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o G5 60 4 O Sl gy i) 5 b (635
(il S sls
dsra S psls @
B S psls
NS sa b g S8 pls @
NN S R TCALEICUTE %525)5))%"-" (Sidanule o
S I
) S el Sy @
. $ 994> 4, (Binnie’s) sl (Stranges) ®
e 4 D glipi 5 e
SR b Sl @
(Definition of Trrigation) Cas ,5 f 5K 551511
oted Sad B (g o3 0 et S35, 5 35l 3 s (o sian 4 6 S 205 (il J8U sl 5
| ” o o Sy 05s st UL
et
283 JsS s sl o syls STty m o)l i Jol 5 g an s 6 SBLS
| ke gl
shaiil S prlnn 6 058 I 3 psl 5 S Sl slie 5l b g el 03wy win 15
‘ L;JS 4:5:.'@‘)‘43W sl
(Irrigation Engineering) (§ yuxil ofgt 9291 5 2.1
Sl oplsl Ol b I gt 5 S8 sl > o3 S wn (g el Jg 3 6zl 580 50 5
S5 Lo ) Seflope SR psls g b Sl sia
g Oyle A glaasla s <

(SE ol sy o Sl sty )



N . . Z
S350 55 8ayle ol IS sisls @l SN Pl s

G35 oy JUS 5 5l S JUS LY
5 ewld )
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(Types of Irrigation or Method of Irrigation)
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C.D.W. = Cross drainage works
T.C. = Tail cluster
T.E. = Tall escape
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(Storage Irrigation) 495 dgf (Sg s (b
V.Alfj\@ﬁc.auzﬂgchlaséf:@:é@)yg@)gqj\%g}ﬂﬁ-is °
(S 3 BLa Ay > agl (S e s 4y 2 Aol A (S el (855
whaly 3 53 ranl b ol (550 SBeland 55,55 o)l > S8 ool 5 0 Uso S 4y @

ST 6»@&5&.&:§‘éﬁfe>u&~|éé$-aw}b:)ué gL SSpAS
&‘)M}‘ég})ﬁ@b}b&O))lﬁxb&éf)

- R ¢ Y IS “l - é .
(v-“M"%ﬁ))‘}Lvayé))s\:gc‘S’J%;’S‘W&;’lﬁ))jﬁﬁ)" L:,SM‘\-; °
céﬁ(vaHQY)L‘EJJL‘SxJ%sQ))LF?:--L'..;.wxJajjﬁaﬁéﬁs‘db%g;&ﬁrﬁj|6JW‘
s 45 (g > 4S5l 46l & (project irrigation valley) 5 » > Lg,ij gl 633315 5. )9 b se

S22k 05 aab 4 (delta irrigation project) (55 d’)fd asl'Wa sl g g g Cadse L;

(S g 953197 4y dew 4o o> 00 4>l asni(delta): gl '

6



4 . . Z
i 65l ol IS sl @l SN Pl s

S JSs 214

: e LY

Reservdir Sl Y

' JUE ol (b ¥

U lil o

Sisealas ,Lid elisls A

4 (SOgeelas ooy A

A j9E (Shmgyg N0

djs.l X;M-AAJ 99 AR

:"=::JZ 3 () e Y

8 H.R =Head reguiator 65.‘9....45 AY

S e e (sl S5 V¥
i1 T.C. = Tail clustiire 19 (ogh) by .

S = Superpassage 12

13 T = Trioutary
A= Aqueduct 14

Mot S8yl (g3 51 S8 21
(Lift Irrigation) 4595 45! (Ss;.:.ial.o) 0,9} 2.6.1
(53 4l Y (St 3 iz Jolssl s S8 asl dsa 2 @
S iﬁmb st B Sys 4:.3‘ oy o2 (Sibunsy @
($9 85 Sakia byl G s o (B 245 e S sl s S Byl ool sl s @
S o lenlsen g g S a Jas gy ol 4 S silte 5 g o5l 68 sl it SE e
63 931> gb 03 atad ol (sol2bl & nu')fd asl Jg2 13 o D) 30 o2



. Z
G50 65 dasdle 5l S gl

Sl &I sl 5

D g0 Ry 63 g O (ST dagl (S ddBggl oyluelgds 3.6.3

480 4l Dhew

68 gl el

3 S 4 sl g el 3505

i Slazt b oS oyl S 003 sl
(Dl 2 (Hs w‘é‘ﬁﬂ wsldss o
($3 S35 5n S asn
>¢A\fﬁ‘g"—b-=4ﬂﬁ‘%§4)§4‘\u|dﬁeg§“ﬁ_
Y g e s S8 51 (i) 6y
)

050 S 25l 4 IS 5 4l (S teem Ja 53 4 )
S

ol IS 0,35 sl s %”S 43}§J aol o2 LR
Wplale goduggon an sl (ool (9,53 a5y
"SRIIT

wsosiaybs sy s olisa S agldssls ¥
el o> B8 asls sl S8yl dsa sz sy
(32 Ol S LS 0w s

S i i lons 5 1o grgl O oo 4 590 31.7.1

(Purpose Wise Classification of Irrigation Schemes)
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(Administrative Classification of Irrigation Scheme)
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(T Oran ) S 5L RS s (50) 3 bl (o 62 4 (xS

5 S ) 9, (2,000-10,000) » PG RUTER  NUSTFRIE R TSI PP
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. ) Net benefit or gain accuring from the project
Benefit Cost Ratio = =1.5
Cost of the project

gjﬁjf S .Sy ad %55\“5&5:.9\”' 0,1 (2,000) > T 82 Ssn “M%S}jﬁ &5@95 .
Copan oS a5 IS Glin sden (2.5) 5 6l 5552 oo 62 & T o Jeos e sl (B
(83 bl Lf'\f o 5l (653 (g sl Wikl S sS é:ﬁm J93 2 % (-
bwggbﬁﬁuf-”éle-g@ §U5@634J®W¢%§-J:§éﬁk5ﬁ%}5% *
2B LaSe 3 a bl i D g 0 33 4 siny s 3 dlanlyy 5yl Ze S bl s S
(s S0 b 4 Ol o s
(Important Rivers in India) digoiuww mgo é a4 8.1
e shS (20.000) 835 (2 Sbes (5 055 S $ o) (e sk (12) ,,Jﬁnus.um

e d‘}g'gﬁy::'“’) <
(1) Indus (2) Ganga — Brahmaputra (3) Godavari (4) Krishna (5) Mahanadi
(6) Brahmani — Baitarani (7) Pennar (8) Tapi (9) Cauvery (10) Narmada

(11) Mahi (12) Sabarmati.

(Important Dams in India) 4.\ pgo S 39.1
(1) Bhakra Dam (River Sutlaj, H.P.).
(2) Koyna Dam (River Koyna, M.s.).
(3) Nagarjuna Sagar Dam (River Krishna,A.P.).
(4) Gandhi Sagar Dam (River chambal M.P.).
(5) Rihand Dam (River Rihand ,U.P.).
(6) Hirakud Dam (River Kirakud,orissa).
(7) Ukai Dam (River Tapi, Gujarat).
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)
ehri Dam (River Bhagirathi,U.P.).
(9) Ujjani Dam (River Bhima,M.S.).
(10)Tungbhadra Dam (River Tungbhadra, Karanataka).

(Important Rivers in Maharashtra) 4iguvow pgo (515! 4lgo 310.1
(1) Narmada (2) Tapi (3) Girna (4) Purna (5) Gadavari (6) Pravara {7) Mula (8) Ghod (9)
Bhima (10) Vaitarna (11) Tansa (12) Ulhas (13 ) Savitri (14) Koyna (15) Panchganga (16)
Mnjra (17) Pengana (18) Wardha (19) Pench (20) Indravati (21) Krishna (22) Mutha
(23)Bindusura (24) Bogavati (25) Darna (26) Nira

(Important Dams in Maharashtra) digis o (51 5blylgo 431 Jou—11. 1

<1eds N Nve
1. Bhandardara Pravara Ahmednagar
2. Koyana Kayana Satara
3. Dhom Krihna Satara
4. Panshet Mutha Puna
5. Jayakwadi Godavari Aurangabad
6. Khadakwasala Mutha Puna
7. Bindusura Bindusura Bid
8. Mulashi Mula Pune
9. Bhatghar Nira Pune
10. Tansa Tansa Thane

10
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11. Gangapur Godavari Nasik
12. Madaksagar Vaitarna Thane
13. Chanakpur Gira Nasik
14. Totladoh Pench Nagpur
15. Radhanagari Bhagavati Kolhapure
16. Durna Durna Nasik
17. Yeldari Purna Hingoli
18. Sidhesvar Purna Hingoli
19. Ujani Bhima Sholapur
20. Vir Nira Pune

11
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Inflow = Outflow + Water stored
Ol (Sodlsls = 0L o o 7+ 4l (55 053

Cainyg= T )+ pded+ Ol (6358
.
P=R+E+I, (dalee Joles S5y dun)
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(Factor Affecting Rainfall) (55 ol (Sl ey (w7 49,9558 aid 1.13.1
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(Metrological characteristics) 195 Sa3-9Jg yno .1

.L;:n\i:é-gl.o.-dra‘}ﬁ-ég-}bjx:a:(J{o.\.d)qu)jlc.&ﬂalf:‘45-333 °

(655 058 (S gy o 4y 55l Sl Rt ®
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(Storage characteristics) _plg S w30 Y
P O5E 3 dgaesn s
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P WESA MNP S5 b
.L“;).‘S!)(Peakﬂow) OL 5 L‘;J.?'-S °
($5S By aS Sl oS g a0 @
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(a) Fan Shaped Catchment

-l oyl (g sia s 4. (B

(Shape of Catchment) Jg9 of <& >lwop pl 817.1

o
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AL S e
? ) 1
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:\?E .}'/d‘v
L\ g . oo A
ERRNE:]| o £
DR 7 o Y
‘.Izc'l for ) .
.‘#;»'/f.' ST ) CRUCUUI 5
vied

Dam site 5

(b) Fern Leaf Catchment
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e Sy g Dlasls Db ased Cuyy 0 S S aw ol Jasd sleogpldey Ko @
y 4 a5 (reaches) i J3 5 S @Sl; oY 4 (MFD) ldis um bl 5 \;jé,,
.&;#,uj‘p\,ags-j&;x@jmwbéc.}j

Pl 3000 L35 63 4 o 83 (N3 550 5L 2 Vsama b ol (S sia Ay s @
S5 55,9 S OMED) ke S abisl 5 35155053 S 55 st mbaes 510} S 4
.;gﬂ)l)4543L”s:;L;lﬂ;oﬁ43,)!4}.»%;&;53aj;g%ﬁs\;é&(reaches)fxw})ﬂ.>

(Vegetation) <GS

gsiféi:;v-hO\gﬁﬁj\:?ﬁ:aﬂajﬁ&:gﬁé}g}&&ﬁw‘ﬁjsbgs:&%gﬁs\g °
O:}..S(MFD)4’_:5&%)&:3#&‘}Qédﬁlﬁﬁﬁ)}w‘}j‘dﬂgﬁﬂéﬁ&éﬁﬁj‘
<59

(Catchment Good, Bad and Average) 4>y 033 9l duwlio gl o (4

Yo MU‘{’:’L’?L‘” o ";;;") oY (UsSys sl oo v 4>=>-LF>-L» L_Sﬁj‘f‘%g"‘ké °
Sl
163 g9 kY 4 (Characteristics of good catchment area) S 9ls va’lé— lwop ol g0
3l Sysa SNo) i
gyl e é O9)dg Sayg gsd sl

.gjsﬁyQU&»|j5j§4bjzm>ﬁjl:ébue}iﬂle\g}\}mu}i}‘6)315-431..}”:4;.&5\1) Jii
il ain sl b b g leop s s S Y g S S gt sleopl gas Y
ojwMUQ@L&Oﬁﬁ‘@;ﬁmJ?buﬂy@:@foi&%})vﬁj‘ﬁfoj.;%))vﬁ@bb
Sk
(Intercepted Catchment area) 4>l 03 pl (Sg &lad

.(é}g)}4:)‘433?5)3:%@b&ﬁd‘ﬁbbakjh\ib)
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5 AN X S JSs- 121
4—;—In:erce1pted catchment
; (\ fortank - 2 ~°)-;-5'5 g‘yds‘ a
Tank \l 4 0pBd JSSTEEA

s Common calchmenl
f X - ank - . " ..
~~ forfank -1 and tank - 2 °)7‘.)?‘ s aslad o)L;,J 6}"*"5 o3 T

5
2 Independent catchment caslw
Tank 2 fortank-2-

L5>L““' o}..:').gl ‘5}.,.19.3 29‘ 1o ¥
ca>lw e)’,{).g‘ od‘j O)L.:J LQJ"?') 2999 0

vl oyl (g 5 pladr S5 -12.1

jjjsoﬁ}.'ﬁbﬁj‘baxﬂoﬁ}:}gﬁ)ﬁaﬁo‘)l;tJﬂﬁaﬁisaﬁ)‘avﬁbbo}iﬁ‘aﬁéﬁs L]
.%gj.’w:l.:"afwAAUs\ggbaﬁﬁ‘éﬁy@ﬁ:b}é})aﬁi&u\}y”g

a:‘JTc:o:\)Tﬂ\g}‘ou\ﬁj&#buaﬁj|%§g—&g&dﬁ)%§rb@‘:%%§juwwq )
(55 42 2 (100%) 0 Sl 5 4L 5 1]

(Methods of Calculation of Run-off) 4593950 9Jo5 dwlxo & sg Xhawd 318.1
&Eﬂ&)}ﬁlﬂ}‘g&\f";JSof»}L”}lémubYQ%gﬁgg}gbé%QMOﬁj‘%Sﬁ: ®
~ﬁ§ alee o

A b4y oo s i e s )

Al b 4y Jynyp s s Y

a2 b 4y glisis gl g 4lgd> 5 (Bennie’s) 5 .V
£

L 4 e slie gl ¢ gl 5 (Strange Percentage) »

A b 4y J gy 48 5(Khosla) 5 .0

(Run-off coefficient) c@ yo o Xaw & .

L",’.S:\Mgg.,\f)[:aﬂd).;Wg)l@dT-stﬁﬁgﬁmfg%ﬁaﬁﬁs J
3 dlons & o 4y

S Aeloen s o by o S gy ek 3 55 S ogles gy ol gy el @
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R=K.P,cm
:%5?434.::’»
c(em) 4 (¢35 pgp bR
S8 o w5 K

(em) 4 (65> Cunyy-P

($S IS k> 955N ds 1S sl i S5 Haiy bls

.%Rm&bbojgbyb%}&ﬁéid‘gk—z.l

HIdaeK 3 (Area) 4L Y
0.3 1
$9,55 Ju Sy ®
0.5 S5kl Sy ) EL .
0.05-0.4 ol s 3
0.05'0.3 &A;' r)b > )‘ t-\;}f)lﬁ 4
0.85 Y s, gl L8 5

(Inglis formula) Jgo,ld oSSl .Y
38 -0y 5 4 9:-\..» o5 S35 L‘eu d glaalis s é éajj 4 1 nilles 5 (C.D Ingle’s)
Sl e s fib s oa ol le 55 p 3 0a Jsa b s oSSy
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:(for Ghat area)s;b 9>l 95 £ 3 (@
Run — of femy = (0.85P — 30.480)
g’ﬁ' 43J;>_:-
o (P 5> 200 €M) o 05 48 Coinys 5P
:(for non-ghat area) o,k 99:1.«4 sig med (b
P(P —17.74)

Run—off(cm) = 254

L?.? O e
(P < 200 cms) L. oS i (200cm) > (63 Cuiys- P
(Bennie’s Percentage Table and Curve) &5"“0 ol Jou=> Shaud & ‘:5"“0 SN
Pl SS oy i Halie (s bl s 550 4y L S po e SRS el o
Oﬁ-é)%.,Swy‘\gdrwyéC««wﬁgﬁ-‘«i\:ﬁ@’@45%;2-@3‘)‘_;3)’4365)5%;’%;@64«4?
(S5 e Syl o (o581 5 s
.&;)&A@f})év\:ﬁg\: ]
(S ot 5 4 Gusl Jelos by S sras s
Jﬂy&bw-’x@e@@-’%;?%;GWQMJJJMJJL‘QFJ‘%;@’“@“V% °
$S asie F 5

(Jsd (55 Jobas daml gy G )8 ) Jgdom (a5 foetns Jgmign s 3 1dsd - 3.1

Clads A
eas et e ) ey D edes s Y (S
(FTD (S0 iy (FTD (S0
bt bt P, (
\ , (cm) \
@®), (cm) \3’ \3’
@A) @A)
25.0 70 10 7.0 25 1
27.0 75 11 9.0 30 2
29.0 80 12 11.0 35 3
31.0 85 13 13.0 40 4
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33.0 90 14 15.0 45 5
35.0 95 15 17.0 50 6
37.0 100 16 19.0 55 7
379 102.5 17 21.0 60 8
38.7 105.0 18 23.0 65 9

60

S U - 1314
- | so :
= /!
z 40 ‘ / Suyg (200 Jguz ghands (o )
2% /'/ (5 I et s 7 oo
o E 3 . . .
g8 ¥ V4 em) Sudyg (Syige opded LY
§& /
2o { |
28 29

=

AR =
1 —+
0 25 50 75 100 125 150
2 Total mansocn rainfall in cm s———p

L el Ly S e w21 S - 1311

Sloctio gl diglgua (Sand & o siw 5 (¢
(Stranges Percentage Tables and Curves)

s d Sy Sz o S d o§ o 5 45§ stas wlss (Mr.W.L.Strange) ©
(o (kS L (S )5 ) ol

(S5 o F SRl ol S S p ey gens S A e 0
5&%&@%&)53@)3&J}o}\d&@)@@d@a‘ggaf»)'d;gwb%;u& °

o
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L8 o S 23 P> 1> Ay 4§ s 5 (Bennie's)
503 (S sow mpd Jiog & dso 4 Jle 2) G5S)5 o b ) g o Hleoppl ke @
ol 63 K9 d Il s o (o (e ol e gl (63 (gam et i 4y Ll ol
(St 3 opm sl Lo

-°-’Q)L,-°“5=;°jfx‘@5='~‘-’g§“}5@5dﬁ L]
Mo gy 3 5l S Sz g e > o Vo o)l 5 Lo ol sk Vs (S s sV 4 @
LS8 U g gl e o

.LSJ:')@VM)V-AJ;NUJ@?;:Q;@J!AL@;@ °

tJsd>--4.1
b 3 0yl 3 (Lo 2l Sz | e ols leonals | o
. ‘ ST
St g TS, S ‘
SlF | S A cm ClA e | @ cm
20.4 30.6 40.9 107 2.1 3.2 43 25.0
21.0 315 42.0 110.0 3.1 46 46 30.0
215 323 43.1 1125 4.1 6.2 8.3 35.0
22.1 33.2 443 115.0 5.2 7.8 10.5 40.0
23.2 34.0 45.4 117.5 6.4 9.6 12.8 45.0
23.8 34.8 46,5 120.0 75 | 113 | 15.0 50.0
23.8 35.7 476 122.5 86 | 129 | 173 55.0
24.4 36.6 48.8 125.0 97 | 146 | 185 60.0
24.9 37.4 49.9 127.5 109 | 163 | 21.8 65.0
255 38.2 51.0 130.0 120 | 180 | 24.0 70.0
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26.0 39.0 52.0 132.5 13.1 19.7 26.3 75.0

26.6 39.9 53.3 135.0 14.2 21.3 28.5 80.0

27.2 40.8 54.4 137.5 15.4 23.1 30.8 85.0

7.7 41.6 55.5 140.0 16.5 24.7 33.0 90.0

28.3 42 .4 56.6 142.5 17.6 26.4 35.3 95.0

28.9 43.3 57.8 145.5 18.7 28.1 37.5 100.0

294 441 58.9 147.5 19.3 28.9 38.5 102.0

30.0 45.0 60.0 150.0 19.9 29.8 39.5 105.0

60 s 1
7% S JSw: -14.14,
g ‘ ~ 3 NOQS:?/ Cadsyg ‘é_;_g,.; Jya> sto ‘5,...,.3 R
g 40 2= o (S I e xlaws (2 o)l
2 M- e :
;l g <Ts) ?, o:.@:e', : (Cm) 9 ‘T;,W}A O}:J% ¥
i A ot | T o ol oyl i g ins
:5.8 20 // - - S e 4L oj ol @m T s ¥
;.:' //’,.’ 2 o > alw oy pl sdu s s 0
g 10 v ,/‘,' 87 = :
l’.’._/” I
1 foties ‘
0 25 50 73 100 12'5 150

7 Total menscon rainfall in cm ———»

QW;}TQ)-@)) @w;ﬁb@}nbd&.&-llll
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(Khosla formula) Jg0,89 Swgs & (°

‘T S
(cm)a\gﬁ@.gﬁ;.led_R
(em) 4 Cyy-P
.(Fo)gebbaf'@%ﬁgboﬁj|&;ﬁfa_T
(Yield) Jo5,9 445/ cdliw 19.1
wyﬁéc}yﬁdlsaﬁéé(out'let)6j@}fﬁfbbkﬂ‘éﬁ)ﬁ)‘ﬁﬁ@ﬁj‘b °
05 e 15,8 st (M) s gt 301 (5200 46 4 Sl 5 3,
.Giaa)'\.,\ﬂdjgs.,\f}lgﬁé@AﬁQp.ssQ)\ﬁpé&Cﬂé}:ﬁjbggks
* S st 8 ol A s
s S s Syl
b Soltan (s oyl (o3 Sl 3 S b (555 (S0 3 S (63 por IS s Sl s @
(o b a4 il > Ly > o (o8 (24S
SS 5 4 el g sltalin ols S50 5 S1) Gt Sl s Sy s sn 25 @
$ 8N Ll s doa s amlo xSl s ol (6,8 o S shilS ol 4 S OB
($3 4 e S Asi 4 4l iy 632
525 B o () 0l Gkl b 4 7 )5S e U S AL s w63 poge @
03@°ﬂdy);5«§ﬁﬁﬁmsu}mw@w%wbé&«b%’°x4-;}3}§\’w‘>‘}545~‘> *
3ot IS Ju 63 S Sl A s 5 B op e @3 a7 (Fb S3p e LSS
»:.,.:3\.:.»&)jgs:)}bg?y:jsjs}&g:j\.ggj;%b&glé;@;ﬁﬂw}\@”
S S g S AU 2 IS G Iy s
(Dependable Yield from Catchment) b VGBQV 45> %?L» oyl 520.1
S 093 4y Suis > (53 S MAn s gl 513 (63 Dple b Sl s 0l s b okis)l @
-éﬁ&&‘)w‘y“ﬁ%gfbﬁfﬁ‘éx’éﬁ:swwx“s
o A (shad (§higyl 3 0pm g oidsi 4 US4 Sl edip g b Slaonpl 620 O
3 $ D e ea bl (65 s S o 4l (6309315 (ST e 45k
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Js5 S ¢l & (PT75%) €535 4 Cuips oy 3 5,055 32 3 51 (P=60%) 3 408 iy 55 5.5
S5
(Maximum Flood Discharge or MFD) ylude adas! OMaw & 21,1
%;::.‘:;ﬁfaéwb%;g;'-)grmyggw:é@g%ﬁé:)\wwﬂu\iﬂg&l&olgjﬁ;
SRS S S 383 gl 23 03k > 2 3 (spillway) (Sl (52 > S5 4SS 4 JS dlows
.‘:;)Q%;,ﬁwtmgaﬁsw,\m%;»

(Method of Computing MFD) & ybo ¢Jg5 dwlxo & M  olacl 81.21.1
z L e g5 e -’“&’3*:#-’ e
(5ickens formula) Jseys 3S0s (Y
(Ryves formula) Jssys oy (¥

(Ingle’s formula) J s, s J.KJ‘ (¢
(Nawab Jang Bahadur formula) J s, ,93le Kl ly (°

(Fanning’s formula) J s, 42 qul.e @
(Flood Discharge Formula) Jg0y99 yldo & O & (9
Q = Cd .An,
(S s Gy 4
(m’[sec) g3 ldis D 3-Q
(kmz) 8> TS W u:-l.w cJ':’J.:‘ 3. A
TS U,S,,U\ Al son
(83 o o D s ad.
L?:-\.w oj':'ﬁ\ >(2) L‘S‘)‘J‘-" ‘9\ d‘gg L?:-\.w oﬁﬁ‘ (1) Y ‘Lﬁ) ag‘ Lf)ﬁ }3‘5‘)‘5:5\5 }1:.» )&:.’ k) Q@‘ﬁ" (n) ‘9‘ (o)
dgs 4y aing Obsb 5 (6) Cwglde Ty 3(5) Sdd Sy 3 (D) u.‘e\ﬁﬁ}s ol 5(3) Cuxdse
%55 4L o
(Dickens formula) Jg0,88 pSO9 o (¥
3
Q =C.A4,
(S Jss o

(m?[sec) 4 g5 HIdas-Q

. (kmz) 4 IS WA @Lw °ﬁﬁ‘ 3_A
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.sa<uboc

Doy s ab(o) »

dlw

Cwad(c) o

11.4 ULﬁJQ_})’JMJ&AD

13.9-19.5 o3 093 55,0 i 5

22.5-25 ol 0g) skia o8 >

(Ryves formula) Jg0,89 33,0 (¥
(83)8 Jleszwls o)L;JyL.u oj'.:ﬁl.s(&sjt.;.?) lode s L Jseysdls

2
Q =C.A3,
(S Jrs Sy
(m’/sec) 4 (g3 4l 4is_Q
(km?) (¢35 Colus g;"'l"‘“ op pl 5 A
sy sboc

)b 5 LB (O) »

C Cxadgn 03 gl &

6.75 e S Q4km) e s b ki s

8.45 Lo S (24161 km) ad g )le 5 oo bt s

10.1 gs""l"‘ S 90 aj.w};sj‘ﬁ,,ﬁj'c
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(Ingle’s formula) _Jg0y98 (Wl (¢
.‘5}‘25}S})S}O)lﬁQ?uoﬁﬁ‘&gﬁf}wéd}ﬂ‘)}‘ﬁ

123 A
VA¥10.4

%92- Oy
(m’/sec) 4 (g3 Hldis QL > 5-Q
(km?) 65 Colus lwop oI5 A
(Nawab Jang Bahadur formula) Jg0,98 ;93lg Cl> Olys (¢
183 g9 Jlamtl 3 05L 5 sl o §§f:>QT)A? Sl ddsey gl
0=cC _A(0.993—41Log ) "

N

T

- (m°[sec) 4 &5 Hldae OL 2 3-Q
(km?) ol Loyl 52 A
LSS S o (84-60) ©>ub.C
(Fanning’s formula) Jg0,98 36 (°
53 g5 Jlomial 3 o) 3 gl el Sl > Jonlé 13

Q=C.A6 |, C =256

(River Gauging) (& y5 03Il Woww &
10 (68 oIl 3 i 3. (65 UsS o310l e 3 gy 525l (S i 4y 45 g0 4 (6,8 oIl A s @
:g})\.:w:deiaL>L:fj\.ggi’.fojbd\&ssud%;jﬁzd;w&huéf; W:éu.:%;m
.éﬂf\aﬁmw(currentmeter):djjoj1x|¢9ﬂaogﬁ>3|éwjt’5)ﬁAsz
(FU oV 4 e d Q= AV 5
Job > s b SaSErs S St o $aP D 3 Ll 63 550 35 S 510 @
(S JSG el o)l 3 6,8 ojll i
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Rational )s g1 Juis, « (Hydrograph analysis) J\Jgﬂ.x:.:a > &35 S5l Gas @
(Flood routing Method) 5 sie si55 Dw 5 5l (Statistics Method) s sis S5k (Method

.gédg,lfo,%:);@bu:‘_;j\xbg)&y wﬁobvﬁ)} LY

(Soled Examples) 4igdbn (Sou f=>
Gille dydr Y > (511 iy s éyw T e
CS;‘J‘::’ oj‘&\@.;dsglu@)jbébb oj':’ﬁ‘ °“Uﬁg‘4§g“u‘63 Lﬁ}"; J;u

5 4 3 2 1 JUCRIE

1480 1600 1450 1600 1100 (mm) sy

Z}‘g}b MY@;A‘&SLFLJ‘) L;ASY:(PEW) oj‘&‘@;dﬂﬁﬁévjéik
NP Py 4Py+ PP+ P+ P 1100 + 1450 + 1600 + 1480 _ 7130

n n 5 5
= 1426mm

5 Sy oS e Sy 3 4y b 4 OS5y 35 3 e Js Sl 4y e 5 0Y3 - 21

Pav

Axr (P)(mm) iy Sl 08> e S o3l > Coys
(A) « (km) i
4 3 - 1
1386 30.8 - —
1315 34.6 2 B
978 326 20 -
984 24.6 " .
ZAXP=4663 - ZA = 153 km? 46 o
: (;-,:- )) . J>'
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P _YAxP 4663
@ YA 153

= 30.5mm

G Sy S (B Coiyy 3 Ak b 4y s 55 3 0 s S el & o s Y51k~ 311

5 555 3) 5@ 5 T skt S gln 3 s
N . ) . ;) L 4 sl (6 gluns s 35
LA (km?) 4 o f. -

e 5 (P +Py) e

4 3 2 1
209 9.5 22 9-10
480 10.5 80 10-11
1208 115 105 11-12
1225 12,5 98 1213
1053 13.5 78 13-14
232 145 16 14-15
7467 - 399 48 500

kf? 3) ZJ.>
P+ P,
LA 7467
P, = 57 =299 = 11.94mm

(50%) ;L‘ﬁ-ojh\j\ Sy g a.uui@; L‘;.,,L: aﬂjj‘}ééc‘ié\i,})&.)é Coinyy NS i¥s i dla- 4.1
xS (yield) JS55 45l b b o)l 5 >l o5l 3 &Glten 5l g ST« 6 S5 s 4535 0

t&;j(750km2) &m@mjﬁﬁ\;@;sduwb
128 122 99 148 145 115 120 ,149 ‘(Cm)zc.m;»)) ‘

1957 1956 1955 1954 1953 1952 1951 1950 JS
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el Jedss

170 152 200 165 160 110 136 149 (cm) Sy

1965 1964 1963 1962 1961 1960 1959 1958 JK

188 206 203 199 205 192 162 177 (cm) iy g

1973 1972 1971 1970 1969 1968 1967 1966 JS

190 196 210 180 182 204 178 155 (cm) "y

1981 1980 1979 1978 1977 1976 1975 1974 J8

187 185 173 (ecm) Ty
1984 1983 1982 Jg
s 5 p Sl WS g by gy 50y 50 us el 4 5S> (gl iy gt
s oS & oy s 9 %g gy s )9 %g gy
(cm) - (cm) - (cm) -

1958 149 25 1983 185 13 1979 210
1954 148 26 1977 182 14 1972 206
1953 154 27 1978 180 15 1967 205
1959 136 28 1975 178 16 1976 204
1957 128 29 1966 177 17 1971 203
1956 122 30 1982 173 18 1963 200
1951 120 31 1965 170 19 1970 199
1952 115 32 1962 165 20 1980 196
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el Jedss
1960 110 33 1967 162 21 1968 192 9
1950 100 34 1961 160 22 1981 190 10
1955 99 35 1974 155 23 1973 188 11
1964 152 24 1984 187 12

t Sy oY o Kl ey 5 (50%) Layl S aled oYy

— 35 20 _ 175
— X700 "

t Y Kl Sy e 4 gyled wdY 5 (18) 51(17) 5 Jsy 4 Jles
_177+173 350

P = 5 == = 175cm
b & g5 alonad S5 sl b Sl gy ad I STy 5 (501 e s i 3
P <200cm

195,8 °J‘:r‘}5:5‘-1:f, S i Pl 3 ey 2 (Ingle’s) 5oyl s gl og ol oyl sen s o5
R = P(P —17.74) _ 175(175 — 17.74)

254 254 = 108.348/cm
1955 deloes 45515 45y 5 (yield) Clow

yield = C .Ax Run — of f
yield (Mm3) = A(m?*)x run — of f (m), ..... (i)

. 108.348 . 5 81261x10* ;
= 750 x10%x —— = 81261 x10*m* = ————— = 812.61Mm

Zv.hl:')‘
1590 u.u\la\g&)bofﬂ(yieldinHa-m);ﬁ-)t&A aJ S5l L

yield (Ha — m) = C.A(km?®)x R (cm)
= 750 x 108.348 = 81.261 Ha — m
24.3‘9)‘.3

4.3%)\6.3d..\.30ﬁ(m)‘9|(mz)4.3oJ..o;‘,.:SJS4.304‘})@}:)3}‘&1&-@fb0ﬁj\36ﬁ4§ )
(5D oY o MM 4 adS)s asl b Cllw 55 5 o sy 5064 (10°)

oo pl oy w5 83 4 B b Jrisbs o (Ham) o= HUSe o S)s 4l b Sl (g S Y
w‘éédajmof»(cm)@@)33‘(1(1’1’12)4.347-\.‘»

43



N . . Z
S350 55 8ayle ol IS sisls @l SN Pl s

yield(ha —m) = C.Aymz)x Piemy, - (i)

(20 kim®) ased- oo (53 4 51 53 (120 km?) g Comlon o o5 21 3 o 00505 0 i3l 330 - 5.1
S s 2 BT 0y (5 63 (B0,,) gy B SIS oo plan s Koyl (Ss0s a b oy
NP 05y o — 0, (20%) a3 e 05 1 S o w3 )y 5 (6,53 (633065 (20%) JLSL‘;;M
S5 dle o511 35555 g5l b S s 2 o5
=
(ol o gomn mluogls @
Total C.A = 120 km?, Intercepted C . A = 100km2,1ndepéndent (:‘,A = 20km?

1%;:@%')3@15 i

Annual rainfall = 80 cm, bad year rainfall = 80% of average annual rainfall

L g S A ey
_ (80 x 80) '
Bad year rainfall = EET T 64 cm
it Lol SNs oyl 183 s elaw O
(20 x64)
R = W =12.80 cm
Dt e 4 (Lo pl (598 alad s

o _ (20x1280)
100
b&-@baﬁj|%§\v}a‘g|ﬁ9:$q‘.ﬁ» ®

=2.56cm

= 20x 12.80 = 256.00 Ha —m

:43a.sd;)l.:.oaj|x|go}w¢:5p:4$$¢be)ﬂj‘&§}$cb5:
= 100 x 2.56 = 256.Ha —m
1) o same Sl > ey
= 256 + 256 =512.00 Ha—m

obels w5 o b} ol (B00 km?) o 4l o ol 05 (S I llee 4 1 Jle - 6.1
8S dnloes 311 I
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1>

t e 4 Jsey g s(Ingle’s) s @

123 A 123 x 300 m3

= = = 2094.96 —
VA +10.24 /300 + 10.24 sec

:‘;usdd_,,a))é:(lngle’s)a °
3 3 m?
Q=C.A7=30x(300)% = 2162.53E

P b o)l s plde > e bl s Caad n Sy (e d S0 5yl3 Sy 30 S5 60 4

3

m
MFD = 2162.53 —
sec

S0 4 g0 d Sl — (g8 JoF dubre gy S 3
(The Calculation of run-off by run-off Coefficient)

:)‘gfwbuofwdﬁMQJMM&L:)&@;@JQ:MLg.,b"}?: °

R=K.P,
(o
‘(83 g e -R
“($3 Cuinyy-P
.§)a3|éjﬁ?u;ﬁ,\>@6;gb_K
2R3> 95003 38l SS9 ds S s S a0 59550 mal Slgb s o Jad IS 4 Jpe gl @
3 S amloodsi gl s (o @, 0yl 3 germ oLy a3 S5 asls a6, S U 0yl 5 S
LS9 )0 shad gl
Spo Syt Jos 555k s s 5l ST— 055 (S perw JalS 4 (S b sy 65 4 oles
oS
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163 S a5 I3 s 4 sed S D s 03 (K) 5 Jgd-- 5.1

o3I LIK 5 Jsa o ool Y
09 S ol o s 650 2 S L 8y oY ealy i K5 Ss ) o 18 )
%;a-l.w
0.8 @53&;};\;@,&;@%@;,\éj%;q);ﬁ)y,;;@égm 2
0.7 éﬁéﬁ°)‘wg?&*;“ 3
0.6 o) ol digs adew ol aded 4
0.5 S5 Jursy Alag e ops ags | 5
04 09l 055 S wlingy slany | 6
03 A 408 SN o S (s Sskesl ol 5SSy |7
02 A S alag) sl el 8
01 S5 $sh dypas oyl Ba| 9

.ggs‘vxﬁo,'\vu\@;w@,,g@,bgo}f\;ﬁd};“ﬂ;}g‘fsrggyu)iéwujm- 7.1

(mm) Coys (kM?) Colas O8I 52 5 cp 3 > G5 i 3 6,8 0jlubls
1200 10 A
830 30 B
1052 25 C
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. Z
G50 65 dasdle 5l S gl

Sl &I sl 5

rJ>-
AxP (mm) oy (Km?) Comloos 358 52 3 055 5 O 3 sff SINUR
SO
12000 1200 10 ~
24900 830 30 -
plss Jputars
1052 » -
63200 3082 65 km? _
Po =22 m
_ 9320 972.30,m
65 ’

WJ}Q&QPW‘ oJéﬁoMW@wdQ}gﬁwﬂSJ@Wé}))ﬁyﬁ‘)oﬁJt.e-81
(1220 (105 ) oy o 5 45 (2 4520y 51 (2km?) « (19.50 km?) « (26.50 km?) « (13.75 km?) o s

3

(6 S dnlonn 0} Shte Sy g 5 e £33 w63 (154,,) 51 (149,)

w:éﬁfeju}b

AxP (mm) Sy (km?) Comlows 08 32 3 5255 > '
S5
1443.75 105 13.75 A
3233 122 26.50 B
2905.5 149 19.5 C
308 254 2 D
7890.25 530 59.75 -
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YAxP
B, = S A ,m

_ 789025
~ 5975 e

(245 km? & b 53 (o)l s (leeg %gﬁgusb'j ol 4 allges 1l - 9.1
55 1My e (MFD) CSew ol > o o Sy 85 A0 s 5 bess g5t S
J
123 A 123 x 245 m3
Q= = = 1886.24 —,
VA +10.24 /245 +10.24 sec
> = LFM»L“»‘L;: (10.4) 4/ (125) v 4 9ade ol (245 km?) = S luws % %?L,a o5 ! S5 :Jke-10.1

58 1 lukie (MFD) S galisl 3 mo af o33 5 ol

__ 1234 125x1282 160250 _
- JA+1024 +1282+1024 3595 ~O%5ec

m3
e

%5_: L;SWB L) (10.4) 3‘(123) @ 453.3..\.9 C..’tu (8250 km2) @ I W L?.? L;}L'“ °ﬁj‘f‘ ngﬁ.s Jl.'.’.a -11.1
(6 S Iy sl (MFD) D joisl 5 oo d J g0y 58 5 LISl >
>

123 A 123 x 8250 1014750 3

m
= = = =11164.99 ~ 11165 —,
VA+10.24 +/8250+ 10.24  90.89 sec

4.3(545 Iy 5> Ses d Jgnps8 5 55005 ldas (MFD) D saliel 5 o)) >l o3 ol (g w3 :Jle - 1201
J (28) o)l corwr (5 505 o oSG 553(1500km2) =l >l a}“u.:\.sﬁédb e
S8 (S

)

3 3 m3
Q=C.A+ ,=128 (15004> = 6748.79 —
sec

6)}:3).5 4>-L~(6Okm2) 6;5—6.)453‘ 6:(2001(1’112) @sl,a-‘w...a LS"LW oﬁﬁ‘.:u%-oj:.ﬁ-s oﬁld\in—].?).l
15.5.-...6.3(60°/0)ﬁ&b@@éd\gu\;@‘és(l\socm) @)j,\;&w,&&@u °ﬁJ‘f‘ -"Lﬁ;u o_g\
i > (25%) (53 3m3n S 0x3 & xS e o o ol 555 alad 5 5l IS s

CS;‘% oj‘..L?\ Gowﬁjo:ﬁ-}»;éoﬂ;‘dgw&&:ﬁfhﬂ
Total Catchment area = 200km?, Intercepted Catchment area = 60km?

Independent C.A = 60km?, Average annual rainfall = 150,
Independent C.A = 60km?, Average annual rainfall = 150,

9551 &)\3 Ciys JS s
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. (80 x 150)
Bad year rainfall = T 120,

!)}S‘u\z’:&)‘:JT—Q)UQ&L&oﬁﬁ‘&Sﬁ#}‘&A}
18 x 120
R(Independent CA) = W =21.6¢p

R(lnterepted c.A) — Mx 21.6 =54,

5581 Kols Sl o) Ll (550 o ol e
yield from independent C.A = 60 x 21.6 = 1296 Ha — m.
yield from iintercepted C.A = 140x 5.4 = 756 Ha — m

19581 8515 2 IS5 sl b Sl o8 e oy
Total yield = 1296 + 756 = 2052 Ha —m

dﬁkdx\(g.k;.\fj&ﬁ)é#éjww;:Q;u)jks‘.kf.sml.;:@uoj'iﬁ‘éﬁ::db—lél.l
:CM}»)}G;S:swl.;afuakﬁ\:wb‘éu\fﬁdgﬁdpw};j:)}}& C,..}:”L";}LM:US

S g S95 @5 e
(km?) > lus (cm) & ghs (g5lus s s

580 75- 85

2960 85-95

2850 95-105
1000 105-115
610 115-135
160 135-155
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Sl &I sl 5

. Z
G50 65 dasdle 5l S gl

AP sk Gl s s ® ) sk Golus s s
X vy g e 3
(A) Coluwe & 318y
46400 580 80 75-85
266400 2960 90 85-95
285000 2850 100 95-105
1110000 1000 110 105-115
76250 610 125 115-135
23200 160 145 135-155
ZA” .B, =807250 ZA = 8160 ) e
Y A,.P, 807250
=== =98.9277 o
YA 8160
.c.b*}.ﬁ) J§)j 0y djé L;-L»y 4 \.,'I.JJ Cy9 Ml:’ .3859-\.« aﬁjﬂ 3:Jke-15.1
1980 1979 1978 1977 1976 1975 1974 | 1973 1972 1971 JK

1305 1390 1275 1410 1325 1175 | 1250 | 1400 950 1100 | (mm) Cuys

50 km?® = o)'\..b" u:-l.w °ﬁj‘f‘ S
0.6= g_,.:..fpﬁ L;‘,;h.ﬂ b
&5 Slok (Yield) Sl eyl > b o) 45 5Lzl (60%) 5

13 saclalS 0 pen S ag SNy A L) 5y 5 iy
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1972 1971 1975 1974 1978 1980 1976 1979 1973 1977 J&

)9

950 1100 1175 1150 1275 1305 1325 1390 1400 1410
(mm)

:Lf;-‘) JNQC,...Uj uUjg‘(6OO/O) %})MM}

g 4 5yl el s
6th data P = 1275 mm
il Oy
Run —of f = 0.6 x 12751073 ,m
o

Yield = C.A x Run — of f
=50.10°x (1275.1073) = 38.25x 1073 = 38.25M m?

3 3808 ot S5l s (MPD) Slis aisl Bl 3 0l 3 oo 630 3 Lidhlgs 55 4 5 1l - 16.1
900)g&wﬁjﬂ%ﬁ-?boﬁj‘wﬁJ%ﬁ-édl_a-w‘bq‘cg;wwgudyﬂy)}s
.3 C=30) sl (km?
N
:L?uddy))é:u..lfdb i
A=900m? , MFD =?

123 A 123.900 . m3

= = — 3
VA+10.24 /900 + 10.24 sec
e d Jgny s Syl

3 3 m3
Q=C.A7, =30.(900)% = 4929.50a
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o)l Sy5209 4w (B0 km®) ased Loz (65200 km?) 5 Comlus lov oyl 5 0,53 0551 la-17.1
%@5;»(60%),:@@@&;?5&54{4:3.&;(150cm) g;,w@sa@s@uoﬁju‘@u
w&b&j}b(zg)/o) stb?y%}soﬁbg%s?rjngQ)&?Lwoﬁj|&§}&&;.}j‘d\ss§MJJ

.%§§‘Aﬁ:oj‘~5|dcwﬁj‘o}ﬁ}néécﬂ5—3@:Ls.chLQA

200km21¢>wss>bakj\g9ws

60 kmziﬁ,a-w 6>-Lw oﬁjg‘ aJUTé

150cm:¢.~..}')36115

:“5‘;%5’L“‘°ﬁj{|6-’“}T-’:j:€-f@‘l‘“

o _ 18120

100 =21.6cm

a3 lwop T s
Yield = 60 x21.6 = 1296 Ha —m
»‘;MOﬁj‘éﬁ#J
=200-60 =756 Ha—m
Pl o gazes
Total Yield = 1296 + 756 = 2052 Ha —m
& g lan o 0y 55 0 dnline 4515 Aol g0 O S g0 5 s do-l ST 3 355 090 gugl 510~ 18.1
oy 3 A S wigziys 5l (650 km?) I (420 km?) . (275 km?) « (360 km?) o 5 4 S
8 S anshan anS Cuinyy (S5 S w63 (83.8cm) 41 (100.20cm) « (75.8cm) « (60.5cm)

AxP Cole O8I 50 i | 655 s s >
s )
(m°) S

4 3 2 1
21780 30.5 360 A
20845 75.8 275 B
42084 100.20 420 C
54470 83.80 650 D
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ZAn.Pn = 139179 - ZA = 1705 48 gora

_ YAn.P, 139179
YA 1705
5 & (MFD) jldias M obosl 50 (63 (1200 km?) 5 Comlue o =l ops ol (655 5:JEe-19.1

($3(C=28) o (Sl ols 4 IS Iy oo &) ishgny 5 503 5 K
:Je
:L‘?udd_,,e))é:u.\lfdb i

A=1200m? C =28

123 A 123.1200 m3
= = = 4243.81 —
VA +10.24 /1200 + 10.24 sec

e dseyd s S0y i
3 3 m3
Q=C.A%, =30.(1200)7 = 5708.78E
Sl 085 it 4 S e Sangs S ale 4 dus Lo gl g 3 e - 201

@;Ml:ua.a(Mm%quwﬁp‘@?ﬁc\jd)ﬁ)}&JN&‘J&)‘M}“\%}G&A

= 81.63 .

(km?) Co-luws (mm) @J)&;%gc:mwﬂa
20 1400
30 1500
24 1100
26 1200
25 1300
125 -
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s . - . @ .- .
s 2 b 4 O n s

1958 Sy s

_ A1P1 ,A2P2,A3P3 + "',Anpn _ ZAxP
av = A1+A2+A3++An N ZA
_ (20 x 1400) + (30 x 1500) + (24 x 1100) + (26x1200) + (25x 1300)
B A1+A2+A3++An

_ 163100

=T3¢ = 13048.8 mm = 1.308 m

:3§|4ﬁ@),@£ﬁ%§mfgg§}@$¢ﬁé¢gﬁ i

_P1+P2+P3+Pn_zp

av

n n
_ 1400 + 1500 + 1100 + 1200 + 1300 _ 5600
- 5 5

= 1300mm
98 Ihe o g el i

(1304 + 1300) ]
P = =1302.4mm = 1304 cmand P is < 200cm

2
Iﬁjjdy))éd“lfxsbe)lgswdmg?w
P(P —'17.74)
Reem) = =554
_ 130.24(130.24 — 17.74)

= 57.68cm = 0.576m,

)}S\%@(Yleld)gj;)} Q}‘lﬁ%jlﬁﬂ v
Yield = Run —off x C. A,

254

= 0.5768 x 125 x10° = 72.1062 x 10® = 72.113 M m3

(Important Points) (55 ngo
13 ey dsa s3ladl 5l S (S arbl 4 gt ;bfd sols sy syl
-3 2lpopm slh ks S5 omie sl Ok
[ Sy S 315 ST sl s @
LG9 Teys-
(s sr o2 bol oot pb s
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J5S s psl BLSls By 51 J S0 S Y 4 s oy G 5 o 55 UL phas-

- s gyl srsh S s

) . 4 S A ) andaia ) .
PER N P PRV
Sslay \ ) s b daliia e N4
g N .
e N\ 4—“9“4-3‘5‘ e
M‘b C;-\é-’d \. J . .0
~ (452})3 ” A4l g5

Fb 5553 2915 o)y (b (el Sluls Ty s es arsosn o kle @
(55 ko &
Sod ol o8 45l (55§55 I A S SV e S 5 6 JasaS e sl Ly o
.L“;i:sajb\.ﬂ 6y (M) - L sl (mm) « TS
s Sy s e @
APy +A,P, +A3P; +---+A,P, _ZP
n n

Average rainfall(P) =

14393950 9JgT duwlmo 8 BT — (9,8 @
(5 Al o Sea dd g b BT 0 Ly -’L;z-&;ig,%suj— SEEITY
Q=K.P
: (Ingle’s formula) Jgo,l wdSlo> @
: (for non-ghat area) o,b o g>lw g5 £ & 3 (@

Run — of f emy = (0.85P — 30.480)
:( for non-ghat area) o)k 8 s>l g g wé & (D

P(P —17.74)

Run—off(cm) = T
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:(Khosla formula) Js.o)sé Nwgso @

R T —32
B 3.74
1459055 (owlxe 8 (MFD) i & S plasls @
: (Flood Discharge Formula) Jgo,e8 e & S & (@
Q=C.A"
: (Dickens formula) Jgoy98 39 o (D
3
Q =C.A%
:(Ryves formula) g0, 3g3y8(c
2
Q =C.A3
: (Ingle’s formula) Jg0,89 _odSI(d
0= 123 P
CVA+ 104

:(Nawab Jang Bahadur formula) Jg0,93 ;93 Sil> Ol (d

0=c .A(0.993—41Log A),

:(Fanning'’s formula) Jgo,e9 351 (f
5

Q=C.A6 |, C =256

(Practice Questions)  giowgs (wislojl
L;f u-’f: 658 4l (g il 5l 6 S sl )
S wligy ool 5Lyl S8 sl s Sy Y
gsf ol uﬁﬁﬁ PTIENN
(63 psS 3B oyl S8 gl s
(58 Wiy, S oy o sl Ol Sdse S8 pls 0
:gg),ajsmejg;};ﬁ;}\@foouw\ Y
0y atse o
Wisp e
55056 a)ly s epmai 53 sS wilsa 58 ssls
i S alag) S50 gy aib s I S sl s
S ol s o5 352 S sl s S5l 335 S ) s

L > <
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(s S 8 95an ks SIidllea )

S35 G IR p3l 3053 o GBL 5o S 4 (s g0 5 sk Sadiom s> S bl )
82 S5t (557

(85 2Sls P Fa S S3sp 4 sm 095 5l (655 0 45 5m 5050

Cs;d.;l.wj‘)‘_sﬂ.&‘@ueﬂj‘é‘)ﬁbd.bl{)‘&ndiuwwﬁﬁb\Y‘

5 ol ) B AL OT-0) st slueglgnd xS sSwa NE

.g;db.pb B33 5n )b 3 IS sl 3 g ek 5liod b Jre g kw3 )0

(6 tnloms i3 1 6 S wligy Il Jlartol 5 s alisl 507

Mm®) 4 ldie SHws g&w;%ﬁwu.@(%om% gLl L a}uu@;uﬁ.w
L;;wbu o o (Ha-m) 5l

G5 by Sdeeson & 2 Al mols asd e S > gy S Sha s A

S wlag) b 2 o)ls IS aloue s 55 b > (Yield)JsS,5 4l b Sdlw N

, ‘ .éSg,%ssvbo,\g;;Jjgojum;@”;%;wﬁ‘g.%

(8 S ey S Ailig) g o3l gt Sy 5 O g 3.1

(S S e Ly SasS 5 5 Y

8 S ) cs\-" T ey 499 Jow %5545}5 NITERA

(85 Ol 45155 %95@%»4339 Sy %;gv');f&l«.: 5.Y¢

(S wlig,y bzl (S SIRISWRL

ol 3 o Sl ols oty s3 ISy el Sy 3 L b ol 62 5 sz s Y 4T
e V\J‘NI (60%) o);,i\ 3 500 $5(0.60) 22 st jab.w 5 5 (50KkmM?) Z-luws s
(8 S dmlmad Shp w0l L Sl

1975 1974 1973 1972 1971 J8
1175 1250 1400 950 1100 (mm) Sy
1980 1979 1978 1977 1976 J8
1305 1390 1275 1410 1325 (mm) Cuiys
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38.25Mm3 : Ul s
S p 03 (210em) o ol 3 (MS Ciys > (BO0KMY) Colas Lo o pl (550 5 VY
(35%) L‘?u‘oﬁjl e b Tl I ;>Lw(200km2) aded- gF;Lw o5 » (500km?)
L’f-uoﬁﬁl:%fb%ﬁojw)j)\.«a.wl433}:.,::dlf.,\{:“:;JL;agh?;Jﬁ@uokﬁbcp-LM
S o (ham) & Colln 8 sares
28293 ha — m: ol g “

JM.E.» g_)}«:.w &‘J@&dd}ﬁ)}ﬂbﬁgb‘é) &M(lSOOl{I’nZ) %ﬁ.‘?%tﬂ °ﬁj‘| ox.YA
LS9 S U5 (28) ﬁ))%yﬁeéﬁédb-w‘ég‘sgg‘%

m3
13112l

(& 4 ousw EO) digslg>gl  oivgs (MSBTE) &

2008 o

(S wlagy @%uﬁﬁ,ug{m«i A
O an>= 0 6.343%55-)“_)@(3.1) 21 0lg>

(83055 (55 05fl ot e x9S (603 ka0l 5 S Wiy oy (el Y
'ij’ﬁ ax>| o (6545 o 5 (5.1) 41(5.1.1) J,,o_e ng.n:s,:‘?

163 555 IS Jaa Y 4y eyl Sy 5 ey (Lol s Y

1980 1979 1978 1977 1976 1975 1974 1973 1972 1971 Js

1305\ 153090 | 1275 | 1410 | 1325 | 1175 | 1250 | 1400 | 950 | 1100 | (mm)casss

50 km*= Coluws LS"L“' °}3Jf">
0.60= o 5 3T — ()3
8 S avloes (Yield) J 5855 a9l b Sl -l 05 5l 5 )1 (60%) >

S RT R SYCIE I Jee2 (14.1) 51015
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s S b ible & F
%5”“"“ oﬁﬁ\ S %,’.a- é dl?- Lxs'wb s\g (_;§ 4~wL>=A (MFD) )L,\.E.a u}&:.w g&o‘ b OJL;.S LF>-L~
(65,55 650,58 5503 ol LlKils. g5 (900kmM?) o o Lus
(P 26 F i S (15.1) 51 Dler

2512009

(SN O 5 S e sl Sl sl i ges )

.&;3»3 Cﬁ) Lg:ﬁ%;;jd.,a_é(?).ﬁl)::gl?

(6 S wlig )yl s alaslsl IS5 40l b ol Y
(I 36 By Jead Q151191 5: 002

a4 oyl ($55255 (60 km2) 5l (63 (200km2) o Sl o 03 pl> 2 053 o g grgls ¥
JE s Sy S e é Js a3y gvs 4ed (1‘50 cm) “’5 )9 gﬂg;sﬂe @u o5 2
gl ad s L; o 55 4 (5 (53 (25%) O = 0 (b (5,55 oyl L ol (83251 (18%)
5 Sy S
.gijcﬁjésd%?jd.aj(lzl)::giy

gy b A IS dnlonas MED) S gakislsgl (53 (& 4 (S o)luth zS s ¥
(S E 836 By Jead (121151 (14.1) 5: 009

552009

85 0L L’g;fjbg“}i)‘-’ )
-&;5“5&}’.')6-’43%;"';2&@(4'1)-’:‘?"9’.'

4583 ($ 35 gy 43k (Isohyets) aishst (gslus oy ‘:;'.153 Shl oozl o4 Y
o5 pl o3l 4 L‘;.»L:.Lgs Soo 3o &gl Eep St oim d y99ss %55 Jyd oY

& S Jlass Sy S S el

(k') 4 c>-buo (cm) 4 (Isohyets) 4ighiwdg 3

580 75-85

2960 85-95
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2850 95-105
1000 105-115
610 115-135
160 135-155

-y Cﬁ) L‘5.3c\JL?.iy.;‘_}..p;é(ll%.l) ::913:;

(S dloen Sk EPSITRN Y PUETY 5,8 (MLED) jlies Bl calisls ¥
(S E 36 By Jead (121151 L) 5:0lg

(65 Wlisys S oS o> T 33 (7 éc&gﬁ 553‘:34&‘5 > s ¥
'L;"L“ﬁf_ﬁJ L;.sc\:‘_}..aj(lél.l)::g!gq'

2512010

85 0y JSsls Saan
I 6343J~43(3-1);:‘7"9’.'
1 S wlagy Y
Sy A
O Sy g Ll
iy S s i
é.w Cdoyg AV

S G346 &y 3 (15.1) 5:00e>

.E;)o}:aﬂ{&@g@%;w@»&@;wu;@«;JT—Q, v
(SE 9 E 838 By Jead (116.1)51(16.1) 5: Mg
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Sl L;gv 5239 SaS

ol 595k 5 15 3yl 6 Mays3 sl > (10cm) @,j%;dtb;n o5 4 505 s S S 1dle o122

(S Wa sl oo (0 553 F5(120) 0350 gull

w9l 9,15(12) ;Lﬁa;bum%;n.&;) Lol g0 0yl 93,5 (120) gsdbj;;u“;ﬁ,q; @,,;J}

:)}5\4:3&,u%53&;bﬂjgﬁwﬂ\;};‘mL;gm%;\w;ﬂ\>(10cm))|,f‘?s¢,y w S
10cm x12 = 120cm

103 J93 6 Y 4 (A) Wa o)l es3 00w 55 50 4

= 120cm
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.&53(2500 Ha/m®/sec) L) Ls?)"’)s" g; Ml’;ﬁ(A) s °JL;‘)J|)?-’ usv..a}.a @ u.;.».a:dl.’:.»—Z.Z

to e o llenal 4y Jaily oY s

8.64 B

A= D B for Kharif = 123 days.
_ 8.64x123 0.4251 425
=00 -0 mor 42.5 cm

(85%) L;S@ ) Y i J 5 aSes 6,84 (80,000) o JUE o J & ggls:Jla- F,Y
_};J\: @ a)l,:.s &;ﬂ:b )\ (300/0) C)u\.ﬁ: _}j)f\j _yj\: @ o)\:;j v.m‘}aé %ggj‘J‘ab 33 LgJJjjgb 4&&5‘
S S ot 2 S S 5 Sy e sisls S o & JUSS 53 (60%) s S
'L’Sﬂ ojl?j r..,«y UJJ.M.,;J (1700 Ha/m3/sec) ‘9‘ o)l# S v.w}.» Lﬁg}‘) (800 Ha/m3/sec)
4SA>}:.Q.>- 43}5;:&
= 80,000 x0.85 = 68,000 Hectars
:ajl.\.}\é.é-:ojl.;! s> S8l

= 68,000 x0.3 = 20400 Hectars

i gl 5
_ area
"~ duty’
I)‘@dg‘ﬁ)\)b)grﬂyé‘gﬂb
20400 ___m?®
800 sec
I)‘M@g‘ﬁ)‘)b)gr.wjﬁ%;ﬂ)
_20400 __ m?
1700 sec
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ol 3 JUS Ay s o3 abig oy sn 3 (s 13 05ls (S e 4 sl 55 60 4

3
(e 3 O 5 45 3 (25.5 ) s sl

45;;-9&9'-6}43959&{)%5-‘0: OJES\k(ZALO) ﬁ@jﬁdb&ox:Wox}}gﬁjbidtﬁ-\c,"

oo sl S‘Egﬂfdfééa&.;o)\:ﬁm(lZO) ¢93|,\ﬁgmajus¢(1zo)

(20%) Slals v sl S 0lyes 4 991555 (180,,) (s oijJx;f > o1 (45,,) Ws
6§wbu I o,Q:QLgﬁAéJﬁgJUSA sG55 (40%) C)Ls.iju.éwGlfjl

L UM e

D =— x8.64,
3%55‘@3‘) Cys 4
ol 53 350, é = LFLSL; o5 4 (Ha/m™/sec) 4 4 59-D
.o.a%;)..i»g)\sstss&sf;Qwﬁg%ﬁaf»(m);»go:oJ'\,U\ajl.’,:QLgaﬁ:\;J:—A
.ofﬂ‘c)jgoso:ygﬂL.:\-B

D geos 0y (140) o 4SS s Y S 55l (355 (120) o390 awslusl ylsm ()

A=45cm =045m

Duty — 120 x 8.64 _ 9304 Ha
wy = 0.45 B cumec

o 55 S ol 4y slals JUE (20%)

80
Duty = 2304 x —— = 1843.20
ury x 100 cumec

03 s (120) o 0390 owlnlsl (63 DU o 4y s g3l 20 S (7

163 o)A (100) o Comlus 2 aSas LY x’fa
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A=180cm =1.8m

Dutv = 360 x 8.64 — 1728 Ha
wy = 1.8 B cumec

2oJ,w }S}:.o US r\:’ 4.3 )3\&3‘-4 JL&D\(‘IOWO))

60
Duty = 1728 x — = 1036.80
uty x 100 cumec

d S amlw o)l DL a5l Ged }:La.»é)fb 5B, 4yl oyl > gL > Jgdr Y 1Jle - 5.2
JU\SA\.’:L‘;J?; AS‘C;;\.‘\%C,.:AJE L‘;J?'-S:L’;wb.%s;l) LY J)f;fjjala‘ﬂ\ﬁdblfxzaé&%;ﬁsi%;ﬁ
-85 (12%) Sl (S o,55 4351 (20%) Slasls S

Ha
3 H W v Lf o] ]
(cumec) EEE) L; a>le 4y (Hectars) «> Sow I 0390 (o ol
1800 4800 120 V"&
800 5600 360 S
1400 2400 200 s
700 1400 120 Ol
800 3000 120 703
ZJ.>-
VJ i
_ Area 4800 m®
~ Duty 1800 'sec
r.>r.>- wg\ }3}\3
= Discharge x Base Period
2609 120 = 320 m’ d
= X = , — —days
1800 sec .
(S i
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:)lu\fu &3‘
_ 5600 __ m?
~ 800  sec
V» wﬂ ﬁj\b
=7 x 360 = 2520, Cumec — days
4....:’ 111
2)‘.—\.&&! w‘g‘
B 2400 c
= 1400 umecs
v}r_‘> d@‘ ﬁj‘ S
= 2400 200 =343 C d
= 14009( = umec ays
O eV
_ 1400 c
= 700 umecs
= 1400 120 =240 C d
= 700 X = umec ays
oy Y
_ 3000 _ 375
= 800 = Do. umecs
r.>=>- wg‘ ﬁ)‘ S

= 3.75 x 120 = 450umecs — day
:5}5‘%;;]3,;L;-U\Igéub:quogowwg\ﬁjb‘ oy S SO
= 320 4+ 2520 + 342 + 240 4+ 450 = 3872 Cumecs — days
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oL S Eos dai 4 asl oSe e o 9315 Cllae 4k (Cumecs — day) 4550

s S
= (1x 24 x60 x 60) , Cumec
_1x24x60x60H 1H — 10* m*
= ToF ,Ha—m , (1Ha—m= m
=8.64,Ha—m

! 58S abeial) Sl (20%) (S 6 4 JUS 5 L K 4

100
= 33454 X@ =47519.89 Ha—m

uSJ‘:" 4 JuS s e olds Ol s :wb‘§)§” wyl & gLy oY Ju bl g 1Jle - 6.2

Slulo  Js! wWe Py Slid
20% 45 cm (53D Jle
40% 30 cm ("&

40% 180 cm S
40% 50 cm (2 ‘ujf)o\q;_;},w
40% 30 cm (152 4,9) s

355 3] b

1930 p 03 solil o oy Y 4 J>

g‘s;lezg (64)‘) )‘ﬁ
55120 e
S3360 u_f
o120 (15 40 8) Sl o
5120 (52 40,5) Joaso
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e o d JUSs ke 456 (3 xSia o . g Dy 30 e ) JUS ol 4,8 gl (S L

g 5 5 5 e 20 (08) S S 4 i 13 ey S ol Pl 55 5515 6 JUS

5250 N Bols 322 59l> S oy 4 U 5 0 5 Sl Sl 3 0 D)o 0

8.64 x B (indays) 8.64 x 123
A (inm) 0.45

(S @ Koo gz opm Jo8 S el Slls 20%) 3 S oy g S sep 55 55

Using D = = 2361.6 Ha/Cumec

80
Duty = 2361.6 x —— = 1889.28 Ha/Cumec

100
Fd O s 0 doy e 4
8.64 x 120
= ———x0.60 =2073.6 Ha/Cumec
0.30
FETTILY 555
8.64 x 360
= Tx 0.60 = 1036.8 Ha/Cumec
Fs2d Ol Sl s
_BOAX 120 060 = 1244.6 Ha/C
l— x0.60 = .6 Ha/Cumec
P s Ol skoese o)
8.64 x 120
= Tx 0.60 = 2073.6 Ha/Cumec
Jjjlg o)\,;.s P ls e,w)}@xgdlé- ‘5.,\3‘)1 o C}f @;\u\ﬁ Hldae e D o)l?j Jus 0423 tJle 7.2

S5
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s 5535 sl asl g5 L3yl SLLS

Syl S5 Pl s

(Ha/Cumec) 43 Jg29 (5 4>l 4 (Ha) 4 4>Ls (s 4550410 Poi OLid &5
700 350 (1 £ 1
600 150 03 2
1500 600 ‘7;-)""’ 3
1800 1200 V"& 4
800 400 Ol o 5

550 p
15%= olols Sl i
0.7= o,y il
0.8= o o b bs il
J"""E"O:’J‘}‘J"’J’
Io)\.;.“,:lfb (a
~ 350 05 C
=700 = O-> Cumec
ol s> (B

1o 0.25C

=500 % umec

:aJ\,:J jjz-la. > (c
_ 600 04C
= T500 04 Cumec
0)1.;3}4;.&«) (d
_ 1200 0.67 C
BT umec
ol Sl s (€
400 0.5 C
=goo ~ 0> Cumec

iéf}Mﬁ s Mo 4 L5yl s 90 5 0L 5BLS Dy s
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(Cumec) y10éo oy gl
Py Sl 3

el s s 8 S S
0.5 - - _ gg

- - - 0.25 ST09

- - - 0.4 L‘gﬁb

- - 0.67 - =~

- 0.5 - - Sl o
0.5 0.5 0.67 0.65 48 goaen

Z)‘Jjﬁdg‘o)\?jrﬂ}ﬁ%glﬁb 1
= 0.65+ 0.5 = 1.15 Cumec.
Z)‘A.&Adg‘b)gr#}sgﬂb 11
= 0.67 + 0.5 = 1.17 Cumec.
= 0.5+ 0.5 =1 Cumec.

:)l.\.?u Lf-:’ﬁ'; S

_ 1.17
~0.7x0.8x0.85

d§)3 C).Lij.\jfxiﬁ)bj\ ojj,c LS”'L"‘ a)u}SUL.;}L:D&:;JL;ubY JU‘SOﬁ}éd}Jq- 64;&4.3;)[2&-82
(S s Dlasls (12%) 0,3 51(20%) JUS (6 o aSiis Sy b b (6,553 5 ol (63 558

= 2.458 Cumec.

>l Y OLis (95,9)0090 wlw! | (Ha/Cumec) g9 5 >lwdy | poilis &5

4000 120 1800 Y"& 1
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3200 120 800 Y 2
4500 360 700 S 3
2400 120 1500 4 4
1600 120 600 Ol o 5
tJ-
V'& A
2)‘.—\.&&! w‘g‘
_ 4000 222 C
=800~ > umecs
V” w‘g\ ﬁj\b
= Discharge x Base Period
= 2.22x 120 = 266.4 Cumec — days
2%;?-_:)) i
IJ‘H\.EA @@‘
3200 AC
=800 — ¥Cumecs
V» w_g‘ }{)‘ S
=4x120 =480 Cumec —days
'S i
_ 2500 6.43C
= 700 = 0. umecs
r.>=>- wg‘ ﬁ)‘ S
= 6.43 x 360 = 2314.8 Cumec — days
4.“,3 1v
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2400
= 1500 = 1.6 Cumecs
r..>=>- we‘ ‘yj‘ S
= 1.6x120 = 192 Cumec — days
1 e RV
:)lu\fu &3‘
_ 1600 —267C
=200 _ ~ umecs
v}r_‘> d@‘ ﬁj‘ S

= 2.67x120 = 320.4 Cumec — days

«.’;bu“fv»gpfwd‘g‘fj"" afwgf...’:;%gaé\ﬁ
= 266.4 + 480 + 2314.8 + 192 + 320.4 = 3573.6 Cumecs — days

1Cumec —day = 8.64 Ha—m
P L;pﬁ'“'?“ﬁﬁ‘ 3
Total Volume of water = 3573.2 x 8.64 = 30875.904 Ha — m

o 38 S el 4 Sl (20%) 5 S UK
Her BB TIE)

= 30875.904 x % = 38594.88 Ha—m
581y S5 WY 4 b b (g e 53 S el Sl (129) 5 S0 g KGles

= 38594.88 x % = 43857.82 Ha—m

- 03 g4 w\.m‘j‘(864Ha/CllmeC) t_Sgﬁ'? é‘t’-l.w 4,3 - S ASCSJS“'\:‘.:’ L;J.) o‘)l.;.‘ QL& 05 ::Jl.’:.c-9.2
(53 33 (120)

e
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S-64—P5
A= T,m
= M =1.2mor 120cm
864

< 03 g0 LS’“L”‘)‘(ABZ Ha/CumeC) 69}.’*? ébb 4.3 - ‘_;J:.g- 4§‘ C;;‘-l:._g L;‘J: a)L::J C)L.: S :dliﬁ' 10.2
.&gj L55-))(4:5)
N

8.64 x B
A= ——

p '™

_ 8.64x45
432

.C;{f@bu)\u\j.» O_Q\ﬁjl;%ﬁsdﬁc\gdl}lf&éjjﬁ.w: oy Joa Y 41l -11.2

= 0.9m or 90cm

ol allU 80%= aluys o S

.érﬂj»ggﬁ: 50°/o:Q.,L2}3)§Jﬁjb

(S e sn by g2 25% = Dol o S g9l 5

ol g 2 ZOOOHa/CUmeC:@x;@ékﬁdu&é&ﬂjb
ol e 900Ha/CumeC:&sgxg@xsé‘)jgdmféﬂj;
-

103 0250 80000 = 4L el aalli b 555 5

03 ol ol ol B0% = sl g5 goma 13 51>

80
= —— x 80000 = 64000 ha.

100
:bugawéx\lﬁaéﬁ}»ggua
_ B 64000 = 16000 h
—100x = a.
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S BT 55 S e & e
tasLw

50
= —— x 64000 = 32000 ha.

100
2@\?‘?..»}»&5;4))‘..\1»&;0}9;»
_ 16000 _
= 900 = . cumec.
:J“'\LOQ“J\'«."‘V'“)"’QJ“‘J"
_32000 — 16
= 2000 = cumec.

Dl oy

= 17.77 cumec (Take Maximum Value).
= ST Se6,S o3l 4yl o5l 4 (10 cumec) s S J 4 JUSs as3 $l50 d ks 1l - 12.2
;,;Am G553 B0%) Slals psl 5 o é &jx%;u:ﬂ 45! (700 Ha/Cumed) i ss é il 4
.gﬂf)ﬁ)!@m)S@;\.\ﬁg}w@b
-

10 m®/sec : yldda

o
°n

L VS‘) o3Il 4y 30% 5 ,ldes 4.3%55‘):.; 4 %sa-l.w.s}.;.Lg.s Ol L?.H.E.:.I\ 30%
syl dae u;SJ':'»’ a >l

KD
£ X4

=10 x 0.70 = 7 cumecs.
:ggﬁg é aloay
= 750 hect/ cumec. ‘
:‘:;J.‘S)}ég)\@ d-lw aza
=750 x 7 = 5,250 hect. ‘

ngg- 6‘63 OJ\IS»A (6000) & glo-‘.w.a uS»o.;- LS:&‘JJ d-ﬂjb-la} u}: a)L::J JUS é}&f} ﬁbdt’.a-].?)z
QM}J@})‘QO)Uﬁ)}J&é#}L& 4.3‘9‘ 0)&(4000) &;3-\.«;.& @Lw Ls-ﬁyub).)&
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Ls;}x.g - o)g }o.& S )‘ (600 ha/cumec) u;x.g OJEJ 9 &J‘M‘éﬁ (30%) 0)\..?5 j.q.& S j‘ (15%)
‘_;é taloes e gols S o4 JUS S giuss oub ¢S (3000 ha/cumec)
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e
taml kY ) Bl s

N S5
= 0.15 x 4000 = 600 hect.

= 0.3 x 4000 = 1200 hect.

Z)‘@@J‘ﬁ}‘)é)@ﬂ)‘ﬁ)}b o5

600 "
forrice = 6%)0 = 1 cumec.
for wheat = 3000 0.4 cumec.

. - . - (] o+ . . Z.
%ﬁsdﬁ“t’db\sé}":‘fﬁ")‘mwé‘f‘LsJULL’V‘”}‘J&;NJV‘&)‘&S"‘J@Jﬁ%S?&F

m3
=1 cumecor 1—.
sec

St (75%) (S (63 463 o)l (12000) Comlus  Sad calllis oyl JUIS Criin 5 :Jle - 14.2
700) é ‘.}?J-’ 4,3 JU\_gbl:aJ - L_s;x.; L;'.;;m;‘ (30(:70) QM})}Q}:}‘ S < a)l.;.‘ v.nﬂ)ﬁ ‘5:.4}.03‘3) CA.G‘)‘)'J

%55 J.:v 4,3 JL,S LSJ-‘*-‘“-’ @ L:S‘;ﬁe L;;;r...ﬁ j‘ (55(‘70) TR jjjSJ y‘g‘z °)L;" r.w‘,.n @j“‘f-’ ¢ (ha/cumec
8 Sl e gl gl s (S e 4 JUIS Caiite 5 w5 063 (1000 ha/cumec)

>
GCA = 12000 hect.
: C;:—W&LSVUY Celyy s
12000 x 75
CCA = ——— =9000 ha.
100

: 9063 30% Qﬁjﬁﬁjb%ﬁéﬁy@s;&ﬁ-&}
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sl Y s s

_9000x30 _
-7 10 @
700 ha/cumec = Gs2 o S Jo 4 JUSS
Z@ )‘-Liﬁ).’)‘ )
Disch _Area _2700_385
ischarge = Duty ~ 700 ~ > cumec.

2}3%5.3 55% QM}ﬂfﬁ"’@%ﬁSﬁf&;ﬁ)@&}

talw g Y (5 >

~9000x55 4950 A
-7 100 @
1000 ha/cumec = Gs2 o S Jo 4 JUSs
:Li-’ )‘v\.&ﬁ
] Area 4950
Discharge = Duty = 1000 — 4.95 cumecs.

-6 (4.95 cumec) Hldae gyl gl S e o LS Criies o, w35 (63 %

5> aaul g JUS 0555 o ala e)l.’:::;\.:}jm:‘éjfl) Ologhae ol oyl 44 5ULS Jgu (Y 1 ke -15.2

Jb by b L‘SJ,‘."'S"}'lﬁb L‘;wls‘e.a S J;b‘cﬁ-;;s w1y 4! 43)34;;;5-%;]:5-5 TERT]
263 (12%) Slasls (S o,55 4 51(20%) Sl S IS & > g STy S

89



. M /
IS 3,555 sl agl g5 Lol 6L Sl IS gl s

(ha/cumec) Jg3¢ 5 4>lo 4y | (L) a>lo sui¥ Oldd (95,5 40090  wlbuf SBLS
1800 4800 120 V'&
800 5600 360 S
1400 2400 200 4
900 3200 120 29
700 1400 120 Ol
ZJ>
V'& (a
Disch Area 4800
ischarge = = cumec
9€ = Duty ~ 1800
Z)J)‘)Wyvqow_g‘ﬁ)‘b
) 4800 Area .
Volume of water required = x 120 = x Base period
1800 Duty

= 320 cumec — days.
5600

W = 7cumecs.

Discharge required =

:JN‘J‘Q’N(’?"'Q:'@‘):’J"
Volume of water required = 7 x 360 = 2520 cumec — days.
:L‘;j)lu&a e (c
2400
1400

Discharge required = cumecs.

I)g)‘)@&ﬁ&&g‘ﬁ)‘)

2400
Volume of water required = 1200 x 200 = 342 cumec — days.
Ig)‘-’iﬂ w@‘:@)j (d
3200
Discharge required = 900 cumecs.
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:3,23‘)4*“'&.("?”0:’3‘}33"’

Volume of water required = x 120 = 426 cumec — days.

900
:L‘§J|J.E.A wﬂg‘ Ql?r_’*x.w (e

1400

—=2 .
~00 cumecs

Discharge required =

I}g}‘)@yr}.odg‘ﬁj‘s
Volume of water required = 2 x 120 = 240 cumec — days.

(’»g’f“"“wa‘fﬁ‘-’é“’u“:‘ X8
= 230 + 2520 + 342 + 426 + 240 = 3758 cumec — days.

Lx,’S‘C))sd};QJULL’;@CL;&E,&J»x@%;)@aM:)iMé‘C)}Agagli%sé;',;&jﬁijl
R Y

1 cumec day = 1 cumec flowing for whole day.

(1x24x60x60)
104

=(1x24x60x60)m3 = = 8.64 ha — m, (1 ham = 10*m3.

V” L?&j,q:u ﬁj\ 3 %
= 3758 x 8.64 = 32469.12 ha — m

: L (20%) S 6y 4 JUS s
v:o- ?&}w u:’@‘ j-')‘ S
100
= 32469.12 xﬁ = 40586.4 ha — m
55510 K15 b B (g 39 (63 Dluls (12%) So b a > K 4
100
= 40586.4 x 38 = 4612092 ha — m

Cg;wbuu.;ﬁ.;y)‘)édusc\.ja)u};)\wsoﬂjjﬁérb"df}:bjhﬂmubyjdt’.n—].62
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& e Jg9 wlss
15cm 10cm Ugajgﬁﬁqjlé;ﬁ;
10days 15days Jly il ‘cu_;)}&u.}\;
30 10 a_):.q.:v U;G}q.‘?u)}éujb
s &59}*"-‘&

=10x10 =100cm =1m
Zabj.» S;NLW‘
B = 15x10 = 150 days

19508 Jgay g9 Y ol

8.64 x B
=——=100cm = 1m
A
T o)l seif s
8.64 x 150
Dyheatr = T 1296 Ha/cumec
s oyl x:f.s
A= 15x30 = 450cm = 4.50m
1@ 03 g4 ngLw‘
B = 10x30 = 300 days
Z&S;ﬁ.; a)g}:;f.)
8.64 x 300
Dsugarcane = —2t0 576 Ha/cumec

(60%) <53 o)A (900) Combus o S S 4 JUE Ssings o ale gbY Hsdusls 1)l -17.2
@3 s olgihg 03 (50 em) o s (o8 (80%) 1 (120 em) (o W 2 (S e (o 4 (2
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o 3 e 00 o e, e
3 53,53 (40%) 51(25%) Dlasld 0, 5 s o3 (S 5 sei g0

g}-:’ﬁ';bfj| b OJ\::J JU\S é.:%j > stu‘ob LS‘;JJ (100) OJ}A stl.w‘ & OJL;.‘J j-’j*-‘*’)" j‘g‘jb u)]w:a
(85 dslous s

J

tamlo (Y ) Bl 5
=900 Ha.

talos g Y S5 gmey9 0

60
= ——x900 = 540 Ha.

100
ta>-Llw L;JJY;.})A.:.&:
80
= W)@OO = 270 Ha.
s o)l e y9 s
A for rice = 120 cm.
s oyl ez s

A for wheat = 50 cm.
NPV L“S"'“Lw‘ 0)‘.;.5 }SHL.J_’*Q‘).) )
Base period for both crops, B = 100 days.

Fsd Ol s

8.64xB 8.64x 100
A 1.2

Duty for rice =D = = 720 Ha/cumec
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I&s‘;x,}$o)l¢3j~9>
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8.64xB 8.64x100

Duty for wheat = D = — 05— = 1728 Ha/cumec
FP(RWPPRIRTH = o)
Disch _ Area

ischarge = Duty'cumec'

to)ld )5
540
Qrice = 0= 0.75cumec.

a‘)\.;.‘ }.q.'..'o S

Qwheat = 28 = 0.42cumec.

o s Seba b s Lo sl Slalss

:J‘J—aﬁa%‘é)gﬁj}}
0.75

Qrequired forrice = m = 1.65cumec.

Z)‘J.&Aw_z‘cjl?j}&.‘&}

0.42
Qrequired for wheat = m = 1.16cumec.

e e 3 ) JUS Sy
Q = 1.67 cumecs.

(Methods of Improving Duty) 4o Jlg 4 d Fa39 98.2

%&gﬁﬁkﬁ‘@kﬁﬁ‘@ku@g’&‘wg@kéﬁgvgﬁﬁw‘wub (
Sl ssls dse

.ngb.a&s{,f\ﬁ;}s}.aﬂéj\xgﬁs (¥

~d§)33§03}34>'-y43JW‘&:L&\:;&;d:j\ﬁﬁﬂy’l}&a: (¥

.45)\5-}‘4.23\.«»:‘Téu\a’JJUlSJowa).;éﬁ&%j‘éﬂswﬁ)j)ﬂjs; (¥
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(Elevation and Percolation Losses in Reservoir)
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(Factors affecting in a reservoir are as follows)
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(Factors affecting the Rate of Silting)
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(Sedimentation in reservoir can be controlled and reduced by the following methods )
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(Area Elevation and Storage Elevation Curves(Area-Capacity Curve))
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(Fixing Control Levels)4s( gigdad jowss  14.2
(Norms for Fixing Control Levels) digoyss oyl gigdad Jg a3 1.14.2
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4, (200-500 m*/km?) 5 JK p a3 ol e 505 @w 3085 i g8 JSUl
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= C.A x Rate of silting x Life of reservoir = 400 x 250 x75 = 7500000m3
=7.5Mm3
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H.F.L=F.R.L+ Flood lift (H)
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05(284.50 m)acs S Aus

d«ﬁcl: S (T.D.L) 4o juws dus (FRL) asbow Ss S 3> Pea d 55, ‘9,;.:.3.,\3’93 :Jbe - 20.2
Sy (HEL) asbaw C

110.00m= 4o (g ;53 (gos5 5 ()

B000 = 53 (535 0358 (¥

1500 m’= Slals w85 (7

400m°/sec= dze o 6;1;;\ > (F

100m= aly (S5l 2 (N 523 25 ;;L;‘ NG
Q = 1.8 LHz:J g0 5 il 3 (7

1.5m= alols (63 gos 03131 (V

120 118 116 114 112 110 9958 dsdan e

12000 9000 6000 5000 3000 1000 e b

e

8000 M= o 53 (5] 0y 525

120



. M /
IS 3,555 sl agl g5 Lol 6L Sl IS gl s

1500 m’= Slals cwlSs
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3
Q = 1.8 LHZ
3
400 = 1.8 x 100H2
H = 1.70m
P S abl

H.F.L = F.R.L + Flood lift
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TDL(FFL) = F.R.L + Flood lift
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Z))S\v\:g:g}:’éu\l‘y‘%gd)}wgclﬁjwbjwb
Dif ference in levels = 120 — 118 = 2

= 11000 — 9000 = 2000

2000 x 2

3000 - 1.33m

N L.'Sj";" Jfl.; é(118+1.33 m) 4 doedaw = 3(FR.L)asbw Sy S 33

5551 &S5 dombane D aliels (Y
H.F.L = F.R.L + Flood lift
=119.33 + 1.7 = 121.03m

Z .
1958y 5515 dban 5y 4 55 Sp>33 ¥
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T.B.L =H.F.L + Free board
=121.03+ 1.5 =1225m

o3 s gl PDhw g«lé.c\ Y %;J?-: S? J‘Lxgﬁﬁ-igﬁﬁ:af»}.bgérlggyléj\ cLY¥s: Jbo-22.2

. C;u) 43})},‘&5 ?zb:
111 108 105 87 84 81 )};.;S alan o3
59.25 49.26 44.75 5.33 4.25 3.62 m’ s b

55 5 (Bm) abols (3 5ee o3BT 51 (2m) IS s

tJ-
.oJ.:a'-S LQJJ)}+ oﬂﬁ-s W):: oj:ﬁ-s gc}’“’“ (\
s %55\53}13 Gt Slald Sopstdat agl 550 g5 Lyls Dlis = 055 54555
—32+20 10 32 = 32.64 Mm3
~ 24T 7100 100 4T AT
tale el dg
10 3
=100 xcross storage +41.6 = 46.22 Mm

C,i;Ua.aaﬁ(46.22Mm3):Q@}@wmddj&dcﬁé}:@dﬂﬁﬁib (Y

PSS
(46.22 — 44.75)x3

105 =105 + 0.98 = 105.98m ~ 106
t 4926 — 44.75) * m m

-l Y 4 (106m) asbaw Sy (6,555 & cwloes 45y 5 4

ZaJ:}'-..) L;s.o.:).) (Yl
10
— x46.22 = 4.62Mm3

100
5551 &)1 5y g dombaw (g 53

(4.62 — 4.25)x3
84 + = 85 + 1.02 = 85.02m DSL

(5.33 — 4.25)
51 (30m) plisyl s 3 0 g3 MGl 4 (F
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2m= IS s
:HSM:.’,&]@.W&))MM Jo.ﬁpb

HF.L=F.RL+H=106+2=108m

3m= dolb (63 gas 0137
D doelow L‘S‘J)ﬁ &b

T.B.L=H.F.L+ HFreeboard =108+ 3 =111m

S5 (FRL) aobaw (6,55 S Ay 555 4 50l (cbiY oz Jlw - 23.2

110.00 m= asclow S>> 2033 ()
8000 M= s 53 (s ks5 0y 58 (¥
1500m’= Sl wlSs (T

120

118

116 114 112 110 () 5 558 aodans o0

12000

9000

6000 5000 3000 1000 m’ oo b

rJ-
8000 m® = oJ..:;S-SLs.U)‘; a;}A (\
1500m° = Oluls é ALY 4

w

3

Total = Effective storage + Tank losses
= 8000m3 + 1500m3 = 9500m3

y‘éﬁ@b aﬂ(1000m3) 45‘;5_:‘,99- ‘;ﬁ-(RL 110) b@w;&bééf.’ L:SQT-’J"J (\‘
Gross storage = 9500 + 1000 = 10500m3
S(R.L) asdous u;"" 4 (10500m3) =3 9.>-L.~ g:.cb)' sl s b >‘(R.L))};:§‘Tg.;u s (¥

(§J 05 a5 (120)51(118)

)ﬁ‘-&j&)bb@s}%&‘b}\jﬁ}(?)m) J‘&u}kfw.} (\G
H.F.L=FRL+H=1194+3 =122m

9581y K515 (T.D.L) debons s Ay 3 563 S S 65 BM) & s 5o 2 K5 (0
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T.D.L = H.F.L + Free board

=122+3 =125m

aocdaw J oS ags > L‘sang 'y %5,,5: ol Lxgj?-: S52 3 oy P %;f(al.;g}a\é)l sudi¥s 1 JGo - 24.2
Sks(LSL)

31km’= ol @Lﬂ °kﬁ‘ S (a
250m°/km’fyear= ,ld2e 95038 o swy > (D
60 years= (Lig3) 0350 (5 =35 (C

356 352 350 0558 ol g3
50.00 4.8 325 e S 40,3
N
:)l@gﬁdﬁ\jﬂy%ﬁy):é.ﬁ}jd_’;4.;%;}:5-33 ()
= C.A x Rate of silting x life of reservoir
= 31 x 250 x60 = 465000m3 = 0.465Mm> = 46.5 Ha.m
(LS.L) ambawr S g3 5 3580 sl 055 o) (6 103 ol gy 2 50> (Y
R.L= 3524 F02 T BB 352 oo 1416 = 353416 ~ 3535
T (47.2 — 44.8) - AID T 999 AI0 F Sos.om
t

L.S.L =353.5m
.é@;?udyléﬂﬂx‘ﬁ: ‘;L«MG:‘)}:) o)L;SJS:)\ ék&égs“‘;ﬁﬁ-s‘;ﬁ)sb:J&n-ZS.Z
3800 Ham = o 53 4l 0 e o)l sBLi s>

.(15%)oj\&\éjbué}bﬁjﬁ%gﬂﬁd%g;jma i
(10%) Slals (s abed (6,553 5550 d) Ll
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(S QJ};: (10%) 6,53 =03 v

114 111 108 105 87 84 81 () ) 458 aodans )

68 51 50.0 45.0 6.00 5.0 3.50 Mm’ 40,33

53 5 (2.0m) abols (53 5ee 03T 51 (1.5m) IS s

yn

.aJ:>'-:>L§~U35+ aﬂ.ﬁ-sw)bz cﬂﬁ-‘: 43}}

a)|..b| Lﬁs"‘?b ‘Gjﬁ L“g‘)laméaﬁ}b 4,::+ Ql&:lﬁp %;wl5>+ aﬁ}..) a)};fo)l.g)s\:l.g;: aﬁis 6..’.5‘95

L

-

— 3800 + 2 43800 + > %3800
= 100 ~ 100 ~

= 4750 ha = 47.50 Mm?3
j}g‘u\::’ &)‘Jaﬁa'-sc\j}; a‘)\?‘ﬁj‘buﬂj‘

10

=100 of gross storage + 47.50

0.9 gross storage = 47.50

47.50
Gross storage = 9 = 52.77Mm3

95453 &L-E.:Ua.aojw(52.77Mm3) 5 b b (RL) asbows &gﬁsbsq @ddzgﬁjpbadjk.a C b

HEYT
=108 + w x (52.77 — 50.0) = 108.76m
(61.50)
S
F.R.L =108.76m
f0,3 203
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10
Dead storage = Too ¥ 52.77 = 5.277Mm3

g¥ &5)5@&» o s V.>.=>(5.277Mm3).> L’gﬁa 3(RL) dsdaws éﬁss 3

=84+ M x (5.277 — 5.00) = 84.831m
(6.00 — 5.00)
Foe
DSL = 84.831m
TS
1.5m = JI S D>

2.0m= aols (63 50e 0331

=
HFL = FRL + flood lift
=108.76 + 1.5 = 110.26m
fom
HFL = 110.26m
551 85515 ambaw Sy J5 5 4l
TBL = HFL + FB
=110.26 + 2 = 112.26m
tom

TBL = 112.26m
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(Important Points) 55  0ge
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Sor ST -
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H
V= §(A1 + A, + JA1xAy) cum
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H
V= E(Al + A, +44,,) cu.m

s v L‘SJJS d ol (g sm 2 laeo)l ijjjg S5 slgliny SA :(Project Report) , s, %5})}.45 ]
A (S 4 S5 2 usbls e S IS b s eyl 4 o s ot 4 S e o
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(Practice Questions)  Jdwgs (wislo}l

bty Spe SULS (S ge 2 sl oS Sgomse SIS TpEbles gy )
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el b (C
CAA) ol s (d
Sl g9 @25l due o, (state) Ll 5l (duties) LF’\f 523 %;,JM,J,S}JM\ L RYRE
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e (5222 (e (52 oS 56
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1§23 055 K355 il Gl Sl 4 (S 553 4 sl 2 YT
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106 104 102 100 (M) dmbaw
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Publishing Textbooks

Honorable lecturers and dear students!

The lack of quality textbooks in the universities of Afghanistan is a
serious issue, which is repeatedly challenging students and
teachers alike. To tackle this issue, we have initiated the process of
providing textbooks to the students of medicine .

For this reason, we have published 365 different textbooks of
Medicine, Engineering, Science, Economics, Journalism, and
Agriculture from Nangarhar, Khost, Kandahar, Herat, Balkh, Al-
Beroni, Kabul, Kabul Polytechnic, and Kabul Medical universities.
The book you are holding in your hands is a sample of a printed
textbook. It should be mentioned that all these books have been
distributed among all Afghan universities and many other
institutions and organizations for free. All the published textbooks
can be downloaded from www.ecampus-afghanistan.org &
www.kitabona.com.

The Afghan National Higher Education Strategy (2010-2014)
states: “Funds will be made available to encourage the writing and
publication of textbooks in Dari and Pashto. Especially in priority
areas, to improve the quality of teaching and learning and give
students access to state—of-the—art information. In the meantime,
translation of English language textbooks and journals into Dari and
Pashto is a major challenge for curriculum reform. Without this
facility it would not be possible for university students and faculty to
access modern developments as knowledge in all disciplines
accumulates at a rapid and exponential pace, in particular this is a
huge obstacle for establishing a research culture. The Ministry of
Higher Education together with the universities will examine
strategies to overcome this deficit "

We would like to continue this project and to end the method of
manual notes and papers. Based on the request of higher
education institutions, there is the need to publish about 100
different textbooks each year.



I would like to ask all the lecturers to write new textbooks,
translate or revise their lecture notes or written books and
share them with us to be published. We will ensure quality
composition, printing and distribution to Afghan universities
free of charge. | would like the students to encourage and
assist their lecturers in this regard. We welcome any
recommendations and suggestions for improvement.

It is worth mentioning that the authors and publishers tried to
prepare the books according to the international standards, but if
there is any problem in the book, we kindly request the readers to
send their comments to us or the authors in order to be corrected
for future revised editions.

We are very thankful to Kinderhilfe-Afghanistan (German Aid for
Afghan Children) and its director Dr. Eroes, who has provided fund
for this book. We would also like to mention that he has provided
funds for 230 medical and non-medical textbooks so far.

| would like to cordially thank Chancellor of Universities, Deans of
faculties, and lecturers for their continuous cooperation and
support for this project .

| am also thankful to all those lecturers who encouraged us and
gave us all these books to be published and distributed all over
Afghanistan. Finally, | would like to express my appreciation for the
efforts of my colleagues Hekmatullah Aziz and Fahim Habibi in the
office for publishing and distributing the textbooks.

Dr. Yahya Wardak

Ministry of Higher Education, Kabul, Afghanistan, April, 2022
Mobile: 0706320844, 0780232310

Email: textbooks@afghanic.org
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