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Answer 4 c(luation only:

Q1/A For t he given information, use tltc second

its comporcnts, and drive the unite hldrograph
method to separate hydrograpll in
lbr a cdtchrnenl arca of23800kr)l "

l0dcgrcc

Ql /B define five only.

l- Glacial
2- Lapse rate

3- Slcct
4- Current meter
5- Rel-c|ence Crop Evapotranspiration:
6- DUNE.

Q1/C Hou tnany cases of Base flow Separation? l0 dcgrcc

Q2lA Drarv the storage capacity in a rcservoir is nationally divided into three or four
pafis, distinguished by coresponding lcvcls? Sdcgrec

Q2/B by Horton infiltratiotr tnodel catchuent soil has the following Horlon

inflltration parameter fi)=l00rr-rt hr, 1i=20rrn.r/hr, k:2 min-l

. plot thc infiltration capacity curvc with time ofthis catchrnent

. plot the accumulative infiltration lbr this catchmcrrt
l0dcgrcc

Q2lC what's thc factors that effect on iltfiltration? Tdegree

Q3/A Using the Penman mcthod, to estilnate ET, given the lollowing data:

temperatute at water surface = 20oC, tcmperature of air : 30 'C, relative hurnidity
:45%o, wind velocity : 1.5 mph (36 mi/day). The rnonth is July at latitudc 30"
north, r is given as 0.06, and S is found to be 0.6? l0degree

Q3/B Drarv and explain the hydrograph colnponent? sdegrce

Q3/C Find out the missing storm precipitation of station 'C' given in the lirllowing
table:



Station A
Storm precipitation (cm) 9.1
Normrrl Annual precipitation 100,3

B
8.3

109.5

C

93.5

DE
t1.7 8.0

125 .7 I 17.5
(cm)

Q4/A For rrg
l0dcgrcc

.below find the averagc dcpth olp.p.t use isohyetal lrcthod'l

I ltrl

. ',,, ... n,
lrm A2

'...,"- lt.. 'r - 40mn5(hfr

l0mm

Q4/B therc are nany type ofrecording rain gauges?

l0degree

5degree

Q4/C find Lhe probable life ofthe reservoir with initial capacity ol30Mnir , ifthc
average annual flow is 60 Mmr, and the average annual sedimenr in flow is 200000
'fon 

, assumed the specific weight ofthe sediment equal 1.2 gm/cmr , assume that
80% ofthe initial caDacitv will full with sediment? | 0degree

Capacig -l nllo$ rrtio

Q5/A Ho* nlany cases worth of consideratron infiltration? Sdegree

Q5/B A reservoir has the lbllowing areas encloscd by contours ofvarious
clevations. Dctcrmine?

l- Reso-voirs capacity

2- Normal pool level
Elevation capacity relation, when the initial elevation is 220rn and the final
elevation is 300m. l0degree

l-re'ati,,;
[A'f(k',i

200 220 l:.10 12r,0 280 300
150 t75 2tD 270 3.I0 .t00

Q5/C explrined the suspended load sedirnent? Tdegr€e

0.2 0.1 0.^l

(c/r )
Trap eft.

Goo Iuck
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Answer the eqaation(I)

Q7//A Fot I c given information, use the seconcl method to separate hydrograph in its
components and drive the unite hydrograph for a cltchment area of2jg00imi?

1

3
4
5
6
7
8
I

10
11

12
13

2
5

20

0
0.448049479
2.83/.429633
31.92792887
112.8210679
96.57359967
18.80081317
7 .719501944

3.26726812
1.072076311

0
0
0

27 5.4647351

200
700
600
't20

52
25
12
6
3
0

N Days=0.8 '238000 2 :6.002Days

Volunre of I ).R=1701.54* I *24*3600= 147013056mr
Depth:2I698496/23800'rI000*I000:0.006|7702m=6.l'tj02 m
CHECK :27 5.4647 351 *24+3600/23800,| 1000't I 000=0.001000006m=tmm

o

Time

+hydrograph

.,r. s.F

- 
Expon. (B.F)



l- Glacial

As glaciers rnove over their beds, they e'train and move material of alr sizes.
Glaciers can cany the largest sediment, and areas ofglacial deposition often contain
a large nurnber ofelacial erratics, 

'rany 
of which u.. ,"ua.ul metres in diameter,

Glaciers a so pulverize rock into "graciar r'rour", which is so fine that it is often
carried auay by winds to create.b9$ deposits thousands of kilometres atield.
Sediment entrained in glaciers often moves approximately along the
glacial flgr'"'L!ru!, causing it to appear at rhe surface in the ablation zone.

1- Lapse rate :-

A veftical temp, gradient: the rate ofchange oftemp, with height ofatmosphere
from groLLnd surface.

3-Sleet !::" A.-
Solid gruins of ice formed by the freczing of large melted ice crystals falling
through a layer ofsubfreezing air near the earlh surlhce
3- Current meter: electronic pulses determine water velocity. Can be used in

largc bodies ofwater like oceans to measure the current.
4- Refcrence Crop Evapotra nspira tion: the rate ofevapotranspiration from an

area planted with a specific (reference) crop, where water availability is not a
limiring lactor

5- DUNE:-Movement of particales through the fluid of Uow as suspended
material.

Q6/C hou'many cases ofBase flow Separation?
Baseflow Separation
There are several graphical methods lor baseflow separation (to find out difcct
runol)):

o [1 ] Draw a horizontal line (AB) liom the point at which surface runoff
begins (A) to the intersection on the recession part (B)

. [2} l'roject the initial recession ourve downward liom A to C, connect point
D to point C by a straight line. Point D is A0.l days after the peak (A is thc
drai rar:e lrrca il tnil)

o [3] I'roject the line AC along the slope to thc left ofA and then connect
points C and B

o 14] txtend GF backward until reaching point E bclo* rhe inilccrion poinr.
Connect between E and C



Baseflow Separation
lll Slraight lini m€lhod l2l rixed ba!. n,clhod

l.l I Yarirbl. slop€ nethod

...... \ ,__.\.-
t_ ___._ -*-_- -._ - - - -. ,,

Q2lA Draw the storage capacity in a reservoir is nationally divided into three or
four parts, distinguished by corresponding levels?
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Q2/B by Ilrrton infiltrarion modclcalshment soil has the lbllowins Florton infiltration
prrrmeler L I00mm hr. t:. 20mm hr. k 2 min'

. plot lhe inliitration capacity curvc wilh time ofthis catchnent

. plot ihe accumulative ilfiltration fbr this catchment

t (rnn'i 4' (mh/hr) F (.."n)
00 100 00 000
02 '73 63 029
0.4 55 95 050
06 44 1A 06?
0.8 36 15 080
10 30 E3 0.91
1.2 2't 26 101

24 A6 109
1.6 23 26 r1l
1.8 22 19 125
20 21 4'1
22 20 98 1.39
24 20 66
26 20 44 153
2A 20 30 160
30 20 20 l 6f
32 20 13
34 20.09 180
36 20 05 1 A'7

20 01 193
40 20 03 200

20.o2 2 A'7

3

?

ri r.t t0 :.1 ts J.t Li .rJ

E

Q2lC what's the factors that effect on infiltration
1- Soil trtLcrurc: shapes ofparlicles and the way the particles are packed



2- Perrr :ability: high permeability allows water to easily infiltrate

3-Slop. (topogra?h1): Less infiltration is expected with increasing the surface

slopc

,1- Coa sc-grained sandl- ot g|arcl1 soils have large spaces between each graln

and allow water to infiltrate quickly One may expect in heavy rainy days that

no runoff will be generated!!

5-Sini .rr11'. a clayey soil will resist intlltration and the surface will become

covered with water even in light rains

Q3/A Using the Penman method, to estimate ET, given 
-the 

following data:

timperatulJ at water surl'ace : 20'C, temperature of air-= 30 'C,.relative humidity

:45%, wind velocitY = l.t *on ,tu tt.ti/day)' The month is Juiy at latitude 30' north'

r is given as 0.06, and S is found to be 0.6

o First ofall, determine the c-r'rpotation To do so, use the following

equation;

E:0.35(ea- ed )(l 0.0098 u2 )

o conlpute ea and ed. Use the following equation for eawhich is the

satuiated vapor pressure at the temperature ofair (33 'C)

iil=l
e'"'(T)=eo 6tte'""

. ea: 42.587 mbar: 32 mm Hg

. ed = Rh x ea = 37.8 x 0.45 = 17.04 mm Hg
o fo lind out E, substitute in the above equation to get:

o E:0.35 x(32-17 04) (l +0.0C98 x 36):7.08 mm/day

o Now, we need to find out the net amount ofencrgy tinally remaining at

the surface (H) Use:

H - R(l -r')(0.18 * 0.55 S) - 8(0.-56 -0.091 e: 
j 
X0 10 + 0 90 s)

. Frorr the previous table, R: 16 56 rnm (mcan motrihll'total raclintion )

r r: (r.06 (the estinrated percenlagc ofreflecting
surf'ace)

. S:0.6 (th!'actual dulation of'bright sunshine lo the mirxitnrLtrr possiblc

durat.ion of bright sunshine)
o B = 16.2 (a temperature dependent coefficient)

Thus H .Ri1-r){ti.1E+0.5-s s)-B(0.56-0091 e::)(0.10+il 90 sl



. H:16.56x(l - 0.06)x(0.18+0.55 x0.6) - 16.2x(0.56

- 0.092x17 .040 5) x (0.10 + 0.90x0.6) = 6.07 mm/day

TABLi 6 6 'rl.rrr! \ rluc!.1 /i. U(,rr Ilf),rrl l[!rf ff;'i i!l.rf lt;iJi]t:.,r .'r . H,,r^urrrl strrir(,:
I .! |L iir( i'J!r'tri,rr !t!ii!,;

l, \l ll

:r

:11

l:: 'rj
t.t .t ti.,
l.l.r l-l I

rl l l.l.r

ET

Finally, we have to compute ir'l' using the following equation:

-fxH+0.27E
I + 0.27

o Thus, we need to figure out the value ofA. From the preceding figure and at
air temperature of30 'C we find that A = 1.0

o Substituting in the above equation [(1.0x6.07 +0.27 x9.82)]l(1.0+0.27) gives
a value ofET of 8.l\Tmrrlday



Q3/B draw and explain hydrograph component
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Q3/C Find out the missing storm precipitation of station 'C' given in the following table:

Station
Storm precipitation (cm)
Normal {nnual preciPitation (cm)

Soluli()l1

ABC
9.'t 8.3
100.3 109.5 93.5

DE
11.7 8.0
125.',7 117.5

In this example the storm precipitation and normal annual precipitations at stations A B, D and E

are given ard ntissing precipitation at station'C'is to be calculated $hose normal annual

precipitation is known. We will dctermine first that whcther arithnetic mean or norrnal ratlo

mcthod is to be applied.

t0% ofNc = 93.5 x l0/100 = 9.35

After the addition of l0o% ofNc in Nc, we get 93.5 + 9 35 : 102.85

A.nd by sublracting 10o% we get a value of 84-l 5

So Na, Nb, IJd or Ne values are to be checked for the range 102.85 to 84 15'

Ifany value ofNa. Nb, Nd orNe lies bcyond this range. then nomal ratio mcthod would be uscd

It is clear from data in table above that Nb, Nd and Ne values arc out ofthis range so the nolmal

ratio method is applicable here, according to which

,, !s' \.",1?.\', '

Pc:(1/4)(91.5x9.7/100.3+93.5x8.3/109.5+93.5x11 711257+93.5x8.0/1175):78cnl



Q4/ A For lilt ,below jind the aveyg

ro?"\\
llm {
-r" 

u 
,)" '. A3 

;
r2ntl \ l-., A2't( -1*-Xl;;i;.. '-'

3'2

A2 - *- o, = zor.S\6m2

lz = ,, *0('!'a) - 332 * L - Az - At = 293.2!5m2

P. P.T=(27837. 1 1 1 7 5/570. 1 987 5)= 48. 82mn
Ql/B DEFINE FIVE ONLY ;

Q4/B There are many types of recording rain gauges;-
l) Tipping bucket rain gauge.;lJl -elr ;-r-r* ,.;,G
2) Weighing bucket rain gaugeJlJl ..-r"!L -rl. ..rj: .

3) Siphon rain gaugeJi.Jl !-,1+L O 4- .

4) Radar measurementJliUll u"ul .

5) Satellite measulsmsnlarcljJl J!"!\,1 cll+ .

Q4/C find the
avelage annual
Ton , assurned
80% ofthc init

probable life of the reservoi: with initial capacity of 30Mmr , if the
flow is 60 Mr.nr, and the average annual sediment in flow is 200000
the specific weight ofthe sediment equal 1.2 gm/cm3 , assume that
ial itv will full with sedi

Solution /
The weight ofthe sediments :200000 ton

20000* 1000* 1000:2x l0rr gm

2tt0rr 1. _ --Vol. of sediment:ffi;- tO^ ''

4a1-30 35 75.3982 2638.937

A2 50-40 45 201.58555 907t.34975

A3 60-50 55 29i.215 16126.825

570.19475 27837.11175

o ot the lnrtrai caDacltv w: lment
Capacity -In11ow ratio
(c/r )

0.1 0.2 0.1 0.4 0.5 0.6 0.7 0.8 0.9

Tran eff. 87 93 95 95.5 96 96.5 97 97 97 97.5



Capacity of
reservotr

ctI Trap efl Average
trap eff.

Vol. of
sediment

l0 0.5 0.96 0 0
aA 0.4 0.95 5 0.9s7 5 1*,164 *g.9575

18r
I

0.3 0.95 0.9525 1* 160 *g.9525

l2 0.2 0.93 0.94 1*,190 r,9.94

o 0.I 0.8 7 0.9 1* 160 'rg.9g

No. of years

153.7 vears

30 100

a0

vol.

6+ 106/1* 106+0.9575= 37.6

3 7.8

3 8.3

Q5/A I low many cases worth of consideration infiltratjon

considerati('n: 'l'hcrc are three cases eorth of
lll Rair,l'all lale < Silruriiled
hl tlrau c .rlidnrtiljl! (case,+)

[2] Rainfall rate > S{rluratcd
hydrau c conductivit) bul!

Q5/B A rcser-voir has the following areas enclosed by contours ofvartous
elevations. Determine?

l- Reservoirs capacity
2- Norrnal pool level

Elevation capacity relation, when the initial elevation is 220m and the final
elevation is 300 ITI.

200 220 2.10 260 280
.toot50 t15 2t0 270 320

Et",t"t,, '
tA*. (t,

l0d



220
240
260
280
300

175
210
270
320
400

487.02
576.70
718.12
883.94

1077.77

0.00
487 .02

1063.72
1781.84
2665.78
3743.55

3*l:ft&rS
F;. 9 *.. I p X

Az= I Al * A3= ,l 17 5 * 400 =264.57km2

HL,H3-H22 220+300-264.372
=34.629H1+H3-J*H2 220+264.57-2*3oo

A=K(H-a)'

A: K(H-3.+.629f

Ln A :ln k+ 1n(H-34.629)b
LnA = ln k+ b ln (H-34.629)
Y= z*b*x
r x= zx-t- n\'

200 150
220 175
240 /io"
260 270
280 320
300 400

32.147: z

5.010 5.109 26.'t01
27.248
28.344

29.37
30.25

3't.149
'172.462

25.545
26.966
28.467
30.328
31.735
33.431

176.472

5.164
5.347

5.222
5.324

5.598 5.4't77
5.768 5.502
5.99 5.5811

32.877 32.'t47

+ 32.147b.....................(l)



z=(32.t47 -32.147b)
17 6.472= ]Z.l 47 * z+172.462b
17 6.472=32.1 47 * (32.r 47 -32.r47b)+ 172.462b
t7 6.472= | 033.429 _1033.429b +r7 2.462b
t7 6.47 2- | 033.429=-860.967b
-856.957= -860.967b
b =0.995
z = 32.1 47 -32.1 47 * 0.995
z =0.1497

Q5/C explained the suspended load sediment?
Movemenr ofparticle through the fluid ofthe flow as suspended material

l- Ripple or comptation
2- Ripple with dune

3- Dune
4- Flat surface

5- Sandy wave
6- antinode

U, " ei vih nppl.3 {tartos|!

-=-'-3e.--r-
anlldMe b.@ltlr! aav*fi


