, +A +A.+A, Ag =+/8x/8 =8km?
_ 3xT75+5%x125+4%x150+6x%x150
75+125+150+150 5 _PA +PyA, +PsA +P A, +PsAs +PA
=47 cm A
. F_8><2-+—13><2+4.8><4.309+3.2><2.309+5.4><4.309-+—9.4><8
02. Ans: (b) - S
Sol: §=PAX%+PBX%+PCX%+PDXh P=735cm
ﬁzl_ AA +AB+AC
A A A A
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04. Ans: (b)
Sol:

Al[z
P=

. An_l[P““; P, }

A

9 15+12 12 1249 12 9+6 17 6+3 +8 3+1
2 2 2 2 2

P=
600
=74 cm
05. Ans: (b)
Sol:
30x12+ 140 x| 2110 ) go [ 108
2 2
+180x(8+6j+20(6+4j
P 2 2
30+140+80+ 180+ 20
=8.84 cm
Note: Formula same as earlier problem
08. Ans: (¢)
Sol: P, =45cm,
P, =55cm,
P;=65cm

ol
P

P, +P,

P, +P
o232

A

100[4542-55}+150[5542-65}

100 +150

=56 cm

09. Ans: (¢)

Refer previous ESE-Obj-(Vol-2)
solutions Book (Cha-1, 5" Question -
pg: 292)

10. Ans: (100 cm)

Refer  previous ESE-Conv-(Vol-2)
solutions Book (Cha-2, 6™ Question -
pg: 226)
(Conventional Practice Solutions )
01.
Sol:

(i) Arithmetic Mean Method

P +P,+P +........ P
n

P=

135+143+137+128+102+115+99+101
8

P=

=120 mm

(ii) Thiessen Mean Polygon Method

_PAL+PgAp+. +P A
A

=120.8 mm
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02.
Sol:
Weightage
Boundary Factor = | Recorded | Weighted
Raingauge | of Thiessen 5 (Fraction of | station station
Area (km”)
Station | polygons as total area) rainfall rainfall
in fig. _ Area (cm) (cm)
13200
P 301a 60x40 = 2400 0.1818 120 21.816
Q 102b 60%40 = 2400 0.1818 110 19.998
R 20dc [(60%40)+(60x60x1/2)]=4200 0.3182 100 31.82
S 30de [(60x40)+(60x60%1/2)]=4200 0.3182 125 39.775
Total area of catchment = 13200 1.0000 113.41

160
140

120
100

80
e

b=

]

Average precipitation over the catchment in 2005 = 113.41 cm
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03. Frequency of Point Rainfall &
Probability

01. Ans: (i) 2.5, (ii) 2, (iii) 1.25
Sol: Return period (T) for a magnitude listed at
a position “m” in a total of ‘n’ entries is
T n+1
m

Arrange all flood data in descending order
and allot rank to each flood (i.e)

Annual peak flood
3 Rank
(m’/s)
130 1
120 2
100 3
80 4
75 5
70 6
60 7
50 8
40 9
. . 3 9+1
(1) Return period of flood 80 m”/sec = I
= 10 _ 2.5
4
.. . 3 9+1
(i1) Return period of flood 75 m”/sec = = =2
.. . 3 9+1
(ii1) Return period of flood 50 m”/sec = ——
= 10 1.25
8

02.

Ans: (d)

Sol: T =20 years

I 1

S p=—=—=0.05

03.

04.

Sol:

0s.

Sol:

T 20
n =12 years
q=1-p=1-0.05=0.95
Probability of occurring at least once

= 1—¢" =1-0.95"=45.96% ~ 46%.

Ans: (¢)
Refer previous GATE solutions Book
(Cha-1, 2™ Question-(1M) -pg: 662)

Ans: (a)

n =50 yrs

T =100 yrs

T 100
q=1-P=1-0.01=0.99
Risk = 1—(q)" = 1-(0.99)°
=0.395=39.5%

Ans: (¢)
Risk =20% = 0.2; n = 10yrs, T =?

Risk = 1—(q)"
0.2 =1-(q)"* =q=0.9778

P=1-q=0.022
1 1
T=—=—-—-=4545%~45yrs
P 0.022
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06. Ans: (d)

Sol: For 6 cm rain fall

Rank m=6
n=10
(i) Hazen formula,
T=—0"
m-—0.5
po 10 _10_2
6-05 55 11
(i1) By Weibull Formula
T=n+1=10+1:£
m 6 6
07. Ans: (d)
Sol: T=100yr
n=2
P:l:L:0.01
T 100

q=1-P=1-0.01= 0.99
Risk = 1—(q)" = 1—(0.99)> = 0.0199 = 1.99%

08. Ans: (i) 0.025, (ii) 0.397, (iii) 0.975
Sol T =40 years

11
D) pes e 0.025
O P=7=70

q=1-p=1-0.025=0.975
(i1) At least once in next 20 years
Risk = (1-¢")=1-0.975>
=0.3973
R =39.73%
(i11) Probability of occurring of flood

magnitude less than 4000 m’ /sec

09.

10.

11.

12.

13.

14.

Probability of not occurring a flood of

magnitude > 4000 m” / sec
q=0.975

Ans: (b)
Refer previous ESE-Obj-(Vol-2) solutions
Book (Cha-1, 24™ Question -pg: 295)

Ans: (d)
Refer previous ESE-Obj-(Vol-2) solutions
Book (Cha-1, 2nd Question -pg: 292)

Ans: (¢)
Refer previous ESE-Obj-(Vol-2) solutions
Book (Cha-1, 25™ Question -pg: 296)

Ans: (d)
Refer previous ESE-Obj-(Vol-2) solutions
Book (Cha-1, 34™ Question -pg: 297)

Ans: (¢)
Refer previous ESE-Obj-(Vol-2) solutions
Book (Cha-1, 42™  Question -pg: 298)

Ans: (3574.6 m’/sec)

Refer previous ESE-Conv-(Vol-2)
solutions Book (Cha-7, 04™  Question -
pg: 260)

.X®) 0B 03 T IO R B OIS Nl Hyderabad « Delhi « Bhopal « Pune » Bhubaneswar ¢ Lucknow ¢ Patna « Bengaluru « Chennai ¢ Vijayawada ¢ Vizag « Tirupati « Kolkata « Ahmedabad




AR

/4 N}
v v
v v
VN .Y Engineering Publications

ESE-Postal Coaching Solutions

(Conventional Practice Solutions )
01.
Sol:
(i) n—>10years, T=50years
1 1
=—=—=0.02
P T 50

q=1-p=1-0.02=0.98
once in next 10 years

n— 10 years, r=1

P(1,10) = ﬁi)!ﬂ(pr(q)"‘f

|
= %(0.02)2(0.98)10‘2

=0.166 = 16.67%

(i1)) Twice in next 10 years

= 1—0' 2 10-2
P(2,10) = 10—-2)12! (0.02)7(0.98)

~10(0.02)°
8Ix2!
=0.0153=1.53%

(0.98)"

(ii1)) Occurring at least once in 10 years = Risk

R=(1-q")=(1-0.98")
=0.1829 = 18.29%

02.
Sol: T =100 years
1 1
=—=——=0.01
P T 100

q=1-p=1-0.01=0.99

(1) Will not occur in the next 50 years
=(q") = (0.99")
=0.605 = 60.5%

(i1) Will occur in the next 1 year
=1-(q")=1-(0.99)' =0.01 =1%

04. Evaporation & Evapotranspiration

01.

Sol:

02.

Sol:

Ans: 5.157

Depth of water removed,

_ 42%x107
UL 2
=(1.22
71.22)

Z x1000 =3.592mm

Pan evaporation

E=PtZ=8.75-3.592=5.157 mm

Ans:11.94 mm & 8.35 mm

Depth of water added
-3

(z)=31X19 1000 =7.736 mm
T 2
—(12)
4

Pan evaporation, E = ptZ
=4.2+7.736

=11.936 mm (+Z — water added
— 7 — water removed)
(Actual evaporation = Cp x pan evaporation)
=0.7x11.936
=8.35 mm
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03. Ans: 61.08
Sol: Increase in storage
=103.258-103.2=0.058 m

YI-X0 =+ AS =+AS
("." +— increase)

[[+P]-[O+E+S] = +AS

{6 x 32;()?)4:122 60 1000 + 145}

~ [6.5 X 35(());()23;0?0X 60 _ 1 e 0}
=0.058x1000
[456.04]-[336.96—E] = 0.058x1000
E=61.08 mm

.. Evaporation loss in that month
E=61.08 mm

04. Ans: (d)
Sol: >1->0 ==AS
Plan area of reservoir = 1 km’
= 1x100 =100 ha
12x0.7

= 10+i><100 -1 20+ x100 + seepage
100

20 x100
0

[inﬂow +Pr ecipitation] - [outﬂow + Evaporation + seepage]
(Ha.m) (Ha.m) (Ha.m) (Ha.m) (Ha.m)

= change in storage
(Ha.m)

[10 + 3]-[20 + 8.4 + seepage] = 20

.. seepage loss =4.6 Ha.m

Note: All values substitute in above

equation in Ha.m

05. Ans: (a)
Sol: R =200 watt/m’
L = 2441 kJ/kg = 2441x10°J/kg;
Pw =997 kg/m’
R 200
T oL 997x2441x10°

=8.218x10"* m/sec =~ 7.1 mm/day

06. Ans: (¢)
Sol: P=7.2%,
Tm=18°C,

K=0.7

Consumptive use

= PET = I?:f)m x 2.54 cm/ month

O.7><7.2><(1.8><18+32)X254 mm

100 month
= 82.44 mm/month

PET =

..consumptive use

PET = % =2.74mm/day

07. Ans: (a)

consumptive use

Sol: K= -
pan evaporation

consumptive use
9.5

0.52 =

Consumptive use= 9.5x0.52
=4.94 cm/month

January no.of days = 31

Consumptive use

= 4.94x£ ~ 1.6 mm/day
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08.
Sol:

09.

11.

12.

13.

Ans: (¢)
Indian standard pan
. Cp=0.8
Pan evaporation =4.0 cm
Actual evaporation from reservoir
= Cpxpan evaporation
=0.8x4=3.2 cm
Volume of water evaporated = plan area of
reservoirx actual evaporation loss

— 100x 22 x10* 23.2x10* m® / day
100

Ans: (d)
Refer previous ESE-Obj-(Vol-2) solutions
Book (Cha-2, 08™ Question -pg: 309)

Ans: (d)
Refer previous ESE-Obj-(Vol-2) solutions
Book (Cha-2, 9" Question -pg: 309)

Ans: (d)
Refer previous ESE-Obj-(Vol-2) solutions
Book (Cha-2, 04™ Question -pg: 308)

Ans: (a)
Refer previous ESE-Obj-(Vol-2) solutions
Book (Cha-2, 3rd Question -pg: 308)

( Conventional Practice Solutions )

01.

Sol: XI-X0=1IAS
I=1+P
O=0+E+S
Area of lake, a = 15.8 km?
P (Rainfall) = 73.6 mm

32.5x7x24x60x60 m® / week

Inflowratio = A
15.8x10°m
(. km = 1000 m
1km* = (10*)* m* = 10° m?)
=1.244 m/week
= 1244 mm/week
Out flow rate = 027 x 24: 62X 60 m’ / week
15.8x10° m
=1.538 m/week
= 1538 mm/week

Change in storage (AS) = 9180 —8630
=550 ha-m
550x10*m’
15.8x10°m’
=0.34810 m
=348.10 mm
0.25x10° m’
15.8x10° m*
=0.0158 m
=15.822 mm

Storage depth=

Seepage flow =S =
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YI—TO = AS (i) Seasonal consumptive use
KPT
_ =_ = == 220.56 + 254.66 + 238.92

(1+P)— (O +E+S)=-AS > 00

(decrease in seepage —ve) +196.39 + 157.25 = 1067.79 mm/season
(1244 + 73.6) — (1538 + E + 15.822) = -348.10

E=111.78 mm 05. Infiltration
02.

01. Ans: (a)

Sol:

Sol: f<f{, when i<f,

(i) PET= KPT, inch/month
100

Tm — °F (mean monthly temperature) 02. Ans: (b)
P —> Monthly % of annual day time hours Sol: Hydraulic conductivity of soil
K — Consumptive use factor fe=0.2 cm/hr
T PET = 1=0.5 cm/hr [ i>f]
Tw " =f =
Month P | K |=18°c32 | Boin2s54 N N
Q) - 100
(mm/month) | o3 Ans: (d)
June |31.0| 8.6 | 1.15 87.8 220.56 Sol: f, = f+(fp—f,) e™
fi = 1.34+(7.62—1.34)e 1%
July |30.8|8.821.30 87.44 254.66 £, = 1.34+(7.62-1.34)e 1822 = 1 34
fz = fc
August | 30.0 | 8.75 | 1.25 86 238.92 ~. steady state attained
Total infiltration in 2hrs
Sep 29.5 1826 | 1.10 85.1 196.39 £
0 ‘¢
=f xt+
October | 28.1 | 8.33 | 0.90 82.58 157.25
—134x24 72710y g
4,182

Peak consumptive use = 254.66 mm/month
=7639.8 mm/day
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04. Ans: 4.375 _ 6[t]875 +£[e_2t]2.75
Sol: fy=2 cm/hr; f.=0.5 cm/hr; K= 4hr”! -
_ Q[ a-2x0.75__-2x0
Infiltration in 8hr = f_ xt+ fo — 1, 6x0.75-8le ¢
K =10.71 mm
—05x8+ 1S _ — 4375 cm Avg. Infiltration rate for first 75 min
4

tzﬁzl.ZShr
60

05. Ans: 40320 m®

Sol: In 24 hrs Rainfall = 10 cm - J sfidt 1 6x ()™ + E[e*Zt ];‘25
. time 125 -2
In 24 hrs evaporation = Cpxpan
. =11.31 mm/hr
evaporation
=0.7x0.6 07. Ans: (d)
In 24 hrs infiltration = f, xt+ T Sol: Runoff = Area of hyetograph above IC
curve s
1-0.3
= 0.3><24+ % 0 Runoff
g |1 10
=7.34cm
Run off = P-E-I R
Runoff (R) = 10—(0.7x0.6)—7.34=2.24 cm 0 123
Depth of runoff =2.24 cm Area of hyetograph aboveIC curve
Volume of runoff - {Total areaof hyetograph} ~ {Area below IC }
b lhr to3h b lhrto3h
= Area of catchment x depth of Runoff e’ \ curvebetween irto Shr
224 =[20x1+10x1]-['f, dt
=1.8x(1000)” x Top = 40320 m’ X
=30 —U (6.8+8.7¢ )dt}
06. Ans: 10.71 mm /hr & 11.31 mm/hr g7
Sol: f, =6 mm/hr; fy = 16+6 = 22mm/hr; =30- {6 8x () [e ]1

K=2hr"'

=30-[6.8x[3-1]-8.7]¢ —¢']|
Depth of infiltration in first 45 min

45 =13.63 mm
1.e., t=—hr=0.75hr
60

= [ (6 +16e kit
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08.

Sol:

09.

Sol:

10.
Sol:

Ans: 0.42 hr!

f, = 10mm/hr f.= 1.2 mm/ hr
Total infiltration = 33 mm
Total infiltration = f, Xt + fo 1
33=12x10+ 10712
K=0.419 hr’
Ans: (b)
¢4 =0.5cm/h
P=2cm; T =6 hour
Given, Uniformrate R =?
Wi — P—-R —losses
t
0.50= 2-R=0 R=-1cm
Runoff=0 cm
Ans: (d)
The total observed runoff volume
=25.2x10°m’
Area of basin =280 km?

Rainfall intensity = 4hr
Duration of rain =4 hr
Total rainfall in 4hr, P=2.8x4 =11.2 cm

Runoff depth (R)
6
:—252)(10 >x100=9cm
280 (1000)
Average infiltration
= P:R _H2-9 0.55 cm/hr
= 5.5 mm/hr

11. Ans: (a)

Pe _Rl Pe _RZ
Sol: ¢ =— =

index
‘[el ‘[ez

4-2 10-R,
4 8

=R, =6cm

Linked answer questions for 12 & 13

12. Ans: (a)
Sol: Storm -1

1o = 2 cm/hr
te=5hr,R=4cm

P. =iste = 2x5 =10 cm
Dingex = Pet_R 3 LA

€

=1.2cm/hr

13. Ans: (d)
Sol: R, =84 cm;
-84

=P, =18cm

Intensity = % = % =2.25cm/hr

14. Ans: (¢)
Sol:P=7+18+25+17+11+3
P=8lcm
P —R —losses
t
_81-39

Windex =

T7mm/ hr

d)index > Windex
.8 mm/h > 7mm/h
(I)index = 8 mm/h
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15. Ans: (b) 17. Ans: (¢)
Sol: Wingex : Sol: Windex :
P Z ¢ P= Ziiti =(0.5+2.8+1.6 =4.9 cm
= 1. XT1.
b R=32cm
P—-R—losses 49-32-0
P=[1.6+3.6+5+2.8+2.2+1]><3—0=8.1cm Wingex = =
60 t 6
t=3hr; R=3.6cm =0.283 cm/hr
W _P—-R—losses 81-3.6-0 | 28 | 4
dex t 3 s 1.6 . 0.8
— 1.5 cm/hr £p =
s =2
¢Index:
. . 6 123 Time (hr)
¢1ndex > Wmdex Time (hr)
Pe:[1.6+3.6+5+2.8+2.2]x£ .
60 ¢index .
=7.6cm P. = 1.4x2+0.8x2=4.4 cm
te=2.5hr; R=3.6 cm te=4hr,R=3.2cm
P -R 44-32
P.—-R .6-3. _ e _ —
(I)index =— = bk, =1.6cm/hr (I)index ~ t - = 0.3 cm/hr
t, 2.5 e
18. Ans: (¢)
16. Ans: (a)
Sol: W Sol: ¢index = 10 mm/hr
: index *
P=16+54+41=111cm Pe = 1exte (i 1> Pinder)
R =4.7cm, t = 24hr, losses = 0.6 cm = 28x1+12x1 =40 mm
w  _P-R-losses 11.1-47-0.6 te=2hr
index — - P —R —
‘ 24 ¢index =— =10= 40-R =20 mm
=0.241 cm/h t, 2
Qindex: 19. Ans: (¢)
Bindex > Windex Refer previous GATE - solutions Book
P, =[5.4+4.1]=9.5cm (Cha-4, (2M) 3 Question -pg: 681)
te=16 hr 20. Ans: (d)
b = P.—R 95-47 _ 0.3cm/ hr Refer previous ESE-Obj-(Vol-2) solutions
index — - - Y
t, 16 Book (Cha-3, 11™  Question -pg: 313)
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01. (Conventional Practice Solutions )
Sol:
Time (t) | Cumulated rainfall 'P' | i= Pt =P iy | T = e * (fm_o_lsff et
tn—t foe=1.5+5¢ ™
0 0 foro=1.5+35¢ "0 =65
;=10
1 10 f1=5.8
ip=12
2 22 fo=5.2
i3=28
3 30 fi3=4.69
is1=9
4 39 fu=4.24
i5=6.5
5 45.5 fes =3.86
1s=4.5
6 50 fos=3.53
17=5.5
7 55.5 fi;=3.25
ig=4.5
8 60 fis=3
ihy=4
9 64 foo=2.79
ij0=4
10 68 fe10=2.61
Rainfall = X1 t, = 68mm =40.89 mm
10 Runoff = Rainfall — infiltration
Infiltration = I(I.S + 501 )dt — 68— 4089 =2711 mm
' ; 5 Ry Volume of runoff = A x R
=1.5[t]; "‘m(e )0 N 850x106><@m3
=1,5><10—0—515(e_o']5X]O _e—0.15><0) —93.043 x 10°
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02.
Sol: f.=0.5+12¢%"

f = j: (0.5+1.2¢ "3 )dt

f. =0.5x 4—£(c3"°'sx4 —e™)
0.5

=4.075 cm

Avg rate of infiltration

hours) = # =1.018 cm/hr

(in

03.
Sol: ¢-index =3 mm/hr

Initial loss = 0.8 mm

11 =6 mm/hr, i, =6 mm/hr
13 =18 mm/hr, 1is= 13 mm/hr
1s=2 mm/hr, 1i¢=2 mm/hr
17 = 12 mm/hr

Time interval = 20 min = %hr

Rain fall (P)=X1ix t
6 6 18 13 2 2 12
P=|-4+—4+—+—+—F+—+—
33 3 3 3 3 3
P=19.67 mm
P—-R —losses
t
-R

[~

w-index =

¢-index =

($

4

Run off = (i, — ¢) t, = neglecting 1, < ¢-

index

=(6—3)><%+(6—3)><%+(18—3)><%+(13—3)x§(12—3)><§

=13.33 mm

04.

Sol:

19.67-13.33-0.8
140
60

= 2.37 mm/hr

anl

=~ %750 =300 km?
100

w-index =

Portion 1:

¢1=0
A1 =40% of 750
40

Run off = Rainfall = >i, t,
=(6+9+20+16+4+14+12+2)1
=83 mm

Portion 2:

¢ = 15 mm/hr

Run off = 2(i, — ¢) t, »neglect i, <
=(20-151+ (16 —15)1 =6 mm
A, > 30 750 =225 km?
100
Portion 3:
¢ = 7.5 mm/hr,
A, > 30 750=225 km?
100
Runoff =X (i, — ¢) t, > neglecti, < ¢
=09-751+Q20-751+(16-7.51+
(14 - 7.5)1
+ (12 -17.5)
=33.5 mm
Volume of Runoff =?
Run off depth =?
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F_RA TRA, TRA,

A +A,+A,
83x300+6x225+33.5x225
B 300+ 225+ 225
R =45.05 mm
Volume of runoff = Area x depth of run
off
—750x10° x 20 _ 33 78 M’
1000
05.
Sol:

(1)  In the first 0.5 hour,
0.5

0.5
I -2t > I 5
Fpl—_(|;(3.0+e )dt{mt—ge }

=[(3.0%0.5)~(1/2)(e "V {~(1/2)]
=(1.5-0.184) + 0.5
=1.816 cm

(i1) In the second 0.5 hour,
1.0 1 1.0
E,= j (3.0+e2)dt = {3.0t —Eeﬂ
0.50 0.5
=[(3.0%1.0)—(1/2)(e ] -
[(3.0 x0.5)—(1/2) (e ?*9)]
=(3.0-0.0677) — (1.5 — 0.184) = 1.616 cm
06.
Sol: R, = (0.2x0)+(0.3x0)+(0.5%0.5)
(0.2+0.3+0.5)
=0.25 cm
r = (02x1.3)+(0.3x1.35)+(0.5x2)
? (0.2+0.3+0.5)
=1.665 cm

(0.2x0.5)+(0.3x0.25) + (0.5x0.3)

R3
(0.24+0.3+0.5)
=0.325 cm
Runoff R =R; + R, + R3=0.25 + 1.665 + 0.325
=2.24cm
06. Runoff

( Conventional Practice Solutions )

01.
Sol: Mean precipitation

Pi+Pi+1
P ZA{ 2 j
A

50[140;135

700[125;120]+600[120—5115]+4OO[115—5110]

+200(110—£105J

50+300+450+700+600+400+200

P=121.018 cm

Run off coefficient =?

— Isohyetal method

+450

]+3OO[135;130]

[130;125)+

5:

Total run off volume
=65 x 365 x 24 x 60 x 60

Volume of runoff

Depth of runoff =
Catchment area

65%x365x24x60x% 60
T 2700x10°
=75.92 cm
Run off coefficient (or) runoff factor (I

Runoff ~ 75.92
Rainfall 121.02

(or) k) = =0.627

.X®) 0B 03 T IO R B OIS Nl Hyderabad « Delhi « Bhopal « Pune » Bhubaneswar ¢ Lucknow ¢ Patna « Bengaluru « Chennai ¢ Vijayawada ¢ Vizag « Tirupati « Kolkata « Ahmedabad




AR

/4 N}
v v
v v
VN .Y Engineering Publications

28

ESE-Postal Coaching Solutions

07. Hydrographs

01. Ans: (d)
Sol: Volume of runoff = Area of DRH
= %X80X200X60X6O
=28.8 x10°m’
Runoff depth _ Volumeof runoff
Areaof catchment
1440x10°
=2 cm
02. Ans: (b)
Sol: Area of catchment= Volumeof Runoff
depth of Runoff
4 hr
90 mYsec
7(;'hr
[70+4}<60x60x90
> =599.4km"
—x(1000)°
100
90(m’/s)
03. Ans: (d)
Sol:
40
10,
0A[A[ A A, AN
0 20 30 50 90

—>» Time in hour

>
I

—x10x10x60x 60=50x60x60

}x10x60><60:400x60><60

}x10x60x602800x60><60

}x20x60x60:1300x60x60

Al :[%x40x40><60x60}:800><60><60

A = A +A+A3+A4+A5 =3350 x 60 x 60
Rainfall excess = Runoff
~ 3350x60x 60

= %100 =4.02cm
300 (1000)

04. Ans: 2.67cm
Sol: Area of catchment = 50 km”

4hr FHG
Base 4hr DRH
: ordinate .
Time 3 flow ordinate
(m”/sec) 3 3
(m”sec) | (m”sec)
6 6 0
18 6 12
12 30 6 24
18 24 6 18
24 12 6
30 8 6
36 6 6 0

Rainfall excess = Runoff depth
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. 3
Depth of runoff = volume of run off 07. Ans: 9.09 m”/sec
area of catchment Sol:
Volume of runoff = Area of DRH ohe UHG 6hr UHG
- 6x60x60{m+(12+24+18+6+2)}
2 10 Y’ /sec Qe
= 1339200 m’ 0 24
Depth of runoff = &2002 x100 =2.67 cm | 1
50 (1000) S x10x40x60x60 —xQ, x44x60x 60
2 _2 °F
05. Ans: (¢) 1 - 1
Sol: Volume of runoff = Area of DRH 100 100
=%><48><300><60><6O 10 x 40 =44 Q,
=25.92 x10°m® Q, =10X40 =9.09m’ /sec
Runoff depth = Volume of runoff
Areaof catchment
08. Ans: (d)
6
Area of catchment = w Sol:
100 3 hr UHG 3 hr UHG
_d 2
= 2592 km’ v Vi A=?
p 90 m’/
06. Ans: (c) 30 m”/sec m’/sec
Sol: Volume of runoff = Area of catchment P B oy ke B N
1
= 5 x Q%20 Same base but peak has increased to 90 m’/sec
1.e., 3 times increase
=10 xQ . _
.. Area also increase to 3 times
Runoff denth = Volumeof runoff 5
P Areaof catchment A2 =3A1=3x235=705 km
1 10xQ

100 500x10°
Q =5000 m*/h
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Sol:

ACE
09. Ans: (i) 39 m¥/sec; (ii) 46 m’/sec
Time 2hr UHG
ordinate

0 0
1 5
2 15
3 12
4 10
5

6

10.
Sol:

Base flow = 7 m’/sec
P.=4.2 cm; t. = 2hr
(I)index = 0.8 Cm/hr
P, —R
¢index = t

€

08~ 42-R

R=2.6 cm
Max. discharge of 2hr UHG = 15 m’/sec
(i) Max. discharge of 2hr DRH = UHGxR
= 15x2.6 = 39 m’/sec

(ii) Max. flood discharge = Max. DRH +
Base flow
= B0

=46 m’/sec

Ans: a) 7.6 cm b) 40 m’/sec
Peak flood resulting for 6hr storm
=150 m*/sec

Base flow = 6 m’/sec
Peak flood of 6hr DRH = 150-6

= 144 m’/sec

Peak ordinate of 6hr UHG = 36m>/sec
Peak ordinate of 6hr DRH

= Peak ordinate of 6 hr UHG x R
a) 144=36 xR
R = % =4cm;p =6mm/hr

:>6:Pe_40

=P, =76 mm

P. =7.6cm = depth of storm rainfall

b) 15" hr
Time interval | 6hr UHG

0 0

3 15

6 36

9 30

12 17.5
15 8.5

6hr UHG ordinate at 15™ hr = 8.5 m’/sec
6hr DRH ordinate at 15™ hr

=6 hr UHG xR

= 8.5x4 = 34 m’/sec

6hr storm flow at 15" hr = 34 + 6 = 40 m*/sec

11.

Sol:

Ans: (b)
P.=2.7 cm, t. = 3hr, $ = 0.3 cm/hr
P. - R -
o= et :O.3=27 R:>R:1.8crn

Peak of 3hr FHG = 210 m*/sec
Base flow = 20 m>/sec
Peak of 3hr DRH = Peak of 3hr FHG
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Base flow =210 -20

=190 m’/sec
Peak of 3hr
UHG - Peak of 3hr DRH _ 190
R 1.8

=105.55m" / sec

12. Ans: 70 m’/sec
Sol: Peak of 6hr FHG = 470 m’/sec
P.=8cm
¢ = 0.25 cm/hr; to = 6hr
Base flow = 15 m*/sec
_ P, -R N 8—R
t

€

Peak of DRH = peak of FHG—Base flow
= 470-15 = 455 m’/sec
DRH

d =025=R =6.5cm

Peak of UHG = Peak of

4
RE 70m’ /sec
6.5

Linked answers (13 & 14)

13. Ans: (b)
Sol: Area of catchment = 720 km?
Base flow = 30m’/sec
Oindex = Imm/hr
P.=4 cm, te = 4hr = 40 mm

4hr UHG

Qr

v

b 0 h »]

"." UHG runoff depth =1 cm

Volume of runoff = Area of catchment x
Depth of runoff

1 , 1

—xQ, x80x60x60=720x(1000)" x —

< Qr (1000)* x—

Qp = 50 m*/sec

14. Ans: (a)
~P,—R
index t 4

€

Sol: ¢

R =36 mm=3.6 cm
Peak ordinate of 4hr DRH = Peak ordinate
of 4hr UHG x R
= 50x3.6 = 180 m’/sec
Peak flood discharge = Peak DRH+ Base flow
=180+30 =210 m’/sec

Common data for Q 15 & 16
15. Ans: (¢)
Sol: (ingex = 0.4 c/hr

Base flow = 15 m’/sec

Volumeof Runoff
depth of Runoff

Area of catchment =

l><60><30><60><6O

=2 =324km’
—x(1000)*
100

1 hr UHG

60 m’
—

30 hr

.X®) 0B 03 T IO R B OIS Nl Hyderabad « Delhi « Bhopal « Pune » Bhubaneswar ¢ Lucknow ¢ Patna « Bengaluru « Chennai ¢ Vijayawada ¢ Vizag « Tirupati « Kolkata « Ahmedabad




gﬁvéﬂg% 32 ESE-Postal Coaching Solutions
16. Ans: (b) Volume of Runoff = Area of water shed x

Sol: ¢ingex = 0.4 cm/hr

@XIS
20
60
10" hr 15™ hr
=15

f— 10l 20—

At 15" hr time interval ordinate of 1 hr

UHG :%MS =45m’ /sec

P -R 44—
e 04— 54—-R
. 1
Ordinate of 1hr DRH
= ordinate of UHGxR

=45 x 5=225 m’/sec

FHG ordinate at 15" hr
= DRH + Base flow
=225+15=240 m’/sec

Common data for Q 17 & 18
17. Ans: (b)
Sol: Area watershed = 50 km?
Base flow = 10 m*/sec
¢ Index = 0.5 cm/hr

1 hr UHG
Qe

—— 15hr —

Runoff depth
1 > 1
—xQ_x15x60x60=50x(1000) x —
2 R ( ) 100

Q, = 18.52 m’/sec

18. Ans: (d)

Sol: P.=55cm te=1hr Qipgex = 0.5 c/hr
Peak ordinate of 1hr UHG = 18.52 m’/sec
Peak ordinate of 1hr DRH

= Peak ordinate 1hr UHG x R
= 18.52x5 = 92.60 m’/sec
Peak ordinate of 1hr SHG
= DRH+ Base flow
=92.60+ 10
=102.6 m®/sec

19. Ans: (¢)
Sol: Area of catchment = 252 km?

6 hr UHG
Qe

e—— 35hr —

%x Q;p x35x60x 60 = Area x depth of Runoff

— 252 (1000)’ x——
100
Q, =40 m’/sec

Peak ordinate of 6hr UHG = 40 m’/sec

Peak ordinate of 6 hr DRH = Peak ordinate
of 6 hr UHGxR
= 40x5 =200 m*/sec = 200 cumec
20. Ans: 55 m’/s
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Sol: ‘ 6hr UHG 6hr 12hr 12 hr
Time |2 hr|2 hr|DRH | Ord of Time | inate | |2gsed | DRH UHG
6hr UHG | R=2cm ordinate
UH UH 4-hr
0 0 - 0 0
UH
30 0 30 15
0 0 l 0 0 12 15 30 45 225
1 20 - 20 10 18 0 15 15 75
2 60 0 60 30 0 0 0
3 80 20 100 50 ' 5
4 50 50 110 55 Peai :111sc111arge T;Zhr UHG =22.5 m’/sec
P i DRH
s | 20 | 80 | 100 | 50 &
5 0 50 50 75 = Peak discharge og 12 hr UHGx R
20 20 10 =22.5x10=225 m’/sec
0 0 0 22. Ans: (¢)
Sol: Area of catchment
Vol f Runoff
Common data for Q 21 & 22 — YOLmeot Juno
depth of runoff
21. Ans: (b)
Sol: P.=16cm, t.= 12 hr ;><30><18><60><60
(I)index = 0.5 Cm/hr = 1 = 9720 ha
P, -R 16-R ool %
(I)index =— = 05= ? oo
: Common data for Q 23 & 24
R=10cm
23. Ans: (d)
6 hr UHG
Sol: Catchment area = Volumeof Runoff
30 depth of Runoff
30 E x 6
3
msec 1x60x60{0+0+(2+6+4+2+1)}
o__¢ © 1 - -
<« ¢ g 2
ML L @X(IOOO)

=5.4 km?
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24. Ans: (¢) Runoff depth = Volumeof runoff
Sol: Areaof catchment
1hr 2hr 6
h 3.456x10
_ 1hr UHG | delayed1 | delay 3 hr Area of catchment = ————
Time ) DRH 0.01
hr) ordinate hr UHG 1hr R=3em 3456k )
( (m*/sec) ordinate UHG 3 B O km
3 3 (m’/sec) A
(m’/sec) | (m'/sec) Equilibrium discharge = 2.778 —
0 0 - - 0 D
1 2 0 - 2 345.6 3
=2.778x ——— q = 160 m’/sec
2 6 2 0 8 Qs 6 Qa
3 4 6 2 12
4 2 4 f % 27. Ans: 256 m*/sec
5 1 2 4 7
Sol:
6 0 1 J) 3
0 1 I 4H UHG S-curve S-curve
Time ordin addit ordina
At time interval (t) =3 hr ; 5 ate 1on :)e (Sa)
3hr DRH ordinate = 12m*/sec ; R =3 c¢m 2 6 6
. 3hr DRH ordinate 4 33 0 33
3hr UHG ordinate = = 5 90 5 %
12 8 119 33 152
=—=4m’/sec 10 103 96 199
. \ 12 79 152 231
25. Ans: (¢) 14 50 199 249
A R 2 16 25 231 256
Sol: Q. = 2.7785 A =270 km T 7 249 256
D=3hr 20 0
70 Common data for 29 & 30
Q =2.778x e 250m’ /sec 29. Ans: (c)
3 Sol: Area of catchment
26. Ans: 160 m’/sec
Volume of Runoff Area of UHG
Sol: t, = 64 hours = =
; depth of Runoff  depth of Runoff
Qp =30 m’/sec
Volume of runoff = Area of DRH 1x 60 x 60{0;0 +(3+8+6+3+ 2)}
1 6 3 =
Runoffdepth=1cm=0.01 m — 792 km?
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30. Ans: (a)
Sol:
Time | 2hr UHG | S-curve S-curve 3hr lagged 3hr DRH 3hr UHG
(hr) | Ordinate | Additions | Ordinates | S-curve ordinate SA—-Sp (SA -S, )2
(m*/sec) | (m’/sec) | (m'/sec) (m*/sec) (m¥/sec) | 3
(m*/sec)
0 o =7 |0 - 0 0
1 3 1+ |3 — 3 2
2 8 —— |8 - 8 16/3
3 6 3 9 0 9 6
4 3 8 11 3 8 16/3
5 2 9 11 8 3 2
6 0 11 11 9 2 4/3
11 11 11 0 0
P.=6.6 cm =66 mm
Oindex = 2 mm/hr Common Data for 31 & 32
te=3 hr O = Ll 31. Ans: (b)
e Sol:
base flow =5 m/sec 2= 663_R =1=(1+t"

= R=60mm=6cm
Peak ordinate of 3hr UHG = 6 m’/sec

Peak ordinate of 3hr DRH = Peak
ordinate 3hr UHGxR
= 6x6
=36 m’/sec
Peak ordinate of 3hr SHG = Peak of 3hr
DRH + Base flow
=36+5
=41m’/sec

Q
l=1cm/hr:> D =1hr
D

At t=oc, Q= Eqguilibrium

Qequi = 1-(1+c)e " =1 m>/sec

But Q,,, = 2.778%
1=27782
1
1 2
—A=——=036km
2.778
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32. Ans: (¢)

Sa
S
S-curve 2hr DRH
Time . 2 hr delayed
ordinates . (Sa—Se)
_¢ | S-curve ordinate
Q=1-(1+t)e
0 0 —
1 0.264 _
2 0.593 0
0.8-0.264
3 0.8 0.264
=0.536
— D .
2hr UHG ordinate = (8, =Sa) A\
T 2
=0.27 m*/sec
33. Ans: 43.33m’/sec
Sol:
Storm I Strom I1
P.;=38cm Po=4.8 cm
$=0.6 ¢=0.6
0.6:3'8_R1 0.6:4'8_R2
Ri=2cm R,=3cm
10 10 m*/sec
—x3 3hr UHG
6
1—0 x 6
? 10
—x3
9
0 3 6 9 12 15 g
15w —

3hr I* storm I™storm | 6hr H
Time | UHG | =UHGxR,; | =UHGxR, | Ordinate
ms/sec m’/sec m’/sec m?/sec
0 0 0 — 0
3 5 10 0 10
6 10 20 15 35
9 6.66 13.33 30 43.33
12 3.33 6.66 20 26.66
15 0 0 10 10
— — 0 0
Peak discharge of resulting
DRH = 43.33 m’/sec
34. Ans: 715 m’/sec
Sol: I’ storm 11" storm
te = 6hr t. = 6hr
P.=3cm P.=5cm
d)index =0.25 cm/hr q)index: 0.25 cm/hr
(I):Pe_Rl d):Pe_RZ
te tC
3—-R 5—-R
0.25 = L 0.25= 2
Ri=15cm R,=35cm
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" storm | 12 hr DRH
Time | 6hr UHG | I storm UHGxR,
UHGXxR,
0 0 - 0
20 30 0 30

12 60 90 70 160

18 150 225 210 435

24 120 180 525 705

30 90 135 420

36 66 99 315

42 50 75 231

48 32 48 175

54 20 30 112

60 10 15 70

66 0 0 35

0
24™ hr Storms of shorter duration produce more
DRH ordinate = 705 m’/sec peak than storms of longer duration storm.
Base flow = 10 m*/sec Peak of 12hr UHG<peak of 6hr UHG
Storm discharge = DRH + Base flow <. Peak ordinate of 12hr UHG < 30 m’/s
=705+10
— 715 m%/sec 36. Ans: (¢)

35. Ans: (d) Sol: Time to peak for shorter duration storms

Sol: 6 hr UHG peak ordinate = 30 m®/sec
Peak ordinate of 12hr UHG =?

occur much faster then time to peak for

longer duration storm.

. 6 hr
Explanation: UHG 12 hr
3 UHG
6 hr
HG 12 hr /
UHG y

A t ) t
ti<t
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37. Ans: (d)
Refer previous GATE - solutions Book 41. Ans: (a)
(Cha-4, (IM) 1" Question -pg: 679) Refer previous ESE-Obj-(Vol-2) solutions
Book (Cha-4, 18"  Question -pg: 323)

38. Ans: (¢)

Refer previous GATE - solutions Book 42. Ans: (d)

(Cha-4, (IM) 4™ Question -pg: 679) Refer previous ESE-Obj-(Vol-2) solutions
Book (Cha-4, 20" Question -pg: 324)
39. Ans: (¢)

Refer previous ESE-Obj-(Vol-2) solutions 43. Ans: (d)

Book (Cha-4, 2" Question -pg: 320) Refer previous ESE-Obj-(Vol-2) solutions

Book (Cha-4, 22" Question -pg: 324)
40. Ans: (¢)

Refer previous ESE-Obj-(Vol-2) solutions
Book (Cha-4, 3"  Question -pg: 320)

01. (Conventional Practice Solutions )
Sol:
Time | 1 day SHG ordinates | Base flow | DRH ordinates = SHG ord —Base flow
(days) (m’/s) (m’/s) (m’/s)
0 20 20 0
1 63 22 41
2 151 25 126
3 133 28 105
4 90 28 62
5 63 26 37
6 44 23 21
7 29 21
8 20 20
9 20 20
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Volume of runoff = Area under DRH

st
= At(I ord. + last ord + 2. remaining ord.j

=1><24><60><60(0;:0+(41+126+105+62+37+21+8j =34.56 x 10°m’

Rainfall excess = Runoff

_ Volume of runoff

Catchment area

:%xloo =5.76 cm
02.
Sol:
DRH
Time 6 hr Stream i;low SHG ord | DRH ord 3SHG -10 S UHG ord = Runoft
(m’/s) (m’/s)
10 0 5 0
35 25 5
12 185 175 5 35
18 330 320 5 64
24 370 360 5 72
30 320 310 5 62
36 240 230 5 46
42 175 165 5 33
48 115 105 5 21
54 70 60 5 12
60 40 30 5
66 20 10 5
72 10 0 5
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Assuming constant base flow = 10 m’/sec ‘%
1/6hr

Effective rainfall = Runoff = 5¢cm
6hr
Area of catchment = Area under the curve of UHG

st nd 7
= At[(l ord. _;2 ord.j + (remaining ord.)}

6hr UHG

=60x6o{(%j+(5+35+64+72+62+46+33+21+12+6+2)}

=60 x 60 x 358 =1.288 x 10° m* = 1.28 km?

03.
Sol: Catchment area = 20 km®
Base flow = 15 m3/s, R=6cm
Time (hr) 1 hr SHG ord DRH ord = SHG — Base flow 1 hr UHG = E
0 15 0 0
1 25 10 1.66
2 50 35 5.833
3 55 40 6.66
4 48 33 5.5
5 35 20 33
6 30 15 2.5
7 27 12 2
8 24 9 1.5
9 20 5 0.83
10 15 0 0
04. Ans:
Sol: T=12 hr, D=6hr
T>D, h:I—2:2cm
D 6
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| I 12 hr DRH 12 hr UHG ord
Time 3 6 hrs delayed 6 hr UHG ord _ DRH
6 hr UHG ord (m/sec) 3 =—
(m’/sec) a+1In R
0 - 0 0
5 0 5 2.5
12 13 18 9
18 30 13 43 21.5
24 35 30 65 32.5
30 32 35 67 33.5
36 20 32 52 26
42 14 20 34 17
48 8 14 22 11
54 4 12
60 0
66 -
Super position is used
0 6 60 66
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0s5.
Sol:
6 hr
S-curve S-curve 6 hr DRH = 6 hr UHG
Time | 12hrUHG | ° dinat delaved 1 Ga=sm) | (8,-5,)D
additions ordinates - -
(hr) (m’/s) 3 S-curve ord * 3 ° =Ga=5)D
(m’/s) ‘Sa’ (m’/s) T
‘SB’
0 0 - 0
1 1 0 1
12 4 0 4 1 3
18 8 1 9 4 5 10
24 16 4 20 9 11 22
30 19 9 28 20 8 16
36 15 20 35 28 7 14
42 12 28 40 35 5 10
48 8 35 43 40 3 6
54 5 40 45 43 2 4
60 3 43 46 45 1 2
66 2 45 47 46 1 2
72 1 46 47 47 0 0
78 0 47 47 47 0 0
6 hr DRH ord — (Sa — Sg),
6 hr UHG Ord —)M 1 S, curve
T 1 i
Q
A7Ss
Sg curve
sl -
6 hr T—>
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06. (i)
Q
Sol: T Ry —>2cm | I | il |
(i) 6 hr UHG R 4 0 D 2D
100|m*/sec 2> acm 0 6 12
e > "
72 hr
| 24hr 48 hr N
Catchment area =? ) g "
Catchment area (km?)= Volume of Bygoft 1
Depth of runoff
_ Areaof 6hr UGH £71 , - 0 6 1218 2430 364248 546066 72
1/100 10°
1 100x72x60x60
=2 x——=1296 km”
1/100 10
Time | 6hr UHG |I Storm 6 hr | II 6hr delayed | DRH ord B.F FHG ord
ord DRH ord 6 hr |6 hr DRHord | I+1I DRH + B.F
UGH x R, 6hr UHG x R;
0 0 - 0 25 25
25 50 0 50 25 75
12 50 100 100 200 25 225
18 75 150 200 350 25 375
24 100 200 300 500 25 525
30 87.5 175 400 575 25 600
36 75 150 350 500 25 525
42 62.5 125 300 425 25 450
48 50 100 250 350 25 375
54 37.5 75 200 275 25 300
60 25 50 150 200 25 225
66 12.5 25 100 125 25 150
72 0 0 50 50 25 75
0 0 25 25
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07.
Sol: Area of catchment = 400 km®
Basin length, L =35 km
Length up to the centroid of the basin,
Lea =10 km
Snyder’s coefficients: C;=1.5 & C, = 0.7
3hr synthetic unit hydrograph for this basin =?

(i) Basinlagt,=C; (LL)"’
=1.5 (35 % 10)*?
= 8.69 hrs
(1) Peak discharge per unit area of the
catchment, Q, :w
t
p
_ 2.778x400x0.7
8.69
Q,=89.5 m’/s
tp
(1) t, =3+ ry
3. 8.69
8
=4.086 days = 98.064 hrs
Q —-1.08
(iv) Width 50% = 5.87(Xj

—1.08
=5.87 89—5 =29.57 hrs
400

29.57

V) Width 75% = <% = S0 = 16.89 hrs
(v) Width 75%
175 1.75
Y tp
Q,
0.75Q, T ____i___Width75%
ojsog: 1 2 i _\Width 50%

>

ty

08. Maximum Flood Estimation

01. Ans: (d)
Sol: A =90 ha
I1=4.5 cm/h = 45 mm/h

R=0.40
_ AIR 90x45x0.40

Q=360 " 360

Q=4.5 m’/sec
02. Ans: (a)

Refer previous ESE-Obj-(Vol-2) solutions

Book (Cha-5, 14™ Question -pg: 342)
03. Ans: (b)
Sol: 30% — 0.40

70% — 0.60

3—0><A><O.40—|—7—0><O.60><A
[= 100 100
A
1=0.54
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04. Ans: (d) 08. Ans: (b)
Sol: A =1.5km*=150Ha, I=0.42 Refer previous ESE-Obj-(Vol-2) solutions
Book (Cha-5, 1* tion -pg: 340
R = 60=10286 mm/ ook (Cha-5, Question -pg: 340)
28
Q, = AIR 09. Ans: (a)
T 360 Refer previous ESE-Obj-(Vol-2) solutions
_ 150%0.42x (48/28)x 60 Book (Cha-5, 3" Question -pg: 340)
360
=18 m’/sec 10. Ans: (¢)
Refer previous GATE - solutions Book
05. Ans: (c) (Cha-4, (IM) 2™ Question -pg: 679)
Refer previous ESE-Obj-(Vol-2) solutions
Book (Cha-5, 13™ Question -pg: 342) 11. Ans: (c)
Refer previous ESE-Obj-(Vol-2) solutions
. 3 .
06. Ans: 7.08 m’/s Book (Cha-5, 5™ Question -pg: 340)
Sol: 1=0.30
_ 2_
A = 0.85km™= 85 ha ( Conventional Practice Solutions )
25 frequency — Culvert design for a rain of
25 year frequency 01. \
Duration of storm = time of concentration Sol:
= 30 mins b
po depthofrainfll S0 L LN :
durationofrain 30 :
R =100 mm/h i 1|5 3|o 4I5 6|0 7|5 9|o 1|80 B
Q= AIR  85x0.30x100 P
360 360 t(mm) | P (mm) 1—?
Q = 7.083 m’/sec. 15 40 2.66
30 60 2
07. Ans: () 45 75 1.66
Refer previous GATE - solutions Book 60 100 1.66
(Cha-5, (2M) 1* Question -pg: 696) 180 120 0.66
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t. = 0.01947 (L)*77 (S) 3% 03.
=0.01947 (1250)*” (0.001)*** Sol: X = 4200 m’s
t. = 67.45 minutes G = 1705 m’/s
From intensity duration curves L Y -,
R = 1.6 mm/min T §n
= 1.6 x 60 = 96 mm/hr yT:—En(—En—(I—P))
AIR —
Q= 360 X;=X+k; o
200%0.2x96 10,67 1) 9500 = 4200 + kt 1705
ky =22
02. S,
Sol: (3.1085 x 1.2825) + 0.5778 = yr
Given the following runoff coefficients for y1 = 4.56445
different surfaces, P=1-¢°"
Paved area = 0.9 P=1- e_e—4.56445
Parks = 0.5 P=0.0103

Multi unit residential area = 0.7
Assuming runoff coefficients
Industrial area = 0.6 (Range: 0.5 to 0.8)

for light

AIR
Q= 360
:(%x3><100j0.9+[%><3><100j0‘5+(%x3x100]0.7+[%x3x100}0‘6
3x100
=(.754
R—)£:>§=102 mm/hr
T 50
60
Q= 300x0.754x102
360
= 64.09 m’/sec

T= % =96.505 years

04.

Sol: x50=450 m3/sec, T =50 years
Xi00 =600 m’/sec, T = 100

years

X1000 = ?
X50= X+ Kks0 ©
450=xtkso o (M
X100 = X+ K00 ©
600=X tkjpo ®

X1000 = X+ Ki000 ©
kso (T = 50 years)
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11 1
P=—=—=0.02 T=—=390.41 years
T 50 P
yr =—(n(-n(1-P))
! b)) Pot o —256x107
V5o = —/n(-/n(1-0.02))=3.9019 T 39041
0. q=1-p=1-256x10"
o :M: 2.5919
1.2825 =0.9974
k100 (T = 100) n =50
R=(1-q") = 1-0.9974)°
P=—L —001 (1-q)=1~09974)
100 R =0.1220 = 12.2%
Y10 = —fn(=n(1-0.01)) = 4.600
4 06.
. 4.600-05778 .. o '
1.2825 Sol: N = 30 years sample size)
Kiooo (T =1000), P =——=0.001 RV ER"
1000 yn = 0.53622
yr =6.907 Safety = 95% (assurance)
Ki00 = 4.935 Risk = 100 — % safety
450=X +2.5919 ¢ (1) =100 — 95 = 5% = 0.05
600 =X +3.1363 ¢ ) R=(1-q"

By solving (1) & (2)
X =-264.153
o =275.532

X1000 = X+ Ki000 ©
X1000 = —264.153 +4.935 x 275.532
=1095.66 m’/sec

05.
Sol:  n =20 years
Risk (R) = 5% = 0.05
T=2, R=1-¢"
0.05=1-q*
—0.05+1=q"
(- 0.05+ 1) =q
q=0.997

p=1-q=256x10"

0.05=1-q" (n=750)
q=(0.95)"""=0.998
P=1-q=1.025x10"
Tt 1 9755
P 1.025x10°°

L _Yi-Y, _ 6.882-053622
s 1.11238

n

=5.7048
yr=—In (-n (1 -P))
=6.882
x; =X+k.o
xr = 1200 + 5.7048 (650)
= 4908.172 m’/sec
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09. Flood Routing

02.

03.
Sol:

04.
Sol:

Ans: (a)
Refer previous GATE - solutions Book
(Cha-6, (IM) 3" Question -pg: 697)

Ans: 17.748 m’/sec
tiy=3hr,t,=4hr,I5=18 m3/s,
I, =42 m’/s, Co = 0.042, C, = 0.538,
Qs =15m’/s, Qs=?,
C, =1-C,—C; = 1-0.042-0.538 = 0.42
Q=C14+C +C Qs
=0.042 x 42 +0.538 x 18 + 0.42x15
=17.748 m’/s

Ans: 45.84 m’/sec

Co=10.048, C; =0.429, C, = 0.523

Q; = 0.048x20+0.429x10+0.523%10
=10.48 m’/s

Q, = 0.048x40+0.429%x20+0.523%x10.48
=15.98 m’/s

Qs = 0.048x60+0.429%x40+0.523%15.98
=28.39 m’/s

Q4 = 0.048x50+0.429%x60+0.523x28.39
=42.98 m’/s

Qs = 0.048x40+0.429x50+0.523%x42.98
=45.84 m’/s

Qs = 0.048x30+0.429%x40+0.523x45.84
=42.57 m’/s

Peak value = 45.84 m’/s

0s.

01.

Sol:

Hydrology
Ans: (¢)

Refer previous ESE-Obj-(Vol-2) solutions
Book (Cha-6, 4™ Question -pg: 346)

(Conventional Practice Solutions )

x =0.28, k =1.6 days
=1.6 x 24 =384 hrs

At =6 hrs
—kx +0.5At
° "k —kx +0.5At
kx +0.5At
T kx+ 0.5A€
Cr=1-Co-C,
~38.4x0.2840.5x6
© " 38.4-38.4x028+0.5%6
— 0253

38.4x0.28+0.5x 6
' 38.4-38.4x0.28+0.5%6
= 0.448
Cr=1—(=0.253)—0.448
~0.805
Q=Co i +Ci L1+ CQn
Qs =—0.253 x 55 + 0.448 x 35 + 0.805 x 35
~29.94

A

U/S FHG

D/S FHG
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Time I Q 02. Ans: (a)

0 35 35 Sol: Volume of GW extracted = 3x10°m’

6 55 | 29.94 area = Skm’

12 92 | 25.46 Drop in water table level =102 — 99 =3m

18 130 | 28.82 Specific yield, Sy = ?

24 160 | 40.96 S - volumeof G.W extracted

30 140 | 69.23 Y volumeof aquifer

[-Q=DS 3x10°
f T 5x10°x3
U/S FHG
D/S FHG 03. Ans: (b)
Sol: n=0.3,S,=0.2,

v

10. Well Hydraulics

01. Ans: (b)

Sol: A=150Ha,n=04, S;,=0.15,

AGW =7

ALTLTIRELRTRR LR RS

AGW =s, xvolumeof aquifer

Sy=n—-S5,=04-0.15=0.25

volume of aquifer = area of aquifer x drop
in level of W.T.

AGW =0.25x150x (23 —20)
AGW =112.5 Ha.m

= volume of water extracted.

04.

Sol:

A = 100km’, AWT =0.25m
Volume of GW extracted =?
Volume of aquifer
=100x10° x0.25 =25x10°m’
Volume of GW extracted = Syx Volume of
aquifer = 0.2x25x 10° = 5x10°m’ = 5SMm’

Ans: 0.105

Darcy’s equation:

Q=KiA A B
v=ki A | [t /ﬁ
5.0m
Vv Viv 5.6m
n 0.6 Z
20m
15m
. 14.4m
l tani=——
fe—290m—
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(V = apparent or seepage velocity)

K =4 x 10 cm/sec.
Q(m’/day/m) width of aquifer = ?
Q=KiA

_ 4x107x107° X[5.6—5jxlx(l4.4+15j
1 290 2 et

Q=1.216 x10°m’/s
Q =0.105 m*/day/m

05. Ans: (b)

Sol: dye
/RN l R\
T W RUTTTRURNRT AV
2 K =30 I
50m S m/day
S e 25m

l NN AN RN AN RN R RN R AR RN R R RN

e— 1500 m —>

1500 m =Distance between wells.

h;= SOm, h,=25m
K =30 m/day
n=0.25

Time of travel =?

Tracer = Will not loose power & never
reacts with soil or water & it flows with
water.

Dis tan ce traveled by tracer

Time = -
seepage velocity

v =Y V =Kij,

i= >0-25 =0.0167
1500
K =30x0.0167 = 0.5 m/day

vV zﬁ =2m/day
0.25

a

- Time = @ = 750days

06. Ans: (i) 4125m’/day, (ii) 44.175 m

}h\
39.5
45 LALL1 1711 m 1 1s
Thickness
=25m

y
/77777777 /7777777777

e
2000 m 2 km

Width is taken perpendicular to the plane of
paper area is taken as perpendicular to the

direction of flow.

K =30 m/day
i=—5'5 =2.75%x10""
2000
Q=K.i. A

Q=30 x2.75 x 107 x2000 x 25
Q = 4125 m’/day

5.5 X
2000 300
x =0.825m
H=45-0.825
H=44.175m
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07. Ans: 270 mz/day
Sol: H=40m, Dyc1 = 30cm = 0.3m
Q= 1500 lit/min
=1500x10"° x24x60m” / day
= 2160 m’/day

ry =25m, r, = 75m,
h1=3.5m,h,=2m, T="?
draw down = ?

h; =40 -3.5=36.5m

h, =40 —2 =38m

Q.ﬁn[rzj
k= 0
n‘hi —h; '
| _ 2160 n(75/25)
n(382 -36.5?)
.. Transmissibility, T = K.H
T = 6.75x40 = 270 m*/day

08. Ans: 12.2 m/day
Sol: H=14.5m, r; = 16m,

= 6.75m/day

> = 34m,

S;=2.2m,

Q =9251it/min = 925x24x 60x107>
=1332m’/day

S, =245

S, =1.20m

K=1?

h; =14.5-2.45

=12.05m-2.2=9.85m.

h,=14.5-1.20
=133m-22=11.1m.
_ okl ]
- In(r,/1 ]

In[34/16]x 1332
n34/16)x =122 m/day

ax|I1.17 —9.85
34m

XN\
22m

14.15 m /

7. 7. 7. 7. 7.
09. Ans:(b)
Sol: Radius of well,

I

r= 2—20:100m:O.10m

Discharge, Q = 2720 lit/ min
=3916.8 m*/day

Atry =10 m, draw down, S1 =3 m

Atr, =100 m, draw down S, = 0.5 m

0= 2nKb(S, - S,)
log{rzj
L
0= 2nT(S, -S,) . T—Kb
loge(rz]
L
3916.8 = M
oe %)
‘L 10

Transmissivity, T = 574.4 m*/day
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10. Ans: 0.718 m
SO]: 1 v

AR ——---|25m

B::LOm

10 m

<

LLLLLLLAL ///////‘

3111151111 .1 1311 1 1513
H=10+25-10=25m
I=rw; S1—S
n=R;
2nKB(S - 0)

o

- n 500 ) 2mx48x10x12
' 5000

Sz—)O

. Q=

=7.238

T

w

S rw=0.718 m

11. Ans: (i) 10 lit/sec
Sol: H =2.5m, Hi—H, = 1.8 m, t = 80 min,

d=4m
Hz =0.7m
(i) When, H=3 m , C=2.65x10"" 1/sec
1. H

Q=CAH=-In—-AH
t H

2
= ! lnE x£x42x3
80x60 \0.7) 4
Q=10 lit/sec

12. Ans: (d)
Sol: K=1.96 cm/s =0.0196 m/s
v=1x10"°m%/s

Intrinsic permeability, K¢ in darcy =?

 _Kv_ 0.0196x1x10°°
® g 9.81x9.87x107"

Ko =2024.27 m> ~ 2026 m>

13. Ans: (d)
Refer previous ESE-Obj-(Vol-2) solutions

Book (Cha-7, 6™ Question -pg: 352)

14. Ans: (d)
Refer previous ESE-Obj-(Vol-2) solutions
Book (Cha-7, 11" Question -pg: 353)

(Conventional Practice Solutions )

01.
Sol: M

=

y
v

20

le L N|

Assume that distance between two reservoirs
is “L” m
k =20 m/day
B=5m
n=0.30

. . 20
1=tanl1=—
L

V=ki:>20x(§j
L
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vV 20x20 H,=h=?
V,=—=
n Lx0.3 H,=258m
Time taken by the pollutant o- nk(H§ ~H? ) _ nk(Hg _ hz)
—L:_ L ¢ 1‘2 I'2
vV, 20x20 " -
Lx0.3 2 w2
= 7.5 x 107*L” days 36837 = X 20x(25.8° —h”)
30
| ——
0.225
o h=19.46
Sol: k=50 m/day , H=32m 29
R =150 m, S=24m Smax=H—-h =30-19.46=10.54 m
h=32-24=0.8m
2 2 04.
_ 50x1(3.2°-0.8%)
Q= 2%150 Sol:  Artesian aquifer (confined aquifer)
= 1.6 m*/sec (bank) Dia of well =20 cm, Spax =3 m
 50x1(3.22 —0.8%) B=30m (Iength of strainer pipe)
Q= k =35 m/day, R =300 m
150
=32 m3/SCC (bed) r1 — rw — E =0.1m
03. S] = Smax = 31’11
Sol: 1,=15m, rn=30m =R =300m
d =45 cm, k = 20 m/day =0
Hi=30-5 H,=30-42, _ 2nKB(S, -S,)
S;=5.0, S$;=42m gn(QJ
T,
ak(H2 —H2)  7x20x(25.8% —25%) !
Q B T 30 — 2TCKB(SmaX _O)
En(zj En(j R
r 15 Kn[j
rW
=3683.7 m’/day
g =9 2nx35x30x(3-0)
Y rnf 390
' 0.1

NN=ry=—=0225m
2

r2=30m

= 2472.03 m’/day
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11. River Gauging
(Conventional Practice Solutions )
01. Ans: (a)
Sol: V=aN+b
01.
12 .
4—8a +b=0.125 (1) Sol:
41 Ny The calculations are performed in a tabular
—a+b=0.255 (i1)
60 form
a=03 b=0.05 For the first and last sections,

S V=03 x %+0.05=O.194 m/s

02. Ans: (b)
Sol: Qr=4 lit/sec =4 x 107 m’/sec
Cr = 500x10° mg/lit

Cmix = 4 ppm = 1 mg/lit

Qs=?
C = Qscs +QT(:T
mix QS_I_QT
4_0+4x500><103x10*3

Q, +4x107°
Qs =500 m>/sec

2
[1 + i]
Average width, W =~—=2-=20m

X
For the rest of the segments,

W=(3+3)=2.0m
2 2

Since the velocity is measured at 0.6 depth,
the measured velocity is the average velocity
at that vertical (V).

The calculation of discharge by the mid-
section method is shown in tabular form
below.

Discharge in the stream = 6.454 m’/s
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. Average . Segmental
Distance from left water — | Depth,y Rev. Velocity ]

width W N, = _ discharge

edge (m) (m) second v (m/s) 3
(m) AQ; (m’/s)

0 0 0 0.0000

1 2 1.10 0.390 0.2289 0.5036

3 2 2.00 0.580 0.3258 1.3032

5 2 2.50 0.747 0.4110 2.0549

7 2 2.00 0.600 0.3360 1.3440

9 2 1.70 0.450 0.2595 0.8823

11 2 1.00 0.300 0.1830 0.3660

12 0 0.00 0.0000

Sum 6.45393

12. Reservoir Capacity

01.
Sol:

From the given data, the monthly flow volume and accumulated volumes are calculated as in table.

The actual number of days in the month are used in calculating of the monthly flow volume.

CConventional Practice Solutions D

<

Volumes are calculated in units of cumec-day (= 8.64 x 10* m®)

Calculation of Mass curve

Month | Mean flow (m3 /s) Monthly flow volume Accumulated volume
(cumec-day) (cumec-day)
Jan 60 1860 1860
Feb 45 1260 3120
Mar 35 1085 4205
April 25 750 4955
May 15 465 5420
Jun 22 660 6080
July 50 1550 7630
Aug 80 2480 10110
Sep 105 3150 13260
Oct 90 2790 16050
Nov 80 2400 18450
Dec 70 2170 20620
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A mass curve of accumulated flow volume against time is plotted. In this figure, all the months are

assumed to be of average duration of 30.4 days. A demand line with slope of 40 m’/s is drawn
tangential to the hump at the beginning of the curve; line AB in figure. A line parallel to this line is
drawn tangential to the mass curve at the valley portion; line A'B'. The vertical distance S; between
these parallel lines is the minimum storage required to maintain the demand. The value of S; is

found to be 2100 cumec.  Days = 181.4 million m’.

I | | | | | | I |
| Demand Storage —1
(1) 40 /s — 5, = 2100 cumec day =
20 (2)40 m¥s « 5,= 3600 cumec day 3=
18 |— ]
| 16— ]
g s
5 —
s M D —
E 12 Demand
e R Line —
g — 40 m¥'s
B 10— T B ]
2 | Storage r ]
5 s | 3600 cumec.day 5 B
< B S, —
6 — X
40—
B 4 4
. =
T C
0 | I S I | I | 1 | |
= E & & = © = 1§ =&
§ £33 52 2 %5 § 3 %4
Time (Months)
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