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According to capacity:

Large
Medium
Small
Mini
Micro
Pico
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According to facility types:

1. Run of River
2. Reservoirs

3. In Stream

4. Pump Storage

According to head:

1. High
2. Medium
3. Low

According to purpose:

1. Single purpose
2. Multi-purpose

According to hydrological relation:

1. Single
2. Cascade

According to transmission system:

1. Isolated
2. Connected to gird
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:(Theory of Seepage) guss g 2 3.3
(S A3aIa) ) S sialagd oy 58 4y JAS i s laiale (SOl sl o
«(Weirs & Barrages) 4 sz A aa ¢(Dams) 43 gaiz 14aX] 43 gilaial Sl g ula
s) (Head Drainage) .S ¢ «(Head Regulators) s sahi L dé el )
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Piping .1

Direct Uplifting .2

(o Gea (S ool A A a edAuy n e JLES 2 g gl 3 :Seepage
(8 Cald 5 5 )5a 2 b :Permeability

:Piping or Undermining 3.3.1

2L Down-Stream 4; ¢« ¢ —3 xS Up-Stream 4 glial—w a4l 2 41 j»
Seepage 2 (S Alla 4co 4y (2 (Al e QB mad) (SAd s 4 oladdle
(PIping) S wlgd 4y geisl w3 ills 42 o o a0 5w G 3 3 gy 5la 24yl
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Piping in the Foundation of Weir :J%%3.1
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:Direct Uplifting 3.3.2
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DL g )5 ASKS 2 il Al bt 4y a0 4 ) Seepage 2 482 o> «gop i 43R
s (Up-lifting Pressure) 45 JLid 42y a (550 )5
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Uplift Pressure- Effects, and Prevention Strategies

Uplift Pressure of Seeping Water in the Dam :J54 3.2

:Bligh’s Creep Theory for Seepage Flow 3.3.3
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Creep ) b d—ald 03X 545 (L]) sl Total Head Loss 45 (HL) s 4S
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S i

AR 88 o) ((Vertical Creep) uaR gasee 243 ) 9e 5008 Bligh's 2 483 laea
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Safety Against Uplift Pressure 3.3.3.1:
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.2 Uplifting Head o s s& (S 4k (5 ) 5058 43 > .2l Uplifting Head 4da 5
(1m) sie 43X Floor 2L s «(Im) e 0 3k &e n Floor 2 H.G.L s 4S e
658 Jae ) A A3 (Im) e o 3k Floor 4@ Head (S lls 4ed 4y 53 ¢g 945 ) 0
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oo 35S )y Alske

Uplifting Pressure = Yw X h’ Where Yw is the
water. unit weight of

Downward pressure = (Yw X G)t Where G is the specific

gravity of the floor materials.
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For the equilibrium
YwXh'=Yw X G Xxt= h'=Gt

Subtracting t on both sides, we get
h'—t=Gt—t=>h"—t=t(G—-1)

. h'—t\  h
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43 ol (pl e 2 (Seepage) m— 2 «gagmsi Lane > plle dv s o 50le 43X Bligh 2
oy yi st ) (3 pR ol gl sigan 1L ) 4 43X (200) 55— 0503 S5 p Al
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Total Lane’s creep length (Lt) is given by:

1 1
Lt = (d1+d2) +5L1+ (d2+d2) + 512 + (d3 +d3) =

1
§(L1 + L2) + 2(d1 +d2 + d3)
Creep s «ss4dhsiaa 432 Piping 2 gladdlow o o)l g2 sidas s e Lane’s 2
cl X hL > 3L Length
A s 3 > sohead 4 4xa hL g4 S 43R

+sS .55 Improvement s W Bligh’s creep theory 2 Lane’s creep theory 2
A Jlandil i a5 923 g8 agd pnas o Gl g B ul

Khosla Theory and Concept of Flow Nets 3.3.5:

s (Barrage) «(Weir) 4 45 silaialu Sl s jula o 55 zie 5 5318 1926—1910 »
Sge i 55 (1927—1926) 3 Ju s 5l 4a sk sl 205558 3 Bligh 2 58 (s
S oo—m Js0 QA g (o el 0 Gillae 4 s @l 3 (Ot JUS i)
.35 & 54 Piping

162 J 59 a4 Jsal bl 508 3 Khosla 2

floor outline 2 «s.»S Seep S Up-stream 4 «JS 43 Seepage 2 (> ) 4xa |1
S gloa JSS 4 Gue 2 Stream line 2 S s swéad 4 floor counter 2

S Ok game s 40 )W (homogenous soil) sosts wisas 3 Steady Seepage
(o gasS 28 R abaul 5y Jilea 2 (Laplacian) 2

d*o N d2o

dx? ' dz?
where @ = Flow potential=Kh, where K is the coefficient of permeability
of soil as defined by Darcy’s law, and h is the

residual head at any point within the soil.

ot Al Ho ) o o ls A e )Y 4xa aY 58 3 :Stream Lines .2
(DA e sl oed Al (S akaii g 03 J S5 4 (Up-Stream) 2 > o008 sska
S esmand ) g0S oY floor 2 Stream line &) .2 SS90 Stream Line 2 s s
5 )OS 43 (521 438 Qlagh 3 Stream Lines L ) .2 o& Bligh Creep Path 2 1
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Equipotential Lines. 3.3.6:
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S m i ol Sy 4 adh A ad g2 863 ¢l al 35 Streamline
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S Sl 3 (> ¢ shll 5 9d Jua g4 2 SS90 00 Equipotential Line o 455
82 N (head) ¢ s
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Equipotential lines in weir :J%%3.5

The seepage water exerts a force at each point in the direction of flow
and tangential to the streamlines as show in fig. This force (F) has an
upward.



(c) ketabton.com: The Digital Library

Stream lines Under Weir: J%& 3.6

Critical Exist Gradient 3.3.7:

Js3 il 4 (gradient) cu—i > 505 ¢ S akis a5 A 4 Downstream 2 45y 48
S0 005360 B (2593 (b sl o B 5D )l sl e N A s 2 (o s
s Jus Critical Exit Gradient 43 2

> Uz (524013 oy ol 8 ) s 0 (5.8 (55l EXIt Gradient > ¢ o s
s Safe guiale & pe o 0.25-0.2 2 .S ¢ sbw EXit Gradient

Safe exit gradient = 0.2 to 0.25 of the critical exit gradient.

F=ws , where F is the upward distributing force on the grain and ws is
the submerge weight of a unit volume.

(s e i e A & Equipotential Lines ¢«as 43— 58 2 Khosla 2
(5 Odon sS4 S Head 4 s

Downstream 4 Floor 2> Undermining or piping G:Uac 43 (s s (532 455 )laaa )
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Ay (Weir) 3.4

4 0w ) o a2 43X ladlu Salgpulas A Lasa 2 & jbe (Weir) ey b by
23S Sadadiu 3 A yealbaddag gl saiy lal laddle 42 (g s 2k U= e

*

Sl e s Aa e dy Slsa 810 Hlake () sl 0 AR g b a0 i s 4SS laes
oS J sl 45 (Settling Basin) ol 3 4t je 45 JUlS

sy(Diversion weir)  dsa Sy 5 calaih o glsa gl 2 5 Mgyl (aS 2 sl 2
a1y 8 el
DS S d gl by o s S Al e 0 (S s sl b a4 U

oo ) o0 2 e b ulie 53 (2 LB laS ar 1 ) A0 a8 JUIS Y Al
‘;_ﬁadJ:\Sé\i'&Jnggddﬁddw&aJ\:ﬂMHPJ@&J\J@\Jﬁé}\,ﬁjﬁ}j}js

pra i i gy sl A ) 5150 o o) | Jidl 5 43S o Jll lge 25l 2 aa by 5l Jlge 230

elad alilia aiy o 01 520133

45150 ale 5921 ju allge 2l 2
S S pase Js 4 dbw g

Alyond ssl 3V S (b5 A F gy S e b Glsay s 49 i a2 (Bl e g
3 s st dald Al $eBnd (S sy ol b din 4 o 4S5 A S s ATl A Sl 4aS
Pt T P N ST N L FT-15 | L S MRV gy KL KR R IS S IR U IPRYESPEN
alaia g )y 4dgai yu Jga 13, (24 Jiwadl 5 JIS 43X (Semi-permanent weirs) i

ALY A e ) il



(c) ketabton.com: The Digital Library

G ss) 3 A e e G abieas 5 Sl 3 () sSon b e L )l o )Ll by J g0 8 2
So g Al g A 555 ead Al (2l LIS ) (8 dsa S sl Sl o s

:(classification of weir) 4iglsims b s 23,41

1 .Based on Shape

1. Rectangular weir
2. Triangular weir
3. Trapezoidal weir (cippoletti weir)

2: types of weir based on shape of the crest
1. Sharpe-crested weir
2. Broad-crested weir
3. Narrow-crested weir
4. Ogee-shaped weir

3: Based on effect of the side on the emerging nappe

1. weir with the end contraction (contracted weir)
2. weir without end contraction (suppressed weir)

(S (2 AL gd o) (Alie e Dilatiia ¢ (o pslaa jad o (o) A5l g alida 2y
(Triangular weir) szy A1

s el b IS dSE 0 sl ol Clsa S (o S s Ao 4k

(S oY 4y adan) gy e 8 g2 2 Sl )y

Q= 1.41+, ¢
:(Rectangular weir)xs lbiws 12

&uo“g}jd&u.ﬁ@dsuayﬂb&J}@ML&J\M}J&\A&MWQ&MYJ&J}
A e e p eahas (Soa Gl ddbu 3 adald a0 Ve SUs s sl A AR g0
3
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I o Qidle A 33,42

(weir body) aws dd 2w ai1

(Retaining wall) 435! 520 g2 55 :2

(protection wall) 4 sl s (s shilas ;3

(Race floor) i 554

(Dissipation Blocks) 43s82b (S555eS 5355 215
(Stilling Basin) gass b Sulin 206

(Cut-off Wall) J) s22 (S5558 adad ;7

(Sluice Gates) ) sy s 88 sl 228

9

(Intake Structure)uss 4l Lz

Adgld A9 2 (Weir) oms b i 23.4.3

s (Irrigation System) aiws (S8 sl 3428 o) d 454338 pladialu 4en
S S (Hydropower Projects) s3ss 4z 258 3 32 s 34K )l
(SopS Jinal

4248 S il e ) aa sk sildas 4 5 5 Bligh's 2 (Vertical Drop Weirs) o s )
2Bligh 2 & o3 59— adu (5 ) 0 (5 —ac 4 KhoSIa's 2 (55 13 (S Oa g (gl 4 o8
4 558 sia €2 pald 4 5l (S ol ul (S Gl 5 S 4y an (el 438 (5 48

LQJJS oalail 4.55)} Lﬁs w\)ﬁg B 4.;)Ja

4 .55 3 Bligh 2 sas—ug &1 39 2 (Vertical Drop Weir) 23.4.4
(g S Aa i g3 Y 4y (Bilhae

2 odia 9363 (595 908 JS )5 CUt-Off 450 4S ¢ 52,50 o sane (Bed )i 3 24 3
f=t=1.33 X 4 S Gsbun 2 Ashy S (S8 (s sbua o s (L=C*HL)

h
o G
Where h = (%) X (creep length up to that point)

4y s, (Down-Stream) 2 gl o (ldas 458 LA D Bligh 4% )laea )
(S S Ay Aiglee B 5l cuY ol syl )

For the weirs which have shutters. L2 = 2.21 X C\[’f:g i

For the weirs which have no shutters.L2 = 2.21 X C\/% 2
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(62 ASG 45l e s 523 Bligh o)W (L3) L A (talus) oads 2 )

For the weirs which have L2 + L3 = 18 X C /% X 715 .3

shutters.

For the weirs which have no L2 + L3 =18 X C /% X % 4
.Shutters
Where (g=is the intensity of discharge in comics/m). Where

Q
q=

Lof weir

Where (L3=is the length of downstream loos talus).

(xS JsSs el g2 Talus stones . S ¢l s JS Cus 4y i 2 Talus stones
OB 4 o (Seepage) > costs 4xa gl s S oS LI g ol o S Downstream 4 >
S Soseal 43 sl Hen s o (S (S 255 Ay 5 0 (620 A S «g NET b
(S5S (93 42X SCOUNNG 2 s 3 (50 482 485 )laaa

63 4 L3 L Downstream 2 2L Upstream Talus Length 2

L4=%><L3)3

) e (Weir Wall Design) b Jsss 2 o o

M}djsﬁdﬁy caj:ﬁjlvu\)m‘ﬁJ@ﬁ@ﬁ)ﬁd@d@b%&)}gﬁéﬂbsB"gh
SRS
H

Top Width= B’ = = Where H = head of water on the crest of weir.

2
Where H = (—-)5. And G= is constant. The value of G is 2.24 for RCC.

58l Y 4 A Al Jse 58 1Y 3 (Blha s 8 3 Bligh's 2 e Y (Weir) 2
H+Height of weir
G-1

Down width= B =

3 (65809 Ui i 1 9lS 3 e g i 53 3 (Bilkas 43 5,05 Bligh's 2 3.4.5

Gl e (Weir)

o Vsl 0 Y g gl 58 0 e (K525 )3 UK (Vertical Drop) 2 o> (Weir) b s

2 o (C=6) = (Bligh’s coefficient) b cu s 53150 3 s 2 (o sop s A
3

S G 2 (o 353 Q=120 T-) G ealie) (S b 5243
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>L=475VT20 2 = 5 Length of weir(L)= 4.75,/Qua 33 Jse 5
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q = 2 N q = 120 comics = q = 5454 comics@ 45&4)&

L 22m m j

15250 0¥ 49 (head) gli)) sl 2 b crest Ly (Weir) 2 s (usl Y

3
(@ =175 X Hz2) > s Ao slsl) i (head) gléi)) 2 sash o s 52 o
q = 5.454 comics/m > 45 A

5.454 = 1.75 H% o454 H% H o454 % H = 2.133
. =175 X — ) = > H= = H = 2.
= ( 1.75 ) SW

55l oY 4 e Y ) ) s (Wedr) a2 sl ¥
H

(TOpWidth=B’=m)@})§ejgu'a)s‘;ﬁjﬁg
B’ 2133 B’ =1.915
=————= B =1915m
v2.24—-1
(Down width= B = H+Heigzt_jf WeIT ) o sV o Lmse Y 3
B 2.133 + 2.2 B — 389
=———= B =389m
v2.24 -1

19S Gl o) Jilad ol 1S a3 (Creep Length) 2 osg) 0
5250 Y 4 (Total Head LosS) clibia o sana 2l (S 228 J gl 4y

A O el ) o 2 5 Down-Stream ) Up-Stream 2 : (HL) Gl oo sens
SS dis Dl o e by (HL)

Total Head Losses (HL) = (Head of water over the crest of weir +
Height of weir)

Total Head Losses (HL) = (2.133 + 2.2) = (HL) = 4.333m

oY 4 Sy (Creep Length ) s @ a2 o€ 4 (Cut-Off ) 2 sl .7
T80
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Where (C) =6, and HL=4.333 = L =Creep length (L) = C X HL
6x4333=>L=26m

sl oY 4 Jsayl (L2) 2L sl (Downstream) 2 ()

= 12=221x6 [~ = L2=7.655m We say it L2=2.21><C\/%
10 m.
9250 oY 4 M ssh Depth o )W (Cut-Off) 2 (S sl p a4 .V

ey giale (Weir) 2 (o S ela a8 i (RiVer) 2w 3 e ) (o> g3 )8
(1002.2 m) 4 glé )l Ss& 2 (Weir) 2 55! &) (1000m) 4338 ada v e
(59

Crest (HFL)=1000+2.2= 1002.2 m

55 (1004.333 M) 433 a3 5 24 (Head) glis ) oabel
Max head= 1000+4.333=1004.333 m

1558 1w (Scour Depth) (alae Jaes (Lacy) 2 e

= Where (q=5.454) and (f=1)= (R) = 1.35 x(R) = 1.35 x ("72)§
(

GGy S Jaosd euY 44ax i s (Pile depth) .2 Up-Stream 2

, 1004.333 —6.273 =5 x> 15XR = 15x%x4.182= 6.273m
998.06 m =

Provided depth of cut-off = 1000 — 998.06 = 1.94 m

2485 Hlaaa ) 9h IS5 (1.94 m) Jsoss Cut-Off (Up-Stream) 2 ) s
i S 1145 (1.94 m) e cut-Off (Downstream)

43X Up-Stream Creep Length 2 s <58 law (Creep Length) Jsi s A
(2%x1.94+389+10+2%x194)=21.65m

Balance length ; 26 —21.65=435m , Say5m

(5 m) is Up-Stream Floor depth.

Total length provided == 21.65 + 5 = 26.65

s, (Losses Stones) 2 b (b (Up-stream) ' (Down-Stream) 2 g .9
s oY 4

2 1
>4 = (R) = 4.182m
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L2 +1L3=18xC X %xi = L2 + L3 = 18 Xco> s s

75
6 /ﬂ x 245 16.814.
13 75

L3+ 10m =16.814 = L3 = 16.814m — 10m = L3 = 6.814m s
Up-) 248k alia | 45 (6.814m) Al s2 sl (db (Down-Stream) 2 s s
¢ S (Down-stream) 2 (lesi 43 b 4laléd Talus 2 (Stream

L4 :%xL3 = L4 =%>< 6.814 = L4 = 3.407m> sV 434 A g0 5

25250 Y 43 (Thickness) sk o W (Floor) & gus) Y

t=133X(o2), h=(50) X s ol Caldzs 5l
(Creep length up to that point)

=>(—4‘333) X (2% 1.94 + 5 + 3.89) = h = 2.07m, now 2.07 subtract from

26.65
maximum ordinate hydraulic gradient line.
4,333 — 2.07 = 2.268m

2.263
2.24-1

Now we find the thickness = t = 1.33 X ( ) =>t=2427m.

% (1=2.427 M) Cwulaia ala 5235050 (Weir Wall ) 2 s

-5 andlas (Thickness) sW A (Sb s (el

333
_ (26_65) x (17.77) = h = 2.889m

4,333 — 2.889 = 1.444m

1.444
2.24-1

t = 1.33( ) =t =1548m.5

a3 Nominal cwlaus 45 Up-Stream 452 )laes 5l sa¥ (Weir) au 2
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Intake 5% 3.5

(oS JIS e sl 0 i (S (MHP) 515k som 5 Sake by 53505 L 3 siia oS 504l o
428 sgl 2 (S w4 aS (g s (MHP) 45 Uy siin o a0 (o (S e 42b 4
B DU S R T T PR IS
(SopS Jid) 44X (weir) psaash b b i ) aS 2ol sl )4l

s W)l Lashu gl 3 a3 & 3¢ S o ada gl 2oain wlil 5 gilaiala (g2
45 JUIS o) (5 Jinadl 43X a3 cdag) H gy pmia 3oy Ayl o gl d ot o LS
J@]JJ\S‘\LJ@Lﬁ)ﬁm)ﬁ.}d.}@)@ﬁ@job}&fﬂ@j@Lﬁ).\deJ‘):\J
555 6y yiahaul & (Intake)

}\&S)S(Weir)cgdui.a}\Jé)h\yMMJ@cgqowsuw(Intake) sl
d\_i\sm}\a‘)\m\J}quHJbM}\oJ\L\MJSMP}ccg‘).upd\_ﬁ@adbls
a)\m\w)lm@\ysuA@‘daumuw(lntake))ﬁ_ﬂb LSJSJ\A.U\JJQL).\ALA
s sl 53 5 )Sale 3 ) (58 Jiuedl 43R aiie a4l ol g Dy g s by gl 4yl
S Ul 45 3lUS

S RS Al i) (S s wse 2w A (oS Gl e ol Al Kl
by o GBS 5 o) ga i 553 5 =5 S a8 HLGE il yi 4y JULS 2 ol 485 laes

slad Sl o 1S5 3.8
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14iglga (Intake) »8%4123.5.1

o)) st b ssa 81 sas) 248 JUlS o dse ) el 4l 50 Aliss (Intake) S
SA

g

(xS TS A58l a0 50 U9 asee 4y

ol 2 Adlam AR Ay 45 5 S0l Jga 1o el g 8ol Al &2 ¥ 2:(Side Intake) .1
A Qi oS gl sale (o Gl s (2.6 0S S (S (MHP) 55503 Wi n sia S
ALy

a2l Flow Scares Fish

 RERRRRE

Sops> S Jidg e 2 435,800 Jso 2 1(Bottom Intake).2

‘.A=_ RN L 1] ' IR

e i’ , 4[’

Free surface vortex
(type 6)

Bottom Intake:_sxi1 3.4
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ro LS Gnlee 3 (Intake) x84l 23.5.2

fosl) Y adaud gy Jsa 58 s 3 adate HSGl sl JeAn 2 i) ke (505l 3 3

Q=@ xbxhlx,2gx(HO-hi)=Q
=@pXeXbxax,2gx(HO—ea) =

Q=uxbxax,2gx(Hl—e€a)

(@)= Its Designed amount water for transition canal.

(p)=is the coefficient of velocity, its take from table

(b)=is the width of flow passing span. We will find from formula.
(u)=is the discharge coefficient. its take from table

(e)=is the comprssing coefficient of flow at the down stram of gate, its
take from table

(H1)=Is the depth of water front of Intake

Calculation of passing capicity through under sluice gate
Formula:

Q=e@xXbxhl1XxX /29X (HO—~hl)= Q=@ xXexXbxXxaXxX 2gx(HO —-€+*a)=0Q
=pxbxax. 2Zgx(H1 ea)

=

b

L3

£

=

=z

=

~

=

— =0

= H

= 5

e E %

oo = 3

5 3 E = &

= S § = = g 5

2 g ] £ g B

=

£ = 5 £ z = - 5 £ 5 5

5] = E 2 = = s =} ad i % r=

= § S S = £ = % S B E §

= s < s E: = 5 5 2 3 5 £

© S o = ﬁ = S 4 % ] ] s

= ® € 5 g 5 & = g s = B 2

s § B £ -4 é E 2 5 = = 5 =

8 € -

a S £ 8 S = = 2 = Z F 3 k3

H1 a a/H1 € e*a b (b*a) ? p=e §2g°7) (H1 — a)*~ Qa 2*Q)

a33 1 0.231 0.62 0.62 1.537 0.98 0.61 a.a3 2 0
a33 15 0.346 0.625 0.94 2.3 0.98 0.61 a.a3 1.838 [
a.33 2 0.462 0.63 126 3.1 0.98 0.62 a.a3 17 0
a33 25 0.577 0.645 161 3.842 0.98 0.63 a.a3 1.542 [
a.33 3 0.692 0.66 198 a.611 0.98 0.65 a.a3 1.371 o
a.33 3.5 0.808 0.69 242 5.379 0.98 0.68 a.a3 1.17a 0
a33 a 0.923 0.72 2.88 6.1a8 0.98 0.71 a.a3 0.938 )
a.33 as 1.04 0.825 371 7.016 0.98 0.81 a.a3 0.616 [

Calculation of passing capacity through under sluice gate :Js» 3.1
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135S elal Ollee (23 o HL 51 )6l ) 43 3 (D) 2 s
Q
#xax\/ng(Hl—ea)

Q=uxbxax,2gx(Hl—ea)=>b=

3 3 canal
Qcanal=mXxb X ,/2g X Hcr2 = Her?z = ¢ =
mXb X,/2g

Q canal 2

3
mxbx\/z)

depth of sluice =(b) ¢« 0.47=(m)

Hce = (

e (Intake) 59l 3 g3a0s ook sosb 15ils 0 cud g Ol 53 9 3.5.3

m3
@) = 8;
(H1) = 4.33m
(W= Its (0.61)
(a)=its (1)

(€ x a)=its 0.62

9290 oY 4 (D) o o)

Q
Q=uxXxbxax,2gx(H1l—€a)=b= =
: v2gx( ) pXax,2gx(Hl - ea)

3
gm_

b= Sec = b = 1.537m
0.61x 1X/2x9.81 x (4.33 — 0.62)

P50 e (S ohiAy sl e (Sedspmalaa e

bx2=1537x2=3.08
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Calculation of passing capicity through under sluice gate

Formula:

=pxbxXaXxX. 2gx(H1—ea)

Q=q’xbxh1x‘/2gx(fl0—hl DO=chexbxax\/ng(Ho—e-a):DQ

ey
2
z
=
~
=
£ H
= E
o el 'g
I g
-~ > b
5 g 5
b 2 £ i -3 E
5 2 2 = £ ] -
= @ — =
I 5 & s = £ £ ;é! =0 g - §
< g g g = ® £ = o 3 £ 2
® g S 5 = L S S s s = )
= — 5 = 3 % o £
S ° s - ] §- S 3 § '5
= it = 5 g s 5 Z & L5 & 2
£ § & 2| & s 3 3 & ¢ 5l 2 =
] S & § S = 5 3 al & Z a 2
H1 a a/H1 € €*a b {b*a) ? p=e [2g°°) [(H1=—a)" Q (2*Q)
4.33 1 0.231 0.62 0.62 1.537 | 1.537 0.98 0.61 4.43 2 8 16
4.33 1.5 0.346 | 0.625 0.94 1.537 2.3 0.98 0.61 a.43 1.838 11.469 22.938
4.33 2 0.462 0.63 1.26 1.537 3.1 0.98 0.62 a.43 1.7 14.491 28.982
4.33 25 0.577 | 0.645 1.61 1537 | 3.842 | o098 0.63 4.a3 1.5a2 | 17.864 35.728
2.33 3 0.692 0.66 1.98 1537 | 4.611 0.98 0.65 4.a3 1.371_ | 20.351 40.702
4.33 3.5 0.808 0.69 2.42 1.537 | 5.379 0.98 0.68 a.a3 1.17a | 22.393 44.786
4.33 a 0.923 0.72 2.88 1.537 | 6.148 0.98 0.71 4.43 0.938 | 23.282 a6.564 |
4.33 4.5 1.0a 0.825 3.71 1.537 | 7.016 0.98 0.81 a.a3 0.616 15.539 39.078

Calculation of passing capacity through under sluice gate :Js» 3.2

Qcanal=mXb X ,/2g X Hcr2 = Hcr

3

Q canal

T30 oY A gl ) (55550 2 gl

3
2

2

Hce = (

m3

Hcer = ( S€c

3=
mxbxw/Zg)

2

0.47 x 3.08 x V2 x 9.81

Q canal

mxbxZg

)3 = Hcr = 1.6m
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(Canal) Ju« 3.6

_5\Lﬁ)ﬁd};‘\;&j)}\élﬁj\‘JJ#‘_}TH)S\J\SJ@&JQJLJQ%&&\JM&MJJ\J\S
_g}@\cjg@ﬁawﬁdj\gﬂ)w\)ﬁac‘_;':l.a.nﬁ‘cgé)gﬂjd\ﬁaj\;ﬁ}é\&\)ﬂﬁiadd\gj\

Jus: i 35

:(Types of Canals) 4islss JUls 21 3.6.1
(SpS (6 el Ak Al 5A e gilida 343G
il gl JULS 3 Aadd galdiu) 036.1.1

e do G ol b padrg o @ jbe 43X 5 IUIS ara 2 U SQ5 1
(5opS ool AR ga a4y JASET 2 el 0L Haui 24X

K3y gt uS s a4 U 4z (Navigation Canal) 43 51US 5 sl 3 2
S5 oo 5isUS (52 3 S| (o g pallenind o L ST

i ¢ 38 s o g2 4 MUK 4z (Water Supply Canal) 48Ul Sle il 3 3
Sopasa o sl ek a8 gl plal gl giliisa

24 Sl Jel ) o 2 4 UIS 4xa ((Irrigation Canal) 4 56S J &1 gl 3 4
(S Dl dy d &K1 g

A3 g0 4y i) gl Jlal 043X alu s 2 :(Drainage Canal) ©4uS s 05 .5
REBBE

(S ol o e 8lida 3 a6 43 UK 458 ((Mixed Canal) 4 5luS Liisa 6
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145l 53gIUAS 3 4T g ga SlaiAlu B3 3.6.1.2

s el ) S e ¢ SIS AST 45 IUIS 5 e ilaiale SIS s 1
e e g A (Kb asd A UIS ol ge Aladale Gl e a2
S5y 39 SO 5 AR ol 53 gl el i AR Ay yu sl JUIS (S 5k 5o 4y
4500 5 Alide b 1S JUS 5 )15 die amiie 3l Jsb 4 amise Jia s JUIS (550,
2 Cniedd pedl aiu o b A JUS (50 sigsie S SOl (s aaaa gl
S5 S Ol g add 55l sl o siedhu A ST S

o)) G5 skl 5 S35l soale o) (ST 3 e 348G 5ol ge Slaidlu y 53 gUIS S
(Ja 5 (Sad 3 a8 3 Al (i G (0 (S A Dt s 3 JUS D g 4S L)
AR AL o b o) S8 IS )y G SIS 43 JUIS Al 55 e S S ) eig )0

P8 NIEN

:JULS sl sl 2

gl 2L Y "lagae o) (oS Jad A8 L SWS 03 (Sl 3 (2 s e Al 4 5ILIS |y

A4 gl S o ki as bl G SSad 0 SIUIS Syl ol S Js S sl s Yl

tJULS (g9l yon A g A A 4y (Juaa 3 ghasu
43R B9 0 gagl o e JUIS 3, (gopyen ool ad g 3 Lty (o)1 3 MAS) 45 IS J g0 1a
S AR a4 i 2 1) (63 s ed jn AR W PCC 2 aahas JUK o (5 S (5 ida
03 4aulia
OIS o0 1 S cgp o ool (s35e ol 3 b JUIS RCC 2 ¢S sisld e i s 4
ssisy 5 om JUS 2 2l 65 sl P8l glas jse 1) 0 GBS Ly ) 9 5) g0 2 s &S
P

1439193 JUIS 3 45 pdabe i e 459 3.6.1.3

M)SU\S‘;_M})XQEBA@LL‘A i
2 5IUS Ss )l adalla 5 4833 53
M)Sb\suiq})ltja&a&}a\)ﬁ

S (855 gl 25

S lsgem e oS Gion S plb (Sl e ) iS5 sl ol aade 5 GIS o

NwN PR
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o9 Sl g Adgd 090 Ay Al IS s

oy b il 3 ag (g s andan 0a) ) o (52 5 JUIS s s IS DA a1
RCS\PEESS)
(S5 A0 ) i gail 3 a5l g andan pa) ) oo 45 LIS s IS 0y a2

A UK Iy o oS Jst (S ki 4y aa 4 UK (5 e b a8 UK glgn ol 2485 ) laea
o5 s G psn e Sl g S ole

:kinds of canal system 43 _A 3 alew 3 JUS 3
1) JSiie AR A etV 2 el JUIS 2

o A3 3 srgl IR N 3 o> (53 (S S R IS S Siedh e n K3 sl ]
43 JUS sl 43R )5 sl sap s 4hse 4y Slgaidali 5 Gl S el ) el S
; S S s

(ol 488 A 5 (st o Lt o JUIS 4 ol 1S i) 2
(S pS o 4 Laiune 43K 55 3 ST a4y )

ayala s S oy F ATy a4 pa sia JUS il 3 1 JUS Gedie 3
Gridie 483 ) (508 s 516U prlie g ddsa il S Gla 500 52 silidg
(Soain (S g g Ay a5 o Ly 4 lUlS

pd AlS gl 43X g S gualite 0 (03 PSS ST US Sasdng sl 4
R E PP PR SR F BRI BN JL I PUR R D P PR PEE QR ELPRR M P
$Ysus (0,3 — 6m3/sec) Jae gl a S

S e sl s Al 5l gmdie 3 (a5 S e S S 1 1 Sl S S 5
432 (33 msec) Al jlaia push 3 (S IS jaa Jpd 504y ) Al w432
(S8 siax o)l sl a gl A3 s sia S IS jae Jgo o o) s

(S5 a8 s 550 S Lafiis 43l (o2 (50 S8 sae ara 1105 L6
SIS aa (523 450l ) 55 ) 43R (0,05 m/sec) Su e sisl 2 )
($3aS e slS pal Myl

(Canal routing) s JUlS 2

@dﬁ&eﬁﬁﬁgd&a_g)@l\aﬂpyadw\JJUISAJSL}):MAJJ\JSJ
DA g b aAl Sl o) SIS0 al o5 (adA u ) o lENl ) late )
JUIS (s 5m 5 43 55358 Coaan 4agl (SL 2l JUS Sl il 3 cg) (S Ol 49 43R i) jlas
Kipm 48 (55 S el 49458 5laa 3 Jiasid g8 3l Al ) Sl 3 Dl 3 Al
S s S ) Al (e 2 355 (Sl (st ) (S Osa ) e a2 Juls
S Cosa 4 (Los o) B (S e SIS) (0.0008-0.0001 e oo sian 3 ) (o4
DB e JUIS 0 e S e 4 e e by 0 o s s O%e S
S S S S Dy o) S O A e IS g S S 8 S
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O ile oS g5 (S5 adale (52353 (Sl 3 bl SR 5 (2o ey i S Al (S gaee
JS 0 S S a5l S S a4y A 5 Ll (i sS gl gl Dl oS )
OMie Gl (o 03 4k ahaie danlio I 5 o (53 (K50 sabaie pda e ilide 3 JUS S
3SRy JEml o late by 3 o e adalla () 4B g) adada (gaba®) g3 LS Jlaml
4 e g A D (a2 Ol el ab JUIS ea il a5 55ISS gl a3 adala (g2

() (S gl g Y

(velocity) :Lissa/ce

A5 Al gy ) i JUIS 2l a SE ALY B3 R 8 gy Gad o e Al Ce (S JUS 4y
4t VS Qlilnald A glisu ) 5 50 (2 aSA s A o pasd Al o S 5500
4 ey (g2 A\A‘)géxﬁduls.l_gé@wﬁ&u#ddu&ﬁ}\é}}bﬁjédug
J‘éﬁ(o'?,m/sec) @giﬁw\ﬁggwluw\dgjﬁ)&gbgﬁJJULSJL?;SJULS
G5 Gsina (S JUS a8 gl il Ge juoyl i)l

Flow velocity in canal

G gl 3 S JUIS 4

Material Maximum velocity to avoid Erosion
3 5a Ui a3l sled ool (oot 2488 il jd 0
Less than 0,5m deep(m/s) | Less than 1m deep

(m/s)

Sandy loam 0,4 0,5

PR A

Loam 0,5 0,6

Gia

Clay loam 0,6 0,7

G AU

Clay 0,8 1,8

AR sloge sl ) BIS

Concrete/ masonry 1,5 2,0

SIS S gl qu sals
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(Lining in canals)g S i) JUls o
‘Loﬂ.mmyj\JPﬂ&awﬁdﬁh@aém‘gdj‘)ﬁwdﬁcﬁ‘)&ﬁ\o_)\:dd\_i\s&
48 g Ao 4 (5 it 43R gilaglia 4l ) ATlupAl) 43S AS g dle he ) 4 48R a0 ) asila

L (e o s

14351 59 5 S il
i) i SIS
(5) il i
BEUSEOE

il siad o

N R WNBR

(merits and Demerits of lining) 435335 9} 38 (s S il 3

(K S Al

5 38 0 ) (3 3 3a 3 ) (o) S (8 (5 IS i i US
(g3 <yl JUIS 2 (g IS il 53l

(55S Ssrha 43R 35800 gl 3 S Jiul 53 5IS S

S350 5 ) sl 43 akada 53 lUIS 5 (5 IS i) 53 gUIS

S5S oidae 4dR idiay y 3 JUS 5 (5 IS jiul 8IS o

6 58 i Jlme il ya g Jaia JUIS 3 (5 S il i IS

S50 5 el 4K 5 5d 5 S Sl

No Uk wN R

43 30 3 (5 S sl 3

(SR Qa1 (e B L]

(82 S e Mg ;) Rl yuae (523 (60 (A JUIS a2
(83 ) py b Fgad gigUS 23 3
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Design procedure of Canal Section o3k s ¢l e & JUls 2 3.6.2
LBl (oaga ol a9 3 JUIS 3

S Gl s 3 sy ol cud )l JUK Y e

S O ulie A JUS @

ST s (SRS g ) a i g A JUS e

(b g adR galse (dae a JUS (2 S5l LSS e

Py 4 ) (o Al ) e (So A (o o5 Gl b b JUS e

S e g JUS D & S Al A e Al Lok Wb JUK e
L ABRa) ) (5 55 s (Sl 5 pula

198 aldiu) 43X shayl (g2 2o Hld ol Slay 3 adada (galat) o

Q=A*V, v:%*Rg*sl/Z(mLM osee Ol )

R=2, (gled S5 u)
A=B*h & P=h+B+h= B+2h

S5 bl o 4 e e gy oebel laes (S e e 4 (2 48

If Q is maximum, then V will be maximum

3 gebel ap 4 plad (Sls ule 5o oabie) G (ST e o g 4y (2 4
If V is maximum then R?/3 will be maximum

(9 gomal (o adine 5 9h 2l gy el plad Sl ula (S Hae oy o> alS
If R is maximum then wetted parameter will be minimum (%)
S real e sl Nl 5 oabiel Gl A aS

If Q is maximum then wetted parameter will be minimum (%)

:@j‘)xb‘)t?:\jolﬁ);g;&&ﬁ‘l

1. Area Of Flow A= B*h = Bzg
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2. Wetted parameter P=B+2h > P= %*Zh e (Gldia (o ) Z—Z = A*(-%) + 2
A A
=>-ﬁ+2=0=ﬁ=2
=>A=2h*=> A=Bh then Bxh=2h? (Gp=asymhoh s,

=>B=2h=>h=§

3. Hydraulic mean depth: R = % =R = Bi':h SR B=2h W
" 2
Re—ll o 20 R ==hor 0.5h
2h+2h  4h 2

135S Aanlae i (5 508 0 (gl

st S B4 0.015 Cefin 2 e A Jsaa ¥

Manning Roughness Coefficients:Js> 3.3

1 1 1 1
C==xRs = % 0.56 = 59.39h1/6
n 0.015

Q=A*"V=>A4=2h%, V=CRxiws
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Q =2h? « 59.39h:v0.5h = 0.0015
Fer(B8m3fs) S ha 2SS A
/s=3.3h8/3 = p= (%)3 = 1.4m
(8 e (b=2h) pae JUS & 2485 A
B=2h=B =2* 1.4m = B = 2.8m
A=Db*h= A =28m* 1.4m = 3.92m? 5 3

U 3 ) s (S Hhaidge yia 3 e JUIS o g8 (28 o et sl JUS & o el g0
280 oY g A e g Gl S o a2 e

H B A P R I V Q
1 3 3 5 0.6| 0.0015| 1.836| 5.508
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(oS Jat Hlad e sdiia A al A Slaialiilatia
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Parameters of Settling Basin 3.9.5
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533m?

BXL=A=12mXL=533m?=>1L =
12m

= L =444m

L oAy G 559 (4M-10m) 2 (L/B) 2L > 555 (Check) S (= )
'L— 4 10 = 3.7 't t ok
yE—(m— m)=>—m— TM o its not o

B 33y g8 e Sy 3r—a o #E (L/B=4mM-10m) 2 > shl& 43 20 4
L S i 4 (L=48m) G525
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L 48m
i _

> —=4m......... J
B> T2m 4m now its ok

5290 oY 4 s (Settling Basin) oS i 3 Gsss)

V horiziontal = % (o> s A A

V horiziontal<0.44d limit = V horiziontal<0.44v0.3 > w =

0.24 >
sec
_0oa™m _ Q9 _ m - ¢
>  y=024—= oG Q=024—XxBxy=y Proa
m3
sec = y =2.8m

12mx0.24—
sec
199 Y A Al yha ga¥ Ay g y55 &) 00 gl

- oag k - . L. “l - .o
QLS z50 5 . (C =2 ‘i)é&—h’iﬂﬂé‘*—.}uwﬁ‘ﬁﬁgﬁu—mﬁ o

m3
— kg
Sp = 24005
t5 s oY Ay Jsd Y 4y (o 4o S i)

kg kg
p X 0.5 = 2400—= X 0.5 = 1200 —
m m

s 59l (T=12 hours) =isSa sl sd8 3 ol 3 2

$Sload =Q XT XC = Sload =8x%x (12 % 60 % 60) X 2= Sload
= 691200kg

1929 oY A ana 61l )Y 5y 9a 903

V sediments = i):):: PENE D RN EPRPENEUS JEN
] 691200kg .
9 V sediments = = V sediments = 576m?3

240059 % 0.5
m
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:j_gj\)wyd\z\kl\am&:ﬁ;a&aﬁdw_g\
A=BXL=>A=12m x 48m = A = 576m?

152310 oY 4 s Y 4 s S8 3 el

, V sediments , 576m3 ,
h sediments = - = h sediments = = h sediments
A settling 576m?
=1m

s (L exit) «>s505 5 (L entry) Ssis0 2 (Settling Basin) olSa—s 5 2 (s
s oY 4 sy
9290 0¥ 4 (Required Depth) S a3 s e sl 4
s S hi4y (0.8m) (Free board) 4asta o3 ) o il ol i 2 S5y pald 4y yse
SRR

Required depth of basin
= h free board + depth of settling + depth of sediments

= Required depth of basin = 0.8m + 2.8m + 1m
= Required depth of basin = 4.6m

DS daulaa (s 5 (A (S5558 03 Gas)

B — B’ 12m — 3.92m
= L inlet = = Linlet = 7.92m

L inlet =
e 2tan(a) 2tan(279)

(B)= width of settling basin, and (B")=width of headrace canal.

(a)=is the angle, that take (11° to 27°) value.

290 oY 4 Jsdgnd (A a0 2 oul

B — B’ 12m — 3.92m
= L outlet = = L outlet = 4m

L —
outlet = 5 (8 2tan(45)

(B)= width of settling basin, and (B")=width of canal.
(B)= is the angle, that take (27° to 45°) value.
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rcbiilaa g gl 3 (Settling Basin) olew 5 23.9.11

_jJJ\JwYQZﬁ@AMGL.}UL‘gMYJgﬁﬂ&cﬁj\%ﬁqﬁq‘g\j&m

Q spillway = Qmax flood — Q design

m3

Qmax flood = 1.15 X Q gross = Qmax flood = 1.15 X 8;
3

m
= lood = 9.2—
Qmax floo Py

m3 m3 m3
Q spillway = 9.2 — 8 > Q spillway = 1.2 oo

_}uy)g\)go)u@.kugh‘)ua)gj\J&m‘)\éﬁagg}%‘ﬁa

h spiillway = h normal = h crest — spillway
= h settling basin — h free board

s hspillway = 4.6m — 0.8m = h spillway = 3.8m

Q = Cw X L spillway x (h overtop)®
(h overtop) = h free board = h2 = 0.8m

192900 oY 49 (sl ssla 248 alas (gesae 3 )

3
120
sSec

1.6 X (0.8m)™5

Q spillway
1.6 X (h overtop)'>
= L spillway = 1m

L spillway = = L spillway =
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rldaa 53190 2 o (Flushing) (Adise 2 sl 5 23.9.12

3
3 o (S ki (6 S%:) ool (Fhie 3 5 )50 2 el i
2 (Height of water in basin=4.6m) gl&i)) sis) 2 (S ol i 4y (o> 404

(s B AR J55 3 Ayl Dlae S

Q=uxAJ2xgxh pu=0.62

m3
——Q —_ @ _ 2 . o &
A= pX/2Xgxh =4= 0.62xm=>A =1m o> oA AR A g
A 1
g h=5, ......... b =2, $h=§=>h=0.5m
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'( Forebay) 4an) g9 2 b s s L8 4.1

G 1osa el ab s 0 (S Al g Uy 5onla 5550k e ) sos) 0 b iy s L
4 (Penstock) Js s )b Gl 3 sasl 2 (2058) 4en) ss) 2L iy g8 (50 iy s
S WG A b s sl 0 R e e el de ) LB 1y s 0

(Spillway) 2 45! 4dcal aa sl (g sapkaii aa (S Shdy 43 (b s05) 3 ()8 L 359 g LG8
S 4S5 4y (Settling Basin) s 2 o S5 )8 L 3o g 88 0 (5 S sl Y 4
o> AL ) Ton 3 Sl 3 & i s gl L ) sSun S 45 5 438 i Sl
@43‘).\; o.ld\_\g“g\é‘.quﬁh_ugdtbﬁ)\a‘)l@bwjkjmcﬁ}lﬁ\)c_\s‘)_mugﬁd
2L AaAl Jielw )l b S pgl 2 eaSgiag gaelBa adie pu sgl 3 Sy de yu

(S by Al o gaan Hhal o Sl

Sby gl Ao g Sl 4 28 GV S SR g g D abiejlail eyl ) xg g Lad
3 sy e AR 4 o5 e b Gaoe Cpl B aa Lol it ]l s s S (o
SRS D) o Aa ) dlee g Bl 2 IS AIS A 4185 (S )8 4 axeba )l b 55
AiSan 5 4SS U (S DRI Ao A nld A (S )8 4y 4l (saea 4]
as) ol 5l 15 o (Al s (o oS s (S B4 b (8 Gl 3 b o) s s
JU Gawoaa o s ool sl 95 ol si8boa s aleses 0 SL (S4en)4
690 S smbd iy S Jo (S B4 Gl 50 ol 5 5l ()8 3 g5 3l Lad

_gﬁﬂ;cw@\jé\ﬁd\ﬁjﬁd

ssldadlal s A S S dan (S ohig e e A i LB s (S )4y
(S5 Gstida Sligh

/‘ﬁlﬂlway
e — AR i Ihp.s
) h, ;
heie

) ol 1SS 4.1
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14 (Forebay) vass b8 24.1.1

é&&}%ﬁ&ﬁ)ﬂgccﬁw@w""dlaouwﬁdo‘)\:}l(PenStOCk)dlLfJuéJ o
Lﬁ‘)ﬂm‘ﬁ)@m\y&}\%ﬁduj\éu\@
Sl s alls gl aal alla dljla o

éa\&,\_u):@q\y@}_ujm_gﬁcqwﬂ\&)j&gga&,\_u):wﬁa 0O
(SS Qe (S Uass gl 4 Ly 5o Sy sy

SO 24y Ly 5 g S Alaial ) S o S (S n) Ay > S iy 4y o
(S ol dm i 4y s la 2 43R Sass

oS AT 4 0 5B Ay s e ek 4y il ol 53 3 el mga 5B 2 o

(S U3 oS i 4y s K5

: Design of Forebay Procedure o35 S ¢l 9 3383 s Li8 3 4.1.2

Q forebay = 2 X) .5 Shoa 2 JuS 26 posa b g (S My lida 1
(Qcanal
shiaabgoe (0.3m—0.8m) 23k Ge ju pg 3 S L pan g b4 2
(s Jaiy (S
(1.5min — 2 3L (S Qlls )l hual 45 o2 g0l 4ad 45 A aaa 2o g L8 3
(Volume forebay = ((1.5min — 3min) X .Sws 4 o 3min)
Q forebay)
5 J S5 (Free board) gl ) oal 3l o jlail S 4y aly 43 33 (5 L5
Sl g3 93 e a5 0 L 55 (558 ool ab bl g ol 0 ) (LIS 2 4SS A
(b sty (S B4 an o gla e
3 sl 3 A S el dash Ay 0 5 LI 2 a6 Ol oo (el b 350 LS 6
3> S dis (Submerged head) 46 ss) 423 2 (25 (55180 431 gy <
5290 0V 4t e A skl ) Y

o b~

V? penstock
2Xg

H submerged = 1.5 X

H submerged = 0.5 x V? penstock+/D penstock

(25— 3-2) 3 (o> «sd e g9l 2 S (Penstock) Ji s 4 =(V)

sec sec

5 Y s oY g e (o kel gy Jse 80 ) LS da (S DRIy
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Q
V penstock = 1 = V penstock = < dZ

4

3 Ol sl 2 S s ki 4y 12 =(Q)

4 e Al Gl ) Y 2 oo o Lkl (Penstock) Ji i 5 1a =(D pen)
sl oY

4% Q
T XUV

D pen =

.62 choa sl 36U (Penstock) Ji sl 2 =(Q)

(Forebay) s (s lis 1 )53
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Ol ded o9 g MEE 3 G 3 (L ) 2 1sails 3 g (b 58 2 4.1.3
“Gluwlaa

19290 0¥ 4 Ohioa sg) 3 (S 3 gL 4y ¢ S a8 (g sl -1

Ol JUlS o 5l o Pl 2 JUS 2edin o0 Gl sas) 3 (S Gass gl 2 40 A
3

15 a5 63 oY 4 S Slaulae 4 JUS 3 e (Sda a5 8

sec

3
m
Q forebay = 2 X Q canal = Q forebay = 2 X 8@ = Q forebay

3

m
=16—
sec
35Sy e (S5 g L g 4 43R il g LI 55002
3
m
Q design 8o m3
Q penstock = — 5 = (Q penstock = — = (Q penstock = 4@

52810 oY 49 aaa 3 s )LEE D L)

Volume forebay = Q forebay X t

t=1.5min-) 2 ab g b o Sl w gl (So Gas s )Ld8 o 50 Dd g4z 1a =(1)
(S Aot S ORI 1.5min (S edsn a4 e o> s o (3min

Volume forebay = Q forebay X t = Volume forebay
3

m
= 16— x (1.5 X 60) = 1440m3
sec

9290 oY 4 gl ) e gana 23 LIS 3

Total height of forebay = hl + D penstock + H submerged + h2
23 59 Jond (S HBI4 (0.5mM) S odsn i o> e gl gl g o i3 =(h1)

o S B4 (Im) e o> .02 (Free board) gl ) o3 )l (i sa s i 2 12 =(h2)
L0d
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.&\Jng&Adg@U&M\JJ@_daﬁtﬁg‘)&ab:(Dpen)

D penst()ck = a D peIlStOCk = —X D peIlSt()Ck
T XUV 3.14 x 3

= 1.3m

(2 Ol ok Sy 2 =(Q)

(2.5 —35) Al eyl a g S sl 3 S (Penstock) s sl 43 =(v)

sec sec
S5 SIS

el ghl a3 eagld )l sl 34y 2 (Penstock) Ji s ldé 312 =(H sub)
oY 4

vipen 1.5 x 32
H submerged = 1.5 X > = H sub

X g =m:>HSUb=O68m

H submerged = 0.5 X v/D pen = H submerged = 0.5 X 3v1.3
= H submerged = 1.7m

25013660 3 Gl Joa ) sd at 930 51 gt SArulaady joedra 99l ) 2 a S
D9 et (S dudlaa 4y

Total height of forebay = h1 + D penstock + H submerged + h2

Total H of forebay = 0.5m+ 1.3m + 1.7m + 0.5m
= Total H of forebay = 4m

Height of water in forebay = Total height of forebay — (hl + h2) =

height of water in forebay = 4m — (0.5m + 0.5m)
= height of water in forebay = 3m

s8 oY 4 dsh ) ase o)l s s Ll

i5 sy oY 4 (B) paue Seddsl 4
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Q=BXhXV=>B=

hxV

(h:4m) °,.2_5‘,) wyd\_\y(‘;im@ codtm_)\ U LﬁJmJ =(h)
3
16;% (S o sl 3 (S U s 4 =(Q)
i ab4aas (0.3 % -0.8 %) 2l (a6 Ce gl 3 (S g8 4 =(V)

5290 2 oY 4 (> @ A 3 gL 2 =(B)

3

16—
B = S€C = B =13.8m
i4m x 0.3 —
sec
29 oY 4 dsb 3y g L8 2 L)
V=dxA,...... A=B XL ¢
V=dXBXL=L 4 L 1440m° L =26
= = = —_— = — =
dx B 4% 13.8 m

e Al i) q;)\.ﬁaé 3§

H = 4m, L =26m, B =13.8m
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rApulaa Cpl a3 2 gl ol My LB 0 4.1.4

‘Q}Lﬁj}d}\ J‘JSA‘“SSLA‘J‘M}}\ J‘mcﬁﬂw\ﬁgdcﬁ ‘LgduLA:\AL_uw ",51%,):3

S Ut S Ll 4 hla

alald ailial S 33 5 L8 4y yge ol slieys sosl Hlial 248K g5l e 555 Cplaa ) 2
_cdsa.'.g..g);\

:}JS"JG:‘“‘&&%‘)@MY‘3-JJJ‘JU‘“YJ‘T}&\}J:)}\°JE‘SL§}1%J;’JU‘U\

Profile of crest of weir ==
—- broad; sharp edges 15
—_— broad; round edges 1.6
A round overfall 2.1

J sharp-edged 1.9
_&_ rounded 2.2
_A_ roof-shaped 2.3

Profile of Crest of Weir :Js2x4.1

3
Qdesign = L weir X cw X h2

3

2 Jsh sla 2 M gl 2 la=(L)

(0.5m).> Asos3 sslan 243d lald adlial 5 =(h)

Q desi 3 i

esign
S 15 . _ sec
Qdesign=LXcw Xh :L——wah1_5=> _—1.6><0.51-5=>L

= 14m



(c) ketabton.com: The Digital Library

(Penstock) i gLié 4.2

Gmo 5 43X (Forebay) s ol—38 2 45 ) (a walaaizha g (Penstock) Ji g b—aa o
.l 43 (Turbine)

Ji g lmid 2 e (gala g5, S 4y o5 LB g S ra 4y > 43 paza
.52 433 (Penstock)

(3 g8 548 0k Jls i 4y (PVC) 2 (S sfivs s

Jiiigy ol o 5l LS Jiewd) S AaX bl Jgr 3 eo Ll Ui gy Cud 3 0y J 99 (o0 300 4
U5 S 500 45 ) 5ol actBl 313 a5 S i) 438 45 (Ml Steel) ol 52 58 3 co
REBTS

==

Jg sl 41
43R 535l gl o) (Mild steel) 53¥ g p 55 4l o Jld J5 Sy 3 ¢ S lilad) 44 Lo gac
RERTJNEN RS

43R S eb gl o Sl o Su s o (Penstock) g olbdd o s hla 4y g
It (oS i ag i plialn s (S alxial 4 (Penstock) Ji s )ladd 3 5 o s 5 saida
162 9 Y 4y (o2 s
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L adadéss o (Anchor Block) Ssss SIS :(Anchor Block) S SIS |
432 538 & 5l &S a3 (Penstock) Ji s ol—d8 3 (o s iy (Sl
(S opS Jiwd) 43S (5 f (S gia 0 4 )5S it

43 = (Forebay) s L8 o

$pa5S (Penstock) di g olié o S A oS 4

S (30m) _# «alsial 44 (Penstock) Ji s_lid 2

Jea 5o (Penstocks) 43 sl s )bl o 50 (o ¢« S A 4ra 43 Js0 s SOA 4y )
REBT

4« A 45 (Power House) &ss s » 2 o

0 O O O

N ~— ) S~
& F 7= %ﬁ/ﬁd \((/(((//' R\\\\\\ N
(é[ - \\((})/(\\\\\\\ \\\\
= ‘kt _ s
0' % / =
Ff:@ 4 ——\::_ a/
b = ey
I e
| =z
<< Q272
&5 9 = =0

J > (R4S u) e 424 (Support Block) <3 :(Support Block) 3l I
(SIS (St 43R il & ol o Sl
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(c) ketabton.com: The Digital Library

Sokiay s i (25— —3 %) Ab Ge pw grgla e (Penstock) Ji g oldé o

sec
Ji a8 (o (s 52438 ¢ 5 aSI) dlaglia (S (Penstock) Ji kil 4p (o2 o)l (g2
QTIJ\::LSMP‘)S::J‘\_HJ\ DJE\]L;JJ}} L;.&d})ti}e.\ﬂ.\_uuﬁj\ ;Jéuum(Penstock)
92583 ¢« S (Penstock) Ji sl 4y oy (9 ) (203 450 44 (a5 Ay i) &
o dinal s S 4aR Cila by 500 S ool OQhla 4y el ey sy

[AISY g3l ge 3 0L (Penstock) Ji g bad a4.2.1
(The Election of Materials for Penstock pipe)

(8 e aad) o S 555 (Hydro Power) Uies 2 s 3 (Penstock) Ji g lia
JcJ\;\S(PenStOCk)d.'\gjméd_gg}s&s);aw JM&)\&L\Q}»(‘;jﬂM}J@M}\GS\J@
)ﬁﬁeﬂ%ﬂﬁ%\ﬁ@ﬁ@@d}gjd\yd‘ﬁccdﬁ_umﬁg_noﬁk._a&i\jd\y

(S s S

o Uiy (S a4y 4050 558 52Y 2l o ) 55 5 53l 5a 3 (Penstock) Js sl -

(Weather Condition) <ults 18 o

(Weight of pipe) ¢ <ub 2

(Soil type) Js» ssta 2

(Terrain) =)

(Ease Installation) <l sgas sl S i
(Accessibility of the site) ) Y 4 (sl
(Availability) <bisa)

(Roughness of surface) s b
(Design life) e saldinly 45 by
(Maintains) <l sl Jaés

(Methods of Joining) 435153 518 Jeay 2
(Design pressure) <wslia (S Jiliae 4y HlLis
(pipe cost) Ced uly

O 0O O 0O O 0o 0O o 0O o o o
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dsal sy 3 g L3422

RS Gl ) e 4l 0 4 (Penstock) Ji b

:(Short Penstock) <ty sl |1
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G oo Sadara o e 3 oS Fada s yw phaa Al dlliddie s ol saul a0
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(Penstock) Ji s Lié ail 2 25 Y S (Slope) sl (2SS o 3.6 S Sewals
] (o0 IS il o) Sllee 2 (55500 Js0 62 (2 4SS (o S Sl d )
LS A (A

i gl w88 4.3

:(Long Penstock) & g taé ay4 .2
a3 (6 AS (g s> ANl Ay Al d o) SR o w3 JUIS S Al oy
J g8 2,402 e lig Ol Jy g JUS 3 (S GlA g alalad 53w
SOl 3 o = Gl e el 2l Ji sl 60 IS ()l sy (Penstock)
> e aly o) sy 435 0L 45 (Penstock) Ji s ol—S 4l (S auge 4y
Ay (o 4SS (0 s (S ki 4kl galail 5y ol 45 (Penstock) Ji s l-dé
(A ydan dia R 5 oo S saldiul 43 Sy 340 3

(Mid Length penstock) Ji s lié b sia .3
ALy da3X (Penstock) Ji gobis il 5 2 glaS skl 5 (o )ldd o gl
Jiwwal a8 45 (Penstock) Ji g bdé i gia o (S JUK (Slope) b yd 4
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JSosaaiaigisnerda 4 sy g8 Qe Jsm 355 @048 S
$s e S (Sleep Slope) 248 S

:(Vent pipe) J S 1
)9 12 Al pady J3 ES 158 0 g g 50 ) (S (Penstock) Jb s bid 4y s e 4S
() 45 e YA )8 3 S (Penstock) Ji slbid 4n R 5 oS s 45

= TV
Ji ST a1 ,58514.3

(Expansion Joint) cita (bl
3 A o el i gA 43X Ll ) (bl o (Penstock) Jb s ol-dé 4t sila 1
é\)ﬁ@aﬁ&‘dﬁ‘)ﬂkj

4 gila bl ;5851 4.5
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oSS i a g L8 24.2.3
(Design Procedure Of Penstock Pipe)

red Jais oS i 4y oy Lali 53 o 4L o) 33 2 (Penstock) Js s bis o
oS Jan (S Hhi4 (Steel) dii— A e (Penstock) & g ol—bé 2 s 48 o

(543 aS 43X (3mm) 2 (2 Hsbe Al
4 (Steel) diw 3 5 (Penstock) di s obid 2 ol g5 58 Qb sl 3o 4SS o

o Jais S Lk
é#q(Z.S%—S%) 3ce w2l S (Penstock) Ji g4 o

10132 (Penstock) H g ié 14.2.3.1

Ay ki Ji g ldd o 5,55 (Y 4y ki (Penstock) & goldd o (S e Jl 4y L1
sh Y sy Y 4 Ak
ol Jged g iy

D penstock = 41Q°38

w

241 (Penstock) Ji sl 2 sa e (o5 0l 525l 2 =(Q )

.2 _ké (Penstock) Ji i 2 =(D m)

9}

S oy Hhi 0 adAX e agme 3y

wd? Qx4
Q=AXV=23Q0=—XxV=20X4=nd’V=2>d*’=——>4d
4 XV
_|@x4
T xV
.2 Lkd (Penstock) Ji b 2 =(d m)
3

2 (Penstock) Ji sl 5« e 5 5 Gl 39 55l 3 =(Q S%)

53 e o 3 S (Penstock) di b 4 =(V )
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.(Head Losses) wlxla S (Penstock) Ji g lé 4y 2
(s AR Glaglia Al g3 052 S (Penstock) Ji s bid 4y

3 o> s Glaglia 422 13 :(Major Head Losses) wlaba Jsh b Gl 5 )
Ji b8 o Alagdl i o (S a8l (S Joha 4 (Penstock) J8 gl
Glasia 5 o1 | A aidie alal 4 (Friction) ) s.p) 2 o~ il 2 (Penstock)

s oY 4 Al Sl gail o

(62 Alaglia s o (S 5 g lié 4 1o =(HLM)

S350 D (> ) u pa Algpi G;.Lm 3l 3 (Penstock) Ji sl 2 la =(f)
S Jiwal 432 ) Sy o (Moody)

(2 dsh i gl s la=(L)

2 M/SEC ¢ Loy gl 3 (S (Penstock) Ji s olis 44 12 =(V)

gravity acceleration of earth =(g)

.69 ‘)M d; LﬁJL..us 2l =(d)

;}ﬁaq@\&ﬁmqﬁ‘yqa)g}u}\)m‘iJ(f) J}:\ﬁﬂwhbd

1.20 k
(T'E)
(SRS Jg o m (MM) e e 4y Sl Ji (g L8 3 co Ll G (53 =(§)
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Roughness Values, kmm

table 3.11.2

Use normal condition for normal design

Material

Age/ Condition

Good, <5 Years

Normal, 5-15 Years

Poor, > 15 Years

Smooth pipe, PVC, HDEP, Glass Fibre 0.003 0.01 0.05
Concrete 0.06 0.15 1.5

Mild Steel Uncot.ed 0.01 0.1 0.5
Galvanized 0.06 0.15 0.3

New 0.15 0.3 0.6

Slight Corrosion 0.6 15 3

Cost Iron - -
old |Malivate Corrosion 1.5 3 )
Sewer Corrosion 6 10 20

Roughness Values for Pipes :Jsx 4.2

1sSE A  ghu

1.2Q
=2

) 3 sl essS Ay (S gishwd 550 J S )54 4isied (Q, d,K) 2o S

dmtéﬁzw-"gsii(g) st S ad 8 Y 4y 6l 8L (Moody) o5 2 duals
slas) S bl e i 46l S (Moody) 2 2

P98 lay adaldi o ghalds gle yaiuy gl a
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Roughness Diagram :J s 4.3

Glala 428 J50 12 :(Minor Head losses) clabia (2 50 b Glaglia s S
2 (Al aidia alal A gigile galide 3 S (Penstock) Ji g ob—d8 43 2 2
Fead S Ay gisam 348l calal Al il o) (bl 3 a3 calal Al S S0
_‘;sb‘\_u.u‘_ﬁs}s}lbj\

a5 oY 4 dey gV 4 Al i S

2
Him = E (k interance + k bent + k valve)

(8 Glaglia Jia S B (g ,La8 3 =(HIm

o M/SEC 52 Ly ) 2 S (Penstock) Ji sl 44 =(V
gravity acceleration of earth =(g

(S Dy gea 4 JSG jad 3 adale 3 gy pa galila y by =(K ent

)
)
)
)
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Reentrant K.=0.8 Sharp-Edged K.i=0.5

v v

L - ¢
L Qf

Slightly-Rounded K.=0.2 Well-Rounded K.=0.04

451805 calida o Jll a2 K5 4.4

Y 4 AaR ) o Ol gy 3 3 o (e i s S 3 b A =(K bent)
-g;‘.;\)

(83 Gu pia silalin 3 (S G sea 4y Cua a0 2 JV 5 3 =(k vave)

155S Anan oy gl (A oS ol o5l ol Sl ol ) 40 3 gladla o same s I

Total Head Losses = HLM + HLm = Total Head Losses

fxlxy?z V2
(2 X g X d + —(k interance + k bent + k valve))

2 el e seae b (S (Penstock) i s ob—dd 4y ol s Lok S cpl e 3 o
) oS 43X (10%) 2 (Gross Head) » (Penstock) Ji s _lis
(63 Clie AAR Gl e )l o SeA Lk o )l 39 s )L 0 :(Gross Head) o

h gross x 10% >h total ... ... ......... OKV

:(Statical Head or h Net) w# s jisa b (0alls) IV

h)cosglt)) guysda Jaa eliijla g a S0y —d84 (h Net) w2 o i
(63 Colie 438 Glai g gilaglia o gane 3 ) ¢(QrOSS

h Net = h gross — total head losses
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(5%) 2 2L 3 (Statical head or h Net) 2 s ise Hhi g1ad glalia e gana

total head losses

Due to h Net = X 100 < 5% .. evvenn. OKV
h Net

(Water Hammar) 4 0= Sy V

A Slul S S a gV L8 g g (Sba o >SS A
ALJJ;:;.S:@J}XA)U\qéds\ag%gldmcj\djbﬁa%fsﬁ}\A(Water Hammar)

(o A sl (s (AL sl IS oa (S AR L ) g s Ay s 3y i asa Y pens
SAouls B pm (23 (2 sy da o S Jal 4 (Penstock) Ji gl 2 s
(@) 4 > «sS dus (Celerity) 4 ce yw 2R 323 5l ((Water Hammar) 4 —a

(A i) o Jsap s A 3 Ge (2R £33 6. S Jd gl o pu

1400
Ew x d
J1+ ezl

(Ew) = Elastic model of water, Itsequal to = 2 X 1 X 109%.
m

a =

(Es) = Elastic model of steel.Its take from table, Its equal to
N
= 200 x 109—2.
m

d = Diameter of penstock pipe .

t = Its thickness of Penstock pipe < by (mm).

al characteristics of common materials

Material Young's Modulus  Coefficient of linear UHimate tenslle Density
(€) expansion (a) strength (S) ®)
N/m? m/m *C N/m?
Steel | 200x10° | 12x10 400 x 10°* 7.8%10°
uPVvC 2.8x10° " s4x10% - 28x 108 1.4 10°
HDPE/MDPE 0.2 -0.8x 10" 140% 10 * 6-9x100 0.9%10°
Ductile iron 170 x 10°  1ix10¢ 350 x 10 0.7x10°
Cast iron 100 x 10°  10x10°¢ 140 x 10* 7.2%x10°
vanable Bx10% vanaole 16-21x10°
20 % 10 10x10° vanable 1.8 -25%x10°

Physical Characteristic of Common Materials :J s> 4.4
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(Surge Head) LW 20 nngla V|

2 b b DA s yu J 93 AL 4l (S (Penstock) g ldd 4y o 4K
R AR Aed Al yaitie R e pd ddggadanl g g on)y Pk gd i g
Ssoula 2L S is (Surge Head) 45 JL—dd4ea oo oS S n Y L34
CS oo LB oS dy (2 4R 480 o (g S Anial H AR A S (a Al )5 433 (o
Ay ada il g Jga g g1 2 JLibacy o 5.8 Bis (Surge Head) 45 JlLid asa ¢ <
HENE

axv

Surge Head =
nxg

(a) = Its the velocity of wter vave, in penstock pipe.
(v) = Its the normal velocity of water in penstock pipe.
(n) = Its the number of blads of turbine.

(g) = Its the gravity acceleration force.

(Critical Time) @35 Sl VI
Sl Aidie 4R 5 b aidial ) (Water Hammar) 4oss Salsoule oo 4l
(g ol i (Penstock) Ji ool o by ¢ gnse (sl ¢S D g o s 4y 2 4R 42
S8 das (Critical Time) @ JSloa 48 Gd g a8
(A A adaul o Jse )8 s2Y 2 (Critical Time) & (Sl
2 XL
a

T critical =

o e 4 ogd sy ¢l (Penstock) Ji solis 2 la =(L)

8D d_\cym& a0 =(a)

(Effective thickness) s b Culdim s jise VI

‘:J\)lg;ajyﬁaJl;d(Penstock)djggjl_&éa@‘QSJ_E\SUL#\S@JJ‘M’ 2 S g ala algila
(s s ide 4AX liadicn 5 (Penstock) Ji sl o s8¢ i

feA oY 4 43K Jge 8 52V 3 Culium o Sise o)Ll (Penstock) Ji sl

T ef fective = —-C

W XR
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S 4SS Ji 45 (10 years) sl son LBl s (e (Seaa K32 =(C)
20 ) 2 o S 5 ((Imm) 2l o p—a a5 558 el 531S (10 years) & ol
st (2mm) Ak cu s b 5 S e U 530S (years

(oS Ja (S R4 (1.1) o« eura S Kishg o =(I)
oS Ja (S ki 4y (1.2) w12 ¢(Rolling Coeffecient) =(R)

Welding ( coefficient) Divided By 1.1

Flat-Roled ( Divided By 1.2
Coeffecient)

Corrosion For (10) years life 1 mm

(Coeffecient) For (20) years life 2 mm

For (30) years life 3 mm

_}ﬁ&\ﬁﬁm@édﬁyoﬁ\‘\g AX

2 ¢l (Safety Factor) 422 1L a2 2,1 (Safety Factor) 2y (2let dsi
£243% (2.5 mm)

sf >25mm (=

S Ol b o culy d by g8 (g peS 43R (2,5mm) 2 (s o fise (s 4S

T ef fectivexS
5xXHtotalx103xd penstock

6 s b Cwlaia o Sise =(T ef fective)

safety factor = ‘> <o)V ol (Safety Factor) »

H total = (H gross + H surge)=(H total
.2 ki (Penstock) Ji i 2 s =(d pen

3 &>« (Ultimate Tensial Strength of Steel) b < slie 838 Jiiw 3 10 =(85)
(S Jhwdl) 43X Jsaa Y

)
)
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Physical Characteristic of Common Materials :Jsx> 4.5

PO e B bR 3 gl 9ol 1 el 3 g (U si 2 4.2.4
s oY 4 kel o (Sl dglay 1
.3 _hd (Penstock) Ji ks 2 =(d m)

3
2 U (Penstock) Ji s bad 3 «sa e (5 05 0l 33 525l 2 =(Q ;”;)

(63 e (o 3 S (Penstock) Ji s lié 4 =(V =)

sec
g 4xQ 4 4 X 4 J=13
= = = _— s = 1.
TX D 314 % 3 m

oY 4 (Head Losses) <zl (Penstock) Ji gol—dé 2 S a8 aa 24y 2
5230
;gé&b&@h@dﬁ»ﬁé&gﬂbﬁg
.(Major Head Losses) <labia Jsh b clala ¢4 (@
minor Head Losses or ) Clulaa 2 s b Gl Ja S (b
.(Turbulance HL

el Jdoh b cilalia sl (a
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fXLXV?

h —wall or Major Head Losses = ———
2xgxd

A0 ) SLa (gaga 2 Hhai 50l 5 Y 4 i () 2

1.2Q0 k 1.2x4 37 0.1 — 0.00007
— = = 3. =
d 'd 1.3 ’ 1300

. . s P . k
S Js o (MM) e gle 4y 5l i g )L 2 ol Dl 522 2(7)

Js oy (M) se4g kb (Penstock) Ji s LE8 o ol st (533 4l =(%
A5l S (ga5e0 51 () = 0.0119

250 3 (o> 8 i M) 3 (adau Jab o (Penstock) Ji sl 2 1a =(f)
(0.0119).5.58 Jiwdl 432 ) &L 3 (Moodly)

(110m).cs2 Jsh J5 g bid o la =(L)

(3 ﬁ)-"f‘ M/SeC «s3 Ce s 15l 3 (S (Penstock) Ji g okds 4 1 =(V)

)

(9.81).gravity acceleration of earth =(g
(1.3m).cs2 had i g lis 2 la =(d)

, _00119x110x32 _
T T 2x981x13 ™M

sl oY 4 Sl s S el (D

2

2Xg

h — turbulance or Minor Head Losses = X (k1+ k2 + k3)

(3 %).a)u M/Sec «s2 ey 55l 3 S (Penstock) ds sl 4 1a =(V)
(9.81).gravity acceleration of earth =(g)

(0.5) ég_ajjmc\_ad&ujmatlauq‘dawﬁjm\qubq_(Kent)
oY AR o)) ol g 33 o e cu i siad S 0l 2 =(K bent)
(0.2).41,

(0.3).52 cu i silaglia 0 (SO ) a4y Cunsa e 3 Jls 2 =(K vave)

2
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9230 oY 4 Alulia o gena () L3

Total Head Losses = HLM + HLm = Total Head Losses

2xgxd 2g
HLM 4+ HLm = 0.5m + 0.458m = HLM + HLm = 0.958m

fxlxv?: v?2
= | 5———— + =— (k interance + k bent + k valve)

3 el ia o seae 1k (S (Penstock) b s )8 4y ol s Lo S Gl a2 o
(=3 oS 432 (10%) 2 (Gross Head) 2 (Penstock) Js (sl
(80 Gl 43X &l p il o Jsa W g o ) 33 L3 2 (Gross Head) o

h gross X 10% >h total ... ... ... ...... OK

27 x 0.1 > 0.958m
2.7 > 0.958 ......... 0K

529 ¥ 4 (Net Head) s o ise o3 .4
h Net = h gross — total head losses

h Net =27m — 0.958m = h Net = 26.042m

(5%) 2 al 5 (Statical head or h Net) a o ise Hhi gaiad slaloa o s

total head losses
Due to h Net = X100 < 5% . voon.. OK
h Net
Due to h Net = ——" X 100 < 5%
ueto et =5 6.042m 0
3.7 < 5% coeeee oo areeee e its OK

_jJJ\JwY@:QQ}»@SAﬁj\JéJ\#QgJA_A: 5

1400
Ew x d
\/1+(Esxt)

(Ew) = Elastic model of water, Itsequal to = 2 X 1 X 10912.
m

a =
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(Es) = Elastic model of steel.lIts take from table, Its equal to
N
=200 x 10°—;..
m

d = Diameter of penstock pipe .(1.3m)

t
8mm
= Its thickness of Penstock pipe by (mm) its convert to meter. ( 1000
= 0.008m)
1400 m
a = 5 >a= 864@
2x1x10°x%x1.3
Jl + ( 5
200 x 10° (1555)

sl oY 4 a8 a0 el 6

axv
Surge Head =
nxg

(a) = Its the velocity of wter vave, in penstock pipe.

=

m
(v) = Its the normal velocity of water in penstock pipe. (3 a)

(n) = Its the number of blads of turbine. (12)

m3
(g) = Its the gravity acceleration force. (9.81 sec2>

864 - x 3 L
sec sec

m3
sec?

Surge Head = = surge Head = 22m

12 X 9.81

2510 oY 4 el o sana sl 7

H total = H gross + H surge = H total = 27m + 22m = H total
=49m

oo L S AR > sl oY 4 i g4 eyl L8
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2XL
a

(110m).cm sia 43 <53 A2y sl (Penstock) ds ki 2 1a =(L)

T critical =

m - 2ala=
(864 —).2 w2 2 12=(a)

2Xx110m

864 1=
sec

T critical = = T critical = 0.25 sec

_}J}\JUAYﬂ&a&@a}_}aa‘)\%d&g)\.ﬂéqw‘g\ 9

T ef fective =

wxk ©
(Bmm) .okl i sl 2 s (M saly (s 55 J S ok 12 =(T)
(2).02 e S ean S8 2=(0)
a8 ds (Sl 4 (L) 2 0 a8 Sials s =(W)
S e S ki 4y (1.2) <= 12 ¢(Rolling Coeffecient) =(R)

958 4wlaa (Safety factor) Lsise cghxisd 30 el 110

8m
Thickness ef fective = ————— 2 => T ef fective = 4mm
1.1x 1.2
d.IngL__mSJJ.Jb)}ALSA‘\S\ADJSDHJJI:JMJ)&&_U%\LPAM\AA‘\J}; \Ji‘}n
Jlie 4y LG (550l 0 2 (o sl oY 49 ey ulia by 500 )L (Penstock)
(Sop s Cisd (5550 3l (o ASA () Ay bl (5 5 ALy ) e (S

(s.f > 2.5mm) .o b b (> 458 (L0433 (2.5mm) 2 Al cu e ghia o

‘s> <3 ek (Safety Factor) 2

T ef fective X S

; tor = > 2.5
safety factor 5 X Htotal x 103 X d penstock i

(Amm).c2 Jsan b Culain o yise =(T ef fective)

H total = (H gross + H surge)=(H total)=49m
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(1.3m).s2 Lké (Penstock) i L 312 =(d pen)
2 > «s2 (Ultimate Tensial Strength of Steel) b < glia i3S Jidw 2 1a =(S)
(400 x 106 %).LMS Jisa) 435 g0

4mm X 400 x 10°
5x49 x 103 x 1.3

S.f=

= S.f =5mm

S5mm > 2.5mm ............ its OK+/

(Penstpock) Ji L ;) o)



(c) ketabton.com: The Digital Library

:(Power House) 4 sl g bcw 22 4.3

S Sl (S a4 A 0 Jddlu 4xa (Power House) 4 sa ul g by o
j\ }JUL..&».':\ a&)\m J}A ‘5.3\)5.3@ ‘Lﬁj,;‘SLS&);’LS&Q\).:"@S }\ dﬁ\__a.»}sg\_\_ug}
Uit o Jg9 dasbi g Ol aeat o g sy 9058 53 S ag9 (S Ol @ 4dR ) pam d gl s

(SIS Al

d e ol e Piale g Ladl oLy sl 3 (Power House) 454 ad 55 lin 30 o by
24AR o Gl sl 2 5508 (Kinetic) S~ ) (Potantial) (Leiilisy sl 5315
(Turbines) sisinssi o Lo o) sopba s a5 (55 Sailasa (Turbines) sisiwo s

(ot (6 5 (ol 4 adand 5y 519 51 i 3 (g 50 Sl

dJLﬁJuASJLﬁ‘bJLﬁSJ\‘\j)&éL-uJJ‘ﬁ‘)@)}.ﬁ&b)@}.‘ij\)uy J)&._\\)EL‘;'GJJ
phaie 43 5 G 3 ) e S JES ) Gla (Sasadals 48 G 55 43X (Penstock)
ot S il 4 55 s e 4y 488 L 13 52 51 65 S5 o

G 51l pead oyl s S (Power House) 45 ad i by o o 02 L 455 jlaca
(Swiching) g ses 2 483 )laad 5l 5 S daag o H5il i 2 most A Sl ly
&8 3 by y 2 Lk y (s 0-0 Al 65 (o o )l 43 5l jaeaS (Transformer) sl 55 )

(S JIE 45 s
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A 25 Uy 0 e ) s ) glblee alaie 3 5ig )60l i sl sl sigi ) 50 4SS Hlaes
A ai v aighy S B asd (g S BB n A dilbwy 3 S (Power House)
) NS A2 sig sl pia ol gigln e d el Blw ol oAl gy b s r e

(2 (Yl el slS as

SR 2 gl —d(Install) sla oy a (S ada Uiy j 4 &l et ()l Js5 o> o 22
Power ) s 28 Un » a3 ab 5 qgyosmaedalwddl o )bl o i o 5 jaead
(S dsis (S ki 4y Galua o il AS 43 45 (House

= VS5 Ol ) (o o Dy S i Ay s 4368 J 5 5HS 20l (S A A Ly 4
Cllad (UnNit) ol 08 2 L sl S Gl sisl 2 (S 515k (o S whii 45l 5 4za
(S99 A0 alea Uil 3 (5 S e

o sy e (g el (e Lidy 0 gl

o e o ull gl edee 43X gy pea a0 Slag ol i Wty g gl D
_034..'\3\.-»

Jsal faus 2 (Power House) (Hsd gi B 224,31

S d A e S ld b4y (Power House) 45 ad ¢ s a1
Oaps s 8535 ) 3 caa 3 b oLl B 030 (59 (S (el 43438 5B alac]
ebel i Al (Sea5e 4y (40 Years) sislS il 55 3488 5 5,
s A i Ol glae alSa 4y 53505

sl Sagisa (b (Select) Al s b b laa gl na 2
el A e Glal diA gl

S Bl a4 g A giua L 4idae (S (Power House) 4isa ad g sy a3
35l 0 S5 ot 4R (SN 58 um  sslS apd bl o A A dsns
(Sopd Qs (55503 (S Q) sady Su3E Sow

Jhiay (S Jal 4 (Power House) 4653 a6 Lt o 3 b s SHE 2By n o 4
(s Jsg (S

e 50 5l 580 gl ol s e (Power House) Ss Wlsilidn pay 5
U A AAR Cu AT HFa s de @ > e S Ole) 4 AR 55810 53 ga
(55

2R Pt Jag S ki ag () e lail asalia Al Al 5 gig 6 s gl giginy By 6
> JaY Lilal o Jlen s ase i o) et 5L a5 head o) shlas dusls S

gl 5 sia (B3M) 2 o) 5 A abie Wl (Power House) &ss st a7
(o dsiy S ki
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lie 3l s Jll s sgi 2T 3 5l Sl o (Power House) iss 2l silidy 5o .8
(o ey (S kA A

i s o (Power House) s ad i Liw 0 2l 4554 (Operator) *sla 2 .9
(o Jaiy S ki

Js 3 o (=0 Qi3 G —ula 0l s W (Power House) sa a6 Bsw a 10
sy e Y A9 (S gyel 4 JS

Js& s e n S 2 (Power House) 4isa al sl by p 3 g5 Sl s 4511
(g Gorde 4AAR NS A Sh o R i b

oA 5l aai o gl jaead 5l gl eniy ) 3 (Power House) 45 ad g by 0,12
s A )l Al el s

4 A elaa abo U 58l uead 5l sllu 55 S (Power House) 453 ad ¢ W 303,13
(o Jspiy (S

55 (St ) s o o) 58 sin s 1 ASD e ol sl (SRS pege 314
(Sl O il (AN A

SUS o )il 4aslie 45 (Power House) (&3 2l 6 Lisia yo 3 ol ol Litils 5 5 4% 2,15
= dSs

S B a4y 50 o) (S S Al S (Power House) (&ss alsi b 1 3.16
(S G oy 33 3 (g Y A et ) sllug eig ) SR T (o0 Al

:(Water Turbine) cwusi b g A 29 24.3.2

S Sa ) 3o (2 il 48 e ) Seilde o (Water Turbine) cross sl o
e dy il yin 3 65 0 (Sailaeaca by o s shad 48 (550 (Salane (o 53 Ldin g
(ol 5 (b 4

4 L iT s o s il Sasua 2 o (Water Turbine) omosi sl 2 b
(S s 50 (Sailaae

(S S e A5 sl 3 (2 62 i b s (Water Turbine) Gxost ss) o
0 43y dage oy 58l gLy W ws 0 S 4s p Ay 35 sk 5,0 3 (Turbine) ouo s
Crosi vl Cul w0 sl Sl g Gl 5 A R 0 50 sl SOl ye 3 A
23 0o 3 sl 2 ) (Head) gliis) — 5 5l 5 s 5558838 23 3 il (Turbine)
o sl (o LUae (024 12,00 (Sl o ey w0 b LG Shsa 2 4d sin )88 J g3
oy w4 b2 ol ((Head) glé ) cce i s S9A 4 (Water Turbine)

(SSS

243X aaal a2 a9l o gig el paed Al da 4y & (o5 (g bl
Al 3 gl 580 hen 3 Gy o8 A A Hlaed gl caaa a2 sl 3 () gl Gy
35 Y S A0l 438 i ) sas
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o ige s 24 g el g 558 sl aan gl d¢(Head) gl sagh 2 Hhas Jgo gm0
(S IS A8y Sise s i

JSG Gty g8 )l 2 43S 43y 4 ((Velocity) e s 08 (Gl 39 (Turbine) omo s 2
REBTS

435l 93 (Turbine) ¢ s 2 Gy 3 (Head) I sis 2
163 450 50 4 (Turbines) 4 sin 5 3 Gusis  (Head) JsSs »

s 6 (High Head) gl s o .1
A ¢ (Medium Head) glei)) (s a2
Aisin ¢ (Low Head) glai)) 452 .3

Agdo gy > cgopS Jlngad Gy dgal Jhlee 3 (Turbines) 48 sin ) 5 455 )laea
1)

Impulse Turbines .1

Reaction Turbines .2

S s gV 4 e anh digin Sy G wd e al Sle 5l (Head) syt -
ENITELESINES:

Turbine Runner High Head | Medium Low
Head Head

Impulse Turbines Pelton, Cross Flow, | Cross

Turgo Turgo, Flow,

Multi-Jet. | PUIt-Jet
Pelton g

Reaction Turbines - Francis, Propeller,
Pump-as- Caplan
turbine

Asle (mysiaidsn 1.9



Generator

Stator

Rotor $ Shaft
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:(History of Turbine) 4345 s 2 4.3.3

WA A syl dacaly a6 e eddin) (S Cmiia 40 )l 534S 5185537 )80 sl
CBLESG) g3 eA )R 0 gagl 3 Jsd Ju Al s a4y e s i 4 O35 0 (Water Wheel)
oy yio yu slg IS 4y sisagie o) glpal cwilad (So jlu o gy 4 A3 i )55 (5 par

@éaﬁgdwe-lgg@4ﬁjdygﬂn@uﬁi\_ud}\é}ig;)}ctﬁdﬁaﬁﬂ
A S Ja Kiha y 3 sisin ) 5 (5 pan 3 gl )y sl

GO 3OS piadl (g ol 333 (S g e s g 00 (p-19) (a5 2 AalS g
(Vortex) b (Whirling) sedS 28Y 5503 (o 05— (2 ) 52 4l (Claud Burdin)
03 (5 ¢b Jiudl) 4as

> 02 4AA  (SSA R sl 3 Sl Fie S sy 5 g —ac 5 s A sigesl 3 sl
S S A S Seud A

=S e S e (19 ) 4 el JA s sl 3 (Water Turbine) owoss sl o
_cJ{SdM@&W@ﬁJAﬂng&J}\JDJEﬂQa_'\mJéQi}wéﬁ@

40 gin y gl 4 _djjsaquz_u\Ul_gggs}:qu_a;gﬁqauﬁﬁgjguﬁjﬁéasjwj\g

45 g 50 (@l p e 5 il o) (S gl 58 e S IS (S s 4y b
(S 4y

s 52 4 S (Micro Hydro Power, or MHP) 555 (siasS 43 b 1 525l 3 Y sana
(8 JJ,;L;M‘X««,;@ ¢SS paldiu) 48X 4 g ) 68

4sled (s 21 4.3.4
:(Francis Turbine) ¢ o) 4 -1

dale s a2 sl oS s .62 s S gl ) (James B. Francis) oo si 1
431 L s (Radial) Ssa A ) (Axial) gossS Al o «s2 omy 5 (Reaction) (sl
RS

13 (o> SR (oS Jiwd) A allay 454 ) 43 432 (Turbine) s 2 2 (S Gd g gl 4
A ) Ao LA dda 1 d sl a6 (no s (Reaction) el Juse 5
2 (Head) Jsad 2 ss) 2 (Turbines) 4isin )5 15 Aoy JL S8 aS4yaal 154
318140558l i sy Jse 122 LS a5 (130ft-2000ft) 2 b (40m-600m)
St AR 4S Ll L s s o Ly 30 0 552 49 5% (BO0 MW) i 45 il 5 5LS A
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