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Scilab numbering policy used in this document and the relation to the
above book.

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

AP Appendix to Example(Scilab Code that is an Appednix to a particular
Example of the above book)

For example, Exa 3.51 means solved example 3.51 of this book. Sec 2.3 means
a scilab code whose theory is explained in Section 2.3 of the book.
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Chapter 2

METHODS OF IRRIGATION

Scilab code Exa 2.1 EX2 1

1

2

3 // example 2 . 1
4 // c a l c u l a t e t ime r e q u i r e d to cove r 0 . 1 h e c t a r e a r ea

by t ub ewe l l
5 clc;

6 //Given
7 Q=0.0108 , // d i s c h a r g e through we l l
8 y=0.075 , // ave rage depth o f f l ow
9 I=0.05 , // ave rage i n f i l t r a t i o n r a t e

10 A=0.1, // a r ea to cove r
11 t=(60*2.303*y*log10(Q/(Q-I*A)))/I,

12 t=round(t);

13 mprintf(”Time r e q u i r e d to cove r g i v en a r ea=%f
minutes . ”,t);

Scilab code Exa 2.2 EX2 2
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1

2

3 // example 2 . 2
4 // c a l c u l a t e maximum area tha t can be i r r i g a t e d
5 clc;

6 //Given
7 Q=0.0108 , // d i s c h a r g e through we l l
8 y=0.075 , // ave rage depth o f f l ow
9 I=0.05 , // ave rage i n f i l t r a t i o n r a t e

10 A=0.1, // a r ea to cove r
11 Amax=Q/I;

12 mprintf(”Maximum area tha t can be i r r i g a t e d =%f
h e c t a r e . ”,Amax);

Scilab code Exa 2.3 EX2 3

1 // example 2 . 3
2

3 // c a l c u l a t e
4 // t ime o f water a p p l i c a t i o n
5 //optimum l eng t h o f each bo rde r s t r i p
6 // d i s c h r g e f o r each bo rde r s t r i p
7

8 clc;

9 //Given
10 d=0.05; // depth o f r o o t zone
11 I=1.25D-5; // ave rage i n f i l t r a t i o n r a t e
12 s=0.0035 // s l o p e o f bo rde r s t r i p
13 t=d/(I*3600);

14 t=round(t*1000) /1000;

15 mprintf(”Time o f water a p p l i c a t i o n=%f hours . ”,t);
16

17 // Part ( a )
18 q=2D-3; // d i s c h a r g e e n t e r i n g water s ou r c e
19 qdash=q*100^2*60;
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20 n=0.55425 -(0.0001386* qdash);

21 yo=(n*q/(s^0.5))^0.6;

22 y=0.665* yo;

23 L=(q/I)*(1-%e^(-d/y));

24 L=round (10*L)/10;

25 mprintf(”\nPart ( a ) : ”);
26 mprintf(”\nOptimum l eng t h o f each bo rde r s t r i p=%f m.

”,L);
27

28 // Part ( b )
29 Lgiven =150 // g i v en va lu e o f l e n g t h
30 // F i r s t T r i a l
31 q=3D-3;

32 qdash=q*100^2*60;

33 n=0.55425 -(0.0001386* qdash);

34 yo=(n*q/(s^0.5))^0.6;

35 y=0.665* yo;

36 L=(q/I)*(1-%e^(-d/y));

37 // second t r i a l
38 q=3.15D-3;

39 qdash=q*100^2*60;

40 n=0.55425 -(0.0001386* qdash);

41 yo=(n*q/(s^0.5))^0.6;

42 y=0.665* yo;

43 L=(q/I)*(1-%e^(-d/y));

44 q=9* Lgiven*q*1000/L;

45 q=round(q*10) /10;

46 mprintf(”\nPart ( b ) : ”);
47 mprintf(”\ nDi s cha rge f o r each bo rde r s t r i p=%f l p s . ”,

q);

Scilab code Exa 2.4 EX2 4

1

2
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3 // example 2 . 4
4 // c a l c u l a t e
5 // deep p e r c o l a t i o n l o s s
6 // water a p p l i c a t i o n e f f i c i e n c y and t ime o f

i r r i g a t i o n .
7

8 clc;

9 //Given
10 B=12; // breadth o f ba s i n
11 L=36 // l e n g t h o f ba s i n
12 d=70 // depth o f i r r i g a t i o n
13 Ic=70 // cumu la t i v e i n f i l t r a t i o n
14 kdash =9;

15 ndash =0.42;

16 // Part ( a )
17 a=5;

18 b=0.6;

19 q=1.5; // stream s i z e
20 Q=(q*B)/1000;

21 tl=(L/a)^(1/b);

22 td=(Ic/kdash)^(1/ ndash);

23 T=tl+td;

24 p=(1-(td/T)^(ndash))*100;

25 eita=(1-p/100) *100;

26 Tdash=(d*L*B)/(10* eita*Q*60);

27 p=round(p*100) /100;

28 eita=round(eita *100) /100;

29 Tdash=round(Tdash *10) /10;

30 mprintf(” Part ( a ) : ”)
31 mprintf(”\nDeep p e r c o l a t i o n l o s s= %f p e r c en t . ”,p);
32 mprintf(”\nWater a p p l i c a t i o n e f f i c i e n c y= %f p e r c en t .

”,eita);
33 mprintf(”\nTime o f i r r i g a t i o n= %f minutes . ”,Tdash);
34 // pa r t ( b )
35 a=8;

36 b=0.6;

37 q=3;

38 Q=(q*B)/1000;
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39 tl=(L/a)^(1/b);

40 td=(Ic/kdash)^(1/ ndash);

41 T=tl+td;

42 p=(1-(td/T)^(ndash))*100;

43 eita=(1-p/100) *100;

44 Tdash=(d*L*B)/(10* eita*Q*60);

45 p=round(p*100) /100;

46 eita=round(eita *100) /100;

47 Tdash=round(Tdash *10) /10;

48 mprintf(”\nPart ( b ) : ”)
49 mprintf(”\nDeep p e r c o l a t i o n l o s s= %f p e r c en t . ”,p);
50 mprintf(”\nWater a p p l i c a t i o n e f f i c i e n c y= %f p e r c en t .

”,eita);
51 mprintf(”\nTime o f i r r i g a t i o n= %f minutes . ”,Tdash);

Scilab code Exa 2.5 EX2 5

1 // example 2 . 5
2 // c a l c u l a t e
3 // s i z e o f cut−back stream .
4 // t ime r e q u i r e d f o r pu t t i n g 3 7 . 5 mm depth o f water
5 // ave rage depth o f water a pp l i e d
6

7 clc;

8 // g i v en
9 d=37.5 // crop water r equ i r emen t

10 W=1 // fu r row spa c i n g
11 L=120 // l e n g t h o f fu r row
12 n= -0.49;

13 k=38;

14 Ttotal =143; // Tota l t ime o f i r r i g a t i o n
15 A=[0 23 52 88 127] // g i v en v a l u e s o f t ime o f advance
16

17 for i=1:5 // l oop to f i n d r e s p e c t i v e v a l u e s o f t ime o f
ponding
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18 B(i)=143-A(i);

19 end

20

21

22 for j=1:5 // l oop to f i n d r e s p e c t i v e fu r row
i n f i l t r a t i o n

23 C(j)=B(j)^(n)*k;

24 end

25

26

27 for K=1:4 // l oop to f i n d r e s p e c t i v e ave rage
i n f i l t r a t i o n

28

29 D(K)=(C(K)+C(K+1))/2;

30 end

31

32 E(1)=D(1);

33 for l=2:4 // l oop to de t e rmine cumu la t i v e i n f i l t r a t i o n
34 E(l)=D(l)+E(l-1);

35 end

36 I=E(4);

37

38 T=(30*d*W*(n+1)/k)^(1/(n+1));

39 dav =((24.5* Ttotal)+(I*(T-Ttotal)))/L;

40 q=((120*37.5) -(24.5*143))/62;

41 T=round(T);

42 dav=round(dav *10) /10;

43 q=round(q*100) /100;

44 I=round(I*100) /100;

45 mprintf(”Maximum s i z e o f cut−back stream=%f lpm . ”,I)
;

46 mprintf(”\nMinimum s i z e o f cut−back stream=%f lpm . ”,
q);

47 mprintf(”\nTime r e q u i r e d f o r pu t t i n g 3 7 . 5mm depth o f
water=%f minutes . ”,T);

48 mprintf(”\nAverage depth o f water r e q u i r e d=%f mm. ”,
dav);
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Scilab code Exa 2.6 EX2 6

1

2 // example 2 . 6
3 // c a l c u l a t e Average depth o f water a pp l i e d
4 clc;

5 //Given
6 L=100; // l e n g t h o f fu r row
7 W=1; // fu r row spa c i n g
8 s=0.3 // l o n g i t u d n a l s l o p e o f fu r row
9 t1=80 // i n i t i a l t ime f l ow o f s t ream

10 t2=35 // f i n a l t ime f l ow o f s t ream
11 qm=0.6/s;

12 q=qm*0.4;

13 dav =((q*t2*60) +(2*t1*60))/100;

14 mprintf(”Average depth o f water a pp l i e d=%f mm. ”,dav)
;

Scilab code Exa 2.7 EX2 7

1

2

3 // example 2 . 7
4 // c a l c u l a t e
5 // t ime r e q u i r e d to i r r i g a t e
6 //maximum area tha t can be i r r i g a t e d
7 clc;

8 //Given
9 Q=0.0072; // d i s c h a r g e through we l l

10 y=0.1; // ave rage depth o f f l ow
11 I=0.05 // i n f i l t r a t i o n c a p a c i t y o f s o i l
12 A=0.04 // a r ea o f l and
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13 t=(2.303*y*60/I)*log10(Q/(Q-I*A));

14 Amax=Q/I;

15 t=round(t*100) /100;

16 mprintf(”Time r e q u i r e d to i r r i g a t e=%f minutes . ”,t);
17 mprintf(”\nMaximum area tha t can be i r r i g a t e d=%f ha .

”,Amax);
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Chapter 3

WATER REQUIREMENTS
OF CROPS

Scilab code Exa 3.1 EX3 1

1

2

3 // example 3 . 1
4 // c l a s s i f y the i r r i g a t i o n water
5 clc;

6 //Given
7 Na=24; //

c o n c e n t r a t i o n o f sodium ion
8 Ca=3.6; //

c o n c e n t r a t i o n o f ca l c i um ion
9 Mg=2; //

c o n c e n t r a t i o n o f magnesium ion
10 EC=180; //

e l e c t r i c a l c o n d u c t i v i t y
11 SAR=Na/(((Ca+Mg)/2) ^(0.5)); //

Sodium ab s o r p t i o n r a t i o
12 SAR=round(SAR *100) /100;

13 mprintf(”SAR=%f . ”,SAR);
14 mprintf(”\nWater f a l l s under S2 c l a s s . ”); // from
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t a b l e 3 . 2
15 mprintf(”\nFor EC=180 , ”);
16 mprintf(”\ nwater f a l l s under C1 c l a s s . ”); // from

t a b l e 3 . 1
17 mprintf(”\nWater i s medium sodium and low s a l i n e

water . ”);

Scilab code Exa 3.2 EX3 2

1

2

3 // example 3 . 2
4 // c a l c u l a t e
5 //Depth o f mo i s tu r e i n r o o t zone at f i e l d c a p a c i t y
6 //Depth o f mo i s tu r e i n r o o t zone at permanent

w i l t i n g po i n t
7 //Depth o f mo i s tu r e a v a i l a b l e i n r o o t zone
8 clc;

9 //Given
10 gammad =15; // dry we ig th o f s o i l
11 gammaw =9.81; // un i t we ig th o f water
12 Fc=0.3; // f i e l d c a p a c i t y
13 pwp =0.08; // permanent w i l t i n g po i n t
14 d=0.8; // r o o t zone depth
15 d1=gammad*Fc *1000/ gammaw;

16 d2=gammad*pwp *1000/ gammaw;

17 d3=gammad*d*(Fc-pwp)*1000/ gammaw;

18 d1=round(d1);

19 d2=round(d2);

20 d3=round(d3);

21 mprintf(”Depth o f mo i s tu r e i n r o o t zone at f i e l d
c a p a c i t y=%f mm/m. ”,d1);

22 mprintf(”\nDepth o f mo i s tu r e i n r o o t zone at
permanent w i l t i n g po i n t=%f mm/m. ”,d2);

23 mprintf(”\nDepth o f mo i s tu r e a v a i l a b l e i n r o o t zone=
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%f mm/m. ”,d3);

Scilab code Exa 3.3 EX3 3

1

2

3 // example 3 . 3
4 // c a l c u l a t e
5 // depth upto which s o i l p r o f i l e i s wetted
6 clc;

7 //Given
8 gammad =15.3; // dry we ig th o f s o i l
9 gammaw =9.81; // un i t we ig th o f water
10 Fc =0.15; // f i e l d c a p a c i t y
11 Mc =0.08; // mo i s tu r e c on t en t b e f o r e

i r r i g a t i o n
12 D=60; //Depth o f water a pp l i e d
13 d=( gammaw*D)/( gammad *(Fc -Mc));

14 d=round(d);

15 mprintf(”Depth upto which s o i l p r o f i l e i s wetted=%f
mm. ”,d);

Scilab code Exa 3.4 EX3 4

1

2

3 // example 3 . 4
4 // c a l c u l a t e
5 //Depth o f water r e q u i r e d to i r r i g a t e the s o i l
6 clc;

7 //Given
8 Sg=1.6; // Apparent s p e c i f i c g r a v i t y
9 Fc=0.2; // F i e l d c a p a c i t y
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10 M1=150; //mass o f sample s o i l
11 M2=136; //mass o f sample a f t e r d ry ing
12 d=0.9; // depth o f s o i l to be i r r i g a t e d
13 Mc=(M1-M2)/M2;

14 D=Sg*d*1000*(Fc -Mc);

15 D=round(D);

16 mprintf(”Depth o f water r e q u i r e d to i r r i g a t e the
s o i l=%f mm. ”,D);

Scilab code Exa 3.5 EX3 5

1

2

3 // example 3 . 5
4 // c a l c u l a t e F i e l d Capac i ty
5 clc;

6 //Given
7 d=2; // r o o t zone depth
8 Wc =0.05; // e x i s t i n g water c on t en t
9 gammad =15; // dry d e n s i t y o f s o i l
10 gammaw =9.81; // un i t we ig th o f water
11 Vw=500 // water a pp l i e d to the s o i l
12 Wl=0.1; // water l o s s
13 A=1000; // a r ea o f p l o t
14 Vu=Vw *0.9; // volume o f water used i n s o i l
15 Wu=Vu*gammaw; // we ig th o f water used i n s o i l
16 Ws=A*d*gammad; // t o t a l dry we ig th o f s o i l
17 Wa=Wu *100/Ws; // p e r c en t water added
18 Fc=Wc *100+Wa;

19 Fc=round(Fc*100) /100;

20 mprintf(”The F i e l d Capac i ty o f s o i l i s=%f p e r c en t . ”,
Fc);
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Scilab code Exa 3.6 EX3 6

1

2

3 // example 3 . 6
4 // c a l c u l a t e
5 // s t o r a g e c a p c i t y o f s o i l
6 //Water depth r e q u i r e d to be app l i e d
7 clc;

8 //Given
9 Fc =0.22;

//
F i e l d Capac i ty

10 wc=0.1;

// w i l t i n g c o e f f i c i e n t
11 gammad =15;

// dry un i t we ig th o f s o i l
12 gammaw =9.81;

// un i t w iegth o f water
13 d=0.7;

// r o o t zone depth
14 w=0.14;

// f a l l e d mo i s tu r e c on t en t
15 E=0.75; //

water a p p l i c a t i o n e f f i c i e n c y
16 SC=gammad*d*(Fc-wc)*100/ gammaw;

17 D=gammad*d*(Fc -w)*1000/ gammaw;

18 FIR=D/E; //
F i e l d i r r i g a t i o n r equ i r emen t

19 SC=round(SC*10) /10;

20 D=round(D);

21 FIR=round(FIR)+1;

22 mprintf(”Maximum s t o r a g e c a p a c i t y o f s o i l=%f cm . ”,SC
);

23 mprintf(”\nWater depth r e q u i r e d to be app l i e d=%f mm”
,D);

24 mprintf(”\ nF i e l d I r r i g a t i o n Requirement=%f mm”,FIR);
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Scilab code Exa 3.7 EX3 7

1

2

3 // example 3 . 7
4 // c a l c u l a t e wa t e r i ng f r e qu en cy
5 clc;

6 //Given
7 Fc =0.27; // F i e l d c a p a c i t y
8 pwp =0.14; // permanent w i l t i n g po i n t
9 gammad =15; // dry d e n s i t y o f s o i l
10 gammaw =9.81; // un i t we ig th o f water
11 d=0.75; // e f f e c t i v e depth o f r o o t zone
12 Du=11; // d a i l y consumpt ive use o f water
13 Am=Fc-pwp; // Ava i l a b l e mo i s tu r e
14 // l e t r e a d i l y a v a i l a b l e mo i s tu r e be 80 p e r c en t o f

a v a i l a b l e mo i s tu r e
15 RAm =0.8* Am;

16 Mo=Fc-RAm;

17 D=gammad*d*(Fc -Mo)*100/ gammaw;

18 WF=D*10/Du;

19 mprintf(”Water ing Frequency=%i days . ”,WF);

Scilab code Exa 3.8 EX3 8

1

2

3 // example 3 . 8
4 // c a l c u l a t e
5 // net depth o f i r r i g a t i o n water r e q i u r e d
6 // t ime r e q u i r e d to i r r i g a t e f i e l d
7 clc;
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8 // g i v en
9 Fc =0.22; // F i e l d c a p a c i t y
10 Sg =1.56; // Apparent s p e c i f i c g r a v i t y
11 d=0.6; // r o o t zone depth
12 // i r r i g a t i o n i s s t a r t e d when 70 p e r c en t o f mo i s tu r e

i s used
13 l=250; // l e n g t h o f f i e l d
14 b=40; // width o f f i e l d
15 q=20; // D i s cha rg e
16

17

18 m=(1 -0.7)*Fc;

19 D=Sg*d*(Fc-m)*1000;

20 A=l*b;

21 t=A*D/(q*3600);

22 D=round(D);

23 t=round(t);

24 mprintf(”Net depth o f i r r i g a t i o n water r e q u i r e d=%f
mm. ”,D);

25 mprintf(”\nTime r e q u i r e d to i r r i g a t e f i e l d=%f hours .
”,t);

Scilab code Exa 3.9 EX3 9

1

2

3 // example 3 . 9
4 // c a l c u l a t e d e l t a f o r c rop
5 clc;

6 //Given
7 B=110; // Base p e r i o d
8 D=1400; //Duty o f water
9

10 delta =8.64*B*100/D;

11 delta=round(delta);
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12 mprintf(” De l ta f o r c rop i s=%f cm . ”,delta);

Scilab code Exa 3.10 EX3 10

1

2

3 // example 3 . 1 0
4 // c a l c u l a t e Duty o f water
5 clc;

6 //Given
7 B=120; // Base p e r i o d
8 delta =92; // t o t a l depth r equ i r emen t o f c rop
9

10 D=8.64*B*100/ delta;

11 D=round(D);

12 mprintf(”Duty o f water=%f h e c t a r e s / cumec . ”,D);

Scilab code Exa 3.11 EX3 11

1

2

3 // example 3 . 1 1
4 // c a l c u l a t e Di s chage r e q u i r e d at head o f c ana l
5 clc;

6 //Given
7 Cr=2; // crop r a t i o
8 A=80000; //Area o f f i e l d
9 CI=85; // p e r c en t f i e l d c u l t u r a b l e

i r r i g a b l e
10 IK=30; // i r r i g a t i o n i n t e n s i t y dur ing

k h a r i f s e a s on
11 IR=60; // i r r i g a t i o n i n t e n s i t y f o r r a b i

s e a s on
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12 DuK =800; //Duty o f water f o r k h a r i f s e a s on
13 DuR =1700; //Duty o f water f o r r a b i s e a s on
14

15 CIA=A*CI /100; // Cu l t u r ab l e i r r i g a b l e a r ea
16 AK=CIA*IK/100; //Area under k h a r i f s e a s on
17 AR=CIA*IR/100; //Area under r a b i s e a s on
18 DK=AK/DuK;

19 DR=AR/DuR;

20 mprintf(” Di schage r e q u i r e d at head o f c ana l du r ing
Khar i f s e a s on=%f cumecs . ”,DK);

21 mprintf(”\ nDischage r e q u i r e d at head o f c ana l du r ing
Rabi s e a s on=%f cumecs . ”,DR);

22 mprintf(”\nWater r equ i r ement dur ing k h a r i f i s
g r e a t e r than dur ing r a b i s e a s on ”);

23 mprintf(”\nHence , c ana l shou ld be d e s i gn ed to c a r r y
d i s c h a r g e o f %f cumecs . ”,DK);

Scilab code Exa 3.12 EX3 12

1

2

3 // example 3 . 1 2
4 // c a l c u l a t e Di s chage r e q u i r e d at head o f c ana l
5 clc;

6 //Given
7 CA =2600; // c u l t u r a b l e a r ea
8 IS=20; // i r r i g a t i o n i n t e n s i t y f o r suga r cane
9 IR=40; // i r r i g a t i o n i n t e n s i t y f o r r i c e
10 DuS =750; //Duty o f water f o r suga r cane
11 DuR =1800; //Duty o f water f o r r i c e
12 PK=1.2; //Peak demand
13

14 AS=CA*IS/100; //Area under suga r cane
15 AR=CA*IR/100; //Area under r i c e
16 DS=AS/DuS;
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17 DR=AR/DuR;

18 DT=DS+DR;

19 DD=PK*DT -0.005333+0.01;

20 DR=round(DR *1000) /1000;

21 DT=round(DT *1000) /1000;

22 mprintf(”Water r e q u i r e d f o r Rice=%f cumecs . ”,DR);
23 mprintf(”\n Sugarcane i s a p e r e n n i a l c rop . ”);
24 mprintf(”\nHence , Water r e q u i r e d f o r Sugarcane=%f

cumecs . ”,DT);
25 mprintf(”\ nDes ign d i s c h a g e to meet the peak demand=

%f cumecs . ”,DD);

Scilab code Exa 3.13 EX3 13

1

2

3 // example 3 . 1 3
4 // compare the e f f i c i e n c y
5 clc;funcprot (0);

6 // g i v en
7 ql=20; // d i s c h a r g e i n l e f t branch
8 Al =20000; // c u l t u r a b l e a r ea i n l e f t branch
9 Bl=120; // Base p e r i o d i n l e f t branch
10 Il=0.8; // i n t e n s i t y o f r a b i i n l e f t branch
11 qr=8; // d i s c h a r g e i n r i g t h branch
12 Ar =12000; // c u l t u r a b l e a r ea i n r i g t h branch
13 Br=120; // Base p e r i o d i n r i g t h branch
14 Ir=0.5; // i n t e n s i t y o f r a b i i n r i g t h branch
15

16 // f o r l e f t c ana l
17 ARl=Al*Il;

18 Dl=ARl/ql;

19 mprintf(”Duty f o r l e f t c ana l i s=%i h e c t a r e s / cumecs . ”
,Dl);

20
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21 // f o r r i g t h c ana l
22 ARr=Ar*Ir;

23 Dr=ARr/qr;

24 mprintf(”\nDuty f o r l e f t c ana l i s=%i h e c t a r e s / cumecs
. ”,Dr);

25 mprintf(”\ nSince , l e f t c ana l has h i g h e r duty , i t i s
more e f f i c i e n t ”);

Scilab code Exa 3.14 EX3 14

1

2

3 // example 3 . 1 4
4 // c a l c u l a t e D i s cha rg e f o r water c ou r s e
5 clc;

6 //Given
7 CA =1200; // c u l t u r a b l e a r ea
8 IA=0.4; // i n t e n s i t y o f i r r i g a t i o n o f c rop A
9 IB =0.35; // i n t e n s i t y o f i r r i g a t i o n o f c rop B

10 bA=20; // kor p e r i o d o f c rop A
11 bB=15; // kor p e r i o d o f c rop B
12 deltaA =0.1; // kor depth o f c rop A
13 deltaB =0.16; // kor depth o f c rop B
14

15 // crop A
16 A=CA*IA;

17 Du =8.64* bA/deltaA;

18 qA=A/Du;

19 qA=round(qA *1000) /1000;

20 mprintf(” D i s cha rg e r e q u i r e d f o r c rop A=%f cumec . ”,qA
);

21

22 // crop B
23 A=CA*IB;

24 Du =8.64* bB/deltaB;
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25 qB=A/Du;

26 qB=round(qB *1000) /1000;

27 mprintf(”\ nDi s cha rge r e q u i r e d f o r c rop B=%f cumec . ”,
qB);

28 D=qA+qB;

29 D=round(D*10) /10;

30 mprintf(”\ nDes ign d i s c h a r g e o f water c ou r s e=%f cumec
. ”,D);

Scilab code Exa 3.15 EX3 15

1

2

3 // example 3 . 1 5
4 // c a l c u l a t e
5 // duty o f i r r i g a t i o n water
6 // d i s c h a r g e r e q u i r e d
7 clc;

8 //Given
9 B=12; // t r a n s p l a n t a i o n p e r i o d

10 D=0.5; // t o t a l depth o f water r e q u i r e d by the
crop

11 R=0.1; // r a i n f a l l i n g on f i e l d
12 L=0.2; // l o s s o f water
13 A=600; // i r r i g a t e d a r ea
14 I=0.6; // i n t e n s i t y o f i r r i g a t i o n
15 delta=D-R;

16 Dui =8.64*B/delta;

17 // s i n c e water l o s s i s 20 p e r c en t
18 Du=(1-L)*Dui;

19 mprintf(”Duty o f water r e q u i r e d=%f h e c t a r e s / cumec . ”,
Du);

20

21 TA=I*A;

22 q=TA/Du;
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23 q=round(q*100) /100;

24 mprintf(”\ nDi s cha rge at head o f water c ou r s e=%f
cumecs . ”,q);

Scilab code Exa 3.16 EX3 16

1

2

3 // example 3 . 1 6
4 // c a l c u l a t e
5 // d i s c h a r g e r e q u i r e d at the head
6 // d e s i g n d i s c h a r g e
7 clc;

8 //Given
9 CF=0.8; // Capac i ty f a c t o r y
10 Tf =13/20; // t ime f a c t o r
11 A=[850 120 600 500 360]; // g i v en v a l u e s o f a r ea
12 B=[320 90 120 120 120]; // g i v en v a l u e s o f Base

p e r i o d
13 D=[580 580 1600 2000 600]; // g i v en v a l u e s o f duty

at head cana l
14

15 DS=A(1)/D(1); // d i s c h a r g e f o r
suga r cane

16 DOS=A(2)/D(2); // d i s c h a r g e f o r
o v e r l a p suga r cane

17 DW=A(3)/D(3); // d i s c h a r g e f o r wheat
18 DB=A(4)/D(4); // d i s c h a r g e f o r b a j r i
19 DV=A(5)/D(5); // d i s c h a r g e f o r

v e g e t a b l e s
20 DR=DS+DW;

21 DM=DS+DB;

22 DH=DS+DOS+DV;

23 mprintf(”Maximum demand i s i n hot weather ”);
24 q=DH/Tf;
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25 D=q/CF;

26 q=round (1000*q)/1000;

27 D=round (100*D)/100;

28 mprintf(”\ nFu l l supp ly d i s c h a r g e at head=%f cumecs ”,
q);

29 mprintf(”\ nDes ign d i s c h a r g e=%f cumecs . ”,D);

Scilab code Exa 3.17 EX3 17

1

2

3 // example 3 . 1 7
4 // c a l c u l a t e r e s v i o r c a p a c i t y
5 clc;

6 //Given
7 CL=0.2; // Canal l o s s
8 RL =0.12; // Re s e r v i o r l o s s
9 A=[4800 5600 2400 3200 1400]; // g i v en v a l u e s o f

a r ea under c rop
10 D=[1800 800 1400 900 700]; // g i v en v a l u e s o f

duty at f i e l d
11 B=[120 360 200 120 120]; // g i v en v a l u e s o f

base p e r i o d
12

13 // ( a ) Wheat
14 d=A(1)/D(1);

15 V1=d*B(1);

16 // ( b ) Sugarcane
17 d=A(2)/D(2);

18 V2=d*B(2);

19 // ( c ) Cotton
20 d=A(3)/D(3);

21 V3=round(d*B(3));

22 // ( d ) Rice
23 d=A(4)/D(4);
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24 V4=round(d*B(4));

25 // ( e ) v e g e t a b l e s
26 d=A(5)/D(5);

27 V5=d*B(5);

28

29 Vd=(V1+V2+V3+V4+V5)*8.64;

30 SC=Vd/((1-CL)*(1-RL));

31 mprintf(” Re s e r v i o r c a p a c i t y=%f hec ta r e−metre s . ”,SC);
32

33 // A l t e r n a t i v e method
34

35 for i=1:5

36 delta(i)=8.64*B(i)/D(i);

37 end

38

39 for j=1:5

40 V(j)=A(j)*delta(j);

41 end

42 s=0;

43 for k=1:5

44 s=s+V(k);

45 end

46 SC=s/((1-CL)*(1-RL));

47 SC=round(SC);

48 mprintf(”\n By A l t e r n a t i v e method . \ nSto rage c a p a c i t y
=%f hec ta r e−metre s . ”,SC);

Scilab code Exa 3.18 EX3 18

1

2

3 // example 3 . 1 8
4 // Ca l c u l a t e
5 // consumpt ive use
6 // consumpt ive i r r i g a t i n r equ i r ement
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7 // f i e l d i r r i g a t i o r eq iu r emen t
8 clc;

9 //Given
10 eita =0.7; // water a p p l i c a t i o n e f f i c i e n c y
11 k=0.75; // crop f a c t o r
12 T=[19 16 12.5 13]; // g i v en v a l u e s o f t empera tu r e
13 p=[7.19 7.15 7.30 7.03]; // dayt ime hours o f the

yea r
14 RD=1.2; // r a i n f a l l i n december
15 RJ=0.8; // r a i n f a l l i n j anuary
16 for i=1:4

17 f(i)=p(i)*(1.8*T(i)+32) /40;

18 end

19 s=0;

20 for i=1:4

21 s=s+f(i);

22 end

23 C=k*s;

24 R=RD+RJ;

25 CIR=C-R;

26 FIR=CIR/eita;

27 C=round (10*C)/10;

28 CIR=round(CIR *10) /10;

29 FIR=round(FIR *10) /10;

30 mprintf(”Consumptive use=%f cm . ”,C);
31 mprintf(”\ nconsumpt ive i r r i g a t i n r equ i r emen t=%f cm . ”

,CIR);

32 mprintf(”\ n f i e l d i r r i g a t i o r eq i u r emen t=%f cm . ”,FIR);

Scilab code Exa 3.19 EX3 19

1

2

3 // example 3 . 1 9
4 // c a l c u l a t e
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5 // consumpt ive use o f r i c e u s i n g penman ’ s f o rmu la i n
j anua ry

6 clc;

7 //Given
8 L=20; // l a t i t u d e o f p l a c e ( d eg r e e North )
9 T=15; //mean monthly t empera tu re ( d eg r e e

c e l c i u s )
10 RH=0.5; // r e l a t i v e humid i ty
11 E=250; // e l e v a t i o n o f a r ea
12 V=25; //wind v e l o c i t y at 2 m he i g t h
13 // from t a b l e 3 . 1 0
14 VP =12.79; // s a t u r a t i o n vapour p r e s s u r e
15 s=0.8; // s l o p e o f cu rve between vapur

p r e s s u r e and tempera tu r e
16 // from t a b l e 3 . 1 1
17 R=10.8;

18 // from t a b l e 3 . 1 2
19 N=11.1;

20 // from t a b l e 3 . 9
21 n=7.74;

22 p=n/N;

23 e=VP*RH;

24 Ea =0.002187*(160+V)*(VP -e);

25 r=0.2;

26 alpha =0.49;

27 sigma =2.01D-9;

28 Ta=293;

29 H=R*(1-r)*(0.29* cos(%pi /9) +0.55*p)-sigma*Ta

^4*(0.56 -0.092*e^0.5) *(0.10+0.9*p);

30 Et=(s*H+alpha*Ea)*31/(s+alpha);

31 Et=round(Et*10) /10;

32 mprintf(” consumpt ive use o f r i c e i n j anuary=%f mm o f
water . ”,Et);

Scilab code Exa 3.20 EX3 20
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1

2

3 // example 3 . 2 0
4 // c a l c u l a t e
5 //maximum s t o r a g e c a p a c i t y ; depth o f i r r i g a t i o n water
6 // f i e l d i r r i g a t i o n r equ i r emen t ; water r e q u i r e d at

c ana l o u t l e t
7 clc;

8 //Given
9 Fc =0.27; // F i e l d c a p a c i t y
10 pwp =0.13; // permanent w i l t i n g po i n t
11 d=80; // depth o f s o i l (cm)
12 gammad =1.5; // dry un i t we ig th o f s o i l ( g/ cc

)
13 gammaw =1; // un i t we ig th o f water ( g/ cc )
14 M=0.18; // avea rg e s o i l mo i s tu r e
15 eita =0.8; // f i e l d e f f i c i e n c y
16 FC =0.15; // f i e l d channe l
17 SC=gammad*d*(Fc-pwp)/gammaw;

18 D=gammad*d*(Fc -M)/gammaw;

19 FIR=D/eita;

20 W=FIR/(1-FC);

21 W=round(W*10) /10;

22 mprintf(”maximum s t o r a g e c a p a c i t y=%f cm”,SC);
23 mprintf(”\ndepth o f i r r i g a t i o n water=%f cm”,D);
24 mprintf(”\ n f i e l d i r r i g a t i o n r equ i r ement=%f cm”,FIR);
25 mprintf(”\ nwater r e q u i r e d at c ana l o u t l e t=%f cm”,W);

Scilab code Exa 3.21 EX3 21

1

2

3 // example 3 . 2 1
4 // c a l c u l a t e r e s e r v i o r c a p a c i t y
5 clc;
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6 // g i v en
7 W=0.4; // amount o f water

a v a i l a b l e from p r e c i p i t a t i o n
8 Cl =0.15; // Channel l o s s
9 RL=0.1; // r e s e r v i o r l o s s
10 B=[120 320 120 200 100]; // Base p e r i o d
11 D=[1800 800 900 1400 1200]; //Duty at f i e l d
12 A=[500 600 300 1200 500]; //Area under c rop
13

14 for i=1:5

15 delta(i)=8.64*B(i)/D(i);

16 end

17

18 for i=1:5

19 V(i)=delta(i)*A(i);

20

21 end

22 s=0;

23 for i=1:5

24 s=s+V(i);

25 end

26 C=s*(1-W)/((1-Cl)*(1-RL));

27

28 mprintf(” Re s e r v i o r c a p a c i t y=%i ha−m. ”,C);

Scilab code Exa 3.22 EX3 22

1

2

3 // example 3 . 2 2
4 // c a l c u l a t e
5 // d i s c h a r g e r e q u i r e d at head o f d i s t r i b u t o r y
6 clc;

7 // g i v en
8 GCA =10000; // g r o s s commanded a r ea
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9 CCA =0.75* GCA; // Cu l t u r ab l e commanded
a r ea

10 IR=0.6; // i n t e n s i t y o f
i r r i g a t i o n dur ing r a b i s e a s on

11 IK=0.3; // i n t e n s i t y o f
i r r i g a t i o n dur ing k h a r i f s e a s on

12 DuR =2500; // duty dur ing r a b i
s e a s on

13 DuK =1000; // duty dur ing k h a r i f
s e a s on

14 AR=IR*CCA; // a r ea under
i r r i g a t i o n i n r a b i s e a s on

15 AK=IK*CCA; // a r ea under
i r r i g a t i o n i n k h a r i f s e a s on

16 DR=AR/DuR;

17 DK=AK/DuK;

18 mprintf(” d i s c h a r g e r e q u i r e d at head o f d i s t r i b u t o r y=
%f cumecs . ”,DK);

Scilab code Exa 3.23 EX3 23

1

2

3 // example 3 . 2 3
4 // c a l c u l a t e i r r i g a t i o n s c h edu l e
5 clc;

6 // g i v en
7 Fc =0.18; // f i e l d c a p a c i t y
8 wc =0.07; // w i l t i n g c o f f i c i e n t
9 Sg =1.35; // bulk d e n s i t y o f s o i l

10 d=1.2; // r o o t zone depth
11 m=Fc -wc;

12 mo=wc+m/3;

13 dw=100*Sg*d*(Fc-mo);

14 mprintf(”Depth o f water r e q u i r e d=%f cm”,dw);
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15 ev1 =1.1; // ave rage e v a p o t r a n s p i r a t i o n r a t e s
i n 1 NOV−30 NOV

16 ev2 =1.7; // ave rage e v a p o t r a n s p i r a t i o n r a t e s
i n 1 DEC−31 DEC

17 ev3 =2.4; // ave rage e v a p o t r a n s p i r a t i o n r a t e s
i n 1 JAN−31 JAN

18 ev4 =1.5; // ave rage e v a p o t r a n s p i r a t i o n r a t e s
i n 1 FEB−28 FEB

19 ev5 =3.5; // ave rage e v a p o t r a n s p i r a t i o n r a t e s
i n 1 MAR−25 MAR

20 // i r r i g a t i o n r equ i r emen t from 1 NOV to 3 JAn
21 dev=(ev1 *30+ ev2 *31+ ev3*3) /10;

22 mprintf(”\n\nWater consumed by e v a p o t r a n s p i r a t i o n=%f
cm . ”,dev);

23 mprintf(”\nNo water i s r e q u i r e d dur ing 1 NOV−3 JAN”)
;

24

25 // i r r i g a t i o n r equ i r emen t a f t e r 3 rd JAN
26 ws=(ev3 -1.5) *16/10; // water consumed

from s o i l from 4 JAN−19 JAN
27 ts=ws+dev; // water withdrawn from

s o i l from 1 NOV−19 JAN
28 s=(dw -ts)*10;

29 day=s/ev3;

30 depth=ts+(4* ev3)/10+(2* ev3)/10;

31 mprintf(”\n\ndepth o f water r e q u i r e d i n f i r s t
i r r i g a t i o n=%f cm . ”,depth);

32 // / i r r i g a t i o n r equ i r emen t from 26 JAn to 25 MAR
33 w1=ev3*6;

34 w2=ev4 *28;

35 w3=ev5 *25;

36 W=w1+w2+w3;

37 x=(dw *10 -(14.4+42))/ev5;

38 mprintf(”\n\nHence second i r r i g a t i o n i s r e q u i r e d
a f t e r %f days i . e on 18 th March . ”,x);

39 depth1 =(W-(dw*10))/10;

40 mprintf(”\ n r e qu i r e d water depth=%f cm”,depth1);
41 mprintf(”\n\ nF i r s t Water ing on 29 JAn and 30 JAN=%f
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cm . \ nSecond wat e r i ng r e q u i r e d on 18 th March=%f cm
. ”,depth ,depth1);

Scilab code Exa 3.24 EX3 24

1

2

3 // example 3 . 2 4
4 // c a l c u l a t e d a i l y consumpt ive
5 // d i s c h a r g e i n c ana l
6 clc;

7 // g i v en
8 Fc =0.26; // F i e l d c a p a c i t y o f s o i l
9 A=3000; //Area o f f i e l d

10 OM =0.12; //optimum mo i s tu r e
11 pwp =0.1; // permanent w i l t i n g po i n t
12 d=80; // depth o f r o o t zone
13 RD=1.4; // r e l a t i v e d e n s i t y o f s o i l
14 f=10; // f r e qu en cy o f i r r i g a t i o n
15 eita =0.23; // o v e r a l l e f f i c i e n c y
16 D=RD*d*(Fc-OM);

17 U=D*10/f;

18 Wr=A*D*100;

19 q=Wr/(f*24*3600);

20 q=round(q*100) /100;

21 mprintf(” d a i l y consumpt ive=%f mm. ”,U);
22 mprintf(”\ nd i s c h a r g e i n c ana l=%f q cumecs . ”,q);

Scilab code Exa 3.25 EX3 25

1

2

3 // example 3 . 2 5
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4 // c a l c u l a t e t o t a l water to be d e l i v e r e d
5 clc;

6 // g i v en
7 C1=0.2; // consumpt ive r equ i r emen t o f

c rop f o r 1 to 15 days
8 C2=0.3; // consumpt ive r equ i r emen t o f

c rop f o r 16 to 40 days
9 C3=0.5; // consumpt ive r equ i r emen t o f

c rop f o r 41 to 50 days
10 C4=0.1; // consumpt ive r equ i r emen t o f

c rop f o r 51 to 55 days
11 A=50; // a r ea o f l and
12 wr=5; // pre sow ing water r equ i r ement
13 R=3.5; // r a i n f a l l du r ing 36 th and 45 th

day
14 w1=15*C1*100;

15 w2=25*C2*100;

16 w3=10*C3*100;

17 w4=5*C4*100;

18 w5 =5*100;

19 W=w1+w2+w3+w4+w5;

20 ER =3.5*100;

21 q=(W-ER)*A;

22 mprintf(” t o t a l water to be d e l i v e r e d=%i cub i c metre .
”,q);

Scilab code Exa 3.26 EX3 26

1

2

3 // example 3 . 2 6
4 // c a l c u l a t e wa t e r i ng i n t e r v a l
5 clc;

6 // g i v en
7 Fc=0.3; // f i e l d c a p a c i t y
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8 pwp =0.11; // permanent w i l t i n g p e r c en t
9 gammad =1300; // d e n s i t y o f s o i l
10 gammaw =1000; // d e n s i t y o f water
11 d=700; // r o o t zone depth
12 CW=12; // d a i l y consumpt ive use o f water
13 WHC=Fc -pwp;

14 mo=Fc -(0.75* WHC);

15 D=gammad*d*(Fc -mo)/gammaw;

16 I=D/CW;

17 mprintf(” wat e r i ng i n t e r v a l=%i days ”,I);

Scilab code Exa 3.27 EX3 27

1

2

3 // example 3 . 2 7
4 // c a l c u l a t e Duty o f water
5 // d i s c h a r g e r e q u i r e d i n water c ou r s e
6 clc;

7 // g i v en
8 A=1000; // t o t a l a r ea
9 AI=0.7*A; // a r ea under i r r i g a t i o n
10 B=15; // Base p e r i o d
11 d=500; // depth o f water r e q u i r e d

dur ing t r a n s p l a n t a t i o n
12 R=120; // u s e f u l r a i n f a l l i n g
13 Wl=0.2; // water l o s s
14 delta=d-R;

15 Du =8.64*B*1000/ delta;

16 DuH=Du*(1-Wl);

17 q=AI/DuH;

18 q=round(q*100) /100;

19 mprintf(”Duty o f water=%i hec /cumec . ”,Du);
20 mprintf(”\ nd i s c h a r g e r e q u i r e d i n water c ou r s e=%f

cumecs . ”,q);
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Scilab code Exa 3.28 EX3 28

1

2

3 // example 3 . 2 8
4 // c a l c u l a t e r e s e r v i o r c a p a c i t y
5 clc;

6 // g i v en
7 Ar =4000; // c u l t u r a b l e commanded a r ea
8 CL =0.25; // c ana l l o s s
9 RL =0.15; // r e s e r v i o r l o s s

10 B=[120 360 180 120 120]; // base p e r i o d
11 D=[1800 1700 1400 800 700]; // duty o f water
12 I=[20 20 10 15 15]; // i n t e n s i t y o f i r r i g a t i o n
13 for i=1:5

14 A(i)=Ar*I(i)/10; // a r ea under c rop
15 end

16 for i=1:5

17 Q(i)=A(i)/D(i); // d i s c h a r g e r e q u i r e d
18 end

19 for i=1:5

20 V(i)=8.64D4*Q(i)*B(i); // quan t i t y o f water
21 end

22 s=0;

23 for i=1:5

24 s=s+V(i);

25 end

26 SC=round(s/((1-CL)*(1-RL)*1000000));

27 mprintf(” S to r ag e c a p a c i t y=%iD+06 cub i c metre . ”,SC);
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Chapter 4

HYDROLOGY

Scilab code Exa 4.1 EX4 1

1

2

3 // example 4 . 1
4 // c a l c u l a t e mean r a i n f a l l ; a d d i t i o n a l guages needed
5 clc;funcprot (0);

6 // g i v en
7 p=[78.8 90.2 98.6 102.4 70.4]; // r a i n guage

r e a d i n g s at r e s p e c t i v e s t a t i o n s
8 s=0;

9 for i=1:5

10 s=s+p(i);

11 end

12 pavg=s/5;

13 u=0;

14 for i=1:5

15 u=u+(p(i)-pavg)^2;

16 end

17 sx=(u/4) ^0.5;

18 Cv=sx *100/ pavg;

19 N=(Cv/6)^2;

20 N=round(N*100) /100;
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21 mprintf(”mean r a i n f a l l=%f cm . ”,pavg);
22 mprintf(”\ n t o t a l s t a t i o n s needed=%f . ”,N);
23 // t ak i n g N=7
24 N=7;

25 n=N-5;

26 mprintf(”\ n a d d i t i o n a l guages needed=%i . ”,n);

Scilab code Exa 4.2 EX4 2

1

2

3 // example 4 . 2
4 // c a l c u l a t e p r e c i p i t a t i o n at A us i ng a r i t hma t i c mean

method
5 clc;funcprot (0);

6 // g i v en
7 pB=48; // p r e c i p i t a t i o n at B
8 pC=51; // p r e c p i t a t i o n at C
9 pD=45; // p r e c i p i t a t i o n at D
10

11 pA=(pB+pC+pD)/3;

12 mprintf(” p r e c i p i t a t i o n at A=%i mm. ”,pA);

Scilab code Exa 4.3 EX4 3

1

2

3 // example 4 . 3
4 // c a l c u l a t e p r e c i p i t a t i o n at x
5 clc;funcprot (0);

6 // g i v en
7 pA=6.6; // p r e c i p i t a t i o n at A
8 pB=4.8; // p r e c p i t a t i o n at B
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9 pC=3.7; // p r e c i p i t a t i o n at C
10 nA =72.6; // normal p r e c i p i t a t i o n at A
11 nB =51.8; // normal p r e c i p i t a t i o n at B
12 nC =38.2; // normal p r e c i p i t a t i o n at C
13 nX =65.6; // normal p r e c i p i t a t i o n at X
14

15 pX=(nX*pA/nA+nX*pB/nB+nX*pC/nC)/3;

16 pX=round(pX*100) /100;

17 mprintf(” p r e c i p i t a t i o n at x=%f cm . ”,pX);

Scilab code Exa 4.4 EX4 4

1

2

3 // example 4 . 4
4 // c a l c u l a t e p r e c i p i t a t i o n at A by i n v e r s e d i s t a n c e

method
5 clc;funcprot (0);

6 // g i v en
7 pB=74; // p r e c i p i t a t i o n at B
8 pC=88; // p r e c p i t a t i o n at C
9 pD=71; // p r e c i p i t a t i o n at D
10 pE=80; // p r e c i p i t a t i o n at E
11 Bx=9;By=6;

12 Cx=12;Cy=-9;

13 Dx=-11;Dy=-6;

14 Ex=-7;Ey=7;

15 Ax=0;Ay=0;

16 Db=(Bx^2+By^2);

17 Dc=(Cx^2+Cy^2);

18 Dd=(Dx^2+Dy^2);

19 De=(Ex^2+Ey^2);

20 Wb=1/Db;

21 Wc=1/Dc;

22 Wd=1/Dd;
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23 We=1/De;

24 s=pB*Wb+pC*Wc+pD*Wd+pE*We;

25 pA=s/(Wb+Wc+Wd+We);

26 pA=round(pA*10) /10;

27 mprintf(” p r e c i p i t a t i o n at A=%f mm. ”,pA);

Scilab code Exa 4.5 EX4 5

1

2

3 // example 4 . 5
4 // c a l c u l a t e ave rage r a i n f a l l u s i n g
5 // a r i t hma t i c ave rage method
6 // i s o h y t e l method
7 // t h i e s s o n po lygon method
8 clc;funcprot (0);

9 // g i v en
10 p=[58 61 69 56 84 86 69 79 71]; // v a l u e s o f

p r e c i p i t a t i o n
11 s=0;

12 for i=1:9

13 s=s+p(i);

14 end

15 ar=s/9;

16 ar=round(ar*10) /10;

17 mprintf(” u s i n g a r i t hma t i c ave rage method : ”)
18 mprintf(”\nAverage r a i n f a l l=%f cm . ”,ar);
19

20 I=[86 85 80 75 70 65 60 55 50]; // i s p h y t e s
21 A=[0.43 5.20 4.0 5.04 5.85 4.53 4.09 1.27]; // a r ea

between i s o h y t e s
22 for i=1:8

23 a(i)=(I(i)+I(i+1))/2;

24 end

25 for i=1:8
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26 P(i)=A(i)*a(i);

27 end

28 s=0;

29 for i=1:8

30 s=s+P(i);

31 end

32 t=0;

33 for i=1:8

34 t=t+A(i);

35 end

36 ar=s/t;

37 ar=round(ar*10) /10;

38 mprintf(”\n\ n i s o h y t e l method : ”)
39 mprintf(”\nAverage r a i n f a l l=%f cm . ”,ar);
40

41 A=[3.26 0.39 1.61 2.04 2.46 0.84 3.91 5.09 0.41 3.94

2.06 4.40]; // t h i e s s e n a r ea
42 p=[58 63 71 69 86 81 84 56 53 69 61 79];

// obs e rved p r e c i p i t a t i o n
43 for i=1:12

44 P(i)=A(i)*p(i);

45 end

46 s=0;

47 for i=1:12

48 s=s+P(i);

49 end

50 disp(s);

51 t=0;

52 for i=1:12

53 t=t+A(i);

54 end

55 ar=s/t;

56 ar=round(ar*10) /10;

57 mprintf(”\n\ n t h i e s s o n po lygon method : ”)
58 mprintf(”\nAverage r a i n f a l l=%f cm . ”,ar);
59 //mean r a i n f a l l ob t a i n ed by t h i e s s o n po lygon method

i s d i f f e r e n t from book as product (A∗P) i s round
o f f e d i n book .
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Figure 4.1: EX4 6

Scilab code Exa 4.6 EX4 6

1

2

3 // example 4 . 6
4 // ceck whether data at s t a t i o n X i s c o n s i s t e n c e
5 // yea r i n which reg ime i s i n d i c a t e d
6 // compute the ad j u s t e d r a i n f a l l atX
7 clc;funcprot (0);

8 // g i v en
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9 X=[69 55 62 67 87 70 65 75 90 100 90 95 85 90 75

95]; // annual r a i n f a l l a t X
10 Y=[77 62 67 68 86 90 65 75 70 70 70 75 65 70 55 75];

// ave rage r a i n f a l l a t 10 base s t a t i o n s
11 cx(1) =69; // accumulated annual v a l u e s

at s t a t i o n X
12 for i=2:16

13 cx(i)=cx(i-1)+X(i);

14 end

15 cy(1) =77;

16 for i=2:16

17 cy(i)=cy(i-1)+Y(i); // accumulated annual v a l u e s
at ten s t a t i o n s

18

19 end

20

21 // s i n c e curve i s not hav ing unform s l o p e
22 mprintf(”Record at X i s not c o n s i s t e n t . ”);
23 mprintf(”\nFrom the curve reg ime i s ob s e rved in the

yea r 1 978 . ”)
24

25 Q=[1970 1971 1972 1973 1974 1975 1976 1977];

26 O=[95 75 90 85 95 90 100 90];

27 for i=1:8

28 A(i)=0.7051*O(i);

29 end

30 mprintf(”\n\nYear Observed r a i n f a l l
Adjusted r a i n f a l l ”);

31 for i=1:8

32 mprintf(”\n%i %i
%i”,Q(i),O(i),A(i));

33 end

34 // graph i s p l o t t e d between cx and cy
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Figure 4.2: EX4 7

54



Scilab code Exa 4.7 EX4 7

1

2

3 // example 4 . 7
4 // c o n s t r u c t hyetograph
5 clc;funcprot (0);

6 // g i v en
7 c=[0 12.4 22.1 35.1 52.7 63.7 81.9 109.2 123.5 132.6

143.3 146 146]; // cumu la t i v e r a i n f a l l
8 T=[0:1:13]; //Time
9 t=15/60; // t ime i n t e r v a l

10 r(1)=0;

11 mprintf(” R a i n f a l l i n t e n s i t y : ”);
12 I(1)=0;

13 for i=2:13

14 r(i)=c(i)-c(i-1);

15 I(i)=r(i)/t; // R a i n f a l l i n t e n s i t y
16 mprintf(”\n%f”,I(i));
17 end

18

19 // graph i s p l o t t e d between I and T

Scilab code Exa 4.8 EX4 8

1

2

3 // example 4 . 8
4 // compute maximum r a i n f a l l i n t e n s i t i e s f o r

1 5 , 3 0 , 4 5 , 6 0 , 9 0 , 1 20 minutes
5 // p l o t i n t e n s i t y du r a t i on graph
6 clc;funcprot (0);

7 // g i v en
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Figure 4.3: EX4 8
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8 CR=[0 12.4 22.1 35.1 52.7 63.7 81.9 109.2 123.5

132.6 143.3 146.0 146.0]; // cumu la t i v e r a i n f a l l
9

10 c15 (2) =12.4;

11 c30 (3) =22.1;

12 c45 (4) =35.1;

13 c60 (5) =52.7;

14 c90 (7) =81.9;

15 c120 (9) =123.5;

16 for i=3:13

17 c15(i)=CR(i)-CR(i-1);

18 end

19 for i=4:13

20 c30(i)=CR(i)-CR(i-2);

21 end

22 for i=5:13

23 c45(i)=CR(i)-CR(i-3);

24 end

25 for i=6:13

26 c60(i)=CR(i)-CR(i-4);

27 end

28 for i=8:13

29 c90(i)=CR(i)-CR(i-6);

30 end

31 for i=10:13

32 c120(i)=CR(i)-CR(i-8);

33 end

34 mprintf(” 15min 30min 45
min 60min 90min
120min”);

35 for i=1:13

36 mprintf(”\n%f %f %f
%f %f %f”,c15(i),c30(i),c45
(i),c60(i),c90(i),c120(i));

37 end

38 I=[109.2 91 79.7 74.1 67.6 61.75]; //maximum
i n t e n s i t y at r e s p e c t i v e du r a t i o n s

39 D=[15 30 45 60 90 120]; // du r a t i o n s
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40 // greph i s p l o t t e d between I and D

Scilab code Exa 4.9 EX4 9

1

2

3 // example 4 . 9
4 // c a l c u l a t e p r e c i p t a t i o n va lu e which has r e c u r r e n c e

p e r i o d o f 6 y e a r s
5 clc;funcprot (0);

6 // g i v en
7 p=[475 377 731 1066 361 305 926 628 409 236 337

853]; // p r e c i p i t a t i o n va lu e
8 N=12; // t o t a l number o f y e a r s
9 T=6; // r e c u r r e n c e i n t e r v a l
10 m=N/T;

11 mprintf(”Ranking o f storm=%i . ”,m);
12 // hence p i c k 2nd s e v e r e s t storm
13 mprintf(”\ n p r e c i p t a t i o n va lu e which has r e c u r r e n c e

p e r i o d o f 6 y e a r s=%i mm. ”,p(7));

Scilab code Exa 4.10 EX4 10

1

2

3 // example 4 . 1 0
4 // c a l c u l a t e ave rage depth o f p r e c i p i t a t i o n u s i n g

depth a r ea curve
5 clc;funcprot (0);

6 // g i v en
7 I=[25: -1:16]; // i s o h y t e s
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Figure 4.4: EX4 10
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8 a=[407 1008 1522 1909 2216 2460 2651 2782 2910

2936]; // e n c l o s e d a r ea
9 ia(1) =407;

10 for i=2:10

11 ia(i)=a(i)-a(i-1);

12 end

13 r=[25.5: -1:16.5]

14 for i=1:10

15 rv(i)=r(i)*ia(i);

16 end

17 cv(1) =10378;

18 for i=2:10

19 cv(i)=cv(i-1)+rv(i);

20 end

21 for i=1:10

22 eud(i)=cv(i)/a(i); //mean
p r e c i p i t a t i o n

23 end

24

25 mprintf(”From depth a r ea curve we ob ta i n ave rage
depth o f p r e c i p i t a t i o n =24.1 mm f o r an \ narea o f
1800 sq . km . ”);

26 // graph i s p l o t t e d between eud and a .

Scilab code Exa 4.11 EX4 11

1

2

3 // example 8 . 1 1
4 // c a l c u l a t e
5 // 24h max . r a i n f a l l with r e t u r n p e r i o d o f 8 ,15 and

2 5 .
6 // 24h max r a i n f a l l with 40%, 2 4% and 8% p r o b a b i l i t y .
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Figure 4.5: EX4 11
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7 // p r o b a b i l t y o f r a i n f a l l o f magnitude equa l to or
e x c e ed i n g 100 mm.

8 clc;funcprot (0);

9 // g i v en
10 N=20;

11 r=[142 126 116 108 102 95 92 88 86 82 80 78 76 73 71

69 68 66 65 64]; // r a i n f a l l i n r e s p e c t i v e
y e a r s

12 m=[1:1:20]; // rank ing o f storm
13 for i=1:20

14 p(i)=m(i)*100/(N+1); // p r o b a b i l i t y (
p e r c en t )

15 T(i)=100/p(i); // r e c u r r e n c e
i n t e r v a l

16 end

17 // from f r e qu en cy curve ob ta i n ed we ge t
18 // Part ( a )
19 T1=[8 15 25];

20 r1=[119 134 149];

21 mprintf(”T( y e a r s ) R a i n f a l l (mm) ”);
22 for i=1:3

23 mprintf(”\n%i %i”,T1(i),
r1(i));

24 end

25

26 // Part ( b )
27 p1=[40 24 8];

28 r2=[87 101 130];

29 mprintf(”\n\ n p r o b a b i l i t y ( p e r c en t ) R a i n f a l l (
mm) ”);

30 for i=1:3

31 mprintf(”\n%i %i”
,p1(i),r2(i));

32 end

33 // graph i s p l o t t e d on semi−l o g graph between r and p
34

35 mprintf(”\n\nFor r a i n f a l l =100 m. \nT=4 yea r s . \
nP r o b ab i l i t y =25 p e r c en t . ”);
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Scilab code Exa 4.12 EX4 12

1

2

3 // example 4 . 1 2
4 // p l o t IDF curve f o r r e t u r n p e r i o d o f 10 ,2 and 1

y e a r s u s i n g c a l i f o r n i a f o rmu la
5 clc;funcprot (0);

6 // g i v en
7 t=[5 10 20 30 60 90 120]; // du r a t i on
8 // va lu e o f P f o r r e s p e c t i v e r e t u r n p e r i o d i s
9 p10 =[10.6 14.7 19.3 20.8 25.5 29 34.7]; // r a i n f a l l

f o r T=10 y e a r s
10 p2=[8.2 10.3 13.2 14.2 16.6 19.4 21.4]; // r a i n f a l l

f o r T=2 ye a r s
11 p1=[3.5 6.2 8.9 10 13.2 15 16.5]; // r a i n f a l l

f o r T=1 year
12 for i=1:7

13 i1(i)=p10(i)*60/t(i); // i n t e n s i t y
o f r a i n f a l l with r e t u r n p e r i o d o f 10 y e a r s

14 i2(i)=p2(i)*60/t(i); // i n t e n s i t y
o f r a i n f a l l with r e t u r n p e r i o d o f 2 y e a r s

15 i3(i)=p1(i)*60/t(i); // i n t e n s i t y
o f r a i n f a l l with r e t u r n p e r i o d o f 1 yea r

16 end

17 // graph i s p l o t t e d between
18 // t and i 1
19 // t and i 2
20 // t and i 3
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Figure 4.6: EX4 12
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Figure 4.7: EX4 12
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Scilab code Exa 4.13 EX4 13

1

2

3 // example 4 . 1 3
4 // c a l c u l a t e maximum and minimum r a i n f a l l
5 clc;funcprot (0);

6 // g i v en
7 N=20;

8 m=[1:1:20]; // rank number
9 rd=[82 78 75 72 70 68 65 63 61 58 56 54 52 50 46 40

36 34 32 30]; // r a i n f a l l i n d e c r e s i n g o rd e r
10 for i=1:20

11 ri(i)=rd(21-i);

12 end

13 for i=1:20

14 T(i)=N/(m(i) -0.5);

15 end

16 // from the cu r v e s
17 mprintf(”maximum r a i n f a l l =79cm f o r T=15 y e a r s . ”);
18 mprintf(”\nminimum r a i n f a l l =31 cm f o r T=15 y e a r s . ”)

;

19 // graph i s p l o t t e d between rd and T; r i and T

Scilab code Exa 4.14 EX4 14

1

2
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Figure 4.8: EX4 13
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Figure 4.9: EX4 13
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3 // example 4 . 1 4
4 // c a l c u l a t e d a i l y l a k e e v apo r a t i o n
5 // ave rage e v apo r a t i o n f o r one week
6 clc;funcprot (0);

7 // g i v en
8 w=[12 5 2 -3 1 6 11]; // water added or taken out
9 r=[0 6 8 12 9 5 0]; // r a i n f a l l

10 for i=1:7

11 pan(i)=w(i)+r(i); //Pan evapo r a t i o n
12 le(i)=0.8* pan(i); // l a k e e v apo r a t i o n
13 end

14

15 s=0;

16 for i=1:7

17 s=s+le(i);

18 end

19 mprintf(” d a i l y l a k e e v apo r a t i o n (mm) : ”);
20 for i=1:7

21 mprintf(”\n%f”,le(i));
22 end

23 av=s/7;

24 av=round(av*100) /100;

25 mprintf(”\n\ nave rage e v apo r a t i o n f o r one week=%f mm.
”,av);

Scilab code Exa 4.15 EX4 15

1

2

3 // example 4 . 1 5
4 // c a l c u l a t e ave rage e v apo r a t i o n l o s s from r e s e r v i o r
5 // t o t a l depth and volume o f e v apo r a t i o n l o s s
6 clc;funcprot (0);

7 // g i v en
8 Rh=0.4; // r e l a t i v e humid i ty
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9 A=4.8; // ave rage s u r f a c e sp r ead o f
r e s e r v i o r

10 v3=18; //wind v e l o c i t y at 3m above ground
11 es =31.81; // s a t u r a t e d vapour p r e s s u r e
12 Km =0.36; // f o r l a r g e deep wate r s
13

14 // u s i n g Meyer ’ s f o rmu la
15 ea=es*Rh;

16 v9=v3 *(9/3) ^(1/7);

17 E=Km*(es-ea)*(1+v9/16);

18 d=7*E;

19 v=d*A*100/1000;

20 E=round(E*10) /10;

21 d=round(d*10) /10;

22 v=round(v*100) /100;

23 mprintf(” u s i n g Meyers f o rmu la : ”);
24 mprintf(”\ nave rage e v apo r a t i o n l o s s from r e s e r v i o r=

%f mm/day . ”,E);
25 mprintf(”\ n t o t a l depth=%f mm”,d);
26 mprintf(”\ n t o t a l volume=%f hec ta r e−m. ”,v);
27

28 // u s i n g Rohwer ’ s f o rmu la
29 Pa=760;

30 vdash =(0.6/2) ^(1/7) *18;

31 E=0.771*(1.465 -0.000732* Pa)*(0.44+0.0733* vdash)*(es-

ea);

32 d=7*E;

33 v=d*A*100/1000;

34 E=round(E*10) /10;

35 d=round(d*10) /10;

36 v=round(v*10) /10;

37 mprintf(”\n\ nus ing Rohwers f o rmu la : ”);
38 mprintf(”\ nave rage e v apo r a t i o n l o s s from r e s e r v i o r=

%f mm/day . ”,E);
39 mprintf(”\ n t o t a l depth=%f mm”,d);
40 mprintf(”\ n t o t a l volume=%f hec ta r e−m. ”,v);
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Figure 4.10: EX4 16

Scilab code Exa 4.16 EX4 16

1

2

3 // example 4 . 1 6
4 // p l o t i n f i l t r a t i o n c a p a c i t y curve
5 // c a l c u l a t e c on s t an t r a t e o f i n f i l t r a t i o n
6 clc;funcprot (0);

7 // g i v en
8 D=30; // d iamete r o f i n s i d e r i n g o f
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i n f i l t r o m e t e r
9 A=%pi*D^2/4;

10 V=[0 200 470 840 1405 1840 2245 2510 2745 2885 2990

3130 3270]; // cumu la t i v e volume ;
11 t=[0 2 5 10 20 30 45 60 80 100 120 150 180];

//Time ( minutes )
12 dt(1)=0;

13 for i=2:13

14 dt(i)=(t(i)-t(i-1))/60;

15 end

16 for i=1:13

17 F(i)=V(i)/A;

18 end

19 Fd(1)=F(1);

20 for i=2:13

21 Fd(i)=F(i)-F(i-1);

22 end

23 for i=2:13

24 ft(i)=Fd(i)/dt(i); // i n f i r l t r a t i o n r a t e
25 end

26 // from the graph
27 mprintf(” c on s t an t r a t e o f i n f i l t r a t i o n =0.40 cm/ hr . ”)

;

28 avg10=F(4) *60/10;

29 avg30=F(6) *60/30;

30 avg10=round(avg10 *100) /100;

31 avg30=round(avg30 *100) /100;

32 mprintf(”\ nave rage r a t e o f i n f i l t r a t i o n f o r f i r s t 10
min=%f cm/ hr . ”,avg10);

33 mprintf(”\ nave rage r a t e o f i n f i l t r a t i o n f o r f i r s t 30
min=%f cm/ hr . ”,avg30);

34 // graph i s p l o t t e d between f t and t

Scilab code Exa 4.17 EX4 17
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1

2

3 // example 4 . 1 7
4 // c a l c u l a t e
5 // d r a i n ag e d e s i t y
6 // form f a c t o r
7 // channe l s l o p e
8 // ave rage ov e r l and f l ow l e n g t h
9 clc;funcprot (0);

10 // g i v en
11 A=82; // a r ea o f wate r shed
12 d=12.6; // d i s t a n c e between o u t l e t and f a r t h e r

most po i n t
13 l=440; // t o t a l l e n g t h o f channe l
14 e=656; // e l e v a t i o n d i f f e r n c e between o u t l e t

and f u r t h e r most po i n t
15

16 Dd=l/A;

17 ff=A/d^2;

18 cs=e/(d*1000);

19 lo =1000/(2* Dd);

20 Dd=round(Dd*100) /100;

21 ff=round(ff *1000) /1000;

22 mprintf(” d r a i n ag e d e s i t y=%f km/ squa r e . km . ”,Dd);
23 mprintf(”\nform f a c t o r=%f . ”,ff);
24 mprintf(”\ nchanne l s l o p e=%f . ”,cs);
25 mprintf(”\ nave rage ov e r l and f l ow l e n g t h=%i m. ”,lo);

Scilab code Exa 4.18 EX4 18

1

2

3 // example 4 . 1 8
4 // compute f i and W index
5 clc;funcprot (0);
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6 // g i v en
7 R=3.6; // s u r f a c e r u n o f f
8 r=[0 1.3 2.8 4.1 3.9 2.8 2.0 1.8 0.9]; // r a i n f a l l

a t r e s p e c t i v e t ime
9 t=4; // t o t a l t ime
10 s=0;

11 for i=3:8

12 s=s+r(i)

13 end

14 fi=(s-R*2) /6;

15 // s i n c e f i >1.3 and <1.8
16 mprintf(” f i i ndex=%f cm . ”,fi);
17 mprintf(”\ ncomputat ions a r e c o r r e c t . ”);
18

19 s=0;

20 for i=1:9

21 s=s+r(i);

22 end

23 P=s/2;

24 Sr=0;

25 W=(P-R-Sr)/t;

26 mprintf(”\nW index=%f cm/ hr . ”,W);

Scilab code Exa 4.19 EX4 19

1

2

3 // example4 . 1 9
4 // c a l c u l a t e f i i ndex and t ime o f r a i n f a l l e x c e s s
5 clc;funcprot (0);

6 // g i v en
7 T=[1:1:9]; // t ime from s t a r t
8 r=[0.7 1.4 2.4 3.7 2.9 2.6 1.7 0.8 0.5]; //

i n c r e amen t a l r a i n f a l l
9 R=9.3; // t o t a l run−o f f
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10 s=0;

11 for i=1:9

12 s=s+r(i);

13 end

14 ti=s-R;

15

16 // f i r s t t r i a l
17 tr=9; // assumed
18 fi1=ti/tr;

19 // t h i s makes 1 st , 8 th and 9 th hour i n e f f e c t i v e
20

21 // second t r i a l
22 tr=6;

23 ti=s-R-r(1)-r(8)-r(9);

24 fi=ti/tr;

25 for i=1:9

26 P(i)=r(i)-fi;

27 if (P(i) <0) then

28 P(i)=0;

29 end

30 end

31 mprintf(”Time ( h ) r a i n f a l l e x c e s s . ”);
32 for i=1:9

33 mprintf(”\n%f %f”,T(i),P(i));
34 end

35 mprintf(”\n\ n f i i ndex=%f cm/ hr . ”,fi);
36 mprintf(”\n\ ntime o f r a i n f a l l e x c e s s=%i hours . . ”,tr)

;

Scilab code Exa 4.20 EX4 20

1

2

3 // example 4 . 2 0
4 // c a l c u l a t e r e l a t i o n between R and P
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5 clc;funcprot (0);

6 // g i v en
7 P=[72.2 70.1 73.3 42.5 81.3 50.6 52.9 59.4 60.3 64.3

68.8 56.7 77.2 40.5 44.1 65.5]; // P r e c i p i t a t i o n
8 R=[24.1 22.7 25.6 11.3 28.4 12.7 13.4 15.7 16.2 17.7

19.2 14.9 25.4 10.6 11.7 17.9]; // r u n o f f
9 for i=1:16

10 Ps(i)=P(i)^2;

11 Rs(i)=R(i)^2;

12 PR(i)=P(i)*R(i);

13 end

14

15 s=0;t=0;u=0;q=0;w=0;

16 for i=1:16

17 s=s+Ps(i);

18 t=t+Rs(i);

19 u=u+PR(i);

20 q=q+P(i);

21 w=w+R(i);

22 end

23 N=16;

24 a=(N*u-q*w)/(N*s-q^2);

25 b=(w-a*q)/N;

26 b=round(b*1000) /1000;

27 a=round(a*10000) /10000;

28 mprintf(” Equat ion i s : \ n%fP%f . ”,a,b);

Scilab code Exa 4.21 EX4 21

1

2

3 // example4 . 2 1
4 // c a l c u l a t e e f f e c t i v e r a i n f a l l hyetograph and volume
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Figure 4.11: EX4 21
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o f d i r e t run−o f f
5 clc;funcprot (0);

6 // g i v en
7 A=8.6; //

catchment a r ea
8 T=[0:0.5:4]; // t ime
9 r=[0 0.4 1.1 2.3 3.8 4.8 5.6 6.2 6.7]; //

accumulated r a i n f a l l
10 fi=0.4; // f i i ndex
11 dt=0.5; // t ime

i n t e r v a l
12 d(1)=0;

13 for i=2:9

14 d(i)=r(i)-r(i-1); // accumulated
r a i n f a l l

15 end

16 mprintf(” I n t e n s i t y o f e f f e c t i v e R a i n f a l l : ”);
17 I(1)=0;

18 s=0;

19 for i=2:9

20 p(i)=d(i)-fi; // e f f e c t i v e
r a i n f a l l

21 I(i)=p(i)/dt; // I n t e n s i t y o f
e f f e c t i v e R a i n f a l l

22 s=s+I(i);

23 mprintf(”\n%f”,I(i));
24 end

25 // graph i s p l o t t e d between I and T
26 run=s*dt;

27 V=run*A*10000;

28 mprintf(”\nVolume o f d i r e c t run−o f f=%f cub i c metre . ”
,V);
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Figure 4.12: EX4 22
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Scilab code Exa 4.22 EX4 22

1

2

3 // example 4 . 2 2
4 // c a l c u l a t e
5 // t o t a l r a i n f a l l
6 // t o t a l r a i n f a l l e x c e s s
7 //W index
8 clc;funcprot (0);

9 // g i v en
10 r=[3.5 6.5 8.5 7.8 6.4 4 4 6]; // r a i n f a l l

i n t e n s i t y
11 T=[0:30:240]; // t ime
12 dt=30; // t ime i n t e r v a l
13 // graph i s p l o t t e d between r and T
14 s=0;

15 for i=1:8

16 s=s+r(i);

17 end

18 P=s*dt/60;

19 Pe =((6.5 -4.5) +(8.5 -4.5) +(7.8 -4.5) +(6.4 -4.5) +(6 -4.5))

*dt/60; // a r ea o f graph above r =4 .5 .
20 w=(P-Pe)/4;

21 mprintf(” t o t a l r a i n f a l l=%f cm . ”,P);
22 mprintf(”\ n t o t a l r a i n f a l l e x c e s s=%f cm . ”,Pe);
23 mprintf(”\nW index=%f cm/ hr . ”,w);

Scilab code Exa 4.23 EX4 23

1

2

3 // example 4 . 2 3
4 // c a l c u l a t e f i i ndex
5 clc;funcprot (0);
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6 // g i v en
7 r=[0 8 22 74 92 105 114 120]; // raccumula ted

r a i n f a l l
8 T=[0 2 4 6 8 10 12 14]; // t ime f o r s t a r t

o f r a i n f a l l
9 V=2D6; // volume o f run−

o f f
10 A=40; // catchment a r ea
11 tr=14; // du r a t i on o f

r a i n f a l l
12

13 d=V*1000/(40*1000000);

14

15 l=r(8)-d;

16 W=l/tr;

17 for i=2:8

18 I(i)=r(i)-r(i-1); // i n c r emen t a l
r a i n f a l l

19 end

20

21 // r a i n f a l l e x c e s s i s a v a i l a b l e i n 4 t ime i n t e r v a l s
o f 2 h r s

22 tre =8;

23 fi=(l-I(2)-I(7)-I(8))/tre;

24 fi=round(fi*100) /100;

25 mprintf(” f i i ndex=%f mm/hr . ”,fi);

Scilab code Exa 4.24 EX4 24

1

2

3 // example 4 . 2 4
4 // c a l c u l a t e ave rage i n f i l t r a t i o n index
5 clc;funcprot (0);

6 // g i v en
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7 r=[2.0 2.5 7.6 3.8 10.6 5.0 7.0 10.0 6.4 3.8 1.4

1.4]; // r a i n f a l l depths
8 R=25.5;

// t o t a l rum−o f f
9 s=0;

10 for i=1:12

11 s=s+r(i);

12 end

13 tf=s-R;

14 af=tf/12;

15 // r a i n f a l l i s l e s s than ave rage i n f i l t r a t i o n i n 1 s t , 2
nd , 1 1 th and 12 th hours

16

17 f=(tf-r(1)-r(2)-r(11)-r(12))/8;

18 f=round(f*10) /10;

19 mprintf(” ave rage i n f i l t r a t i o n index=%f cm/ hour . ”,f);

Scilab code Exa 4.25 EX4 25

1

2

3 // example 4 . 2 5
4 // c a l c u l a t e ave rage depth o f hou r l y r a i n f a l l e x c e s s
5 clc;funcprot (0);

6 // g i v en
7 r=[2.0 2.5 7.6 3.8 10.6 5.0 7.0 10.0 6.4 3.8 1.4

1.4]; // r a i n f a l l depths
8 A1=20;

9 A2=40;

10 A3=60;

11 A=A1+A2+A3;

12 fi1 =7.6;

13 fi2 =3.8;

14 fi3 =1.0;
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15 for i=1:12

16 R1(i)=r(i)-fi1; // r a i n f a l l e x c e s s
17 R2(i)=r(i)-fi2;

18 R3(i)=r(i)-fi3;

19 if (R1(i) <0) then

20 R1(i)=0;

21 end

22 if (R2(i) <0) then

23 R2(i)=0;

24 end

25 if (R3(i) <0) then

26 R3(i)=0;

27 end

28 end

29 mprintf(” ave rage depth o f hou r l y r a i n f a l l e x c e s s (cm/
hr ) ”);

30 for i=1:12

31 a1(i)=R1(i)*A1/A; // ave rage
r a i n f a l l e x c e s s

32 a2(i)=R2(i)*A2/A;

33 a3(i)=R3(i)*A3/A;

34 T(i)=a1(i)+a2(i)+a3(i); // t o t a l hou r l y
r a i n f a l l e x c e s s

35 T(i)=round(T(i)*100) /100;

36 mprintf(”\n%f”,T(i));
37 end

Scilab code Exa 4.26 EX4 26

1

2

3 // example4 . 2 6
4 // d e r i v e the un i t hydrograph
5 clc;funcprot (0);

6 // g i v en
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7 A=92; // a r ea o f d r a i n ag e ba s i n
8 t=[6 8 10 12 14 16 18 20 22 24 2 4 6 8 10 12 14 16];

// t ime
9 r=[10.6 9.7 107.8 175.6 193.9 150.3 126.2 106.9 90

72.8 58.2 48 36.2 28.4 20.2 14 10.2 10.4]; //
t o t a l run−o f f

10 B=[10.6 9.7 9.73 9.77 9.8 9.83 9.87 9.9 9.93 9.97 10

10.03 10.07 10.10 10.13 10.16 10.20 10.40]; //
base f l ow

11 s=0;

12 for i=1:18

13 d(i)=r(i)-B(i); // d i r e c t run−o f f
o r d i n a t e

14 s=s+d(i);

15 end

16 n=0.36*s*2/A;

17 mprintf(” o r d i n a t e s o f un i t hydrograph : ”);
18 for i=1:18

19 u(i)=d(i)/n; // o r d i n a t e s o f
un i t hydrograph

20 u(i)=round(u(i)*100) /100;

21 mprintf(”\n%f”,u(i));
22 end

23 mprintf(”\nHydograph i s 4−hr un i t hydrograph ”);
24 // graph i s p l o t t e d between :
25 // r and t
26 //u and t

Scilab code Exa 4.27 EX4 27

1
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Figure 4.13: EX4 26
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Figure 4.14: EX4 26
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2

3 // example 4 . 2 7
4 // c a l c u l a t e r a i n f a l l e x c e s s
5 clc;funcprot (0);

6 // g i v en
7 A=316; // d r a i n ag e a r ea
8 B=17; // base f l ow
9 t=6;

10 O=[17.0 113.2 254.5 198.0 150.0 113.2 87.7 67.9 53.8

42.5 31.1 22.6 17.0]; // o r d i n a t e s o f storm
hydrograph

11 for i=1:13

12 Or(i)=O(i)-B; // o r d i n a t e s o f
d i r e c t run−o f f

13 Oh(i)=Or(i)/6.477; // o r d i n a t e s o f
un i t hydrograph

14 end

15 s=0;

16 for i=1:13

17 s=s+Or(i);

18 end

19 re=s*60*60*t/(A*10000);

20 re=round(re *1000) /1000;

21 mprintf(” r a i n f a l l e x c e s s=%f cm . ”,re);

Scilab code Exa 4.28 EX4 28

1

2

3 // example 4 . 2 8
4 // c a l c u l a t e o r d i n a t e s o f storm hydrograph
5 clc;funcprot (0);

6 // g i v en
7 fi=2.5; // i n f i l t r a t i o n index
8 B=10; // Base f l ow
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9 O=[0 110 365 500 390 310 250 235 175 130 95 65 40 22

10 0 0 0]; // o r d i n a t e s o f un i t hydrograph
10 R1=2;R2 =6.75; R3 =3.75;

11 r1=(R1*10-(fi*3) -5)/10; // r a i n f a l l
e x c e s s i n f i r s t t h r e e hour

12 r2=(R2*10-(fi*3))/10; // r a i n f a l l
e x c e s s i n second t h r e e hour

13 r3=(R3*10-(fi*3))/10; // r a i n f a l l
e x c e s s i n t h i r d t h r e e hour

14

15 for i=1:18

16 s1(i)=r1*O(i);

17 end

18 for i=2:18

19 s2(i)=r2*O(i-1);

20 end

21 for i=3:18

22 s3(i)=r3*O(i-2);

23 end // s u r f a c e run−
o f f from r a i n f a l l e x c e s s dur ing s u c c e s i v e un i t
p e r i o d s

24 mprintf(” o r d i n a t e s o f storm hydrograph ”);
25 for i=1:18

26 T(i)=s1(i)+s2(i)+s3(i);

27 t(i)=T(i)+B;

28 t(i)=round(t(i)*10) /10;

29 mprintf(”\n%f”,t(i));
30 end

Scilab code Exa 4.29 EX4 29

1

2

3 // example4 . 2 9
4 // d e r i v e and p l o t 6 hr un i t hydrograph
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5 clc;funcprot (0);

6 // g i v en
7 A=103.4; // a r ea o f ba s i n
8 t=[0:3:36]; // t ime
9 q=[0 21 80 82 189 123 184 87 55.5 25.25 9 6 0]; //

f l ow
10 mprintf(” o r d i n a t e s o f un i t hydrograph a r e : ”);
11 u(1)=0;

12 u(2)=q(2)/2;

13 u(3)=(q(3) -4*u(1))/2;

14 u(4)=(q(4) -4*u(2))/2;

15 for i=5:9

16 u(i)=(q(i) -3*u(i-4) -4*u(i-2))/2; //
o r d i n a t e s o f un i t hydrograph

17 end

18 for i=1:9

19 mprintf(”\n%f”,u(i));
20 end

21 mprintf(”\n\nThe s u c c e s i v e un i t hydrograph w i l l have
same o r d i n a t e s but w i l l be s h i f t e d \ n l a t e r a l l y by
6 h r s . ”);

22 // graph i s p l o t t e d between u and t .

Scilab code Exa 4.30 EX4 30

1

2

3 // example 4 . 3 0
4 // d e r i v e o r d i n a t e s o f 6 h r s un i t hydrograph
5 clc;funcprot (0);

6 // g i v en
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Figure 4.15: EX4 29
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Figure 4.16: EX4 29
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7 R=[0 1 2.7 5 8 9.8 9 7.5 6.3 5 4 2.9 2.1 1.3 0.5 0 0

0 0 0]; // 2 h r s un i t hydrograph
8 mprintf(” o r d i n a t e s o f 6 h r s un i t hydrograph ”);
9 for i=1:18

10 O1(i+2)=R(i);

11

12

13 end

14 for i=1:16

15 O2(i+4)=R(i);

16 end // o f f s e t un i t
hydrograph

17 for i=1:20

18 S(i)=O1(i)+O2(i)+R(i); //sum
19 f(i)=S(i)/3; // o r d i n a t e s o f 6

h r s un i t hydrograph
20 f(i)=round(f(i)*10) /10;

21 mprintf(”\n%f”,f(i));
22 end

Scilab code Exa 4.31 EX4 31

1

2

3 // example 4 . 3 1
4 // c a l c u l a t e o r d i n a t e o f 9 hr un i t hydrograph
5 clc;funcprot (0);

6 // g i v en
7 t=[0:3:45]; // t ime
8 O=[0 9 20 35 49 43 35 28 22 17 12 9 6 3 0 0];

// o r d i n a t e o f 2 hr un i t hydrograph
9 of(1)=0;

10 of(2)=0;

11 for i=3:16

12 of(i)=O(i-2)+of(i-2); // o f f s e t
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o r d i n a t e
13 end

14 for i=1:16

15 s(i)=O(i)+of(i); // o r d i n a t e
o f s−curve

16 end

17 of1 (3)=0;

18 for i=4:16

19 of1(i)=s(i-3); // o f f s e t
o f s−curve

20 end

21 mprintf(” o r d i n a t e s o f 9 h r s un i t hydrograph : ”);
22 for i=1:16

23 y(i)=s(i)-of1(i);

24 u(i)=2*y(i)/3; //
o r d i n a t e o f 9 h r s un i t hydrograph

25 u(i)=round(u(i)*10) /10;

26 mprintf(”\n%f”,u(i));
27 end

Scilab code Exa 4.32 EX4 32

1

2

3 // example 4 . 3 2
4 // c a l c u l a t e r e c u r r e n c e i n t e r v a l o f f l o o d u s i n g
5 // c a l i f o r n i a method
6 //Hazens method
7 // gumbels method
8 clc;funcprot (0);

9 // g i v en
10 q=[9200 7800 6600 5800 5260 4980 4525 3810 3630 3250

3110 3090 2380 2390 1723]; // D i s cha rg e a r ranged
i n d e c r e a s i n g o rd e r

11 N=15;
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12 C=0.3;

13 m=[1:1:15];

14 C=[0.3 0.44 0.52 0.57 0.61 0.66 0.7 0.74 0.78 0.82

0.86 0.88 0.94 0.96 1]; // from t a b l e 4 . 2 5
15 mprintf(” C a l i f o r n i a Hazen Gumbel”)

;

16 for i=1:15

17 Ca(i)=N/m(i);

18 H(i)=2*N/(2*m(i) -1);

19 G(i)=N/(m(i)+C(i) -1);

20 Ca(i)=round(Ca(i)*100) /100;

21 G(i)=round(G(i)*100) /100;

22 H(i)=round(H(i)*100) /100;

23 mprintf(”\n%f %f %f”,Ca(i),H(i
),G(i));

24 end

Scilab code Exa 4.33 EX4 33

1

2

3 // example 4 . 3 3
4 // c a l c u l a t e f l o o d magnitude with r e t u r n p e r i o d o f

240 y e a r s
5 clc;funcprot (0);

6 // g i v en
7 T1=40;T2=80; // Return p e r i o d
8 F1 =27000; F2 =31000; //Peak f l o o d
9 y80 = -(2.303* log10 (2.303* log10(T2/(T2 -1))));

10 y40 = -(2.303* log10 (2.303* log10(T1/(T1 -1))));

11 y=(F2 -F1)/(y80 -y40);

12 T=240;

13 y240 = -(2.303* log10 (2.303* log10(T/(T-1))));

14 x240=F2+(y240 -y80)*y;

15 mprintf(” f l o o d magnitude with r e t u r n p e r i o d o f 240
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y e a r s=%i cumec . ”,x240);

Scilab code Exa 4.34 EX4 34

1

2

3 // example 4 . 3 4
4 // c a l c u l a t e f l o o d d i s c h a r g e with r e c u r r e n c e p e r i o d

o f 100 y e a r s and 200 y e a r s
5 clc;funcprot (0);

6 // g i v en
7 N=40;

8 Sn =1.1413; yn =0.5436; // from t a b l e 4 . 2 1 ( a )
and ( b )

9 q=[1330 1095 1030 980 975 950 945 940 925 855 853

840 835 825 810 795 756 710 708 705 700 670 625

620 610 605 595 585 570 550 530 505 500 495 485

465 460 420 390 380]; // d i s c h a r g e
10 s=0;

11 for i=1:40

12 s=s+q(i);

13 end

14 xavg=s/N;

15 w=0;

16 for i=1:40

17 t(i)=(q(i)-xavg)^2;

18 w=w+t(i);

19 end

20 sigma=(w/(N-1))^0.5;

21 N=10;

22 y10 = -(2.303* log10 (2.303* log10(N/(N-1))));

23 K10=(y10 -yn)/Sn;

24 x10=xavg+K10*sigma;

25 N=20;

26 y20 = -(2.303* log10 (2.303* log10(N/(N-1))));
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27 K20=(y20 -yn)/Sn;

28 x20=xavg+K20*sigma;

29 N=5;

30 y5= -(2.303* log10 (2.303* log10(N/(N-1))));

31 K5=(y5-yn)/Sn;

32 x5=xavg+K5*sigma;

33

34 T=100;

35 y100 = -(2.303* log10 (2.303* log10(T/(T-1))));

36 K100=(y100 -yn)/Sn;

37 x100=xavg+K100*sigma;

38

39 T=200;

40 y200 = -(2.303* log10 (2.303* log10(T/(T-1))));

41 K200=(y200 -yn)/Sn;

42 x200=xavg+K200*sigma;

43 x100=round(x100);

44 mprintf(”For T=100 y e a r s : \ n f l o o d d i s c h a r g e=%f cumecs
. \ n\nFor T=200 y e a r s : \ n f l o o d d i s c h a r g e=%i cumecs .
”,x100 ,x200);

Scilab code Exa 4.35 EX4 35

1

2

3 // example 4 . 3 5
4 // c a l c u l a t e 200 yea r f l o o d f o r s t ream us i ng gumbel ’ s

method
5 clc;funcprot (0);

6 // g i v en
7 sigma =1.1413; // s tandard d e v i a t i o n
8 yn =0.5436;

9 T=50;

10 y50 = -2.303* log10 (2.303* log10(T/(T-1)));

11 K50=(y50 -yn)/sigma;
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12 T=100;

13 y100 = -2.303* log10 (2.303* log10(T/(T-1)));

14 K100=(y100 -yn)/sigma;

15 x50 =878; x100 =970; // g i v en peak f l o o d
16 A=[K50 1;K100 1];

17 B=[x50;x100];

18 C=A\B;

19 xavg=C(2);

20 sigmad=C(1);

21 T=200;

22 y200 = -2.303* log10 (2.303* log10(T/(T-1)));

23 K200=(y200 -yn)/sigma;

24 x200=xavg+K200*sigmad;

25 x200=round(x200);

26 mprintf(” 200 year f l o o d f o r s t ream=%f cumecs . ”,x200)
;

Scilab code Exa 4.36 EX4 36

1

2

3 // example 4 . 3 6
4 // c a l c u l a t e
5 // r i s k o f f a i l u r e o f c o f f e rdam
6 // r e t u r n p e r i o d
7 clc;funcprot (0);

8 // g i v en
9 T=30; // de i gn f o r p e r i o d
10 n=6; // p e r i o d o f c o n s t r u c t i o n
11 R=(1 -(1 -(1/T))^n)*100;

12 R1=0.1; // reduced r i s k
13 T1=1/(1-(1-R1)^(1/6));

14 R=round(R*10) /10;

15 T1=round(T1*100) /100;

16 mprintf(” r i s k o f f a i l u r e o f c o f f e rdam=%f p e r c en t . ”,R
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);

17 mprintf(”\ n r e tu rn p e r i o d=%f y e a r s . ”,T1);

Scilab code Exa 4.37 EX4 37

1

2

3 // example 4 . 3 7
4 // c a l c u l a t e
5 // p r o b a b i l i t y o f exc edence
6 // p r o b a b i l i t y o f f l o o d magnitude o c c u r i n g at :
7 // at l e a s t once i n 10 y e a r s
8 // two t imes i n 10 s u c c e s i v e y e a r s
9 // once i n 10 s u c c e s i v e y e a r s
10 clc;funcprot (0);

11 // g i v en
12 T=40; // r e t u r n p e r i o d
13 P=1/T;

14 n=10;

15 Rsk=1-(1-P)^n;

16 s=1;t=1;

17 for i=1:n

18 s=s*i;

19 end

20 for i=1:(n-2)

21 t=t*i;

22 end

23 P2n=s*P^2*(1-P)^8/(t*2);

24 P1n=n*P*(1-P)^(n-1);

25 Rsk=round(Rsk *1000) /1000;

26 P2n=round(P2n *10000) /10000;

27 P1n=round(P1n *1000) /1000;

28 mprintf(” p r o b a b i l i t y o f ex c edence=%f . ”,P);
29 mprintf(”\ n p r o b a b i l i t y o f f l o o d magnitude o c c u r i n g

at l e a s t once i n 10 y e a r s=%f”,Rsk);
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30 mprintf(”\ n p r o b a b i l i t y o f f l o o d magnitude o c c u r i n g
at two t imes i n 10 s u c c e s i v e y e a r s=%f”,P2n);

31 mprintf(”\ n p r o b a b i l i t y o f f l o o d magnitude o c c u r i n g
at once i n 10 s u c c e s i v e y e a r s=%f”,P1n);

Scilab code Exa 4.38 EX4 38

1

2

3 // example 4 . 3 8
4 // c a l c u l a t e peak r a t e o f run o f f
5 clc;funcprot (0);

6 // g i v en
7 C1 =0.22; C2 =0.12; C3 =0.32; // run−o f f c o e f f i c i e n t
8 A1=3.2;A2=4.8; A3 =1.8; // c a l c u l a t e d a r ea
9 L=2.4; // l e n g t h o f water c ou r s e
10 H=30; // f a l l
11 T=30; // f r e qu en cy
12 t=60*0.000323*(L*1000) ^0.77*(H/(L*1000))^( -0.385);

13 i=78*T^0.22/(t+12) ^0.45;

14 q=2.778*i*(C1*A1+C2*A2+C3*A3);

15 q=round(q*10) /10;

16 mprintf(” peak r a t e o f run o f f=%f cumecs . ”,q);

Scilab code Exa 4.39 EX4 39

1

2

3 // example 4 . 3 9
4 // c a l c u l a t e peak f l ow r a t e
5 clc;funcprot (0);

6 // g i v en
7 T=30; // r e t u r n p e r i o d
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8 A=2.4; // a r ea o f wate r shed
9 s=1/200; // s l o p e oo f catchment
10 L=1.8; // l e n g t h o f t r a v e l o f water
11 C=0.25; // ave rage run−o f f c o e f f i c i e n t
12 r=[2.5 3.8 4.8 5.9 6.7 7.4 8.4 8.7 9.2]; //

r s i n f a l l depth
13 t=60*0.000323*(L*1000) ^0.77*(s)^( -0.385);

14 rmax=r(7)+(r(8)-r(7))*7.84/10;

15 i=rmax *60/t;

16 q=2.778*C*A*i;

17 q=round(q*100) /100;

18 mprintf(” peak f l ow r a t e=%f cumecs . ”,q);

Scilab code Exa 4.40 EX4 40

1

2

3 // example 4 . 4 0
4 // c a l c u l a t e p r e c i p i t a t i o n at x
5 clc;funcprot (0);

6 // g i v en
7 pA=75; // p r e c i p i t a t i o n at A
8 pB=58; // p r e c p i t a t i o n at B
9 pC=47; // p r e c i p i t a t i o n at C
10 nA=826; // normal p r e c i p i t a t i o n at A
11 nB=618; // normal p r e c i p i t a t i o n at B
12 nC=482; // normal p r e c i p i t a t i o n at C
13 nX=757; // normal p r e c i p i t a t i o n at X
14

15 pX=(nX*pA/nA+nX*pB/nB+nX*pC/nC)/3;

16 pX=round(pX*10) /10;

17 mprintf(” p r e c i p i t a t i o n at x=%f cm . ”,pX);
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Scilab code Exa 4.41 EX4 41

1

2

3 // example 4 . 1
4 // c a l c u l a t e mean r a i n f a l l ; a d d i t i o n a l guages needed
5 clc;funcprot (0);

6 // g i v en
7 p=[41 51 32 55 50 68]; // r a i n guage r e a d i n g s at

r e s p e c t i v e s t a t i o n s
8 s=0;

9 for i=1:6

10 s=s+p(i);

11 end

12 pavg=s/6;

13 u=0;

14 for i=1:6

15 u=u+(p(i)-pavg)^2;

16 end

17 sx=(u/5) ^0.5;

18 Cv=sx *100/ pavg;

19 N=(Cv/8)^2;

20 N=round(N*100) /100;

21 mprintf(”mean r a i n f a l l=%f cm . ”,pavg);
22 mprintf(”\ n t o t a l s t a t i o n s needed=%f . ”,N);

Scilab code Exa 4.42 EX4 42

1

2

3 // example 4 . 4 2
4 // c a l c u l a t e mean p r e c i p i t a i o n u s i n g t h i e s s o n po lygon

method
5 clc;funcprot (0);

6 // g i v en
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7 a=4; // d imens ion o f p l o t s i d e s
8 P1=4.8;P2=13;P3=8;P4=5.4; P5 =3.2;P6=9.4; //

p r e c i p i t a i o n at r e s p e c t i v e s t a t i o n s
9 A1=a^2/8+a^2/(4*1.73);

10 A2=a^2/8;

11 A3=A2;A4=A1;

12 A5=a^2/(4*1.73);

13 A6=a^2/2;

14 A=A1+A2+A3+A4+A5+A6;

15 Pavg=(P1*A1+P2*A2+P3*A3+P4*A4+P5*A5+P6*A6)/A;

16 mprintf(”Mean p r e c i p i t a i o n=%f cm . ”,Pavg);

Scilab code Exa 4.43 EX4 43

1

2

3 // example 4 . 4 3
4 // c a l c u l a t e ave rage depth o f p r e c i p i t a t i o n
5 clc;funcprot (0);

6 // g i v en
7 A=[90 140 125 140 85 40 20]; // a r ea o f i s o h y t e s
8 I=[13: -2:1]; // ave rage i s o h y t e l

i n t e r v a l
9 s=0;t=0;

10 for i=1:7

11 s=s+A(i)*I(i);

12 t=t+A(i);

13 end

14 Pavg=s/t;

15 Pavg=round(Pavg *10) /10;

16 mprintf(” ave rage depth o f p r e c i p i t a t i o n=%f cm . ”,
Pavg);
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Scilab code Exa 4.44 EX4 44

1

2

3 // example 4 . 4 4
4 // c a l c u l a t e mean r a i n f a l l ; a d d i t i o n a l guages needed
5 clc;funcprot (0);

6 // g i v en
7 p=[120 95 96 60 65 70 45 21]; // r a i n guage

r e a d i n g s at r e s p e c t i v e s t a t i o n s
8 s=0;

9 for i=1:8

10 s=s+p(i);

11 end

12 pavg=s/8;

13 u=0;

14 for i=1:8

15 u=u+(p(i)-pavg)^2;

16 end

17 sx=(u/7) ^0.5;

18 Cv=sx *100/ pavg;

19 N=(Cv /13.99) ^2;

20 N=round(N*100) /100;

21 mprintf(”mean r a i n f a l l=%f cm . ”,pavg);
22 mprintf(”\ n t o t a l s t a t i o n s needed=%f . ”,N);
23 // t ak i n g N=10
24 N=10;

25 n=N-8;

26 mprintf(”\ n a d d i t i o n a l guages needed=%i . ”,n);

Scilab code Exa 4.45 EX4 45

1
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Figure 4.17: EX4 45
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2

3 // example 4 . 4 5
4 // compute maximum r a i n f a l l i n t e n s i t i e s f o r

5 , 1 0 , 1 5 , 2 0 , 2 5 , 3 0 , 3 5 , 4 0 , 4 5 , 5 0 minutes
5 // p l o t i n t e n s i t y du r a t i on graph
6 clc;funcprot (0);

7 // g i v en
8 CR=[0 1.02 2.08 3.30 4.72 5.58 6.40 7.16 7.88 8.54

9.14]; // cumu la t i v e r a i n f a l l
9

10 c5(2)=CR(2);

11 c10 (3)=CR(3);

12 c15 (4)=CR(4);

13 c20 (5)=CR(5);

14 c25 (6)=CR(6);

15 c30 (7)=CR(7);

16 c35 (8)=CR(8);

17 c40 (9)=CR(9);

18 c45 (10)=CR(10);

19 c50 (11)=CR(11);

20 for i=3:11

21 c5(i)=CR(i)-CR(i-1);

22 end

23 for i=4:11

24 c10(i)=CR(i)-CR(i-2);

25 end

26 for i=5:11

27 c15(i)=CR(i)-CR(i-3);

28 end

29 for i=6:11

30 c20(i)=CR(i)-CR(i-4);

31 end

32 for i=7:11

33 c25(i)=CR(i)-CR(i-5);

34 end

35 for i=8:11

36 c30(i)=CR(i)-CR(i-6);

37 end
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38 for i=9:11

39 c35(i)=CR(i)-CR(i-7);

40 end

41 for i=10:11

42 c40(i)=CR(i)-CR(i-8);

43 end

44 for i=11:11

45 c45(i)=CR(i)-CR(i-9);

46 end // r a i n f a l l i n any
p o s s i b l e t ime i n t e r v a l

47

48 mprintf(”5min 10min 15min
20min 25min

30min 35min 40min
45min 50min”);

49 for i=1:11

50 mprintf(”\n%f %f %f
%f %f %f %f

%f %f %f”,c5(i),
c10(i),c15(i),c20(i),c25(i),c30(i),c35(i),c40

(i),c45(i),c50(i));

51 end

52 I=[17.04 15.84 14.80 14.16 13.39 12.80 12.27 11.82

11.39 10.97]; //maximum i n t e n s i t y at
r e s p e c t i v e du r a t i o n s

53 D=[5:5:50]; // du r a t i o n s
54 // graph i s p l o t t e d between I and D

Scilab code Exa 4.46 EX4 46

1

2

3 // example 4 . 4 6
4 //draw storm hyetograph and i n t e n s i t y du r a t i on curve
5 clc;funcprot (0);
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Figure 4.18: EX4 46

6 // g i v en
7 p=[0 5 7.5 8.5 9]; // accumulated p r e c i p i t a t i o n
8 t=[0 30 60 90 120]; // t ime
9 r(1)=0;

10 mprintf(” R a i n f a l l i n t e n s i t y : ”);
11 for i=2:5

12 r(i)=p(i)-p(i-1); // r a i n f a l l i n
s u c c e s i v e 30 min i n t e r v a l

13 I(i)=r(i)*60/30; // r a i n f a l l i n t e n s i t y
14 mprintf(”\n%f”,I(i));
15 end

16 // graph i s p l o t t e d between I and t .

107



Figure 4.19: EX4 46

Scilab code Exa 4.47 EX4 47

1

2

3 // example 4 . 4 7
4 // c a l c u l a t e ave rage depth o f p r e c i p i t a t i o n u s i n g

depth a r ea curve
5 clc;funcprot (0);
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Figure 4.20: EX4 47
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6 // g i v en
7 I=[21: -1:12]; // i s o h y t e s
8 a=[543 1345 2030 2545 2955 3280 3535 3710 3880

3915]; // e n c l o s e d a r ea
9 ia(1) =543;

10 for i=2:10

11 ia(i)=a(i)-a(i-1); // net
i n c r emen t a l a r ea between i s o h y t e s

12 end

13 r=[21.5: -1:12.5]

14 for i=1:10

15 rv(i)=r(i)*ia(i); // r a i n f a l l
volume

16 end

17 cv(1) =11675;

18 for i=2:10

19 cv(i)=cv(i-1)+rv(i); // cumu la t i v e
volume

20 end

21 for i=1:10

22 eud(i)=cv(i)/a(i); // depth (mm)
23 end

24

25 mprintf(”From depth a r ea curve we ob ta i n ave rage
depth o f p r e c i p i t a t i o n =20.15 mm f o r an\ narea o f
2400 sq . km . ”);

26 // graph i s p l o t t e d between eud and a

Scilab code Exa 4.48 EX4 48

1

2

3 // example 4 . 4 8
4 // c a l c u l a t e e v apo r a t i o n from r e s e r v i o r s u r f a c e

dur ing the week
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5 clc;funcprot (0);

6 // g i v en
7 h1 =7.75; // i n i t i a l depth o f water
8 r=3.80; // r a i n f a l l du r ing the week
9 hr =2.50; // depth o f water removed
10 C=0.7; //pan c o e f f i c i e n t
11 ha=r-hr;

12 hl=ha+h1;

13 h2 =8.32;

14 ev=hl-h2;

15 evs=ev*C;

16 evs=round(evs *100) /100;

17 mprintf(” ev apo r a t i o n from r e s e r v i o r s u r f a c e dur ing
the week=%f cm . ”,evs);

Scilab code Exa 4.49 EX4 49

1

2

3 // example4 . 4 9
4 // c a l c u l a t e f i i ndex and t ime o f r a i n f a l l e x c e s s
5 clc;funcprot (0);

6 // g i v en
7 T=[1:1:12]; // t ime from s t a r t
8 r=[1.8 2.6 7.8 3.9 10.6 5.4 7.8 9.2 6.5 4.4 1.8

1.6]; // i n c r e amen t a l r a i n f a l l
9 R=24.4; // t o t a l run−o f f

10 s=0;

11 for i=1:12

12 s=s+r(i);

13 end

14 ti=s-R;

15

16 // f i r s t t r i a l
17 tr=7; // assumed
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18 ti=s-R-r(1)-r(2)-r(4)-r(11)-r(12);

19 fi=ti/tr;

20 for i=1:12

21 P(i)=r(i)-fi;

22 if (P(i) <0) then

23 P(i)=0;

24 end

25 end

26 mprintf(”Time ( h ) r a i n f a l l e x c e s s . ”);
27 for i=1:12

28 mprintf(”\n%f %f”,T(i),P(i));
29 end

30 mprintf(”\n\ n f i i ndex=%f cm/ hr . ”,fi);

Scilab code Exa 4.50 EX4 50

1

2

3 // example 4 . 5 0
4 // c a l c u l a t e f i i ndex
5 clc;funcprot (0);

6 // g i v en
7 r=[0.6 1.35 2.25 3.45 2.7 2.4 1.5 0.75]; //

i n c r emen t a l r a i n f a l l
8 T=[1:1:8]; // t ime from s t a r t o f r a i n f a l
9 t=8;

10 P=15; // t o t a l r a i n f a l l
11 R=8.7; // d i r e c t run−o f f
12 W=(P-R)/t;

13 // s i n c e f i w i l be more than W
14 tre =6;

15 fi=((P-R)-r(1)-r(8))/tre;

16 mprintf(” f i i ndex=%f cm/ hr . ”,fi);

112



Figure 4.21: EX4 50
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Scilab code Exa 4.51 EX4 51

1 // example 4 . 5 1
2 // c a l c u l a t e t o t a l i n f i l t r a t i o n depth l a s t i n g 6 h r s
3 clc;funcprot (0);

4 // g i v en
5 I=10; // t o t a l i n f i l t r a t i o n r a t e
6 fI=5; // f i n a l i n f i l t r a t i o n r a t e
7 k=0.95; // r a t e o f decay o f d i f f e r e n c e

between f i n a l and i n i t i a l i n f i l t r a t i o n r a t e
8

9 q=integrate( ’ f I +(I− f I ) ∗%eˆ(−k∗ t ) ’ , ’ t ’ ,0,6);
10 q=round(q*100) /100;

11 mprintf(” t o t a l i n f i l t r a t i o n depth=%f mm. ”,q);

Scilab code Exa 4.52 EX4 52

1 // example 4 . 5 2
2 // f i n d the equa t i on o f i n f i l t r a t i o n c a p a c i t y
3 clc;funcprot (0);

4 // g i v en
5 fc=1; // c on s t an t i n f i l t r a t i o n r a t e
6 ft =[10.4 5.6 3.2 2.1 1.5 1.2 1.1 1 1]; //

i n f i l t r a t i o n c a p a c i t y
7 f=ft(1)-fc;

8 t=[0:0.25:2];

9

10 for i=1:9

11 r(i)=ft(i)-fc;
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Figure 4.22: EX4 52
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Figure 4.23: EX4 53

12

13 end

14 for i=1:7

15 h(i)=log10(r(i));

16 end

17 s=0.775; // from graph
18 k=1/( log10(%e)*s);

19 k=round(k*100) /100;

20 mprintf(” Equat ion i s : \ n f t=f c+%feˆ(−%ft ) ”,f,k);

Scilab code Exa 4.53 EX4 53
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1

2

3 // example 4 . 5 3
4 // c a l c u l a t e
5 // t o t a l r a i n f a l l
6 // net run−o f f
7 //W index
8 clc;funcprot (0);

9 // g i v en
10 r=[2 2 8 7 1.25 1.25 4.5]; // r a i n f a l l

i n t e n s i t y
11 T=[15 30 45 60 70 90 105]; //

t ime
12 dt=15; // t ime i n t e r v a l
13 fi=3; // f i i ndex
14 // graph i s p l o t t e d between r and T
15 s=0;

16 for i=1:7

17 s=s+r(i);

18 end

19 P=s*dt/60;

20 Pe=((8 -3) +(7-3) +(4.5 -3))*dt/60; // a r ea o f graph
above r =3 .0 .

21 w=(P-Pe)/(105/60);

22 w=round(w*1000) /1000;

23 mprintf(” t o t a l r a i n f a l l=%f cm . ”,P);
24 mprintf(”\ nnet run−o f f=%f cm . ”,Pe);
25 mprintf(”\nW index=%f cm/ hr . ”,w);

Scilab code Exa 4.54 EX4 54

1

2

3 // example 4 . 5 4
4 // c a l c u l a t e Tota l r a i n f a l l i n catchment
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5 // run−o f f by r a i n f a l l o f 3 . 3 cm in 3 h r s
6 clc;funcprot (0);

7 // g i v en
8 A=[36 18 66]; // a r ea o f catchment
9 fi=[0.9 1.1 0.5]; // f i i ndex
10 r1=[0.6 0.9 1.0]; // r a i n f a l l i n f i r s t hour
11 r2=[2.4 2.1 2.0]; // r a i n f a l l i n second hour
12 r3=[1.3 1.5 0.9]; // r a i n f a l l i n t h i r d hour
13

14 t36=r1(1)+r2(1)+r3(1);

15 t18=r1(2)+r2(2)+r3(2);

16 t66=r1(3)+r2(3)+r3(3);

17

18 p=(t36*A(1)+t18*A(2)+t66*A(3))/(A(1)+A(2)+A(3));

19 mprintf(” Tota l r a i n f a l l i n catchment=%f cm . ”,p);
20

21 ro1 =[0 0 0.5]; ro2 =[1.5 1.0 1.5]; ro3 =[0.4 0.4 0.4];

// r a i n f a l l − f i
22 t1=ro1(1)+ro2(1)+ro3 (1);

23 t2=ro1(2)+ro2(2)+ro3 (2);

24 t3=ro1(3)+ro2(3)+ro3 (3);

25 run=(A(1)*t1+A(2)*t2+A(3)*t3)/(A(1)+A(2)+A(3));

// run−o f f from e n t i r e catchment
26 mprintf(”\nrun−o f f by r a i n f a l l o f 3 . 3 cm in 3 h r s=%f

cm . ”,run);
27 fia=(fi(1)*A(1)+fi(2)*A(2)+fi(3)*A(3))/(A(1)+A(2)+A

(3));

28 tr=(1.1- fia)*3;

29 mprintf(”\ nTota l run−o f f=%f cm . ”,tr);

Scilab code Exa 4.55 EX4 55

1

2

3 // example 4 . 5 5
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4 // c a l c u l a t e r e l a t i o n between R and P
5 clc;funcprot (0);

6 // g i v en
7 P=[4 22 28 15 12 8 4 15 10 5]; // P r e c i p i t a t i o n
8 R=[0.2 7.1 10.9 4.0 3.0 1.3 0.4 4.1 2.0 0.3]; //

r u n o f f
9 for i=1:10

10 Ps(i)=P(i)^2;

11 Rs(i)=R(i)^2;

12 PR(i)=P(i)*R(i);

13 end

14

15 s=0;t=0;u=0;q=0;w=0;

16 for i=1:10

17 s=s+Ps(i);

18 t=t+Rs(i);

19 u=u+PR(i);

20 q=q+P(i);

21 w=w+R(i);

22 end

23 N=10;

24 a=(N*u-q*w)/(N*s-q^2);

25 b=(w-a*q)/N;

26 a=round(a*10000) /10000;

27 b=round(b*10000) /10000;

28 mprintf(” Equat ion i s : \ n%fP%f . ”,a,b);

Scilab code Exa 4.56 EX4 56

1

2

3 // example 4 . 5 6
4 // c a l c u l a t e peak d i s c h a r g e o f 6 h r s un i t hydrograph
5 clc;funcprot (0);

6 // g i v en
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7 Q=470; // peak d i s c h a r g e o f f l o o d
hydrograph

8 B=15; // base f l ow
9 l=0.25; // i n f i l t r a t i o n l o s s

10 Qr=Q-B;

11 d=8; // ave rage depth o f r a i n f a l l
12 re=d-l*6; // r a i n f a l l e x c e s s
13 q=Qr/re;

14 mprintf(” peak d i s c h a r g e o f 6 h r s un i t hydrograph=%i
cumecs . ”,q);

Scilab code Exa 4.57 EX4 57

1

2

3 // example 4 . 5 7
4 // c a l c u l a t e o r d i n a t e s o f storm hydrograph
5 clc;funcprot (0);

6 // g i v en
7 fi =0.25; // i n f i l t r a t i o n index
8 B=20; // Base f l ow
9 O=[0 20 60 150 120 90 70 50 30 20 10 0 0 0]; //

o r d i n a t e s o f un i t hydrograph
10 R1=5;R2=0.8; R3=3;

11 r1=R1 -(fi*4); //
r a i n f a l l e x c e s s i n f i r s t f o u r hour

12 r2=R2 -(fi*4); //
r a i n f a l l e x c e s s i n second f o u r hour

13 r3=R3 -(fi*4); //
r a i n f a l l e x c e s s i n t h i r d f o u r hour

14 if r2 <0

15 r2=0;

16 end

17

18 for i=1:14
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19 s1(i)=r1*O(i);

20 end

21 for i=2:14

22 s2(i)=r2*O(i-1);

23 end

24 for i=3:14

25 s3(i)=r3*O(i-2);

26 end //
s u r f a c e run−o f f from r a i n f a l l e x c e s s dur ing
s u c c e s i v e un i t p e r i o d s

27 mprintf(” o r d i n a t e s o f storm hydrograph ”);
28 for i=1:14

29 T(i)=s1(i)+s2(i)+s3(i); // sub−t o t a l
30 t(i)=T(i)+B; // o r d i n a t e

o f f l o o d hydrograph
31 mprintf(”\n%i”,t(i));
32 end

Scilab code Exa 4.58 EX4 58

1

2

3 // example 4 . 5 8
4 // c a l c u l a t e o r d i n a t e s o f d i s c h a r g e hydrograph and

peak d i s c h a r g e
5 clc;funcprot (0);

6 // g i v en
7 fi=2.5; // f i i ndex
8 t=24;

9 A=200; // a r ea o f catchment
10 R1=7.5;R2=2.0; R3=5; // r a i n f a l l
11 r1=R1-fi;r2=R2 -fi;r3=R3 -fi;

12 r2=0;

13 r=[5 0 2.5]; // e x c e s s r a i n f a l l
14 D=[5 15 40 25 10 5 0 0 0]; // d i s t r i b u t i o n

121



15 for i=1:9

16 d1(i)=D(i)*r(1) /100;

17 end

18 for i=1:8

19 d2(i+1)=D(i)*r(2) /100;

20 end

21 for i=1:7

22 d3(i+2)=D(i)*r(3) /100;

23 end //
d i s t r i b u t i o n run−o f f f o r r a i n f a l l e x c e s s

24

25 for i=1:9

26 tr1(i)=d1(i)+d2(i)+d3(i); // t o t a l run−
o f f as depth

27 tr2(i)=23.148* tr1(i); // t o t a l run−
o f f as d i s c h a r g e

28 tr2(i)=round(tr2(i)*1000) /1000;

29 end

30 s=0;

31 for i=1:9

32 s=s+tr2(i);

33 end

34 mprintf(” Tota l run−o f f : ”);
35 mprintf(”\ nas depth as d i s c h a r g e ”);
36 for i=1:9

37 mprintf(”\n%f %f”,tr1(i),tr2(i));
38 end

39 r=0.36*s*t/A;

40 r=round(r*10) /10;

41 mprintf(”\ n t o t a l run−o f f=%f cm . ”,r);

Scilab code Exa 4.59 EX4 59

1

2
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3 // example 4 . 5 9
4 // c a l c u l a t e o r d i n a t e o f 6 hr un i t hydrograph
5 clc;funcprot (0);

6 // g i v en
7 O=[10 30 90 220 280 220 166 126 92 62 40 20 10];

// o r d i n a t e s o f 6 hr f l o o d hydrograph
8 B=10; // Base f l ow
9 for i=1:13

10 r(i)=O(i)-B; // o r d i n a t e s o f d i r e c t run
−o f f

11 end

12 mprintf(” Ord ina t e s o f 6 hr un i t hydrograph ”);
13 u(1)=0;

14 for i=2:13

15 u(i)=r(i)-u(i-1); // o r d i n a t e s o f 6 h r s
un i t hydrograph

16 end

17 for i=1:13

18 mprintf(”\n%i”,u(i));
19 end

Scilab code Exa 4.60 EX4 60

1

2

3 // example 4 . 6 0
4 // de t e rmine the o r d i n a t e s o f 1 cm−6 hour hydrograph
5 clc;funcprot (0);

6 // g i v en
7 t=6;

8 A=450; // catchment a r ea
9 O=[5 15 40 80 60 50 25 15 5]; // o r d i n a t e s o f f l o o d

hydrograph
10 B=5; // base f l ow assumed
11 s=0;
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12 for i=1:9

13 r(i)=O(i)-B; // o r d i n a t e s o f d i r e c t run−
o f f

14 s=s+r(i);

15 end

16 n=s*0.36*12/A;

17 mprintf(” o r d i n a t e s o f un i t hydrograph ”);
18 for i=1:9

19 u(i)=r(i)/n;

20 u(i)=round(u(i)*100) /100;

21 mprintf(”\n%f”,u(i));
22 end

Scilab code Exa 4.61 EX4 61

1

2

3 // example 4 . 6 1
4 // ob ta i n o r d i n a t e s 24 hr un i t hydrograph
5 clc;funcprot (0);

6 // g i v en
7 O=[0 5.5 13.5 26.5 45 82 162 240 231 165 112 79 57

42 31 22 14 9.5 6.6 4 2 1 0 0 0 0 0]; //
o r d i n a t e s o f 1 s t 8 h r s un i t hydrograph

8 for i=1:25

9 o1(i+2)=O(i); //
o r d i n a t e s o f 2nd 8 hr s un i t hydrograph

10 o2(i+4)=O(i); //
o r d i n a t e s o f 3 rd 8 h r s un i t hydrograph

11 end

12 mprintf(” o r d i n a t e s 24 hr un i t hydrograph : ”);
13 for i=1:27

14 o3(i)=o1(i)+o2(i)+O(i); // t o t a l 24 hr
hydrograph o f 3 cm run−o f f

15 t(i)=o3(i)/3;
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Figure 4.24: EX4 62

16 t(i)=round(t(i)*10) /10;

17 mprintf(”\n%f”,t(i));
18 end

Scilab code Exa 4.62 EX4 62

1 // example 4 . 6 2
2 // o r d i n a t e s o f 1 hr un i t hydrograph
3 clc;funcprot (0);

4 // g i v en
5 t=[0:1:12]; // t ime
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6 O=[0 0 54 0 175 0 127 0 58 0 25 0 0 0]; //
o r d i n a t e o f 2 hr un i t hydrograph

7 of(1)=0;

8 of(2)=0;

9 for i=3:13

10 if modulo(i,2) ==0;

11 of(i)=0;

12

13 else

14 of(i)=O(i-2)+of(i-2);

15 end

16 end

17 s=[0 25 54 120 229 300 356 390 414 430 439 439 439];

// Ord ina t e s o f S−curve
18 for i=2:13

19 of1(i)=s(i-1);

20 end

21 mprintf(” o r d i n a t e s o f 1 hr un i t hydrograph : ”);
22 for i=1:13

23 y(i)=s(i)-of1(i);

24 u(i)=y(i)*2;

25 mprintf(”\n%i”,u(i));
26 end

27 // graph i s p l o t t e d between u and t

Scilab code Exa 4.63 EX4 63

1

2

3 // example 4 . 6 3
4 // c a l c u l a t e d e s i g n d i s h a r g e
5 clc;funcprot (0);

6 // g i v en
7 xavg =1200; // sample mean
8 n=50; // a s s u r an c e yea r
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9 A=0.95; // a s s u r an c e p e r c en t
10 Rsk=1-A;

11 sigma =650; // s tandard d e v i a t i o n
12 yn =0.53622; //mean o f r educed v a r i a t e
13 sigma30 =1.11238; // s tandard d e v i a t i o n o f r educed

v a r i a t e
14

15 T=1/(1 -(1- Rsk)^(1/n));

16 yt= -2.303* log10 (2.303* log10(T/(T-1)));

17 K=(yt-yn)/sigma30;

18 xt=xavg+K*sigma;

19 mprintf(” d e s i g n d i s h a r g e=%i cumecs . ”,xt);

Scilab code Exa 4.64 EX4 64

1

2

3 // example 4 . 6 4
4 // c a l c u l a t e f l o o d magnitude with r e t u r n p e r i o d o f

500 y e a r s
5 clc;funcprot (0);

6 // g i v en
7 T1=50;T2=100; // Return p e r i o d
8 F1 =20600; F2 =22150; //Peak f l o o d
9 y100 = -(2.303* log10 (2.303* log10(T2/(T2 -1))));

10 y50 = -(2.303* log10 (2.303* log10(T1/(T1 -1))));

11 y=(F2-F1)/(y100 -y50);

12 T=500;

13 y500 = -(2.303* log10 (2.303* log10(T/(T-1))));

14 x500=F2+(y500 -y100)*y;

15 x500=round(x500);

16 mprintf(” f l o o d magnitude with r e t u r n p e r i o d o f 240
y e a r s=%f cumec . ”,x500);
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Scilab code Exa 4.65 EX4 65

1

2

3 // example 4 . 6 5
4 // c a l c u l a t e r e c u r r e n c e i n t e r v a l o f 10 minutes storm

us i ng Gumbel ’ s method
5 clc;funcprot (0);

6 // g i v en
7 xavg =1.65; //mean o f data
8 sigma =0.45; // s tandard d e v i a t i o n
9 x=3;

10 y=1.2825*(x-xavg)/sigma +0.577;

11 l=%e^(%e^(-y));

12 T=l/(l-1);

13 T=round(T*10) /10;

14 mprintf(” r e c u r r e n c e i n t e r v a l o f 10 minutes storm=%f
y e a r s . ”,T);

Scilab code Exa 4.66 EX4 66

1

2

3 // example 4 . 6 6
4 // c a l c u l a t e f l o o d magnitude with r e t u r n p e r i o d o f

200 y e a r s
5 clc;funcprot (0);

6 // g i v en
7 T1=50;T2=100; // Return p e r i o d
8 F1 =30800; F2 =36300; //Peak f l o o d
9 y100 = -(2.303* log10 (2.303* log10(T2/(T2 -1))));

10 y50 = -(2.303* log10 (2.303* log10(T1/(T1 -1))));
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11 y=(F2-F1)/(y100 -y50);

12 T=200;

13 y200 = -(2.303* log10 (2.303* log10(T/(T-1))));

14 x200=F2+(y200 -y100)*y;

15 x200=round(x200);

16 mprintf(” f l o o d magnitude with r e t u r n p e r i o d o f 240
y e a r s=%f cumecs . ”,x200);

Scilab code Exa 4.67 EX4 67

1

2

3 // example 4 . 6 7
4 // c a l c u l a t e r e t u r n p e r i o d o f f l o o d o f 9950 cumec/ s
5 clc;funcprot (0);

6 // g i v en
7 xavg =4200; //mean
8 sigma =1705; // s tandard d e v i a t i o n
9 xt =9550; // f l o o d va lu e
10 K=(xt-xavg)/sigma;

11 yt =1.2825*K+0.577;

12 l=%e^(%e^(-yt));

13 T=l/(l-1);

14 T=round(T*100) /100;

15 mprintf(”Return p e r i o d o f f l o o d o f 9950 cumec/ s=%f
y e a r s . ”,T);

Scilab code Exa 4.68 EX4 68

1

2

3 // example 4 . 6 8
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4 // c a l c u l a t e f l o o d magnitude with r e t u r n p e r i o d o f
1000 y e a r s

5 clc;funcprot (0);

6 // g i v en
7 T1=100;T2=50; // Return p e r i o d
8 F1=485;F2=445; //Peak f l o o d
9 y50 = -(2.303* log10 (2.303* log10(T2/(T2 -1))));

10 y100 = -(2.303* log10 (2.303* log10(T1/(T1 -1))));

11 y=(F2 -F1)/(y50 -y100);

12 T=1000;

13 y1000 = -(2.303* log10 (2.303* log10(T/(T-1))));

14 x1000=F2+(y1000 -y50)*y;

15 x1000=round(x1000 *10) /10;

16 mprintf(” f l o o d magnitude with r e t u r n p e r i o d o f 240
y e a r s=%f cumecs . ”,x1000);

Scilab code Exa 4.69 EX4 69

1

2

3 // example 4 . 6 9
4 // c a l c u l a t e
5 // p r o b a b i l i t y o f e x c e edenc e
6 // p r o b a b i l i t y o f o c cu r en c e i n next 12 y e a r s
7 clc;funcprot (0);

8 // g i v en
9 T=25; // r e t u r n p e r i o d
10 n=12;

11 P=1/T;

12 Rsk=1-(1-P)^n;

13 P=round(P*100) /100;

14 Rsk=round(Rsk *10000) /10000;

15 mprintf(” p r o b a b i l i t y o f ex c e ed enc e=%f . ”,P);
16 mprintf(”\ n p r o b a b i l i t y o f o c cu r en c e i n next 12 y e a r s

=%f . ”,Rsk);
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Chapter 5

GROUND WATER WELL
IRRIGATION

Scilab code Exa 5.1 EX5 1

1

2

3 // example 5 . 1
4 // d e s i g n an open w e l l i n f i n e sand
5 clc;

6 // g i v en
7 Q=0.003; // r e q u i r e d d i s c h a r g e
8 H=2.5; // d e p r e s s i o n head
9 A=Q*3600/(0.5*H);

10 d=(4*A/%pi)^0.5;

11 d=round(d*100) /100

12 mprintf(”Well d i amete r=%f m. ”,d);
13

14 // A l t e r n a t i v e s o l u t i o n
15 C=7.5D-5; // p e rme a b i l i t y c on s t an t from t a b l e 5 . 2
16 A=Q/(C*H);

17 d=(16*3/ %pi)^0.5;

18 d=round(d*10) /10;

19 mprintf(”\nBy a l t e r n a t i v e s o l u t i o n : ”)
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20 mprintf(”\nWell d i amete r=%f m”,d);

Scilab code Exa 5.2 EX5 2

1

2

3 // example 5 . 2
4 // c a l c u l a t e
5 // y i e l d from we l l
6 // d iamete r o f w e l l
7 clc;

8 // g i v en
9 h1=2.5; // i n i t i a l pumping

d e p r e s s i o n
10 h=1.8; // h e i g t h a f t e r r e c u p e r a t i o n
11 t=80; // t ime
12 h2=h1-h;

13 KbyA =2.303*60* log10(h1/h2)/t;

14

15

16 // Part ( a )
17 d=4; // d iamete r o f w e l l
18 H=3; // d e p r e s s i o n head
19 A=%pi*d^2/4;

20 Q=(KbyA)*A*H/3.6;

21 mprintf(” Part ( a ) ”);
22 Q=round(Q);

23 mprintf(”\ nYie ld from we l l=%f l i t / s e c . ”,Q);
24

25 // Part ( b )
26 Q=8; // y i e l d ( l i t / s e c )
27 H=2;

28 A=Q*3.6/(H*(KbyA));

29 d=(4*A/%pi)^0.5;

30 d=round(d*10) /10;
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31 mprintf(”\nPart ( b ) ”);
32 mprintf(”\ nDaimeter o f w e l l=%f m”,d);

Scilab code Exa 5.3 EX5 3

1

2

3 // example 5 . 3
4 // c a l c u l a t e y i e l d from we l l
5 clc;

6 // g i v en
7 d=30; // w e l l d i amete r
8 L=15; // s t r a i n e r l e n g t h
9 P=50; // c o e f f i c i e n t o f p e rm e ab i l i t y
10 s=0.2; // e f f e c t i v e s i z e o f sand
11 b=3; //drawdown
12 r=150; // r a d i u s o f drawdown
13

14 Q=2.72*L*P*b/(log10(r*2*100/d)*24*3.6);

15 Q=round(Q*10) /10;

16 mprintf(” y i e l d from we l l=%f l i t / s e c . ”,Q);

Scilab code Exa 5.4 EX5 4

1

2

3 // example 5 . 4
4 // c a l c u l a t e d i s c h a r g e from tub ewe l l
5 clc;

6 // g i v en
7 d=30; // d iamete r o f w e l l
8 s=2; //drawdown
9 L=10; // l e n g t h o f s t a i n e r
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10 k=0.05; // c o e f f i c i e n t o f p e rm e ab i l i t y
11 r=300; // r a d i u s o f z e r o drawdown
12 Q=2.72*k*s*(L+s/2) /(100* log10 (2*100*r/d));

13 Q=round(Q*10000) /10000;

14 mprintf(” d i s c h a r g e from tub ewe l l=%f cumec . ”,Q);

Scilab code Exa 5.5 EX5 5

1

2

3 // example 5 . 5
4 // d e s i g n tube w e l l
5 clc;

6 // g i v en
7 Q=0.08; // y i e l d r e q u i r e d
8 b=30; // t h i c k n e s s o f a c q u i f e r
9 R=300; // Radius o f c i r c l e o f i n f l u e n c e

10 k=60; // p e rme a b i l i t y c o e f f i c i e n t
11 s=5; //Drawdown
12 r=R/(10^(2.72*b*s*k/(3600*24*Q)));

13 r=round(r*10000) /10000;

14 mprintf(”Radius o f w e l l=%f m”,r);

Scilab code Exa 5.6 EX5 6

1

2

3 // example 5 . 6
4 // c a l c u l a t e y i e l d from we l l
5 clc;

6 // g i v en
7 b=30; // t h i c k n e s s o f a c q u i f e r
8 s=4; //drawdown
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9 r=0.1; // w e l l r a d i u s
10 k=36; // p e rme a b i l i t y c o e f f i c i e n t
11 R=3000*s*(k/(24*3600))^0.5;

12

13 Q=2.72*b*k*s/(log10(R/r)*24*3.6);

14 Q=round(Q*10) /10;

15 mprintf(” y i e l d from we l l=%f l i t / s e c . ”,Q);

Scilab code Exa 5.7 EX5 7

1

2

3 // example 5 . 7
4 // c a l c u l a t e d i s c h a r g e and p e r c en t i n c r e a s e i n

d i s c h a r g e
5 clc;

6 // g i v en
7 k=0.005; // c o e f f i c i e n t o f p e rm e ab i l i t y
8 r=0.1; // w e l l r a d i u s
9 s=4; //drawdown

10 b=10; // t h i c k n e s s
11 R=300; // r a d i u s o f c i r c l e o f i n f l u e n c e
12 // Part ( a )
13 Q1 =2.72*b*k*s/log10(R/r);

14 Q1=round(Q1 *10000) /10000;

15 mprintf(” D i s cha rg e=%f cumec”,Q1);
16

17 // Part ( b )
18 r=0.2;

19 Q2 =2.72*b*k*s/log10(R/r);

20 I=(Q2 -Q1)*100/ Q1;

21 I=round(I*10) /10;

22 mprintf(”\ npe r c en t i n c r e a s e i n d i s c h a r g e=%f p e r c en t .
”,I);
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Scilab code Exa 5.8 EX5 8

1

2

3 // example 5 . 8
4 // c a l c u l a t e c o e f f i c i e n t o f p e rm e a b i l i t y
5 // p e r c en t a g e e r r o r
6 // a c t u a l r a d i u s o f i n f l u e n c e
7 clc;

8 // g i v en
9 d=0.2; // d iamete r o f w e l l
10 Q=240; // d i s c h a r g e
11 RL1 =240.5; // r educe l e v e l o f o r i g i n a l water

s u r f a c e
12 RL2 =235.6; // reduced l e v e l o f water at pumping
13 RL3 =210; // reduced l e v e l o f impe rv i ou s l a y e r
14 RL4 =239.8; // reduced l e v e l o f water i n w e l l
15 D=50; // r a d i a l d i s t a n c e o f w e l l from

tube w e l l
16 // Part ( a )
17 h1=RL2 -RL3;

18 h2=RL4 -RL3;

19 k1=Q*24* log10(D*2/d)/(1.36*( h2^2-h1^2));

20 k1=round(k1*100) /100;

21 mprintf(” Part ( a ) ”);
22 mprintf(”\ n c o e f f i c i e n t o f p e rm e a b i l i t y=%f m/day . ”,k1

);

23 // Part ( b )
24 R=300; // r a d i u s o f i n f l u e n c e
25 H=RL1 -RL3;

26 h=RL2 -RL3;

27 k2=Q*24* log10(R*2/d)/(1.36*(H^2-h^2));

28 PE=(k2-k1)*100/ k1;

29 mprintf(”\nPart ( b ) ”);
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30 mprintf(”\ npe r c en t ag e e r r o r=%i p e r c en t . ”,PE);
31 // Part ( b )
32 R=(d/2) *10^(1.36* k1*(H^2-h^2) /(24*Q));

33 mprintf(”\nPart ( c ) ”);
34 mprintf(”\ nActual r a d i u s o f i n f l u e n c e=%i m. ”,R);

Scilab code Exa 5.9 EX5 9

1

2

3 // example 5 . 9
4 // c a l c u l a t e i nput h . p o f pump
5 clc;

6 // g i v en
7 A=20; // a r ea o f f i e l d
8 H=129; // l e v e l to the h i g h e s t land
9 h1 =120.2; // water l e v e l i n w e l l du r ing

d i s c h a r g e
10 Du=800; // duty f o r r i s e ;
11 eita =0.6; // e f f i c i e n c y o f the pump
12 Q=A/Du;

13 w=Q*1000;

14 lift=H-h1;

15 // d e s i g n l i f t i s taken as 9m
16 wd=w*9;

17 o=wd/75;

18 i=o/eita;

19 mprintf(” Input h . p o f pump=%i h . p”,i);

Scilab code Exa 5.10 EX5 10

1

2
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3 // example 5 . 1 0
4 // c a l c u l a t e c u l t u r a b l e a r ea
5 clc;

6 // g i v en
7 Q=150; // d i s c h a r g e from tub ewe l l
8 t=4000; // work ing p e r i o d o f t ub ewe l l
9 I=0.45; // i n t e n s i t y o f i r r i g a t i o n

10 d=0.38; // ave rage depth o f r a b i and k h a r i f
c rop

11 V=Q*t;

12 A=V/d;

13 CA=A/(I*10000);

14 CA=round(CA);

15 mprintf(” c u l t u r a b l e a r ea=%f h e c t a r e s . ”,CA);

Scilab code Exa 5.11 EX5 11

1

2

3 // example 5 . 1 1
4 // c a l c u l a t e d i s c h a r g e i f one w e l l d i s c h a r g e s
5 // p e r c en t d e c r e a s e when two we l l d i s c h a r g e s
6 clc;

7 // g i v en
8 d=0.2; // d iamete r o f w e l l
9 r=d/2;

10 B=100; // d i s t a n c e between w e l l s
11 b=12; // t h i c k n e s s o f a c q u i f e r
12 k=60; // c o e f f i c i e n t o f p e rm e ab i l i t y
13 s=3; // d i s p e r s i o n head
14 R=250; // r a d i u s o f i n f l u e n c e
15 Q=2.72*b*k*s/(24* log10(R/r));

16 mprintf(” d i s c h a r g e i f one w e l l d i s c h a r g e s=%i cub i c
metre / hour . ”,Q);

17 //when both w e l l a r e d i s c h a r g i n g
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18 Q1 =2.72*k*b*s/(24* log10(R^2/(r*B)));

19 Q1=round(Q1*10) /10;

20 mprintf(”\ nd i s c h a r g e i f both w e l l s d i s c h a r g e s=%f
cub i c metre / hour . ”,Q1);

21 PE=(Q-Q1)*100/Q;

22 PE=round(PE*100) /100;

23 mprintf(”\ npe r c en t ag e d e c r e a s e i n d i s c h a r g e=%f
p e r c en t . ”,PE);

Scilab code Exa 5.12 EX5 12

1

2

3 // example 5 . 1 2
4 // c a l c u l a t e r a d i u s o f z e r o drawdown
5 // c o e f f i c i e n t o f p e rm e ab i l i t y
6 //drawdown in w e l l
7 // s p e c i f i c c a p a c i t y
8 //maximum r a t e at which water can be pumped
9 clc;

10 // g i v en
11 d=0.6; // d iamete r o f w e l l ;
12 rw=d/2;

13 H=40; // depth o f water i n w e l l b e f o r e
pumping

14 Q=2000; // d i s c h a r g e from we l l
15 s1=4; //drawdown in w e l l
16 B1=10; // d i s t a n c e between w e l l
17 s2=2;

18 B2=20;

19 // Part ( a )
20 h1=H-s1;

21 h2=H-s2;

22 t=(H^2-h2^2)/(H^2-h1^2);

23 R=(B2/(B1^t))^(1/(1 -t));
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24 R=round(R*100) /100;

25 mprintf(” r a d i u s o f z e r o drawdown=%f m”,R);
26 // Part ( b )
27 r=10;

28 k=Q*log10(R/r)*60*24/(1.36*(H^2-h1^2) *1000);

29 k=round(k*100) /100;

30 mprintf(”\ n c o e f f i c i e n t o f p e rm e a b i l i t y=%f m/day . ”,k)
;

31

32 // pa r t ( c )
33 Ho=(H^2-(Q*log10(R/rw)*24*60/(1000*1.36*k)))^0.5;

34 D=H-Ho;

35 D=round(D*100) /100;

36 mprintf(”\ndrawdown in w e l l=%f m. ”,D);
37

38 // pa r t ( d )
39 C=Q/(1000*R);

40 // f o r R=1 m;Q=Sc
41 // hence on pu t t i n g the v a l u e s i n d i s c h a r g e equa t i on

we ge t
42 // Sc∗ l o g 10 ( 6 1 . 2 ∗ Sc ) =0 .3223 .
43 // on s o l v i n g t h i s by t r i a l and e r r o r method we ge t

Sc =0.266 mˆ2/min .
44 mprintf(”\ n S p e c i f i c c a p a c i t y =0.266 cub i c metre /

minutes /metre . ”);
45

46 // pa r t ( e )
47 // t h i s i s ob ta i n ed when Q=H
48 // hence from equa t i on o f d i s c ha r g e , we ge t
49 //Q∗ l o g 10 ( 6 9 . 2 ∗Q) =6 .528 .
50 // s o l v i n g i t by t r i a l and e r r o r method we ge t Q=2.85

mˆ3/min .
51 mprintf(”\nmaximum r a t e at which water can be pumped

=2.85 cub i c metre /min”);
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Scilab code Exa 5.13 EX5 13

1

2

3 // example 5 . 1 3
4 // c a l c u l a t e f o rma t i on c on s t an t o f a c q u i f e r u s i n g

t h e i s method
5 clc;funcprot (0);

6 // g i v en
7 Q=2500; // d i s c h a r g e ( l /min )
8 r=60; // d i s t a n c e o f o b s e r v a t i o n w e l l from

a c q u i f e r
9 tmin =[1 1.5 2 2.5 3 4 5 6 8 10 12 14 18 24 30 40 50

60 80 100 120 150 180 210 240]; // t ime in
minutes

10 s=[0.2 0.26 0.3 0.33 0.36 0.41 0.45 0.48 0.53 0.56

0.59 0.62 0.66 0.71 0.75 0.80 0.83 0.86 0.91 0.95

0.98 1.03 1.05 1.08 1.10]; //drawdown
11 u=[1:1:9];

12 Wu =[0.2194 0.04891 0.01315 0.003779 0.001148

0.000360 0.000116 0.0000377 0.0000125];

13 for i=1:25

14 tday(i)=tmin(i)/(60*24);

15 end

16

17 for i=1:25

18 rt(i)=r^2/ tday(i);

19 end

20 // graph i s p l o t t e d between s and r ˆ2/ t and W(u ) and
u and they a r e super imposed .

21 // from which we ge t
22 s1 =0.52;

23 Wu1 =2.96;

24 rt1 =700000; u1 =0.03;

25 Q=3600; // d i s c h a r g e i n cumec/day
26 T=Q*Wu1 /(4* %pi*s1);

27 S=4*u1*T/rt1;

28 T=round(T);
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Figure 5.1: EX5 13

29 mprintf(” f o rma t i on c on s t an t o f a c q u i f e r : ”);
30 mprintf(”\nT=%f cub i c metre /day/m. \ nS=%f . ”,T,S);

Scilab code Exa 5.14 EX5 14

1

2
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Figure 5.2: EX5 13
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Figure 5.3: EX5 14
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3 // example 5 . 1 4
4 // c a l c u l a t e f o rma t i on c on s t an t o f a c q u i f e r u s i n g

Jacob ’ s method
5 clc;funcprot (0);

6 // g i v en
7 Q=2500; // d i s c h a r g e ( l /min )
8 r=60; // d i s t a n c e o f o b s e r v a t i o n w e l l from

a c q u i f e r
9 tmin =[1 1.5 2 2.5 3 4 5 6 8 10 12 14 18 24 30 40 50

60 80 100 120 150 180 210 240]; // t ime in
minutes

10 s=[0.2 0.26 0.3 0.33 0.36 0.41 0.45 0.48 0.53 0.56

0.59 0.62 0.66 0.71 0.75 0.80 0.83 0.86 0.91 0.95

0.98 1.03 1.05 1.08 1.10]; //drawdown
11 for i=1:25

12 tday(i)=tmin(i)/(60*24);

13 end

14 // from the graph between s and t we ge t
15 ds =0.38;

16 Q=3600; // d i s c h a r g e i n cumec/day
17 T=2.303*Q/(4* %pi*ds);

18 // ex t end ing the s t r a i g h t l i n e we ge t
19 to =0.00024;

20 S=2.25*T*to/r^2;

21 mprintf(” f o rma t i on c on s t an t o f a c q u i f e r : ”);
22 mprintf(”\nT=%i cub i c metre /day/m. \ nS=%f . ”,T,S);

Scilab code Exa 5.15 EX5 15

1 // example 5 . 1 5
2 // c a l c u l a t e f o rma t i on c on s t an t o f a c q u i f e r u s i n g

Chow ’ s method
3 clc;funcprot (0);
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Figure 5.4: EX5 15
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4 // g i v en
5 Q=2500; // d i s c h a r g e ( l /min )
6 r=60; // d i s t a n c e o f o b s e r v a t i o n w e l l from

a c q u i f e r
7 tmin =[1 1.5 2 2.5 3 4 5 6 8 10 12 14 18 24 30 40 50

60 80 100 120 150 180 210 240]; // t ime in
minutes

8 s=[0.2 0.26 0.3 0.33 0.36 0.41 0.45 0.48 0.53 0.56

0.59 0.62 0.66 0.71 0.75 0.80 0.83 0.86 0.91 0.95

0.98 1.03 1.05 1.08 1.10]; //drawdown
9 for i=1:25

10 tday(i)=tmin(i)/(60*24);

11 end

12 // graph i s p l o t t e d between s and t
13 // po i n t P i s choosen on i t whose o r d i n a t e i s :
14 s1 =0.45;

15 t=0.00347;

16 ds =0.38; // f o r one l o g c y c l e o f t ime
17 Fu=s1/ds;

18 // from f i g 5 . 4 3
19 // or u s i n g r e l a t i o n
20 Wu =2.303* Fu;

21 u=0.035; // from t a b l e 5 . 2
22 Q=3600; // d i s c h a r g e i n cumec/day
23 T=Q*Wu/(4* %pi*s1);

24 S=4*u*t*T/r^2;

25 mprintf(” f o rma t i on c on s t an t o f a c q u i f e r : ”);
26 mprintf(”\nT=%i cub i c metre /day/m. \ nS=%f . ”,T,S);

Scilab code Exa 5.16 EX5 16

1

2

3 // example 5 . 1 6
4 // c a l c u l a t e t r a n s m i s s i b i l i t y o f a c q u i f e r
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5 //draw daown in main w e l l
6 clc;

7 // g i v en
8 H=25; // s t a t i c water l e v e l
9 rw =0.15; // r a d i u s o f w e l l
10 Q=5400; // d i s c h a r g e ( l i t r e /min )
11 t=24; // t ime o f d i s c h a r g e
12 r1=30; // d i s t a n c e o f f i r s t w e l l
13 s1 =1.11; //drawdown
14 h1=H-s1;

15 r2=90; // d i s t a n c e o f s econd we l l
16 s2 =0.53; //drawdown
17 h2=H-s2;

18 k=(Q*2.303* log10(r2/r1))/(%pi*(h2^2-h1^2) *60000);

19 T=k*H;

20 T=round(T*10000) /10000;

21 mprintf(” t r a n s m i s s i b i l i t y o f a c q u i f e r=%f cumec/ s e c . ”
,T);

22 hw=(h2^2-(Q*2.303* log10(r2/rw))/(%pi*k*60000))^0.5;

23 sw=H-hw;

24 sw=round(sw*100) /100;

25 printf(”\ndraw daown in main w e l l=%f m. ”,sw);

Scilab code Exa 5.17 EX5 17

1

2

3 // example 5 . 1 7
4 // c a l c u l a t e d i s c h a r g e at 18m drawdown
5 clc;

6 // g i v en
7 Q=250; // d i s c h a r g e ( l i t /min )
8 H=100; // water l e v e l i n a c q u i f e r
9 s1=12; //drawdown

10 h1=H-s1;
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11 // l e t t=ln (R/ r ) /( p i ∗k )
12 t=(H^2-h1^2)/Q;

13 h2=H-18;

14 Q1=(H^2-h2^2)/t;

15 mprintf(” d i s c h a r g e at 18m drawdown=%i lpm”,Q1);

Scilab code Exa 5.18 EX5 18

1

2

3 // example 5 . 1 8
4 // c a l c u l a t e e f f e c t i v e w e l l d i amete r
5 clc;

6 // g i v en
7 b=10; // t h i c k n e s s o f a c q u i f e r
8 k=48; // p e rme a b i l i t y c o e f f i c i e n t
9 R=500; // r a d i u s o f i n f l u e n c e

10 s=12; //drawdown
11 Q=5000; // d i s c h a r g e ( cumec/day )
12 r=R/%e^(2* %pi*b*k*s/Q);

13 D=2*r;

14 D=round(D*100) /100;

15 mprintf(” e f f e c t i v e w e l l d i amete r=%f m. ”,D);

Scilab code Exa 5.19 EX5 19

1

2

3 // example 5 . 1 9
4 // c a l c u l a t e drawdown at 40m
5 clc;

6 // g i v en
7 Q=1500; // d i s c h a r g e ( l i t /min )
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8 S=0.004; // s t o r a g e c o e f f i c i e n t
9 k=35; // p e rme a b i l i t y
10 t=20; // t ime o f pumping
11 b=30; // t h i c k n e s s o f a c q u i f e r
12 r=40; // d i s t a n c e o f o b s e r v a t i o n w e l l
13 T=k*b;

14 s=Q*(2.303* log10 (4*T*t*3600/(60*60*24*r^2*S))

-0.5772) *60*60*24/(4* %pi*T*60000); // Jacob ’ s
e qua t i on

15 s=round(s*100) /100;

16 mprintf(”drawdown at 40m=%f m. ”,s);

Scilab code Exa 5.20 EX5 20

1

2

3 // example 5 . 2 0
4 // // c a l c u l a t e
5 // y i e l d from we l l
6 clc;

7 // g i v en
8 h1=2.5; // i n i t i a l pumping

d e p r e s s i o n
9 h=1.8; // h e i g t h a f t e r r e c u p e r a t i o n

10 t=80; // t ime
11 h2=h1-h;

12 KbyA =2.303*60* log10(h1/h2)/t;

13 d=4; // d iamete r o f w e l l
14 H=3; // d e p r e s s i o n head
15 A=%pi*d^2/4;

16 Q=(KbyA)*A*H/3.6;

17 Q=round(Q);

18 mprintf(”\ nYie ld from we l l=%f l i t / s e c . ”,Q);
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Scilab code Exa 5.21 EX5 21

1

2

3 // example 5 . 2 1
4 // c a l c u l a t e t r a n s m i s s i b i l i t y
5 //drawdown at pumping w e l l
6 clc;

7 // g i v en
8 rw =0.15; // r a d i u s o f w e l l
9 b=40; // depth o f a c q u i f e r

10 Q=1500; // d i s c h a r g e ( lpm )
11 s1=3.5; //drawdown o f f i r s t w e l l
12 s2=2; //drawdown o f second we l l
13 H=40;

14 r1=25; // d i s t a n c e o f f i r s t w e l l
15 r2=75; // d i s t a n c e o f s econd we l l
16 h1=H-s1;

17 h2=H-s2;

18 k=Q*2.303* log10(r2/r1)/(%pi *1000*60*( h2^2-h1^2));

19 T=b*k*1000;

20 mprintf(” t r a n s m i s s i b i l i t y=%fD−3 squa r e metre / s e c ”,T)
;

21

22 hw=(h2^2-(Q*2.303* log10(r2/rw)/(%pi*k*60000)))^0.5;

23 sw=H-hw;

24 sw=round(sw*100) /100;

25 mprintf(”\ndrawdown at pumping w e l l=%f m. ”,sw);

Scilab code Exa 5.22 EX5 22

1
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2

3 // example 5 . 2 2
4 // c a l c u l a t e c o e f f i c i e n t o f p e rm e a b i l i t y
5 //drawdown in t e s t w e l l
6 clc;

7 // g i v en
8 r=0.25; // r a d i u s o f t e s t w e l l
9 r1=10; // d i s t a n c e o f f i r s t w e l l
10 r2=60; // d i s t a n c e o f s econd we l l
11 Q=0.1; // d i s c h a r g e ( cumec/ s e c )
12 s1=4; //drawdown o f f i r s t w e l l
13 s2=3; //drawdown o f second we l l
14 b=20; // t h i c k n e s s o f w e l l
15 k=1000*Q*log10(r2/r1)/(2.72*b*(s1 -s2));

16 mprintf(” c o e f f i c i e n t o f p e rm e a b i l i t y=%fD−3 m/ s e c ”,k)
;

17 s=s2+Q*log10(r2/r)/(2.72*b*k);

18 s=round(s*100) /100;

19 mprintf(”\ndrawdown in t e s t w e l l=%f m. ”,s);

Scilab code Exa 5.23 EX5 23

1

2

3 // example 5 . 2 3
4 // c a l c u l a t e
5 // d iamete r o f w e l l
6 clc;

7 // g i v en
8 h1=2.1; // i n i t i a l pumping

d e p r e s s i o n
9 h=1.6; // h e i g t h a f t e r r e c u p e r a t i o n

10 t=90; // t ime
11 h2=h1-h;

12 KbyA =2.303*60* log10(h1/h2)/t;

153



13 Q=10; // y i e l d ( l i t / s e c )
14 H=2;

15 A=Q*3.6/(H*(KbyA));

16 d=(4*A/%pi)^0.5;

17 d=round(d*10) /10;

18 mprintf(”\ nDaimeter o f w e l l=%f m”,d);

Scilab code Exa 5.24 EX5 24

1

2

3 // example 5 . 2 4
4 // c a l c u l a t e y i e l d from we l l
5 clc;

6 // g i v en
7 h1=2.5; // i n i t i a l pumping

d e p r e s s i o n
8 h=1; // h e i g t h a f t e r r e c u p e r a t i o n
9 t=60; // t ime

10 h2=h1-h;

11 KbyA =2.303*60* log10(h1/h2)/t;

12 d=2; // d iamete r o f w e l l
13 H=3; // d e p r e s s i o n head
14 A=%pi*d^2/4;

15 Q=(KbyA)*A*H;

16 Q=round(Q*1000) /1000;

17 mprintf(”\ nYie ld from we l l=%f cub i c metre / hour . ”,Q);
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Chapter 6

RESERVIOR PLANNING

Scilab code Exa 6.1 EX6 1

1

2

3 // exampple 6 . 1
4 // de t e rmine maximum r e s e r v i o r l e v e l
5 //maximum d i s c h a r g e ove r s p i l l w a y
6 // p l o t i n f l ow and rout ed hydrograph and f i n d peak

f l ow and peak l a g
7 clc;funcprot (0);

8 // g i v en
9 e=[100 100.3 100.6 100.9 101.2 101.5 101.8 102.1

102.4 102.7]; // e l e v a t i o n (km)
10 A=[405 412 420 425 428 436 445 453 460 469];

// a r ea
11 o=[0 14.9 42.2 77.3 119 169 217 272 334 405];

// ou t f l ow
12 c(1)=0;

13 for i=2:10

14 dh(i)=e(i)-e(i-1);

15 s(i)=dh(i)/3*(A(i-1)+A(i)+(A(i-1)*A(i))^0.5);

// s t o r a g e between con t ou r s
16 c(i)=c(i-1)+s(i); //
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cumu la t i v e s t o r a g e
17 h(i)=c(i)/1.08; // 2 s / t
18 h1(i)=h(i)-o(i); // 2 s / t−

o
19 h2(i)=h(i)+o(i); // 2 s / t+

o
20 end

21 T=[0:6:102];

22 I=[42 45 57 88 147 210 272 340 350 338 314 288 263

240 198 170 143 120]; // i n f l ow
23 h4=[0 0 60 122 185 266 362 455 545 605 623 620 600

575 550 515 470 430]; // 2 s / t−0 ob ta i n ed from
curve a

24 O=[0 10 24 42 74 130 194 260 316 334 328 312 286 264

236 204 177 150]; // ou t f l ow read from curve
a

25 re =[100.2 100.39 100.58 100.86 101.26 101.65 102.03

102.31 102.4 102.37 102.3 102.18 102.06 101.9

101.72 101.56 102.4]; // r e s e r v i o r e l e v a t i o n
read from curve b

26 for i=2:17

27 t(i)=I(i-1)+I(i); // I1+I2
28 h3(i)=t(i)+h4(i); // 2 s / t+

O
29 end

30 pt=T(10)-T(9);

31 d=I(9)-O(10);

32 // r e s u l t s
33 mprintf(” maximum r e s e r v i o r l e v e l=%f m. ”,re(10));
34 mprintf(”\nmaximum d i s c h a r g e ove r s p i l l w a y=%f cumecs

. ”,O(10));
35 mprintf(”\ n r edu c t i o n i n peak d i s c h a r g e=%f cumecs . ”,d

);

36 mprintf(”\npeak l a g=%f hours . ”,pt);
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Figure 6.1: EX6 1
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Figure 6.2: EX6 1

Scilab code Exa 6.2 EX6 2

1

2

3 // example6 . 2
4 // c a l c u l a t e r e q u i r e d u s e f u l s t o r a g e
5 clc;funcprot (0);

6 // g i v en
7 in=[8.6 2.2 1.8 0 0 13.5 280.6 510.2 136 52.5 20.6

12.3]; // i n f l ow ( ha−m)
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8 pan =[2.2 2.3 3.1 8.6 12.8 15.6 12.3 10.6 10 8.2 5.8

3]; //pan evapo r a t i o n
9 p=[0.8 1.2 0 0 0 4.8 12.2 18.6 8.6 1.5 0 0]

// p r e c i p i t a t i o n
10 D=[14.5 15.8 16.2 16.8 17.5 18 18 17 16.5 16 15.8

15]; //Demand
11 s=0;

12 for i=1:12

13 if in(i) <10 then

14 r(i)=in(i);

//D
/S r equ i r emen t

15 else

16 r(i)=10;

17 end

18 E(i)=3.6* pan(i);

//
Evaporat i on ove r r e s e r v i o r a r ea

19 P(i)=3.5*p(i);

//
P r e c i p i t a t i o n

20 I(i)=in(i)-r(i)-E(i)+P(i);

// Adjusted i n f l ow
21 S(i)=D(i)-I(i);

//Water
r e q u i r e d from s t o r a g e

22 if S(i)<0 then

23 S(i)=0;

24 end

25 s=s+S(i);

26 end

27 mprintf(” r e q u i r e d u s e f u l s t o r a g e=%f ha−m. ”,s);
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Figure 6.3: EX6 3
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Scilab code Exa 6.3 EX6 3

1

2

3 // example 6 . 3
4 // c a l c u l a t e s t o r a g e c a p a c i t y o f r e s e r v i o r
5 clc;funcprot (0);

6 // g i v en
7 V=475; // f l ow r e q u i r e d to be ma inta ined

throughout the yea r
8 Y=V*365*8.64; // y e a r l y demand
9 // y e a r l y demand g i v e s the s l o p e o f demand curve

10 t=[0:1:36]; //number o f s e a s on s t a r t i n
from 1960 ; each yea r i s d iveded i n t o 3 s e a s o n s .

11 q=[0 1050 300 50 3000 250 40 3500 370 90 2000 150

120 1200 350 65 1400 400 100 3600 200 80 3000 200

80 3000 150 120 700 210 50 800 120 80 2400 320

120 3200 280 80]; // ave rage d i s c h a r g e
12 v=[0 0.9707 0.4717 0.0328 2.7734 0.3981 0.0263

3.2357 0.5818 0.0591 1.8490 0.2356 0.0788 1.1094

0.5504 0.0427 1.2943 0.6290 0.0657 3.3281 0.3145

0.0525 2.7734 0.2359 0.0788 0.6441 0.3302 0.028

0.7396 0.1887 0.0525 2.2188 0.5032 0.0788 2.9583

0.4403 0.0525]; // voloume
13 cv(1)=v(1);

14 for i=2:37

15 cv(i)=cv(i-1)+v(i);

16 end

17 // each year i s d i v i d e d i n t o t h r e e s e a s o n s (monsoon ,
w in t e r and summer ) . and r e a d i n g s a r e taken f o r 12
y e a r s

18 //mass i n f l ow curve i s p l o t t e d and tangent a r e drawn
at the apexe s and p a r e l l e l to demand curve s l o p e

;
19 // the r e s p e c t i v o r d i n a t e s r e p r e s e n t the d e f i c i e n c y

dur ing dry p e r i o d
20 //maximum o f t h e s e o r d i n a t e s g i v e s the d e s i r e d

r e s e r v i o r c a p a c i t y
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21 mprintf(” s t o r a g e c a p a c i t y o f r e s e r v i o r =1.6 m i l l i o n
ha−m. ”);

Scilab code Exa 6.4 EX6 4

1

2

3 // example 6 . 4
4 // c a l c u l a t e p robab l e l i f e o f r e s e r v i o r
5 clc;funcprot (0);

6 // g i v en
7 asi =3.6; // annual

s ed iment i n f l ow ( x10 ˆ6)
8 gamma_s =12; // s p e c i f i c

we ig th o f s ed iment
9 vs=asi /12;

10 ir=30; // i n i t i a l
r e s e r v i o r c a p a c i t y

11 fr=60; // f i n a l
r e s e r v i o r c a p a c i t y

12 r=ir/fr; // i n i t i a l
c a p a c i t y / i n f l ow r a t i o

13 // r =0 .5 ; hence we s t a r t c a p a c i t y / i n f l ow r a t i o from
0 . 5

14 c=[0.5: -0.1:0.1]; // c ap a c i t y
i n f l ow r a t i o

15 e=[0.96 0.955 0.95 0.93 0.87]; // t r ap
e f f i c i e n c y

16 for i=1:4

17 ae(i)=(e(i)+e(i+1))/2; // ave rage
e f f i c i e n c y f o r i n t e r v a l

18 end

19 as =[0.2872 0.2857 0.2820 0.2700]; // annual
s ed iment t rapped

20 s=0;
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21 for i=1:4

22 y(i)=6/as(i); // yea r to f i l l
23 s=s+y(i);

24 end

25 mprintf(” p robab l e l i f e o f r e s e r v i o r=%i y e a r s . ”,s);

Scilab code Exa 6.5 EX6 5

1

2

3 // example 6 . 5
4 // c a l c u l a t e maximum out f l ow d i s c h a r g e ove r s p i l l w a y
5 // c o r r e s p ond i n g maximum l e v e l o f water above

s p i l l w a y c r e s t
6 clc;funcprot (0);

7 // g i v en
8 I=[60 480 900 470 270 160 110 80 60]; // i n f l ow
9 // f o r the f i r s t t ime i n t e r v a l 0 hours to 3 hours

10 I1=I(1);

11 I2=I(2);

12 t=3*3600;

13 ti=(I1+I2)*t/2; // t o t a l i n f l ow
14 // ou t f l ow =1.62∗ h1 ˆ 1 . 5 ;
15 // s t o r a g e change=(30+3h1 ) h1
16 // from the b a s i c e qua t i on i . e t o t a l i n f l ow=t o t a l

ou t f l ow+change i n s t o r a g e
17 // on s o l v i n g we ge t
18 //h1 ˆ2+0.54 h1 ˆ1.5+10h1−0.972=0;
19 // s o l v i n g i t by t r i a l and e r r o r method ; we ge t
20 h1 =0.0954;

21 // f o r the second t ime i n t e r v a l 3 hours to 6 hours
22 I1=I(2);

23 I2=I(3);

24 t=3*3600;

25 ti=(I1+I2)*t/2; // t o t a l i n f l ow
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26 // ou t f l ow =0.0477+1.62∗ h2 ˆ 1 . 5 ;
27 // s t o r a g e change=(30+3h2 ) h2
28 // from the b a s i c e qua t i on i . e t o t a l i n f l ow=t o t a l

ou t f l ow+change i n s t o r a g e
29 // on s o l v i n g we ge t
30 //h2 ˆ2+0.54 h2 ˆ1.5+10h2−3.4312=0;
31 // s o l v i n g i t by t r i a l and e r r o r method ; we ge t
32 h2 =0.323;

33 // f o r the t h i r d t ime i n t e r v a l 6 hours to 9 hours
34 I1=I(3);

35 I2=I(4);

36 t=3*3600;

37 ti=(I1+I2)*t/2; // t o t a l i n f l ow
38 // ou t f l ow =0.2974+1.62∗ h3 ˆ 1 . 5 ;
39 // s t o r a g e change=(30+3h3 ) h3
40 // from the b a s i c e qua t i on i . e t o t a l i n f l ow=t o t a l

ou t f l ow+change i n s t o r a g e
41 // on s o l v i n g we ge t
42 //h3 ˆ2+0.54 h3 ˆ1.5+10h3−5.7012=0;
43 // s o l v i n g i t by t r i a l and e r r o r method ; we ge t
44 h3 =0.522;

45 // f o r the f o u r t h t ime i n t e r v a l 9 hours to 12 hours
46 I1=I(4);

47 I2=I(5);

48 t=3*3600;

49 ti=(I1+I2)*t/2; // t o t a l i n f l ow
50 // ou t f l ow =0.611+1.62∗ h4 ˆ 1 . 5 ;
51 // s t o r a g e change=(30+3h4 ) h4
52 // from the b a s i c e qua t i on i . e t o t a l i n f l ow=t o t a l

ou t f l ow+change i n s t o r a g e
53 // on s o l v i n g we ge t
54 //h4 ˆ2+0.54 h4 ˆ1.5+10h4−6.6208=0;
55 // s o l v i n g i t by t r i a l and e r r o r method ; we ge t
56 h4 =0.601;

57 // f o r the f i f t h t ime i n t e r v a l 12 hours to 15 hours
58 I1=I(5);

59 I2=I(6);

60 t=3*3600;
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61 ti=(I1+I2)*t/2; // t o t a l i n f l ow
62 // ou t f l ow =0.7548+1.62∗ h5 ˆ 1 . 5 ;
63 // s t o r a g e change=(30+3h5 ) h5
64 // from the b a s i c e qua t i on i . e t o t a l i n f l ow=t o t a l

ou t f l ow+change i n s t o r a g e
65 // on s o l v i n g we ge t
66 //h5 ˆ2+0.54 h5 ˆ1.5+10h5−6.8936=0;
67 // s o l v i n g i t by t r i a l and e r r o r method ; we ge t
68 h5 =0.624;

69 // f o r the s i x t h t ime i n t e r v a l 12 hours to 15 hours
70 I1=I(6);

71 I2=I(7);

72 t=3*3600;

73 ti=(I1+I2)*t/2; // t o t a l i n f l ow
74 // ou t f l ow =0 .7985 .62∗ h6 ˆ 1 . 5 ;
75 // s t o r a g e change=(30+3h6 ) h6
76 // from the b a s i c e qua t i on i . e t o t a l i n f l ow=t o t a l

ou t f l ow+change i n s t o r a g e
77 // on s o l v i n g we ge t
78 //h6 ˆ2+0.54 h6 ˆ1.5+10h6−6.8492=0;
79 // s o l v i n g i t by t r i a l and e r r o r method ; we ge t
80 h6 =0.620;

81 hmax=h5;

82 q=300*( h5)^1.5; // equa t i on g i v en
83 q=round(q*100) /100;

84 mprintf(”maximum out f l ow d i s c h a r g e ove r s p i l l w a y=%f
cumecs . ”,q);

85 mprintf(”\nmaximum l e v e l o f water above s p i l l w a y
c r e s t=%f m. ”,h5);

Scilab code Exa 6.6 EX6 6

1

2

3 // example 6 . 6
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4 // c a l c u l a t e the a l l o c a t i o n s to each p r o j e c t purpose
5 clc;funcprot (0);

6 // g i v en
7 t=240; // t o t a l c o s t o f p r o j e c t ( m i l l i o n

rupe e s )
8 s=[32 88 72]; // s e p a r a b l e c o s t
9 eb=[40 138 112]; // e s t ima t ed b e n i f i t

10 sp=[47 104 101]; // a l t e r n a t e s i n g l e purpose c o s t
11 // u s i n g r ema in ing b e n i f i t method
12 ts=s(1)+s(2)+s(3); // t o t a l s e p a r a b l e c o s t
13 tj=t-ts; // t o t a l j o i n t c o s t
14 w=0;

15 for i=1:3

16 if eb(i)<sp(i) then

17 b(i)=eb(i); // b e n i f i t l i m i t e d by
a l t e r n a t e c o s t

18 else

19 b(i)=sp(i);

20 end

21 rb(i)=b(i)-s(i); // r ema in ing b e n i f i t
22 w=w+rb(i);

23

24 end

25 y=0;

26 for i=1:3

27 aj(i)=tj*rb(i)/w; // a l l o c a t e d j o i n t
c o s t

28 ta(i)=s(i)+aj(i); // t o t a l a l l o c a t i o n s
29 y=y+ta(i);

30 end

31 mprintf(”Using r ema in ing b e n i f i t method . ”);
32 mprintf(”\n\ n a l l o c a t i o n s to each p r o j e c t purpose (

p e r c en t ) : ”);
33 for i=1:3

34 per(i)=ta(i)*100/y; // t o t a l
a l l o c a t i o n p e r c en t

35 mprintf(”\n%f”,per(i));
36 end
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37

38

39 // u s i n g a l t e r n a t e j u s t i f i a b l e method
40 w=0;

41 for i=1:3

42 ac(i)=sp(i)-s(i); // a l t e r n a t e c o s t
l e s s s e p a r a b l e c o s t

43 w=w+ac(i);

44

45 end

46 y=0;

47 for i=1:3

48 ajc(i)=tj*ac(i)/w; // a l l o c a t e d j o i n t
c o s t

49 ta(i)=s(i)+ajc(i); // t o t a l a l l o c a t i o n
50 y=y+ta(i);

51 end

52 mprintf(”\n\ nUsing a l t e r n a t e j u s t i f i a b l e e xp end i t u r e
method method . ”);

53 mprintf(”\n\ n a l l o c a t i o n s to each p r o j e c t purpose (
p e r c en t ) : ”);

54 for i=1:3

55 pr(i)=ta(i)*100/y; // t o t a l a l l o c a t i o n
p e r c en t

56 mprintf(”\n%f”,pr(i));
57 end

Scilab code Exa 6.8 EX6 8

1

2

3 // example 6 . 8
4 // c a l c u l a t e ou t f l ow hydrograph
5 clc;funcprot (0);

6 // g i v en
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7 I=[35 55 92 130 160 140]; // i n f l ow ( cumec/ s e c )
8 x=0.28;K=1.6; // s t ud i e d va lu e
9 t=6;

10 K=K*24; // i n hours
11 co=(-K*x+0.5*t)/(K-K*x+0.5*t);

12 c1=(K*x+0.5*t)/(K-K*x+0.5*t);

13 c2=(K-K*x-0.5*t)/(K-K*x+0.5*t);

14 c=co+c1+c2;

15 // c=1; which imp l i e s (OK)
16 // from Muskingum equa t i on
17 O(1) =35;

18 mprintf(” ou t f l ow hydrograph : \ n%f”,O(1));
19 for i=2:6

20 p1(i)=co*I(i);

21 p2(i)=c1*I(i-1);

22 p3(i)=c2*O(i-1);

23 O(i)=p1(i)+p2(i)+p3(i);

24 O(i)=round(O(i)*100) /100;

25 mprintf(”\n%f”,O(i));
26 end

Scilab code Exa 6.9 EX6 9

1

2

3 // example 6 . 9
4 // c a l c u l a t e minimum s t o r a g e to meet the demand
5 clc;funcprot (0);

6 // g i v en
7 md=[50 75 80 85 130 120 25 25 40 45 50 60]; //

monthly demand
8 e=[6 8 13 17 22 22 14 11 13 12 7 5]; //

e vapo r a t i o n
9 r=[1 0 0 0 0 19 43 39 22 6 2 1]; //

r a i n f a l l
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10 in=[50 40 30 25 20 30 200 225 150 90 70 60]; //
monthly i n f l ow

11 A=30; //
a r ea o f r e s e r v i o r

12 Cr=0.4; //
run−o f f c o e f f i c i e n t

13 for i=1:12

14 er(i)=0.4*r(i); //
e f f e c t i v e r a i n f a l l

15 ni(i)=er(i)-e(i); //
net i n f l ow

16 niv(i)=ni(i)*0.01*A; //
net i n f l ow volume

17 nd(i)=md(i)-niv(i); //
net demand

18 end

19 cnd (1)=nd(1); //
cumu la t i v e demand

20 ci(1)=in(1); //
cumu la t i v e i n f l ow

21 for i=2:12

22 cnd(i)=cnd(i-1)+nd(i);

23 ci(i)=ci(i-1)+in(i);

24 end

25 mprintf(” Exces s demand : ”);
26 for i=1:12

27 ed(i)=cnd(i)-ci(i); //
e x c e s s demand

28 if ed(i)<0 then

29 es(i)=ed(i); //
e x c e s s supp ly

30 ed(i)=0;

31 end

32 mprintf(”\n%f”,ed(i));
33 end

34 mprintf(”\nminimum s t o r a g e r e q u i r e d=Maximum o f
e x c e s s demand=%f Mmˆ3 . ”,ed(6));
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Scilab code Exa 6.10 EX6 10

1

2

3 // example 6 . 1 0
4 // c a l c u l a t e
5 //minimum capa c i t y o f r e s e r v i o r
6 // the i n i t i a l s t o r a g e s t o r a g e r e q u i r e d to ma inta in

un i fo rm demand
7 clc;funcprot (0);

8 // g i v en
9 in =[2.83 4.25 5.66 18.4 22.64 22.64 19.81 8.49 7.1

7.1 5.66 5.66]; // i n f l ow ( x10 ˆ5)
10 s=0;

11 for i=1:12

12 s=s+in(i);

13 end

14 avd=s/12;

// ave rage demand ( x10 ˆ5)
15 s=0;t=0;

16 for i=1:12

17 e(i)=avd -in(i);

18 if e(i)<0 then

19 S(i)=-e(i);

// s u r p l u s ( x10 ˆ5)
20 s=s+S(i);

21 else

22 D(i)=e(i);

// D e f i c i t ( x10 ˆ5)
23 t=t+D(i);

24 end
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25 end

26

27 d=(s-(t-D(1)-D(2)-D(3)));

28 s=s;

29

30 mprintf(”minimum capa c i t y o f r e s e r v i o r=%fD+5 cumec . ”
,s);

31 mprintf(”\ n s t o r a g e r e q u i r e d to ma inta in un i fo rm
demand=%fD+5 cumec”,d);

171



Chapter 8

GRAVITY DAMS

Scilab code Exa 8.1 EX8 1

1

2

3 // example 8 . 1
4 // c a l c u l a t e f o r c e s induced due to ea r thquake
5 clc;funcprot (0);

6 // g i v en
7 H=100; // h e i g t h o f dam
8 wb=70; // width o f base o f dam
9 wt=7; // width o f top o f dam

10 l=1; // l e n g t h o f dam
11 hw=98; // h e i g t h o f water i n dam
12 hsu =90; // h e i g t h o f s l o p e on downstream

s i d e
13 s=1/0.7; // s l o p e on downstream s i d e
14 gammad =24; // un i t we ig th o f dam
15 gammaw =9.81; // un i t we ig th o f water
16 E=2.05 D7; //modulus o f e l a s t i c i t y
17

18 // ( a ) i n e r t i a l f o r c e s and moments
19 alpha0 =0.05; // from t a b l e 8 . 1
20 alphah =2* alpha0;
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21 // at 10m from top
22 F10=integrate( ’ 25 .2 −0 .25∗ y ’ , ’ y ’ ,0,10);
23 M10=integrate( ’ 25 .2∗ (1 −0 .01∗ y ) ∗(10−y ) ’ , ’ y ’ ,0,10);
24 // at 100m below top
25 F100=F10+integrate( ’ 0 . 15∗ (1 −0 .01∗ y ) ∗16 . 8∗ y ’ , ’ y ’

,10,100);

26 M100=M10 +90* F10+integrate( ’ 0 . 15∗ (1 −0 .01∗ y ) ∗16 . 8∗ y
∗(100−y ) ’ , ’ y ’ ,10,100);

27 mprintf(” I n e r t i a l f o r c e s : \ nAt 10m from top : F=%f kn ;
M=%ikn−m\nAt 100m from top : F=%f kn ;M=%ikn−m. ”,
F10 ,M10 ,F100 ,M100);

28

29 // ( b ) hydrodynamic p r e s s u r e and moment
30 // at 10m from top
31 y=8;

32 W10 =1680;

33 alphah=F10/W10;

34 Cm =0.735;

35 Cy=(Cm/2) *((y*(2-y/hw)/hw)+(y*(2-y/hw)/hw)^0.5);

36 p=Cy*alphah*gammaw*hw;

37 P10 =0.726*p*y;

38 Mp10 =0.299*p*y^2;

39 P10=round(P10 *100) /100;

40 Mp10=round(Mp10 *100) /100;

41 // at 100m from top
42 y=98;

43 W100 =84840;

44 alphah=F100/W100;

45 Cm =0.735;

46 Cy=(Cm/2)*(y*(2-y/hw)/hw+(y*(2-y/hw)/hw)^0.5);

47 p=Cy*alphah*gammaw*hw;

48 P100 =0.726*p*y;

49 Mp100 =0.299*p*y^2;

50 mprintf(”\nHydrodynamic f o r c e s : \ nAt 10m from top : F=
%f kn ;M=%fkn−m\nAt 100m from top : F=%i kn ;M=%ikn−
m. ”,P10 ,Mp10 ,P100 ,Mp100);
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Scilab code Exa 8.2 EX8 2

1

2

3 // example 8 . 2
4 // c a l c u l a t e f o r c e s induced due to ea r thquake by

r e spon c e spectrum method
5 clc;funcprot (0);

6 // g i v en
7 H=100; // h e i g t h o f dam
8 wb=70; // width o f base o f dam
9 wt=7; // width o f top o f dam

10 l=1; // l e n g t h o f dam
11 hw=98; // h e i g t h o f water i n dam
12 hsu =90; // h e i g t h o f s l o p e on downstream

s i d e
13 s=1/0.7; // s l o p e on downstream s i d e
14 gammad =24; // un i t we ig th o f dam
15 gammaw =9.81; // un i t we ig th o f water
16 E=2.05 D7; //modulus o f e l a s t i c i t y
17 beta =1;

18 I=2;

19 Fo =0.25; // from t a b l e 8 . 2
20 // t=Sa/g ;
21 t=0.19; // from f i g . 8 . 4
22 alphah=beta*I*Fo*t;

23 T=5.55*H^2/wb*( gammad /( gammaw*E))^0.5;

24 // ( a ) Base sh ea r
25 W=l*gammad *(wt*H+((hsu/s)*hsu)/2);

26 Fb=0.6*W*alphah;

27 mprintf(”Base sh ea r=%f KN. ”,Fb);
28

29 // ( b ) Base moment
30 hbar =((wt*H^2/2) +((hsu/s)*hsu ^2/6))/((wt*H)+(hsu/s)*
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hsu /2);

31 Mb=0.9*W*hbar*alphah;

32 mprintf(”\nBase moment=%f KN−m. ”,Mb);
33

34 // ( c ) s h e a r at 10m from top
35 Cv =0.08;

36 F10=Cv*Fb;

37 F10=round(F10);

38 mprintf(”\ nshea r at 10m from top=%f KN. ”,F10);
39

40 // ( d ) Moment at 10m from top
41 Cm =0.02;

42 M10=Cm*Mb;

43 M10=round(M10);

44 mprintf(”\nmoment at 10m from top=%f KN. ”,M10);
45 // ( e ) Hydrodynamic p r e s s u r e
46 // at 10m from top
47 y=8;

48 W10 =1680;

49 Cm =0.735;

50 Cy=(Cm/2) *((y*(2-y/hw)/hw)+(y*(2-y/hw)/hw)^0.5);

51 p=Cy*alphah*gammaw*hw;

52 P10 =0.726*p*y;

53 Mp10 =0.299*p*y^2;

54 P10=round(P10 *100) /100;

55 Mp10=round(Mp10 *100) /100;

56 // at 100m from top
57 y=98;

58 W100 =84840;

59 Cm =0.735;

60 Cy=(Cm/2)*(y*(2-y/hw)/hw+(y*(2-y/hw)/hw)^0.5);

61 p=Cy*alphah*gammaw*hw;

62 P100 =0.726*p*y;

63 Mp100 =0.299*p*y^2;

64 mprintf(”\nHydrodynamic f o r c e s : \ nAt 10m from top : F=
%f kn ;M=%fkn−m\nAt 100m from top : F=%i kn ;M=%ikn−
m. ”,P10 ,Mp10 ,P100 ,Mp100);
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Scilab code Exa 8.3 EX8 3

1

2

3 // example 8 . 3
4 // c a l c u l a t e f o r c e s induced due to ea r thquake
5 clc;funcprot (0);

6 // g i v en
7 H=100; // h e i g t h o f dam
8 wb=70; // width o f base o f dam
9 wt=7; // width o f top o f dam

10 l=1; // l e n g t h o f dam
11 hw=98; // h e i g t h o f water i n dam
12 hsu =90; // h e i g t h o f s l o p e on downstream

s i d e
13 s=1/0.7; // s l o p e on downstream s i d e
14 gammad =24; // un i t we ig th o f dam
15 gammaw =9.81; // un i t we ig th o f water
16 E=2.05 D7; //modulus o f e l a s t i c i t y
17 // ( a ) S e i sm i c c o e f f i c i e n t method
18 alpha0 =0.05; // from t a b l e 8 . 1
19 alphah =2* alpha0;

20 alphav =0.75* alphah;

21 // at 10m from top
22 F10=integrate( ’ a lphav ∗168∗(1−0.01∗ y ) ’ , ’ y ’ ,0,10);
23 // at 100m below top
24 F100=F10+integrate( ’ a lphav ∗(1−0.01∗ y ) ∗16 . 8∗ y ’ , ’ y ’

,10,100);

25 mprintf(” Part ( a ) : \ nAt 10m from top : F=%f kn\nAt 100m
from top : F=%f kn . ”,F10 ,F100);

26

27 // ( b ) Response spectrum method
28 beta =1;

29 I=2;
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30 Fo =0.25; // from t a b l e 8 . 2
31 // t=Sa/g ;
32 t=0.19; // from f i g . 8 . 4
33 alphah=beta*I*Fo*t;

34 alphav =0.75* alphah;

35 // at 10m from top
36 F10=integrate( ’ a lphav ∗168∗(1−0.01∗ y ) ’ , ’ y ’ ,0,10);
37 // at 100m below top
38 F100=F10+integrate( ’ a lphav ∗(1−0.01∗ y ) ∗16 . 8∗ y ’ , ’ y ’

,10,100);

39 F100=round(F100 *100) /100;

40 mprintf(”\nPart ( b ) : \ nAt 10m from top : F=%f kn\nAt
100m from top : F=%f kn . ”,F10 ,F100);

Scilab code Exa 8.4 EX8 4

1

2

3 // example 8 . 4
4 // c a l c u l a t e hydrodynamic p r e s s u r e on10m , 4 0m and 100m

from top
5 clc;funcprot (0);

6 // g i v en
7 H=100; // h e i g t h o f dam
8 wb=73; // width o f base o f dam
9 wt=7; // width o f top o f dam

10 l=1; // l e n g t h o f dam
11 hw=98; // h e i g t h o f water i n dam
12 hsu =90; // h e i g t h o f s l o p e on downstream

s i d e
13 s=1/0.7; // s l o p e on downstream s i d e
14 gammad =24; // un i t we ig th o f dam
15 gammaw =9.81; // un i t we ig th o f water
16 E=2.05 D7; //modulus o f e l a s t i c i t y
17
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18 // at 10m from top
19 y=8;

20 alphah =0.1;

21 Cm =0.72;

22 Cy=(Cm/2) *((y*(2-y/hw)/hw)+(y*(2-y/hw)/hw)^0.5);

23 p10=Cy*alphah*gammaw*hw;

24 F10 =0.726* p10*y;

25 Mp10 =0.299* p10*y^2;

26

27 // at 40m from top
28 y=38;

29 alphah =0.1;

30 Cm =0.72;

31 Cy=(Cm/2) *((y*(2-y/hw)/hw)+(y*(2-y/hw)/hw)^0.5);

32 p40=Cy*alphah*gammaw*hw;

33 F40 =0.726* p40*y;

34 Mp40 =0.299* p40*y^2;

35

36 // at 100m from top
37 y=98;

38 alphah =0.1;

39 Cm =0.72;

40 Cy=(Cm/2) *((y*(2-y/hw)/hw)+(y*(2-y/hw)/hw)^0.5);

41 p100=Cy*alphah*gammaw*hw;

42 F100 =0.726* p100*y;

43 Mp100 =0.299* p100*y^2;

44 p10=round(p10 *1000) /1000;

45 F10=round(F10 *1000) /1000;

46 Mp10=round(Mp10 *10) /10;

47 p40=round(p40 *1000) /1000;

48 F40=round(F40 *1000) /1000;

49 Mp40=round(Mp40 *10) /10;

50 p100=round(p100 *100) /100;

51 F100=round(F100 *1000) /1000;

52 Mp100=round(Mp100 *10) /10;

53 mprintf(”\nHydrodynamic For c e s : \ nAt 10m from top : P=
%f KN/ squa r e m;F=%f KN;M=%f KN−m. \ nAt 40m from
top : P=%f KN/ squa r e m. ; F=%f KN;M=%f KN−m. \ nAt 100
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m from top : P=%f KN/ squa r e m;F=%f KN;M=%f KN−m. ”,
p10 ,F10 ,Mp10 ,p40 ,F40 ,Mp40 ,p100 ,F100 ,Mp100);

54

55 // v e r t i c a l component o f r e s e r v i o r water on
h o r i z o n t a l s e c t i o n

56 s1 =3/60;

57 Wh=(F100 -F40)*s1;

58 Wh=round(Wh*100) /100;

59 mprintf(”\n\ n v e r t i c a l component o f r e s e r v i o r water
on h o r i z o n t a l s e c t i o n=%f kN/m. ”,Wh);

Scilab code Exa 8.8 EX8 8

1

2

3 // example 8 . 8
4 // c a l c u l a t e He igth o f dam when
5 //no t e n s i o n i s p e rm i s s i b l e
6 // f a c t o r o f s a f e t y a g a i n s t s l i d i n g i s 1 . 5
7 clc;funcprot (0);

8 // g i v en
9

10 wb=3; // width o f dam ;
11 miu =0.5; // c o e f f i c i e n t o f f r i c t i o n
12 Sg=2.4; // s p e c i f i c g r a v i t y o f masonary
13 gamma_w =9.81; // un i t we ig th o f water
14 c=1;

15

16 //when u p l i f t i s c o n s i d e r e d
17 //when no t e n s i o n i s p e rm i s s i b l e then e=wb/6 ;
18

19 p1=wb*Sg*gamma_w;

20 p2=c*wb*gamma_w /2;

21 p3=p1-p2;

22 p4=p1*wb/2-p2*2;
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23 p5=gamma_w /6;

24 d1=p4/p3; d2=p5/p3;

25 d3=1.5-d1;

26 H=((0.5 -d3)/d2)^0.5;

27 H=round(H*100) /100;

28 mprintf(”when u p l i f t i s c o n s i d e r e d : ”)
29 mprintf(”\ nHeigth o f dam when no t e n s i o n i s

p e rm i s s i b l e=%f m. ”,H);
30 H=p3 *0.5/(1.5* p5*3);

31 mprintf(”\ nHeigth o f dam when f a c t o r o f s a f e t y
a g a i n s t s l i d i n g i s 1.5=%f m. ”,H);

32

33 //when u p l i f t i s not c o n s i d e r e d
34 p1=wb*Sg*gamma_w;

35 p4=p1*wb/2;

36 p5=gamma_w /6;

37 d1=p4/p1;

38 d2=p5/p1;

39 H=(0.5/ d2)^0.5;

40 H=round(H*100) /100;

41 mprintf(”\n\nwhen u p l i f t i s not c o n s i d e r e d : ”)
42 mprintf(”\ nHeigth o f dam when no t e n s i o n i s

p e rm i s s i b l e=%f m. ”,H);
43 H=p1 *0.5/(1.5* p5*3);

44 mprintf(”\ nHeigth o f dam when f a c t o r o f s a f e t y
a g a i n s t s l i d i n g i s 1.5=%f m. ”,H);

Scilab code Exa 8.9 EX8 9

1

2

3 // example 8 . 9
4 // c a l c u l a t e s t r e e s e s at h e e l and to e o f dam
5 clc;funcprot (0);

6 // g i v en
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7 c=1;

8 hw=6; // h e i g t h o f water i n r e s e r v i o r
9 Bt=1.5; // width o f top o f dam
10 H=6; // h e i g t h o f the dam
11 wb=4.5; // width o f base o f dam
12 Sg=2.4; // s p e c i f i c g r a v i t y o f masonary
13 gamma_w =9.81; // we ig th d e n s i t y o f water
14

15 W1=Bt*gamma_w*Sg*H;

16 W2=gamma_w*Sg*H*(wb-Bt)/2;

17 L1=(wb-Bt)+(Bt/2);

18 L2=(2*(wb-Bt))/3,

19 M1=W1*L1,M2=W2*L2,

20

21 // Rea e r v i o r empty
22 SumW=W1+W2;

23 SumM=M1+M2;

24 x=SumM/SumW;

25 e=wb/2-x;

26 pnt=(SumW/wb)*(1+(6*e/wb));

27 pnh=(SumW/wb)*(1 -(6*e/wb));

28 pnt=round(pnt *10) /10;

29 pnh=round(pnh *10) /10;

30 mprintf(” Re s e r v i o r empty : ”);
31 mprintf(” \nNormal s t r e s s at t o e=%f kN/ squa r e .m. ”,

pnt);

32 mprintf(”\nNormal s t r e s s at h e e l=%f kN/ squa r e .m. ”,
pnh);

33

34 // Re s e r v i o r f u l l
35 W3=gamma_w*H^2/2;

36 U=gamma_w*H*c*wb/2;

37 SumV=SumW -U;

38 L3=hw/3;

39 L4=2*wb/3; // l e v e r arm
40 M3=W3*L3;

41 M4=U*L4; //moment about t o e
42 SumM1=SumM -M4-M3;
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43 x=SumM1/SumV;

44 e=wb/2-x;

45 pnt=(SumV/wb)*(1+(6*e/wb));

46 pnh=(SumV/wb)*(1 -(6*e/wb));

47 pnt=round(pnt *10) /10;

48 pnh=round(pnh *10) /10;

49 mprintf(”\n\ nRe s e r v i o r f u l l : ”);
50 mprintf(” \nNormal s t r e s s at t o e=%f kN/ squa r e .m. ”,

pnt);

51 mprintf(”\nNormal s t r e s s at h e e l=%f kN/ squa r e .m. ”,
pnh);

Scilab code Exa 8.10 EX8 10

1

2

3 // example 8 . 1 0
4 // c a l c u l a t e width o f base i f no t e n s i o n i s to

deve l op
5 // check the s t a b i l i t y
6 clc;funcprot (0);

7 // g i v en
8 c=1;

9 hw=6; // h e i g t h o f water i n r e s e r v i o r
10 Bt=1.5; // width o f top o f dam
11 H=6; // h e i g t h o f the dam
12 gamma_m =20; // un i t we ig th o f masonary
13 gamma_w =9.81; // we ig th d e n s i t y o f water
14 f=1800; // compr e s s i v e s t r e n g t h
15 miu =0.6; // c o e f f i c i e n t o f f r i c t i o n
16

17 // to deve l op no t e n s i o n e=b /6 ; x=b /3 .
18 // hence on s o l v i n g the r e l a t i o n s we ge t
19

20 P=poly ([ -39.074 2.944 1], ’ b ’ , ’ c ’ ); // equa t i on i s
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wr i t t e n wrong i n book
21 wb=roots(P); // s i g n o f

c o e f f i c i e n t i s 2 . 9 4 4 i s not taken c o r r e c t l y i n
book

22

23

24 // r o o t s a r e 4 . 9 4 and −7.89
25 // s i n c e n e g a t i v e va l u e cannot be taken
26

27 wb =4.94;

28 mprintf(” Ne g l e c t i n g the n e g a t i v e va l u e . \ nWidth o f
base i s =4.94 m. ”);

29 W1=Bt*gamma_m*H;

30 W2=gamma_m*H*(wb-Bt)/2;

31 L1=(wb-Bt)+(Bt/2);

32 L2=(2*(wb-Bt))/3;

33 M1=W1*L1,

34 M2=W2*L2;

35 U=gamma_w*H*c*wb/2;

36 L4=2*wb/3;

37 M4=U*L4;

38 W3=gamma_w*H^2/2;

39 L3=hw/3;

40 M3=W3*L3;

41 SumW=W1+W2-U;

42 SumM=M1+M2-M4-M3;

43 pn=2* SumW/wb;

44 pn=round(pn*10) /10;

45 mprintf(”\nMaximum s t r e s s=%f kN/ squa r e .m. ”,pn);
46 mprintf(”\nDam i s s a f e a g a i n s t compre s s i on ”);
47 FOS=miu*SumW/W3;

48 FOS=round(FOS *100) /100;

49 mprintf(”\ nFactor o f s a f e t y a g a i n s t s l i d i n g=%f . <1”,
FOS);

50 mprintf(”\nDam i s un s a f e a g a i n s t s l i d i n g . ”);
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Scilab code Exa 8.11 EX8 11

1

2

3 // example 8 . 1 1
4 // c a l c u l a t e width o f base i f no t e n s i o n i s to

deve l op
5 // check the s t a b i l i t y i f u p l i f t i s n e g l e c t e d
6 clc;funcprot (0);

7 // g i v en
8 c=1;

9 hw=6; // h e i g t h o f water i n r e s e r v i o r
10 Bt=1.5; // width o f top o f dam
11 H=6; // h e i g t h o f the dam
12 gamma_m =20; // un i t we ig th o f masonary
13 gamma_w =9.81; // we ig th d e n s i t y o f water
14 f=1800; // compr e s s i v e s t r e n g t h
15 miu =0.6; // c o e f f i c i e n t o f f r i c t i o n
16

17 // to deve l op no t e n s i o n e=b /6 ; x=b /3 .
18 // hence on s o l v i n g the r e l a t i o n s we ge t
19

20 P=poly ([ -19.908 1.5 1], ’ b ’ , ’ c ’ )
21 wb=roots(P);

22

23 // r o o t s a r e 3 . 7 7 4 and −5.27
24 // s i n c e n e g a t i v e va l u e cannot be taken
25

26 wb =3.77;

27 mprintf(” Ne g l e c t i n g the n e g a t i v e va l u e . \ nWidth o f
base i s =3.77 m. ”);

28

29 W1=Bt*gamma_m*H;

30 W2=gamma_m*H*(wb-Bt)/2;

184



31 L1=(wb-Bt)+(Bt/2);

32 L2=(2*(wb-Bt))/3;

33 M1=W1*L1,

34 M2=W2*L2;

35 W3=gamma_w*H^2/2;

36 L3=hw/3;

37 M3=W3*L3;

38 SumW=W1+W2;

39 SumM=M1+M2-M3;

40 pn=2* SumW/wb;

41 pn=round(pn*10) /10;

42 mprintf(”\nMaximum s t r e s s=%f kN/ squa r e .m. ”,pn);
43 mprintf(”\nDam i s s a f e a g a i n s t compre s s i on ”);
44

45 FOS=miu*SumW/W3;

46 FOS=round(FOS *1000) /1000;

47 mprintf(”\ nFactor o f s a f e t y a g a i n s t s l i d i n g=%f . > 1”
,FOS);

48 mprintf(”\nDam i s s a f e a g a i n s t s l i d i n g . ”);

Scilab code Exa 8.12 EX8 12

1

2

3 // example8 . 1 2
4 // c a l c u l a t e maximum p e rm i s s i b l e h e i g t h o f s h u t t e r

so tha t no t e n s i o n d ev e l o p s
5 clc;funcprot (0);

6 // g i v en
7 Bt=3; // width o f top o f dam
8 H=12; // h e i g t h o f the dam
9 wb=9; // width o f base o f dam

10 gamma_m =21; // un i t we ig th o f masonary
11 gamma_w =9.81; // we ig th d e n s i t y o f water
12
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13 W1=Bt*gamma_m*H;

14 W2=gamma_m*H*(wb-Bt)/2;

15

16 // t ak i n g moment about a po i n t on base at 3m from toe
17 L1=3+Bt/2;

18 L2=(2*(wb-Bt)/3) -3;

19 M1=W1*L1,

20 M2=W2*L2;

21 M=M1+M2;

22

23 // net moment about t h i s p o i n t shou ld be z e r o f o r
e q u i l i b r i um

24 s=(M*6/ gamma_w)^(1/3) -12;

25 s=round(s*100) /100;

26 mprintf(”maximum p e rm i s s i b l e h e i g t h o f s h u t t e r=%f m.
”,s);

Scilab code Exa 8.13 EX8 13

1

2

3 // example 8 . 1 3
4 // c a l c u l a t e hydrodynamic ea r thquake p r e s s u r e
5 //moment at 50m below water s u r f a c e
6 clc;funcprot (0);

7 // g i v en
8 c=1;

9 H=100; // h e i g t h o f dam
10 hw=100; // h e i g t h o f water i n r e s e r v i o r
11 FB=1; // f r e e board
12 s=0.15; // s l o p e o f upstream f a c e
13 gamma_w =9.81; // un i t we ig th o f water
14 alphah =0.1;

15

16 theta=atan(s);
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17 y=50;

18 Cm =0.735*(1 -( theta *2/ %pi));

19 Cy=(Cm/2) *((y*(2-y/hw)/hw)+(y*(2-y/hw)/hw)^0.5);

20 pe=Cy*alphah*gamma_w*hw;

21 F=0.726* pe*y;

22 M=0.299* pe*y^2;

23 pe=round(pe *1000) /1000;

24 F=round(F*10) /10;

25 M=round(M*10) /10;

26 mprintf(” hydrodynamic ea r thquake p r e s s u r e=%f kN/
squa r e .m\ nshea r=%f kN/m. \ nMoment=%f kN−m/m. ”,pe ,F
,M);

Scilab code Exa 8.14 EX8 14

1

2

3 // example 8 . 1 4
4 // check s t a b i l i t y
5 // c a l c u l a t e s t r e s s e s at t o e and h e e l
6 clc;funcprot (0);

7 // g i v en
8 c=1;

9 H=10; // h e i g t h o f dam
10 hw=10; // h e i g t h o f water i n r e s e r v i o r
11 wb =8.25; // bottom width
12 Bt=1; // top width
13 Hs1 =0.1; // s l o p e on upstream s i d e
14 gamma_w =9.81; // un i t we ig th o f water
15 gamma_m =22.4; // un i t we ig th o f masonary
16 f=1400; // p e rm i s s i b l e s h e a r s t r e s s at

j o i n t
17 miu =0.75; // c o e f f i c i e n t o f f r i c t i o n
18 fi=atan (0.625);

19 theta=atan (0.1);
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20

21 W1=Bt*H*gamma_m;

22 W2=H*H*Hs1*gamma_m /2;

23 W3=H*6.25* gamma_m /2;

24 W4=hw*gamma_w*H*Hs1 /2;

25 P=gamma_w*hw^2/2;

26 U=wb*gamma_w*hw*c/2;

27 SumV=W1+W2+W3+W4 -U;

28 L3=2*(wb -(Hs1*H)-Bt)/3;

29 L1=(wb -(Hs1*H)-Bt)+Bt/2;

30 L2=(wb -(Hs1*H)-Bt)+Bt+(Hs1*H/3);

31 L4=(wb -(Hs1*H)-Bt)+Bt+(2* Hs1*H/3);

32 L5=2*wb/3;L6=hw/3;

33 M1=W1*L1;M2=W2*L2;M3=W3*L3;M4=W4*L4;

34 M5=U*L5;M6=P*L6;

35 SumM=M1+M2+M3+M4 -M5-M6;

36 Mplus=M1+M2+M3+M4;

37 Mminus=M5+M6;

38 FOS=miu*SumV/P;

39 SFF=(miu*SumV+wb *1400)/P;

40 FOO=Mplus/Mminus;

41 FOS=round(FOS *100) /100;

42 SFF=round(SFF *10) /10;

43 FOO=round(FOO *100) /100;

44 mprintf(” Facto r o f s a f e t y a g a i n s t s l i d i n g=%f . >1 ”,
FOS);

45 mprintf(”\ nShear f r i c t i o n f a c t o r=%f . ”,SFF);
46 mprintf(”\ nFactor o f s a f e t y a g a i n s t o v e r t u r n i n g=%f .

<1.5 ”,FOO);
47 mprintf(”\nDam i s un s a f e a g a i n s t o v e r t u r n i n g ”);
48

49 x=SumM/SumV;

50 e=wb/2-x;

51 p=hw*gamma_w;

52 pnt=(SumV/wb)*(1+(6*e/wb)); // c a l c u l a t i o n i s
done wrong in book ; va l u e o f b i s not taken
c o r r e c t l y

53 pnh=(SumV/wb)*(1 -(6*e/wb));
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54 sigmat=pnt*sec(fi)^2;

55 sigmah=pnh*sec(theta)^2-p*tan(theta)^2;

56 taut=pnt*tan(fi);

57 tauh=-(pnh -p)*tan(theta);

58 pnt=round(pnt *10) /10;

59 pnh=round(pnh *10) /10;

60 sigmat=round(sigmat *10) /10;

61 sigmah=round(sigmah *10) /10;

62 taut=round(taut *10) /10;

63 tauh=round(tauh *10) /10;

64 mprintf(”\n\nNormal s t r e s s at t o e=%f kN/ squa r e .m. ”,
pnt);

65 mprintf(”\nNormal s t r e s s at h e e l=%f kN/ squa r e .m. ”,
pnh);

66 mprintf(”\ nP r i n c i p a l s t r e s s at t o e=%f kN/ squa r e .m. ”,
sigmat);

67 mprintf(”\ nP r i n c i p a l s t r e s s at h e e l=%f kN/ squa r e .m. ”
,sigmah);

68 mprintf(”\ nShear s t r e s s at t o e=%f kN/ squa r e .m. ”,taut
);

69 mprintf(”\ nShear s t r e s s at h e e l=%f kN/ squa r e .m. ”,
tauh);

Scilab code Exa 8.15 EX8 15

1

2

3 // example 8 . 1 5
4 //Check the s t a b i l i t y and de t e rmine s l i d i n g f a c t o r

and sh ea r f a c t o r
5 clc; funcprot (0);

6 //Given
7 c=1;

8 miu =0.75; // c o e f f i c i e n t o f f r i c t i o n
9 H=90; // h e i g t h o f dam
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10 wb =73.1; // width o f base
11 Bt=7; // width o f top o f dam
12 hw=89; // h e i g t h o f water i n r e s e r v i o r
13 Hs1 =28; // h e i g t h o f s l o p e on upstream

s i d e
14 Hs2 =83; // h e i g t h o f s l o p e on downstream

s i d e
15 Cm =0.735;

16 alphah =0.1;

17 gamma_m =23.5; // un i t we ig th o f c o n c r e t e
18 gamma_w =9.81; // un i t we ig th o f water
19 theta=atan (8/28);

20 fi=atan (0.7);

21 // s e l f we ig th o f dam
22 W1=(Hs1*8* gamma_m)/2,

23 W2=(Bt*H*gamma_m),

24 W3=(Hs2 ^2*0.7* gamma_m)/2,

25 // we ig th o f super imposed water
26 W4=(Hs1*8* gamma_w)/2,

27 W5=(hw-Hs1)*8* gamma_w ,

28 U=hw*wb*2* gamma_w /6; // u p l i f t f o r c e
29 wp=hw^2* gamma_w /2; // water

p r e s s u r e
30 hp =0.726* Cm*alphah*gamma_w*hw^2; // hydrodynamic

p r e s s u r e
31 Mhp =0.299* Cm*alphah*gamma_w*hw^3; //moment due to

hydrodynamic p r e s s u r e
32 // i n e r t i a l l o ad due to h o r i z o n t a l a c c e l e r a t i o n
33 I1=W2/10;

34 I2=W3/10;

35 I3=W1/10;

36 SumV=W1+W2+W3+W4+W5-U;

37 SumH=wp+hp+I1+I2+I3;

38 L1=(wb -8)+8/3,

39 L2 =(0.7* Hs2)+(Bt/2),

40 L3=(2* Hs2 *0.7)/3,

41 L4=(wb -8) +(2*8)/3,

42 L5=(wb -8) +(8/2) ,
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43 L6=hw/3;

44 L7=2*wb/3;

45 M1=W1*L1,M2=W2*L2,M3=W3*L3,M4=W4*L4;

46 M5=W5*L5;

47 M6=wp*L6;

48 M7=U*L7;

49 M8=I1*45;

50 M9=I2 *83/3;

51 M10=I3 *28/3;

52 Mplus=M1+M2+M3+M4+M5;

53 Mminus=M6+M7+M8+M9+M10+Mhp;

54 SumM=Mplus -Mminus;

55 x=SumM/SumV;

56 e=wb/2-x;

57 pnt=(SumV/wb)*(1+(6*e/wb));

58 pnh=(SumV/wb)*(1 -(6*e/wb));

59 sigmat=pnt*sec(fi)^2;

60 p=hw*gamma_w;

61 pe=Cm*alphah*gamma_w*hw;

62 sigmah=pnh*sec(theta)^2-(p+pe)*tan(theta)^2;

63 taut=pnt*tan(fi);

64 tauh=-(-pnh -(p+pe))*tan(theta);

65 mprintf(”Normal s t r e s s at t o e=%i kN/ squa r e .m. ”,pnt);
66 mprintf(”\nNormal s t r e s s at h e e l=%i kN/ squa r e .m. ”,

pnh);

67 mprintf(”\ nP r i n c i p a l s t r e s s at t o e=%i kN/ squa r e .m. ”,
sigmat);

68 mprintf(”\ nP r i n c i p a l s t r e s s at h e e l=%i kN/ squa r e .m. ”
,sigmah);

69 mprintf(”\ nShear s t r e s s at t o e=%i kN/ squa r e .m. ”,taut
);

70 mprintf(”\ nShear s t r e s s at h e e l=%i kN/ squa r e .m. ”,
tauh);

71

72 FOS=miu*SumV/SumH;

73 SFF=(miu*SumV+wb *1400)/SumH;

74 FOO=Mplus/Mminus;

75 Ffi =1.2; Fc =2.4;
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76 F=(miu*SumV/Ffi +1400* wb/Fc)/SumH;

77 FOS=round(FOS *100) /100;

78 F=round(F*100) /100;

79 SFF=round(SFF *100) /100;

80 FOO=round(FOO *100) /100;

81 mprintf(”\n\ nFactor o f s a f e t y a g a i n s t s l i d i n g as per
IS :6512−1972=%f . <1.5 ”,FOS);

82 mprintf(”\ nFactor o f s a f e t y a g a i n s t s l i d i n g as per
IS :6512−1984=%f . >1”,F);

83 mprintf(”\ nShear f r i c t i o n f a c t o r=%f . <6”,SFF);
84 mprintf(”\ nFactor o f s a f e t y a g a i n s t o v e r t u r n i n g=%f .

<1.5 ”,FOO);
85 mprintf(”\n\nDam i s un s a f e f o r g i v en l o a d i n g

c o n d i t i o n s ”);

Scilab code Exa 8.16 EX8 16

1

2

3 // example 8 . 1 6
4 //Check the s t a b i l i t y and de t e rmine p r i n c i p a l and

sh ea r s t r e s s at t o e and h e e l
5 clc; funcprot (0);

6 //Given
7 c=1;

8 miu =0.7; // c o e f f i c i e n t o f f r i c t i o n
9 H=70; // h e i g t h o f dam

10 ht=0; // h e i g t h o f t a i l water
11 Lf=6.5; // l o c a t i o n o f f ounda t i on g a l l e r y

from h e e l
12 wb =52.5; // width o f base
13 Bt=7; // width o f top o f dam
14 hw=70; // h e i g t h o f water i n r e s e r v i o r
15 Hs1 =35; // h e i g t h o f s l o p e on upstream

s i d e
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16 Hs2 =60; // h e i g t h o f s l o p e on downstream
s i d e

17 gamma_m =24; // un i t we ig th o f c o n c r e t e
18 gamma_w =9.81; // un i t we ig th o f water
19 theta=atan (0.1);

20 fi=atan (0.7);

21 // s e l f we ig th o f dam
22 W1=(Hs1 *3.5* gamma_m)/2,

23 W2=(Bt*H*gamma_m),

24 W3=(Hs2 ^2*0.7* gamma_m)/2,

25 // we ig th o f super imposed water
26 W4=(Hs1 *3.5* gamma_w)/2,

27 W5=(hw-Hs1)*3.5* gamma_w ,

28 wp=hw^2* gamma_w /2; // water
p r e s s u r e

29 Pt=gamma_w*ht ,

30 Ph=gamma_w*hw ,

31 Pg=(ht+(hw-ht)/3)*gamma_w ,

32 U=(Pt*(wb-Lf))+(Pg*Lf)+((Ph-Pg)*Lf/2)+((Pg-Pt)*(wb-

Lf)/2)*c,

33 l1=(wb-Lf)/2,l2 =(2*(wb -Lf))/3,l3=(wb-Lf)+(Lf/2),l4=(

wb -Lf)+((2*Lf)/3),

34 L7=(((Pt*(wb -Lf))*l1)+((Pg-Pt)*(wb -Lf)*l2/2)+((Pg*Lf

)*l3)+((Ph-Pg)*Lf*l4/2))/U,

35 L1=(wb -3.5) +3.5/3 ,

36 L2 =(0.7* Hs2)+(Bt/2),

37 L3=(2* Hs2 *0.7)/3,

38 L4=(wb -3.5) +(2*3.5)/3,

39 L5=(wb -3.5) +(3.5/2) ,

40 L6=hw/3;

41 M1=W1*L1,M2=W2*L2,M3=W3*L3,M4=W4*L4;

42 M5=W5*L5;

43 M6=wp*L6;

44 M7=U*L7;

45 SumV1=W1+W2+W3;

46 SumM1=M1+M2+M3;

47 SumV2=SumV1+W4+W5;

48 SumM2=SumM1+M4+M5-M6;
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49 SumV3=SumV2 -U;

50 SumM3=SumM2 -M7;

51 Mplus =1547377;

52 Mminus =870421;

53 SumH=wp;

54

55 // c a s e 1 . R e s e r v i o r empty
56 x=SumM1/SumV1;

57 e=wb/2-x;

58 pnt=(SumV1/wb)*(1+(6*e/wb));

59 pnh=(SumV1/wb)*(1 -(6*e/wb));

60 sigmat=pnt*sec(fi)^2;

61 sigmah=pnh*sec(theta)^2;

62 taut=pnt*tan(fi);

63 tauh=pnh*tan(theta);

64 pnt=round(pnt *10) /10;

65 pnh=round(pnh *10) /10;

66 sigmat=round(sigmat *10) /10;

67 sigmah=round(sigmah *10) /10;

68 taut=round(taut *10) /10;

69 tauh=round(tauh *10) /10;

70 mprintf(” c a s e 1 . R e s e r v i o r empty : ”);
71 mprintf(”\nNormal s t r e s s at t o e=%f kN/ squa r e .m. ”,pnt

);

72 mprintf(”\nNormal s t r e s s at h e e l=%f kN/ squa r e .m. ”,
pnh);

73 mprintf(”\ nP r i n c i p a l s t r e s s at t o e=%f kN/ squa r e .m. ”,
sigmat);

74 mprintf(”\ nP r i n c i p a l s t r e s s at h e e l=%f kN/ squa r e .m. ”
,sigmah);

75 mprintf(”\ nShear s t r e s s at t o e=%f kN/ squa r e .m. ”,taut
);

76 mprintf(”\ nShear s t r e s s at h e e l=%f kN/ squa r e .m. ”,
tauh);

77

78 // ca s e 2 . r e s e r v i o r f u l l w i thout u p l i f t
79 x=SumM2/SumV2;

80 e=wb/2-x;

194



81 p=hw*gamma_w;

82 pnt=(SumV2/wb)*(1+(6*e/wb));

83 pnh=(SumV2/wb)*(1 -(6*e/wb));

84 sigmat=pnt*sec(fi)^2;

85 sigmah=pnh*sec(theta)^2-p*tan(theta)^2;

86 taut=pnt*tan(fi);

87 tauh=-(pnh -p)*tan(theta);

88 pnt=round(pnt *10) /10;

89 pnh=round(pnh *10) /10;

90 sigmat=round(sigmat *10) /10;

91 sigmah=round(sigmah *10) /10;

92 taut=round(taut *10) /10;

93 tauh=round(tauh *10) /10;

94 mprintf(”\n\ nca s e 2 . r e s e r v i o r f u l l w i thout u p l i f t : ”
);

95 mprintf(”\nNormal s t r e s s at t o e=%f kN/ squa r e .m. ”,pnt
);

96 mprintf(”\nNormal s t r e s s at h e e l=%f kN/ squa r e .m. ”,
pnh);

97 mprintf(”\ nP r i n c i p a l s t r e s s at t o e=%f kN/ squa r e .m. ”,
sigmat);

98 mprintf(”\ nP r i n c i p a l s t r e s s at h e e l=%f kN/ squa r e .m. ”
,sigmah);

99 mprintf(”\ nShear s t r e s s at t o e=%f kN/ squa r e .m. ”,taut
);

100 mprintf(”\ nShear s t r e s s at h e e l=%f kN/ squa r e .m. ”,
tauh);

101

102 // ca s e 3 . r e s e r v i o r f u l l with u p l i f t
103 x=SumM3/SumV3;

104 e=wb/2-x;

105 p=hw*gamma_w;

106 pnt=(SumV3/wb)*(1+(6*e/wb));

107 pnh=(SumV3/wb)*(1 -(6*e/wb));

108 sigmat=pnt*sec(fi)^2;

109 sigmah=pnh*sec(theta)^2-p*tan(theta)^2;

110 taut=pnt*tan(fi);

111 tauh=-(pnh -p)*tan(theta);
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112 pnt=round(pnt);

113 pnh=round(pnh);

114 sigmat=round(sigmat);

115 sigmah=round(sigmah);

116 taut=round(taut);

117 tauh=round(tauh);

118 mprintf(”\n\ nca s e 3 . r e s e r v i o r f u l l with u p l i f t : ”);
119 mprintf(”\nNormal s t r e s s at t o e=%f kN/ squa r e .m. ”,pnt

);

120 mprintf(”\nNormal s t r e s s at h e e l=%f kN/ squa r e .m. ”,
pnh);

121 mprintf(”\ nP r i n c i p a l s t r e s s at t o e=%f kN/ squa r e .m. ”,
sigmat);

122 mprintf(”\ nP r i n c i p a l s t r e s s at h e e l=%f kN/ squa r e .m. ”
,sigmah);

123 mprintf(”\ nShear s t r e s s at t o e=%f kN/ squa r e .m. ”,taut
);

124 mprintf(”\ nShear s t r e s s at h e e l=%f kN/ squa r e .m. ”,
tauh);

125

126 FOS=miu*SumV3/SumH;

127 SFF=(miu*SumV3+wb *1400)/SumH;

128 FOO=Mplus/Mminus;

129 Ffi =1.5; Fc =3.6;

130 F=(miu*SumV3/Ffi +1400* wb/Fc)/SumH;

131 FOS=round(FOS *1000) /1000;

132 SFF=round(SFF *100) /100;

133 FOO=round(FOO *100) /100;

134 F=round(F*1000) /1000;

135 mprintf(”\n\ nFactor o f s a f e t y a g a i n s t s l i d i n g=%f . ”,
FOS);

136 mprintf(”\ nShear f r i c t i o n f a c t o r=%f . ”,SFF);
137 mprintf(”\ nFactor o f s a f e t y a g a i n s t o v e r t u r n i n g=%f . ”

,FOO);

138 mprintf(”\ nFactor o f s a f e t y f o r l oad combinat ion B=
%f . > 1”,F);

139 mprintf(”\nDam i s s a f e ”);
140
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141 // Case4 . c o n s i d e r i n g s e i sm i c f o r c e s
142 Cm =0.712;

143 alphah =0.1;

144 alphav =0.08;

145 hp =0.726* Cm*alphah*gamma_w*hw^2; // hydrodynamic
p r e s s u r e

146 Mhp =0.299* Cm*alphah*gamma_w*hw^3; //moment due to
hydrodynamic p r e s s u r e

147 // i n e r t i a l l o ad due to h o r i z o n t a l a c c e l e r a t i o n
148 I1=W2/10;

149 I2=W3/10;

150 I3=W1/10;

151 v=SumV1*alphav;

152 Mv =116444;

153 SumV4=SumV3 -v;

154 SumH1=SumH+I1+I2+I3+hp;

155 M8=I1*35;

156 M9=I2*20;

157 M10=I3 *35/3;

158 Mminus1 =1161849;

159 SumM4=SumM3 -M8-M9-M10 -Mhp -Mv;

160

161 x=SumM4/SumV4;

162 e=wb/2-x;

163 p=hw*gamma_w;

164 pe=Cm*alphah*gamma_w*hw;

165 pnt=(SumV4/wb)*(1+(6*e/wb));

166 pnh=(SumV4/wb)*(1 -(6*e/wb));

167 sigmat=pnt*sec(fi)^2;

168 sigmah=pnh*sec(theta)^2-(p+pe)*tan(theta)^2;

169 taut=pnt*tan(fi);

170 tauh=(-pnh+(p+pe))*tan(theta);

171 pnt=round(pnt);

172 pnh=round(pnh);

173 sigmat=round(sigmat);

174 sigmah=round(sigmah);

175 taut=round(taut);

176 tauh=round(tauh);
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177 mprintf(”\n\ nca s e 4 . c o n s i d e r i n g s e i sm i c f o r c e s ”);
178 mprintf(”\nNormal s t r e s s at t o e=%f kN/ squa r e .m. ”,pnt

);

179 mprintf(”\nNormal s t r e s s at h e e l=%f kN/ squa r e .m. ”,
pnh);

180 mprintf(”\ nP r i n c i p a l s t r e s s at t o e=%f kN/ squa r e .m. ”,
sigmat);

181 mprintf(”\ nP r i n c i p a l s t r e s s at h e e l=%f kN/ squa r e .m. ”
,sigmah);

182 mprintf(”\ nShear s t r e s s at t o e=%f kN/ squa r e .m. ”,taut
);

183 mprintf(”\ nShear s t r e s s at h e e l=%f kN/ squa r e .m. ”,
tauh); // answer i s wrong in book

184

185 FOS=miu*SumV4/SumH1;

186 SFF=(miu*SumV4+wb *1400)/SumH1;

187 FOO=Mplus/Mminus1;

188 Ffi =1.2; Fc =2.7;

189 F=(miu*SumV4/Ffi +1400* wb/Fc)/SumH1;

190 FOS=round(FOS *1000) /1000;

191 SFF=round(SFF *100) /100;

192 FOO=round(FOO *100) /100;

193 F=round(F*100) /100;

194 mprintf(”\n\ nFactor o f s a f e t y a g a i n s t s l i d i n g=%f . ”,
FOS);

195 mprintf(”\ nShear f r i c t i o n f a c t o r=%f . ”,SFF);
196 mprintf(”\ nFactor o f s a f e t y a g a i n s t o v e r t u r n i n g=%f . ”

,FOO);

197 mprintf(”\ nFactor o f s a f e t y f o r l oad combinat ion E=
%f . > 1”,F);

198 mprintf(”\nDam i s s a f e ”);

Scilab code Exa 8.17 EX8 17

1
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2

3 // example 8 . 1 7
4 // d e s i g n p r a c t i c a l p r o f i l e o f g r a v i t y dam
5 clc;funcprot (0);

6 // g i v en
7 c=1;

8 rlb =1450; //R. L o f base o f dam
9 rlw =1480.5; //R. L o f water l e v e l

10 Sg=2.4; // s p e c i f i c g r a v i t y o f masonary
11 gamma_w =9.81; // un i t we ig th o f water
12 w=1; // h e i g t h o f waves
13 f=1200; // s a f e c ompr e s s i v e s t r e s s f o r

masonary
14 FB=1.5*w;

15 rlt=FB+rlw; //R. L o f top o f dam
16 H=rlt -rlb; // h e i g t h o f dam
17 LH=f/( gamma_w *(Sg+1))

18 LH=round(LH*100) /100;

19 mprintf(” He igth o f dam=%f m. ”,H);
20 mprintf(”\ n l im i t i n g h e i g t h o f dam=%f m. ”,LH);
21 mprintf(”\nDam i s low g r a v i t y dam”);
22 hw=rlw -rlb;

23 // keep top width , a =4 .5 .
24 a=4.5;

25 P=hw/(Sg ^0.5);

26 P=round(P*10) /10;

27 mprintf(”\nBase width o f e l ementa ry p r o f i l e=%f m. ”,P
);

28 uo=a/16;

29 wb=uo+P;

30 wb=round(wb);

31 mprintf(”\nBase width=%f m. ”,wb);
32 D=2*a*(Sg^0.5);

33 D=round(D);

34 mprintf(”\ nDi s tance upto which u/ s s l o p e i s v e r t i c a l
from water l e v e l=%f m. ”,D);
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Scilab code Exa 8.18 EX8 18

1

2

3 // example 8 . 1 8
4 // de t e rmine i f dam i s s a f e a g a i n s t s l i d i n g
5 clc;funcprot (0);

6 // g i v en
7 hw=97; // h e i g t h o f water i n r e s e r v i o r
8 Bt=7; // width o f top o f dam
9 H=100; // h e i g t h o f the dam

10 Hs2 =90; // h e i g t h o f s l o p e on downstream
s i d e

11 wb=75; // width o f base o f dam
12 miu =0.75; // c o e f f i c i e n t o f f r i c t i o n
13 gamma_d =2.4; // we ig th d e n s i t y o f c o n c r e t e
14 gamma_w =1000; // we ig th d e n s i t y o f water
15

16 P=gamma_w*hw ^2/(2*1000);

17 W1=Bt*gamma_d*H;

18 W2=(wb-Bt)*Hs2*gamma_d /2;

19 W=W1+W2;

20 FOS=miu*W/P;

21 FOS=round(FOS *1000) /1000;

22 mprintf(” Facto r o f s a f e t y a g a i n s t s l i d i n g=%f . ”,FOS);
23 mprintf(”\nDam i s s a f e a g a i n s t s l i d i n g ”);

Scilab code Exa 8.19 EX8 19

1

2

3 // example 8 . 1 9
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4 // c a l c u l a t e
5 // Facto r o f s a f e t y a g a i n s t o v e r t u r n i n g
6 // Facto r o f s a f e t y a g a i n s t s l i d i n g
7 // Shear f r i c t i o n f a c t o r
8 clc;funcprot (0);

9 // g i v en
10 c=1;

11 H=10; // h e i g t h o f dam
12 hw=10; // h e i g t h o f water i n r e s e r v i o r
13 wb =8.25; // bottom width
14 Bt=1; // top width
15 Hs1 =0.1; // s l o p e on upstream s i d e
16 gamma_w =9.81; // un i t we ig th o f water
17 gamma_m =22.4; // un i t we ig th o f masonary
18 f=1400; // p e rm i s s i b l e s h e a r s t r e s s at

j o i n t
19 miu =0.75; // c o e f f i c i e n t o f f r i c t i o n
20 fi=atan (0.625);

21 theta=atan (0.1);

22

23 W1=Bt*H*gamma_m;

24 W2=H*H*Hs1*gamma_m /2;

25 W3=H*6.25* gamma_m /2;

26 W4=hw*gamma_w*H*Hs1 /2;

27 P=gamma_w*hw^2/2;

28 U=wb*gamma_w*hw*c/2;

29 SumV=W1+W2+W3+W4 -U;

30 L3=2*(wb -(Hs1*H)-Bt)/3;

31 L1=(wb -(Hs1*H)-Bt)+Bt/2;

32 L2=(wb -(Hs1*H)-Bt)+Bt+(Hs1*H/3);

33 L4=(wb -(Hs1*H)-Bt)+Bt+(2* Hs1*H/3);

34 L5=2*wb/3;L6=hw/3;

35 M1=W1*L1;M2=W2*L2;M3=W3*L3;M4=W4*L4;

36 M5=U*L5;M6=P*L6;

37 SumM=M1+M2+M3+M4 -M5-M6;

38 Mplus=M1+M2+M3+M4;

39 Mminus=M5+M6;

40 FOS=miu*SumV/P;
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41 SFF=(miu*SumV+wb *1400)/P;

42 FOO=Mplus/Mminus;

43 FOS=round(FOS *100) /100;

44 SFF=round(SFF *10) /10;

45 FOO=round(FOO *100) /100;

46 mprintf(” Facto r o f s a f e t y a g a i n s t s l i d i n g=%f . ”,FOS);
47 mprintf(”\ nShear f r i c t i o n f a c t o r=%f . ”,SFF);
48 mprintf(”\ nFactor o f s a f e t y a g a i n s t o v e r t u r n i n g=%f . ”

,FOO);

49 mprintf(”\nDam i s un s a f e a g a i n s t o v e r t u r n i n g ”);

Scilab code Exa 8.20 EX8 20

1

2

3 // example 8 . 2 0
4 // c a l c u l a t e s t r e e s e s at h e e l and to e o f dam
5 clc;funcprot (0);

6 // g i v en
7 c=1;

8 hw=80; // h e i g t h o f water i n r e s e r v i o r
9 Bt=6; // width o f top o f dam

10 H=84; // h e i g t h o f the dam
11 Hs2 =75; // h e i g t h o f s l o p e on downstream

s i d e
12 wb=56; // width o f base o f dam
13 Lf=8; // d i s t a n c e o f f ounda t i on g a l l e r y

from h e e l
14 gamma_d =23.5; // we ig th d e n s i t y o f c o n c r e t e
15 gamma_w =9.81; // we ig th d e n s i t y o f water
16 ht=6; // h e i g t h o f t a i l water
17

18 W1=Bt*gamma_d*H;

19 W2=gamma_d*Hs2*(wb-Bt)/2;

20 W3=gamma_w*ht*4/2;
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21 W4=gamma_w*hw^2/2;

22 W5=gamma_w*ht^2/2;

23 Pt=gamma_w*ht ,

24 Ph=gamma_w*hw ,

25 Pg=(ht+(hw-ht)/3)*gamma_w ,

26 U=(Pt*(wb-Lf))+(Pg*Lf)+((Ph-Pg)*Lf/2)+((Pg-Pt)*(wb-

Lf)/2)*c,

27 l1=(wb-Lf)/2,l2 =(2*(wb -Lf))/3,l3=(wb-Lf)+(Lf/2),l4=(

wb -Lf)+((2*Lf)/3),

28 L6=(((Pt*(wb -Lf))*l1)+((Pg-Pt)*(wb -Lf)*l2/2)+((Pg*Lf

)*l3)+((Ph-Pg)*Lf*l4/2))/U,

29 L1=(wb-Bt)+(Bt/2),

30 L2=(2*(wb-Bt))/3,

31 L3=4/3;

32 L4=hw/3;

33 L5=ht/3;

34 M1=W1*L1,M2=W2*L2,M3=W3*L3,M4=W4*L4 ,M5=W5*L5 ,M6=U*L6

;

35 SumV=W1+W2+W3-U;

36 SumH=W4-W5;

37 SumM=M1+M2+M3-M4+M5-M6;

38 x=SumM/SumV;

39 e=wb/2-x;

40 pnt=(SumV/wb)*(1+(6*e/wb));

41 pnh=(SumV/wb)*(1 -(6*e/wb));

42 pnt=round(pnt *10) /10;

43 pnh=round(pnh *10) /10;

44 mprintf(”Maximum Normal s t r e s s at t o e=%f kN/ squa r e .m
. ”,pnt);

45 mprintf(”\nMaximum Normal s t r e s s at h e e l=%f kN/
squa r e .m. ”,pnh);
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Chapter 10

EARTH AND ROCKFILL
DAM

Scilab code Exa 10.1 EX10 1

1

2

3 // example 1 0 . 1
4 // c a l c u l a t e s e epage f l ow per un i t l e n g t h o f dam
5 clc;funcprot (0);

6 // g i v en
7 K=5D-4; // c o e f f i c i e n t o f p e rm e ab i l i t y o f

s o i l
8 Bt=6; // width o f top o f dam
9 wb=146; // width o f base o f dam

10 H=20; // h e i g t h o f dam
11 hw=2; // h e i g t h o f water i n r e s e r v i o r
12 hs1 =4; // s l o p e on upstream s i d e
13 hs2 =3; // s l o p e on downstream s i d e
14 df=30; // l e n g t h o f d r a i n ag e f i l t e r
15

16 x=wb -df -72+72*0.3;

17 y=18;

18 s=(x^2+y^2)^0.5-x;
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19

20 x=[0 10 20 30 40 50 60 65.6];

21 for i=1:8

22 y(i)=(4.849*x(i)+5.879) ^0.5;

23 y(i)=round(y(i)*1000) /1000;

24 end

25

26 mprintf(”\nx y”);
27 for i=1:8

28 mprintf(”\n%f %f”,x(i),y(i));
29 end

30

31 sf=K*s*10000;

32 sf=round(sf *1000) /1000;

33 mprintf(”\ nSeepage f l ow per un i t l e n g t h o f dam=%fD−6
cumecs /metre l e n g t h o f dam . ”,sf);

Scilab code Exa 10.2 EX10 2

1

2

3 // example 1 0 . 2
4 // c a l c u l a t e d i s c h a r g e per meter l e n g t h o f dam
5 clc;funcprot (0);

6 // g i v en
7 K=3D-3; // c o e f f i c i e n t o f p e rm e ab i l i t y
8 nd=25; //number o f p o t e n t i a l drops
9 nf=4; //number o f f l ow channe l s

10 lf=40; // f i l t e r l e n g t h
11 H=52; // h e i g t h o f dam
12 fb=2; // f r e e board
13

14 q=K*(H-fb)*nf/(nd *100);

15 mprintf(” D i s cha rg e per meter l e n g t h o f dam=%f cumec/
metre l e n g t h . ”,q);
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Scilab code Exa 10.3 EX10 3

1

2

3 // example10 . 3
4 // c a l c u l a t e f a c t o r o f s a f e t y f o r s l o p e
5 clc;funcprot (0);

6 // g i v en
7 x=4; // g i v en s c a l e
8 An =14.4; // a r ea o f N r e c t a n g l e
9 At=6.4; // a r ea o f T r e c t a n g l e
10 Au=4.9; // a r ea o f U r e c t a n g l e
11 L=12.6; // l e n g t h o f a r c ;
12 gamma_m =19; // un i t we ig th o f s o i l
13 gamma_w =9.81; // un i t we ig th o f water
14 fi=26; // e f f e c t i v e ang l e ( d eg r e e )
15 co =19.5; // c oh e s i o n va lu e
16

17 // c o n s i d e r 1m l en g t h o f dam
18 SumN=An*x^2* gamma_m;

19 SumT=At*x^2* gamma_m;

20 SumU=Au*x^2* gamma_w;

21 Le=x*L;

22 F=((Le*co)+(SumN -SumU)*tand(fi))/SumT;

23 F=round(F*100) /100;

24 mprintf(” Facto r o f s a f e t y f o r s l o p e=%f . ”,F);

Scilab code Exa 10.4 EX10 4

1

2
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3 // example 1 0 . 4
4 // check s e c t i o n f o r :
5 // S t a b i l i t y o f d/ s s l o p e a g a i n s t s t e ady s e epag e
6 // S l ough ing o f u/ s s l o p e a g a i n s t sudden drawdown
7 // S t a b i l i t y o f the f ounda t i on a g a i n s t s h e a r
8 // Seepage through body o f dam
9 clc;funcprot (0);

10 // g i v en
11 // Dimens ions
12 H=20; // He igth o f dam
13 Bt=6; // top width o f dam
14 s1=4; //u/ s s l o p e
15 s2=3; //d/ s s l o p e
16 fb=2; // f r e e board
17 // P r o p e r t i e s o f m a t e r i a l s o f dam
18 gamma_d =17.27; // dry d e n s i t y
19 wc =0.15; //optimum water c on t en t
20 gamma_s =21.19; // s a t u r a t e d d e n s i t y
21 gamma_w =9.81; // un i t we ig th o f water
22 wavg =19.62; // ave rage un i t we ig th under

s e epag e
23 theta =26; // ave rage ang l e o f i n t e r n a l

f r i c t i o n ( d eg r e e )
24 co =19.13; // ave rage c oh e s i o n
25 K=5D-4; // c o e f f i c i e n t o f p e rm e ab i l i t y
26 // p r o p e r t i e s o f f o unda t i on ma t e r i a l s
27 gamma_f =17.27; // ave rage un i t we ig th
28 cof =47.87; // ave rage c oh e s i o n
29 fi=8; // ave rage ang l e i n t e r n a l

f r i c t i o n
30 t=6; // t h i c k n e s s o f c l a y
31 FOSp =1.5; // p e rm i s s i b l e f a c t o r o f s a f e t y

o f s l o p e
32 PS=8D-6; // p e rm i s s i b l e s e epage
33

34

35 // ( a ) S t a b i l i t y o f d/ s s l o p e a g a i n s t s t e ady s e epag e
36 An =302.4; // a r ea o f N diagram
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37 At =91.2; // a r ea o f T diagram
38 Au =98.4; // a r ea o f U diagram
39 Le=60; // l e n g t h o f a r c
40 SumN=An*gamma_s;

41 SumT=At*gamma_s;

42 SumU=Au*gamma_w;

43 F=((Le*co)+(SumN -SumU)*tand(theta))/SumT;

44 F=round(F*100) /100;

45 mprintf(” Part ( a ) : ”)
46 mprintf(”\ nFactor o f s a f e t y f o r s l o p e=%f . ”,F);
47 mprintf(”\ nSa f e ”);
48

49 // ( b ) S l ough ing o f u/ s s l o p e a g a i n s t sudden drawdown
50 h1=15;

51 b=80;

52 P=gamma_s*H^2* tand (45-( theta /2))^2/2+ gamma_w*h1 ^2/2;

53 sav=P/b;

54 smax =2*sav;

55 Ne=(gamma_s -gamma_w)*b*H/2;

56 R=Ne*tand(theta)+co*b;

57 fs=R/P;

58 fs=round(fs*100) /100;

59 mprintf(”\n\nPart ( b ) : ”)
60 mprintf(”\ nFactor o f s a f e t y w . r . t ave r age sh ea r=%f . ”

,fs);

61 mprintf(”\ nSa f e ”);
62 sr=0.6*H*(gamma_s -gamma_w)*tand(theta)+co;

63 FS=sr/smax;

64 FS=round(FS*100) /100;

65 mprintf(”\n\ nFactor o f s a f e t y w . r . t maximum shea r=%f
. ”,FS);

66 mprintf(”\ nSa f e ”);
67

68 // ( c ) S t a b i l i t y o f the f ounda t i on a g a i n s t s h e a r
69 h1=26;

70 h2=6;

71 gamma_m =(wavg*(h1 -h2)+gamma_f*h2)/h1;

72 l=( gamma_m*h1*tand(fi)+cof)/( gamma_m*h1);
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73 fi1=atand(l);

74 P=(h1^2-h2^2)/2* gamma_m*tand (45-(fi1/2))^2;

75 sav=P/b;

76 smax =2*sav;

77 s1=cof+gamma_f*h2*tand(fi);

78 s2=cof+gamma_m*h1*tand(fi);

79 as=(s1+s2)/2;

80 fs=as/sav;

81 fs=round(fs*100) /100;

82 mprintf(”\n\nPart ( c ) : ”)
83 mprintf(”\ nFactor o f s a f e t y w . r . t o v e r a l l s h e a r=%f . ”

,fs);

84 mprintf(”\ nSa f e ”);
85

86 gamma_av =(wavg *0.6*H+gamma_f*h2)/((0.6*H)+h2);

87 s=cof+gamma_av *0.6*H*tand(fi);

88 fs=s/smax;

89 fs=round(fs*100) /100;

90 mprintf(”\n\ nFactor o f s a f e t y w . r . t o v e r a l l s h e a r=%f
. ”,fs);

91 mprintf(”\ nUnsafe ”);
92

93 // ( d ) Seepage through body o f dam
94 s=2; //measured
95 q=K*s*100000/100;

96 mprintf(”\n\nPart ( d ) : ”)
97 mprintf(”\n Seepage through body o f dam=%fD−5 cumecs

/m l en g t h o f dam”,q);

Scilab code Exa 10.5 EX10 5

1

2
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Figure 10.1: EX10 5
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3 // example 1 0 . 5
4 // d e s i g n upstream impe rv i ou s b l ank e t
5 clc;funcprot (0);

6 // g i v en
7 Zb=1.2; // t h i c k n e s s o f b l ank e t
8 Zf=8; // d i s t a n c e o f b l ank e t from f ounda t i on
9 kb =0.06; // c o e f f i c i e n t o f p e rm e ab i l i t y o f

b l ank e t ma t e r i a l
10 kf=72; // c o e f f i c i e n t o f p e rm e ab i l i t y o f

f o unda t i on s o i l
11 Hw=10; // h e i g t h o f water i n r e s e r v i o r
12 Xd=40;

13

14 a=(kb/(kf*Zb*Zf))^0.5;

15 Xo =1.414/a;

16

17 //we vary va lu e o f x
18 x=[0 25 50 75 100 125 151.8 300]

19 for i=1:8

20 e=exp(2*a*x(i));

21 Xr(i)=(e-1)/(a*(e+1));

22 ho(i)=Xr(i)*Hw/(Xr(i)+Xd);

23 r(i)=Xr(i)*100/( Xr(i)+Xd);

24 end

25 mprintf(”\nx Xr ho
r e du c t i o n q ( p e r c en t ) ”);

26 for i=1:8

27 mprintf(”\n%f %f %f %f”,x(i
),Xr(i),ho(i),r(i));

28 end

29 // graph i s p l o t t e d between r and x .
30 // a f t e r around 130m l en g t h t h e r e i s on ly s l i g h t

i n c r e a s e i n head d i s s i p a t e d ( ho )
31 L=130;

32 mprintf(”\ nThicknes s o f b l ank e t=%f m”,Zb);
33 mprintf(”\nLength o f b l ank e t=%i m. ”,L);
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Chapter 11

SPILLWAYS

Scilab code Exa 11.1 EX11 1

1

2

3 // example 1 1 . 1
4 // c a l c u l a t e compute the dynamic f o r c e on curved

s e c t i o n
5 clc;funcprot (0);

6 // g i v en
7 h=1.2; // head o f water
8 Cd=2.2; // c o e f f i c i e n t o f d i s c h a r g e
9 rho =1; // d e n s i t y o f water

10 gamma_w =9.81; // un i t we ig th o f water
11

12 q=Cd*h^1.5;

13

14 // app l y i ng b e r n a u l l i ’ s e qua t i on at u/ s water s u r f a c e
at s e c t i o n A and B

15 // s o l v i n g i t by e r r o r and t r i a l method we ge t
16 v1 =13.7; v2 =14.7;

17 d1 =0.212; d2 =0.197;

18

19 F1=gamma_w*d1^2* cosd (60) /2;
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20 F2=gamma_w*d2^2/2;

21 W=gamma_w *60*2* %pi *3*((d1+d2)/2) /360;

22 Fx=rho*q*(v2 -v1*cosd (60))-F1/2+F2;

23 Fy=rho*q*(v1*sind (60))+F1*sind (60)+W;

24 F=(Fx^2+Fy^2) ^0.5;

25 F=round(F*100) /100;

26 mprintf(” Re su l t an t f o r c e=%f kN/m. ”,F);

Scilab code Exa 11.2 EX11 2

1

2

3 // example 1 1 . 2
4 // c a l c u l a t e d i s c h a r g e ove r oggy we i r
5 clc;funcprot (0);

6 // g i v en
7 C=2.4; // c o e f f i c i e n t o f d i s c h a r g e
8 H=2; // head
9 L=100; // l e n g t h o f s p i l l w a y

10 wc=8; // h e i g t h o f we i r c r e s t above bottom
11 g=9.81; // a c c e l e r a t i o n due to g r a v i t y
12 h=H+wc;

13 Q1=C*L*H^(1.5); // n e g l e c t i n g approach v e l o c i t y and
end c o n t r a c t i o n s

14 va=Q1/(h*L);

15 ha=va ^2/(2*g);

16 Ha=ha+H;

17 Q=C*L*Ha ^1.5;

18 Q=round(Q*10) /10;

19 mprintf(” d i s c h a r g e ove r oggy we i r=%f cumecs . ”,Q);

Scilab code Exa 11.3 EX11 3
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1

2

3 // example 1 1 . 3
4 // c a l c u l a t e
5 // c ap a c i t y o f s i phon
6 // head r e q u i r e d i n oggy s p i l l w a y
7 // l e n g t h o f oggy we i r r e q u i r e d
8 clc;funcprot (0);

9 // g i v en
10 t=6; // t a i l water e l e v a t i o n
11 h=1; // h e i g t h o f s i phon s p i l l w a y
12 w=4; // width o f s i phon s p i l l w a y
13 hw=1.5; // head water e l e v a t i o n
14 C=0.6; // c o e f f i c i e n t o f d i s c h a r g e
15 Co =2.25; // c o e f f i c i e n t o f d i s c h a r g e o f oggy

s p i l l w a y
16 lo=4; // l e n g t h o f oggy s p i l l w a y
17 hc=1.5; // head on we i r c r e s t
18 g=9.81; // a c c e l e r a t i o n due to g r a v i t y
19

20 // pa r t ( a )
21 Q=C*h*w*(2*g*(t+hw))^0.5;

22 Q=round(Q*10) /10;

23 mprintf(” c ap a c i t y o f s i phon=%f cumecs . ”,Q);
24

25 // pa r t ( b )
26 h1=(Q/(Co*lo))^(2/3);

27 h1=round(h1*100) /100;

28 mprintf(”\nhead r e q u i r e d i n oggy s p i l l w a y=%f m”,h1);
29

30 // pa r t ( c )
31 L=Q/(Co*(hc)^1.5);

32 L=round(L*100) /100;

33 mprintf(”\ n l eng th o f oggy we i r r e q u i r e d=%f m. ”,L);
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Scilab code Exa 11.4 EX11 4

1

2

3 // example 1 1 . 4
4 // c a l c u l a t e number o f s i phon s u n i t s r e q u i r e d
5 clc;funcprot (0);

6 // g i v en
7 rl=435; // f u l l r e s e r v i o r l e v e l
8 cl =429.6; // l e v e l o f c e n t r e o f s i phon
9 hfl =435.85; // h igh f l o o d l e v e l
10 hfd =600; // h igh f l o o d d i s c h a r g e
11 w=4; // width o f t h r o a t
12 h=2; // h e i g t h o f t h r o a t
13 C=0.65; // c o e f f i c i e n t o f d i s c h a r g e
14 g=9.81; // a c c e l e r a t i o n due to g r a v i t y
15

16 H=hfl -cl;

17 Q=C*w*h*(2*g*H)^0.5;

18 n=hfd/Q;

19 n=round(n*100) /100;

20 mprintf(” number o f s i phon s u n i t s r e q u i r e d=%f . \
nhence p r ov i d e 11 s i phon s u n i t s . ”,n);

Scilab code Exa 11.5 EX11 5

1

2

3 // example 1 1 . 5
4 // d e s i g n oggy s p i l l w a y f o r c o n c r e t e g r a v i t y dam
5 clc;funcprot (0);

6 // g i v en
7 rbl =250; // avarage r i v e r bed l e v e l
8 rlc =350; //R. L o f s p i l l w a y c r e s t
9 s=0.75; // s l o p e on downstream s i d e
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10 Q=6500; // d i s c h a r g e
11 L=5*9; // l e n g t h o f s p i l l w a y
12 Cd=2.2; // c o e f f i c i e n t o f d i s c h a r g e
13 t=2; // t h i c k n e s s o f each p i e r
14

15 // s t e p 1 . computat ion o f d e s i g n head
16 H=(Q/(Cd*L))^(2/3);

17 P=rlc -rbl;

18

19 //P/H=6.15 , which i s <1 . 33 ; i t i s a h igh ov e r f l ow
s p i l l w a y

20

21 //H+P/H=7.15 >1 .7 ; hence d i s c h a r g e c o e f f i c i e n t i s not
a f f e c t e d by downstream apron i n t e r f a c e

22

23 Kp =0.01; Ka=0.1;N=4;

24 He =17.5; // assumed
25 Le=L-2*(N*Kp+Ka)*He;

26 He1=(Q/(Cd*Le))^(2/3);

27 He1=round(He1 *100) /100;

28 //He1 i s a lmost equa l to He
29 mprintf(” c r e s t p r o f i l e w i l l be d e s i gn ed f o r Hd=%f m.

”,He1);
30

31 // s t e p 2 . d e t e rm ina t i o n o f d/ s p r o f i l e
32

33 // equa t i ng the s l o p e o f d/ s s i d e and d e r i v a t i v e o f
p r o f i l e e qua t i on su g g e s t e d by WES

34 x=27.03;

35 y=0.04372*x^1.85;

36 mprintf(”\n\ndownstream p r o f i l e : ”);
37 x=[1:1:26]

38 for i=1:26

39 y(i)=0.04372*x(i)^1.85;

40 y(i)=round(y(i)*1000) /1000;

41 end

42 mprintf(”\nx y”);
43 for i=1:26
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44 mprintf(”\n%i %f”,x(i),y(i));
45 end

46 mprintf(”\n27 . 0 3 19 . 4 8 ”);
47

48

49 // s t e p 3 . d e t e rm ina t i o n o f u/ s p r o f i l e
50 // c o s i d e r i n g equa t i on f o r v e r t i c a l u/ s f a c e and Hd

=17.58
51

52 mprintf(”\n\nupstream p r o f i l e : ”);
53 x=[-0.5 -0.1 -1.5 -2.0 -3.0 -4.0 -4.75];

54 for i=1:7

55 y(i)=0.0633*(x(i)+4.7466) ^1.85+2.2151 -1.2643*(x(

i)+4.7466) ^0.625;

56 y(i)=round(y(i)*1000) /1000;

57 end

58 mprintf(”\nx y”);
59 for i=1:7

60 mprintf(”\n%f %f”,x(i),y(i));
61 end

62

63 // s t e p 4 . d e s i g n o f d/ s bucket
64

65 R=P/4;

66 mprintf(”\n\ n r ad i u s o f bucket=%i m. ”,R);
67 mprintf(”\ nbucket w i l l subtend ang l e o f 60 d eg r e e at

the c e n t r e . ”);

Scilab code Exa 11.6 EX11 6

1

2

3 // example 1 1 . 6
4 // d e s i g n l e n g t h and depth o f s t i l l i n g ba s i n
5 clc;funcprot (0);
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6 // g i v en
7 q=1; // d i s c h a r g e o f s p i l l w a y
8 Cd=0.7; // c o e f f i c i e n t o f d i s c h a r g e
9 h1=10; // h e i g t h o f c r e s t above downstream

s i l t i n g ba s i n
10 g=9.81; // a c c e l e r a t i o n due to g r a v i t y
11 Cv=0.9; // c o e f f i c i e n t o f v e l o c i t y
12

13 h=(3*q/(2*Cd*(2*g)^0.5))^(2/3);

14 H=h1+h/2;

15 vt=(2*g*H)^0.5;

16 v1=Cv*vt;

17 y1=q/v1;

18 F1=v1/(g*y1)^0.5;

19 //F>1 , f l ow i s super− c r i t i c a l
20 y2=1;

21 v2=q/y2;

22 F2=v2/(g*y2)^0.5; //<1
23 y2=(y1/2) *((1+8* F1^2) ^0.5 -1);

24 de=y2 -1;

25 le=5*(y2-y1);

26 de=round(de *1000) /1000;

27 le=round(le*10) /10;

28 mprintf(” s t i l l i n g ba s i n shou ld be d ep r e s s e d by %f m.
”,de);

29 mprintf(”\ n l eng th o f s t i l l i n g ba s i n=%f m. ”,le);

Scilab code Exa 11.7 EX11 7

1

2

3 // example 1 1 . 7
4 // c a l c u l a t e l e a d i n g d imens ion o f h y d r a u l i c jump

s t i l l i n g ba s i n
5 clc;funcprot (0);
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6 // g i v en
7 q=7.83; // d i s c h a r g e through s p i l l w a y
8 w=12.5; // width o f f a l l
9 d=2; // depth o f water i n downstream
10 g=9.8;

11

12 y1=0.5;

13 v1=q/y1;

14 F1=v1/(g*y1)^0.5;

15

16 //F>1 , f l ow i s super− c r i t i c a l
17 v2=q/d;

18 F2=v2/(g*d)^0.5;

19 y2=(y1/2) *((1+8* F1^2) ^0.5 -1);

20 de=y2-d;

21 le=5*(y2-y1);

22 de=round(de*100) /100;

23 le=round(le*10) /10;

24 mprintf(” s t i l l i n g ba s i n shou ld be d ep r e s s e d by %f m.
”,de);

25 mprintf(”\ n l eng th o f s t i l l i n g ba s i n=%f m. ”,le);

Scilab code Exa 11.8 EX11 8

1

2

3 // example 1 1 . 8
4 // c a l c u l a t e f o r c e to be e x e r t e d to l i f t the ga t e
5 clc;funcprot (0);

6 // g i v en
7 Ag =5*2.5; // a r ea o f ga t e
8 miu =0.25; // c o e f f i c i e n t o f f r i c t i o n
9 w=0.5; // we ig th o f ga t e

10 h=2; // head o f water ove r c r e s t
11 g=9.81; // a c c e l e r a t i o n due to g r a v i t y
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12 gamma_w =1000; // un i t we ig th o f water
13

14 m=w*g*1000;

15 F=gamma_w*Ag*h*h*g/10;

16 ff=miu*F;

17 tf=(m+ff)/1000;

18 mprintf(” f o r c e to be e x e r t e d to l i f t the ga t e=%f kN .
”,tf);

Scilab code Exa 11.9 EX11 9

1

2

3 // example 1 1 . 9
4 // c a l c u l a t e depth o f f l ow at both end o f jumps
5 clc;funcprot (0);

6 // g i v en
7 q=19; // d i s c h r g e through s p i l l w a y
8 E=1; // ene rgy l o s s
9

10 // from energy l o s s e qua t i on ;E=(y2−y1 ) ˆ3/4 y2y1 ; and
s o l v i n g i t we ge t

11 //x=0.5∗(−1+(1+294.39∗(x−1) ˆ9/64∗ x ˆ3) )
12 //by t r i a l and e r r o r method x=2.806
13 x=2.806;

14 y1=4*x/(x-1)^3;

15 y2=x*y1;

16 y1=round(y1 *1000) /1000;

17 y2=round(y2 *1000) /1000;

18 mprintf(” depth o f f l ow at both end o f jumps=%f m and
%f m. r e s p e c t i v e l y . ”,y1 ,y2);
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Chapter 12

DIVERSION HEADWORKS

Scilab code Exa 12.1 EX12 1

1

2

3 // example 1 2 . 1
4 // c a l c u l a t e ave rage h yd r a u l i c g r a d i e n t
5 // u p l i f t p r e s uu r e s and t h i c k n e s s o f f l o o r at 6m, 12m

and 18m from u/ s
6 clc;funcprot (0);

7 // g i v en
8 rho =2.24; // r e l a t i v e d e n s i t y o f ma t e r i a l
9 gamma_w =9.81; // un i t we ig th o f water

10 L=22; // t o t a l l e n g t h
11 lc =(2*6)+L+(2*8); // l e n g t h o f c r e ep
12 hg=4/lc; // h yd r a u l i c g r a d i e n t
13 mprintf(” avea rg e h yd r a u l i c g r a d i e n t=%f . ”,hg);
14 // at 6 m from u/ s
15 x=6;

16 lg =(6*2)+x;

17 h1=4*(1-lg/50); // unba lanced head
18 up=gamma_w*h1;

19 t=4*h1 /(3*(rho -1));

20 up=round(up*100) /100;
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21 t=round(t*100) /100;

22 mprintf(”\n\ n u p l i f t a t 6 m from u/ s=%f kN/ squa r e
metre . ”,up);

23 mprintf(”\ n t h i c k n e s s at 6 m from u/ s=%f m. ”,t);
24

25 // at 12 m from u/ s
26 x=12;

27 lg =(6*2)+x;

28 h1=4*(1-lg/50); // unba lanced head
29 up=gamma_w*h1;

30 t=4*h1 /(3*(rho -1));

31 up=round(up*100) /100;

32 t=round(t*100) /100;

33 mprintf(”\n\ n u p l i f t a t 12 m from u/ s=%f kN/ squa r e
metre . ”,up);

34 mprintf(”\ n t h i c k n e s s at 12 m from u/ s=%f m. ”,t);
35

36 // at 18m from u/ s
37 x=18;

38 lg =(6*2)+x;

39 h1=4*(1-lg/50); // unba lanced head
40 up=gamma_w*h1;

41 t=4*h1 /(3*(rho -1));

42 up=round(up*10) /10;

43 t=round(t*100) /100;

44 mprintf(”\n\ n u p l i f t a t 18 m from u/ s=%f kN/ squa r e
metre . ”,up);

45 mprintf(”\ n t h i c k n e s s at 18 m from u/ s=%f m. ”,t);

Scilab code Exa 12.2 EX12 2

1

2

3 // example 1 2 . 2
4 // c a l c u l a t e u p l i f t p r e s s u r e and e x i t g r a d i e n t
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5 // check whether s e c t i o n i s s a f e a g a i n s t o v e r t u r n i n g
and p i p i n g

6 clc;funcprot (0);

7 // g i v en
8 b=54; // width o f s e c t i o n
9 D1D2 =16; // d i s t a n c e between p o i n t s D1 and D2

10 D2D3 =37; // d i s t a n c e between p o i n t s D2 and D3
11

12 // f i r s t p ip e l i n e
13 // t ak i n g data from f i g u r e
14 d=105 -97;

15 b1=0.5;

16 alpha=b/d;

17 // from the cu r v e s we ge t
18 fic1 =0.665;

19 fid1 =0.76;

20 fie1 =1;

21 t=105 -104; // f l o o r t h i c k n e s s
22 corec=(fid1 -fic1)*100*t/d; // c o r r e c t i o n f o r

f l o o r t h i c k n e s s
23 // f o r p i l e no . 2
24 D=104 -97;

25 d=104 -97;

26 bdash =16;

27 C=19*(D/bdash)^0.5*(d+D)/b; // c o r r e c t i o n f o r p i l e
no . 2

28 fic1=fic1 *100+ corec+C; // c o r r e c t e d p r e s s u r e s
29

30 // i n t e rm ed i t e p ip e l i n e
31 d=105 -97;

32 b1 =16.5;

33 alpha=b/d;

34 r=b1/b; // r a t i o b1/b
35 // from the cu r v e s we ge t
36 fic2 =0.52;

37 fie2 =0.725;

38 fid2 =0.615;

39 corec_c1 =(fid2 -fic2)*100*t/d;
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40 corec_e1 =(fie2 -fid2)*100/d;

41

42 // f o r p i l e no . 1
43 C1=C;

44 d=104 -97;

45 bdash =37;

46 D=104 -95;

47 C2=19*(D/bdash)^0.5*(d+D)/b;

48 // c o r r e c t i o n due to s l o p e
49 corec_e2 =3.3; // from t a b l e 1 2 . 4
50 // c o r r e c t i o n i s n e g a t i v e due to upwrd s l o p e
51 l=4; // h o r i z o n t a l l e n g t h o f s l o p e
52 corec_c2=corec_e2*l/bdash;

53

54 fie2=fie2 *100- corec_e1 -corec_e2;

55 fic2=fic2 *100+ corec_c1+C2 -corec_c2;

56

57 // p i l e no . 3 at d/ s end
58 d=103.5 -95;

59 alpha_=d/b;

60 // f o r cu r v e s
61 fie3 =0.35; fid3 =0.242;

62 corec_t =(fie3 -fid3)*100*(103.5 -102)/d;

63

64 // c o r r e c t i o n f o r i n t e r f e r e n c e at p i l e no . 2
65 d=102 -95;

66 D=102 -97;

67 C3=19*(D/bdash)^0.5*(d+D)/b;

68 fie3=fie3 *100-corec_t -C3;

69

70 point=[ ’C1 ’ ’C2 ’ ’E2 ’ ’E3 ’ ]; // Po int
71 P=[fic1 fic2 fie2 fie3]; // p r e s s u r e

p e r c en t
72 P_ =[3.55 2.78 3.39 1.58]; // p r e s s u r e

head
73 mprintf(” Po in t s P r e s s u r e p e r c en t

P r e s s u r e head ”);
74 for i=1:4
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75 P(i)=round(P(i)*10) /10;

76 mprintf(”\n%s %f %f
”,point(i),P(i),P_(i));

77 end

78

79 // check f o r f l o o r t h i c k n e s s
80 Pa=P_(2) -((P_(2)-P_(4))*6.5/37);

81 Pb=P_(2) -((P_(2)-P_(4))*24/37);

82 Pc=P_(2) -((P_(2)-P_(4))*30/37);

83 rho =2.24; // s p e c i f i c
g r a v i t y o f c o n c r e t e

84 ta=Pa/(rho -1);

85 tb=Pb/(rho -1);

86 tc=Pc/(rho -1);

87 ta=round(ta*100) /100;

88 tb=round(tb*100) /100;

89 tc=round(tc*100) /100;

90 mprintf(”\n\ nThicknes s r e q u i r e d at A=%f m. ”,ta);
91 mprintf(”\ nThicknes s r e q u i r e d at B=%f m. ”,tb);
92 mprintf(”\ nThicknes s r e q u i r e d at C=%f m. ”,tc);
93 t=103.5 -102;

94 mprintf(”\ nThicknes s p rov id ed=%f m. ”,t);
95 mprintf(”\ nFloor t h i c k n e s s at B and C ar e adequate ”)

;

96

97 // e x i t g r a d i e n t
98 H=108.5 -103.5; // s e epag e head
99 d=103.5 -95; // depth cut−o f f

100 // from e x i t g r a d i e n t curve
101 alpha =6.35;

102 lambda =(1+(1+ alpha ^2) ^0.5) /2;

103 Ge=H/(d*%pi*lambda ^0.5);

104 mprintf(”\n\ n e x i t g r a d i e n t=%f . ”,Ge);
105 mprintf(”\n i t i s l e s s than p e rm i s s i b l e e x i t

g r a d i e n t < 1/6\ nHence s a f e . . ”);
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Scilab code Exa 12.3 EX12 3

1

2

3 // example 1 2 . 3
4 // d e s i g n a v e r t i c a l drop we i r on Bl igh ’ s th eo ry
5 // t e s t f l o o r by Khosla ’ s th eo ry
6 clc;funcprot (0);

7 // g i v en
8 Q=2800; //maximum f l o o d d i s c h a r g e
9 hfl =285; //H.F . L b e f o r e

c o n s t r u c t i o n
10 hw=278; //minimum water l e v e l
11 fsl =284; //F . S . L o f c ana l
12 c=12; // c o e f f i c i e n t o f c r e ep
13 flux =1; // a l l ow ab l e a f f l u x
14 Ge=1/6; // p e rm i s s i b l e e x i t

g r a d i e n t
15 rho =2.24; // s p e c i f i c g r a v i t y o f

c o n c r e t e
16

17 // Hydrau l i c c a l c u l a t i o n
18 L=4.75*Q^0.5;

19 q=Q/L;

20 q=round(q*10) /10;

21 mprintf(” Hydrau l i c c a l c u l a t i o n : ”);
22 mprintf(”\ nd i s c h a r g e per un i t width o f r i v e r=%f

cumecs . ”,q);
23 f=1;

24 R=1.35*(q^2/f)^(1/3);

25 R=round(R*100) /100;

26 mprintf(”\ nreg ime s c ou r depth=%f m. ”,R);
27 V=q/R; // reg ime v e l o c i t y
28 vh=V^2/(2*9.81); // v e l o c i t y head
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29 l_down=hfl+vh;

30 l_up=l_down+flux;

31 hfl_up=l_up -vh;

32 hfl_down=hfl -0.5;

33 hfl_down=round(hfl_down *100) /100;

34 mprintf(”\ na c t ua l d/ s H. F . L a l l ow i n g 0 . 5 m f o r
r e t r o g a t i o n=%f m. ”,hfl_down);

35 K=(q/1.7) ^(2/3);

36 cl=l_up -K; // c r e s t l e v e l
37 cl=round(cl*100) /100;

38 mprintf(”\ n c r e s t l e v e l=%f m. ”,cl);
39 pl=fsl +0.5; //pond l e v e l
40 s=hfl_down -cl; // h e i g t h o f s h u t t e r
41 mprintf(”\ nhe i g th o f s h u t t e r=%f m. ”,s);
42 rl_up_pile=hfl_up -1.5*R; //R. L o f bottom u/ s p i l e
43 d_up_cut=hw -276; // depth o f upstream cut−

o f f
44 mprintf(”\ndepth o f upstream cut−o f f=%f m. ”,d_up_cut

);

45 mprintf(”\n p r ov i d e c o n c r e t e cut o f f 2 m depth . ”);
46 rl_bot_ds=hfl_down -2*R;

47 Hs=hfl_down -hw; // s e epag e head
48 Hc=cl-hw; // h e i g t h o f c r e s t
49 mprintf(”\nR . L o f g a t e s c r e s t=%f m. ”,Hs);
50 mprintf(”\ nHeigth o f c r e s t=%f m. ”,Hc);
51

52 // d e s i g n o f we i r wa l l
53 d=hfl_up -cl;

54 a=d/(rho)^0.5;

55 a=3*d/(2* rho); // from s l i d i n g
c o n s i d e r a t i o n

56 a=s+1; // from p r a c t i c a l
c o n s i e r a t i o n

57 a=a+1;

58 mprintf(”\n\ nde s i gn o f we i r wa l l : ”)
59 mprintf(”\ nprov id e top width o f %i m. ”,a);
60 Mo =9.81* Hs^3/6; // o v e r t i r n i n g moment
61 // equa t i ng the moment o f r e s i s t a n c e to o v e r t u r n i n g
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moment and pu t t i n g the v a l u e s we ge t
62 y=poly ([ -1.084 ,0.020 ,0.039] , ’ x ’ , ’ c ’ );
63 b=roots(y);

64 //we ge t b= − 5 . 5347261 and 5 . 0219056
65 // t ak i n g
66 b=5;

67 //when we i r i s submerged
68 C=0.58;

69 d=(q^2/((2*C/3) ^2*2*9.81))^(1/3);

70 Mo =9.81*d*Hc^2/2;

71 // from equa t i on o f moment o f r e s i s t e n c e we ge t
72 y=poly ([-77.55,3,1], ’ x ’ , ’ c ’ );
73 b=roots(y);

74 //we ge t b= − 10 . 433085 and 7 . 4330846
75 // t ak i n g
76 b=8;

77 mprintf(”\nbottom width=%i m. ”,b);
78

79 // d e s i g n o f impe rv i ou s and p e r v i o u s aprons
80 C=12;

81 L=C*Hs;

82 mprintf(”\n\ nde s i gn o f impe rv i ou s and p e r v i o u s
aprons : ”);

83 mprintf(”\ n t o t a l c r e ep l e n g t h=%i m. ”,L);
84 l1 =2.21*C*(Hs/13) ^0.5;

85 l1_=l1+1;

86 mprintf(”\ n l eng th o f downstream impe rv i ou s apron=%i
m. ”,l1_);

87 d1=hw -276;

88 d2=hw -271;

89 l2=L-l1 -(b+2*d1+2*d2);

90 mprintf(”\ n l eng th o f upstream impe rv i ou s apron=%i m.
”,l2);

91 l3=18*C*(Hs*q/975) ^0.5;

92 mprintf(”\ n t o t a l l e n g t h o f d/ s apron=%i m. ”,l3);
// c a l c u l a t i o n i s wrong i n book

93 l=l3 -l1;

94 le=l/2;
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95 le=round(le*100) /100;

96 mprintf( ’ \ nprov id e f i l t e r o f l e n g t h %f m. and
l aunch i ng apron o f l e n g t h %f m. ’ ,le ,le);

97 t=d2 *10^0.5/ le;

98 mprintf(”\ n t h i c k n e s s o f l aun ch i ng apron i n
h o r i z o n t a l p o s i t i o n=%f m. ”,t);

99 mprintf(”\ nprov id e l aunch i ng apron o f t h i c k n e s s 1 . 5
m. ”);

100 T=2*d1;

101 V=d1 *10^0.5;

102 ta=V/T;

103 ta=round(ta*10) /10;

104 mprintf(”\ n t h i c k n e s s o f apron i n h o r i z o n t a l p o s i t i o n
=%f m. ”,ta);

105 Hr=Hs-Hs *(4+33+8)/L;

106 t=4*Hr /(3*(rho -1));

107 t=round(t*10) /10;

108 mprintf( ’ \ nprov id e t h i c k n e s s o f %f m from d/ s o f
we i r wa l l to po i n t 6 m from i t . ’ ,t);

109 Hr=Hs-Hs *(4+33+8+6)/L;

110 t=4*Hr /(3*(rho -1));

111 t=round(t*10) /10;

112 mprintf(”\ nprov id e t h i c k n e s s o f %f m from 6 m to 12
m from d/ s end o f we i r wa l l . ”,t);

113 Hr=Hs-Hs *(4+33+8+12)/L;

114 t=4*Hr /(3*(rho -1));

115 t=round(t*10) /10;

116 mprintf(”\ nprov id e t h i c k n e s s o f %f m f o r r e s t o f
l e n g t h o f we i r f l o o r . ”,t);

117

118 // check by khos la ’ s th eo ry
119 b=33+8+19; // t o t a l h o r i z o n t a l l e n g t h o f

impe rv i ou s f l o o r
120 d=7; // depth o f downstream p i l e
121 alpha=b/d;

122 n=0.14; //n=1/%pi ∗ ( lambda ) ˆ 0 . 5 ;
123 Ge=Hs*n/d;

124 mprintf(”\n\ ncheck by Khosla th eo ry : ”);
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125 mprintf(”\ n e x i t g r a d i e n t=%f . < 1/6\n hence s a f e ”,Ge)
;

126 alpha_=d/b;

127 fic1 =0.83; fid1 =0.88;

128 corec_c1 =(fid1 -fic1)*100/2;

129 bdash=b;

130 d=2;D=7;

131 C1=19*(D/bdash)^0.5*(d+D)/b;

132 fic1=fic1 *100+ corec_c1+C1;

133 Pc=Hs*fic1 /100; // p r e s s u r e
head at C

134 alpha_=d/b;

135 fie2 =0.31; fid2 =0.21;

136 corec_e1 =(fie2 -fid2)*1.7*100/7;

137 bdash=b;

138 d=7;D=2;

139 C1=19*(D/bdash)^0.5*(d+D)/b;

140 fie2=fie2 *100- corec_e1 -C1; // i n book
3 . 5 3 va lu e i s wrong

141 Pe=Hs*fie2 /100; // p r e s s u e
head at E

142 // assuming l i n e a r v a r i a t i o n o f p r e s s u r e f o r
i n t e rmed i a t e p o i n t s

143 Pa=Pc -(Pc-Pe)*(33+8)/b;

144 t=Pa /1.24;

145 Pa=round(Pa*100) /100;

146 t=round(t*100) /100;

147 mprintf(”\ np r e s s u r e at d/ s o f we i r wa l l=%f m. ”,Pa);
148 mprintf(”\ n t h i c k n e s s at d/ s o f we i r wa l l=%f m. <

t h i c k n e s s by B l i gh theo ry ; \ nhence s a f e . ”,t);
149 Pb=Pc -(Pc-Pe)*(33+8+6)/b;

150 t=Pb /1.24;

151 Pa=round(Pa*100) /100;

152 t=round(t*100) /100;

153 mprintf(”\ np r e s s u r e at 6 m from d/ s o f we i r wa l l=%f
m. ”,Pb);

154 mprintf(”\ n t h i c k n e s s at 6m from d/ s o f we i r wa l l=%f
m. < t h i c k n e s s by B l i gh theo ry ; \ nhence s a f e . ”,t);
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155 Pc=Pc -(Pc-Pe)*(33+8+12)/b;

156 t=Pc /1.24;

157 Pa=round(Pa*100) /100;

158 t=round(t*100) /100;

159 mprintf(”\ np r e s s u r e at 12 m from d/ s o f we i r wa l l=%f
m. ”,Pc);

160 mprintf(”\ n t h i c k n e s s at 12m from d/ s o f we i r wa l l=%f
m. > t h i c k n e s s by B l i gh theo ry ; \ nhence un s a f e . ”,
t);

161 mprintf(”\ nhence i n c r e a s e th e t h i c k n e s s to 1 . 9 m f o r
a l e n g t h o f 7 m o f impe rv i ou s f l o o r . ”);

Scilab code Exa 12.4 EX12 4

1

2

3 // example 1 2 . 4
4 // d e s i g n a s l o p e i n g g l a c i s
5 clc;funcprot (0);

6 // g i v en
7 q=10; //maximum d i s c h a r g e

i n t e n s i t y on we i r c r e s t
8 hfl =255; //H.F . L b e f o r e

c o n s t r u c t i o n o f we i r
9 rb =249.5; //R. L o f r i v e r bed

10 pl=254; //pond l e v e l
11 s=1; // h e i g t h o f c r e s t s h u t t e r
12 dhw =251.5; // a n t i c i p a t e d downstream

water l e v e l i n r i v e r when water i s d i s c h r g i n g
with pond l e v e l upstream

13 br=0.5; // bed r e t r o g r e s s i o n
14 f=0.9; // Laecey s i l t f a c t o r
15 Ge=1/7; // p e rm i s s i b l e e x i t

g r a d i e n t
16 flux =1; // p e rm i s s i b l e a f f l u x
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17

18 cl=pl-s; // c r e s t l e v e l
19 mprintf(” c r e s t l e v e l=%f m. ”,cl);
20 K=(q/1.7) ^(2/3);

21 tel_up=cl+K;

22 tel_up=round(tel_up *100) /100;

23 mprintf(”\ n e l e v a t i o n o f u/ s T .E . L=%f m. ”,tel_up);
24 R=1.35*(q^2/f)^(1/3);

25 R=round(R*10) /10;

26 mprintf(”\ nreg ime s c ou r depth=%f m. ”,R);
27 V=q/R; // reg ime v e l o c i t y
28 vh=V^2/(2*9.81); // v e l o c i t y head
29 hfl_up=tel_up -vh;

30 tel_down=hfl+vh;

31 flux=hfl_up -hfl;

32 flux=round(flux *100) /100;

33 mprintf(”\ n a f f l u x=%f . which i s near to p e rm i s s i b l e ”,
flux);

34 hfl_down=hfl -br; // downstream H.F . L
a f t e r r e t r o g r e s s i o n

35 tel_down=tel_down -br; // downstream T.F . L
a f t e r r e t r o g r e s s i o n

36 Hl=tel_up -tel_down; // l o s s o f head i n f l o o d
37 Hl=round(Hl*100) /100;

38 mprintf(”\ n l o s s o f head i n at h igh f l o o d=%f m. ”,Hl);
39 K=pl -cl; // head ove r c r e s t
40 q_ =1.7*(K)^1.5;

41 Hl_=pl -dhw; // l o s s o f head
42 mprintf(”\ n l o s s o f head=%f m. ”,Hl_);
43 Ef2 =4.3;

44 Ef2_ =1.7; // from Blench curve
45 jump=tel_down -Ef2;

46 jump_ =251.5 - Ef2_; // l e v e l a t which jump w i l l
form

47 Ef1=Ef2+Hl;

48 Ef1_=Ef2_+Hl_;

49 D1 =1.03;

50 D1_ =0.15; // c a l c u l a t e d from Ef1 and
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Ef1 r e s p e c t i v e l y
51 D2 =3.96; D2_ =1.68; // c a l c u l a t e d from Ef2 and

Ef2 r e s p e c t i v e l y
52 hj=D2-D1;

53 hj_=D2_ -D1_; // h e i g t h o f jump
54 concrete =5*hj;

55 concrete_ =5*hj_; // l e n g t h o f c o n c r e t e f l o o r
56 mprintf(”\n\ nHydrau l i c jump c a l c u l a t i o n : ”);
57 mprintf(”\ nhe i g th o f jump f o r h igh f l o o d c o n d i t i o n=

%f m. ”,hj);
58 mprintf(”\ n l eng th o f c o n c r e t e f l o o r f o r h igh f l o o d

c o n d i t i o n=%f m. ”,concrete);
59 mprintf(”\ nhe i g th o f jump f o r pond l e v e l c o n d i t i o n=

%f m. ”,hj_);
60 mprintf(”\ n l eng th o f c o n c r e t e f l o o r f o r h igh pond

l e v e l c o n d i t i o n=%f m. ”,concrete_);
61

62 cw=2; // c r e t s width
63 us=2; // upstream s l o p e
64 ds=3; // downstream s l o p e
65 l=15;

66 mprintf(”\n\n upstream s l o p e o f g l a c i s=%i : 1 . ”,us);
67 mprintf(”\ndownstream s l o p e o f g l a c i s=%i : 1 . ”,ds);
68 mprintf(”\ nh o r i z o n t a l l e n g t h o f f l o o r beyond the to e

=%i m. . ”,l);
69

70 R=6.5;

71 sh_up=hfl_up -1.5*R;

72 sh_down=hfl_down -2*R;

73 sh_up=round(sh_up *100) /100;

74 mprintf(”\nR . L o f bottom o f upstream sh e e t p i l e=%f m
. ”,sh_up);

75 mprintf(”\nR . L o f downstream sh e e t p i l e=%f m. ”,
sh_down);

76 mprintf(”\ nprov id e i n t e rmed i a t e s h e e t p i l e at d/ s
t o e o f g l a c i s . ”);

77 Hs=pl -249.6; //maximum
p e r c o l a t i o n head
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78 d=249.6 - sh_down; // depth o f d/ s
cut−o f f

79 n=Ge*d/Hs; //n=1/(%pi∗
lambda ˆ 0 . 5 ) ;

80 // from kho s l a e x i t g r a d i e n t curve
81 alpha =1.5;

82 b=alpha*d;

83 mprintf(”\n\ n l eng th o f impe rv i ou s f l o o r=%f m. ”,b);
84 fl =(2*(253 -249.5))+2+(3*(253 -249.6))+15;

85 us=36-fl;

86 mprintf(”\ n l eng th o f f l o o r a l r e a dy p r ov i d e=%f m. ”,fl
);

87 mprintf(”\nwhich i s more than r e q u i r e d from
p e rm i s s i b l e e x i t g r a d i e n t . \ nno upstream f l o o r i s
r e q u i r e d . ”);

88 mprintf(”\ nprov id e %f m upstream f l o o r so tha t t o t a l
l e n g t h becomes 36 m. ”,us);

89 alpha_1 =0.089;

90 alpha_2 =0.225; // a l pha =1/ a lpha
91 b1=21;

92 alpha =4.44;

93 mprintf(”\n\ nPr e s su r e p e r c en t at p o i n t s : ”);
94 point=[ ’C1 ’ ’D1 ’ ’C2 ’ ’E2 ’ ’D2 ’ ’D3 ’ ’E3 ’ ];
95 bc=[72 82 31.5 45.5 58.5 29 44];

96 crt =[3.1 0 3.5 0 -3.2 0 0 -3.6];

97 crs =[0 0 0 0 2.3 0 0 0];

98 cri =[3.7 0 6.4 0 -2.4 0 -6.4];

99 mprintf(”\ nPo in t s Be f o r e c o r r e c t i o n
A f t e r c o r r e c t i o n ”);

100 for i=1:7

101 after(i)=bc(i)+crt(i)+crs(i)+cri(i);

102 mprintf(”\n%s %i
%f”,point(i),bc(i),

after(i));

103 end

104 Hs =254 -249.6; //no f l ow c o nd i t i o n
105 Hs_ =256.13 -254.5; // h igh f l o o d c o n d i t i o n
106 Hs__ =254 -251.5; // f l ow at pond l e v e l
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107 mprintf(”\n\ n e l e v a t i o n o f s u b s o i l H.G above datum : ”)
;

108 mprintf(”\nno f l ow c o nd i t i o n : ”);
109 fie1 =1*Hs;

110 fid1 =0.82* Hs;

111 fic1 =0.788* Hs;

112 fie2 =0.552* Hs;

113 fid2 =0.455* Hs;

114 fic2 =0.414* Hs;

115 fie3 =0.34* Hs;

116 fid3 =0.29* Hs;

117 fic3 =0;

118 fie1=round(fie1 *100) /100; fid1=round(fid1 *100) /100;

fic1=round(fic1 *100) /100;

119 fie2=round(fie2 *100) /100; fid2=round(fid2 *100) /100;

fic2=round(fic2 *100) /100;

120 fie3=round(fie3 *100) /100; fid3=round(fid3 *100) /100;

fic3=round(fic3 *100) /100;

121 mprintf(”\ n f i e 1=%f . ; f i d 1=%f . ; f i c 1=%f . \ n f i e 2=%f . ; f i d 2
=%f . ; f i c 2=%f . \ n f i e 3=%f . ; f i d 3=%f . ; f i c 3=%f . ”,fie1 ,
fid1 ,fic1 ,fie2 ,fid2 ,fic2 ,fie3 ,fid3 ,fic3);

122 mprintf(”\ nhigh f l o o d c o n d i t i o n : ”);
123 fie1 =1*Hs_;

124 fid1 =0.82* Hs_;

125 fic1 =0.788* Hs_;

126 fie2 =0.552* Hs_;

127 fid2 =0.455* Hs_;

128 fic2 =0.414* Hs_;

129 fie3 =0.34* Hs_;

130 fid3 =0.29* Hs_;

131 fic3 =0;

132 fie1=round(fie1 *100) /100; fid1=round(fid1 *100) /100;

fic1=round(fic1 *100) /100;

133 fie2=round(fie2 *100) /100; fid2=round(fid2 *100) /100;

fic2=round(fic2 *100) /100;

134 fie3=round(fie3 *100) /100; fid3=round(fid3 *100) /100;

fic3=round(fic3 *100) /100;

135 mprintf(”\ n f i e 1=%f . ; f i d 1=%f . ; f i c 1=%f . \ n f i e 2=%f . ; f i d 2
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=%f . ; f i c 2=%f . \ n f i e 3=%f . ; f i d 3=%f . ; f i c 3=%f . ”,fie1 ,
fid1 ,fic1 ,fie2 ,fid2 ,fic2 ,fie3 ,fid3 ,fic3);

136 mprintf(”\ n f l ow at pond l e v e l : ”);
137 fie1 =1* Hs__;

138 fid1 =0.82* Hs__;

139 fic1 =0.788* Hs__;

140 fie2 =0.552* Hs__;

141 fid2 =0.455* Hs__;

142 fic2 =0.414* Hs__;

143 fie3 =0.34* Hs__;

144 fid3 =0.29* Hs__;

145 fic3 =0;

146 fie1=round(fie1 *100) /100; fid1=round(fid1 *100) /100;

fic1=round(fic1 *100) /100;

147 fie2=round(fie2 *100) /100; fid2=round(fid2 *100) /100;

fic2=round(fic2 *100) /100;

148 fie3=round(fie3 *100) /100; fid3=round(fid3 *100) /100;

fic3=round(fic3 *100) /100;

149 mprintf(”\ n f i e 1=%f . ; f i d 1=%f . ; f i c 1=%f . \ n f i e 2=%f . ; f i d 2
=%f . ; f i c 2=%f . \ n f i e 3=%f . ; f i d 3=%f . ; f i c 3=%f . ”,fie1 ,
fid1 ,fic1 ,fie2 ,fid2 ,fic2 ,fie3 ,fid3 ,fic3);

150

151 mprintf(”\n\nPrejump p r o f i l e : ”);
152 mprintf(”\ nhigh f l o o d c o n d i t i o n : ”);
153 dist =[3 6 8.4]; // d i s t a n c e
154 glacis =[252 251 250.32]; //R. L o f g l a c i s
155 D1=[1.3 1.15 1.03];

156 mprintf(”\nEf1 D1”);
157 for i=1:3

158 Ef1(i)=256.25 - glacis(i);

159 mprintf(”\n%f %f”,Ef1(i),D1(i));
160 end

161 mprintf(”\npond l e v e l f l ow : ”);
162 dist =[3 6 9 9.6]; // d i s t a n c e
163 glacis =[252 251 250 249.9]; //R. Lof g l a c i s
164 D1 =[0.31 0.23 0.16 0.15];

165 mprintf(”\nEf1 D1”);
166 for i=1:4
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167 Ef1(i)=254- glacis(i);

168 mprintf(”\n%f %f”,Ef1(i),D1(i));
169 end

170

171

172 rho =2.24;

173 Uf=4; // unba lanced head
f o r h igh f l o o d cond t i on

174 Us =2.56; // unba lanced s t a t i c
head

175 Hf=2*Uf/3;

176 t=Hf/(rho -1);

177 t=round(t*10) /10;

178 mprintf(”\n\ n f l o o r t h i c k n e s s at the po i n t o f
f o rma t i on o f h y d r a u l i c jump=%f m. ”,t);

179 Uf=2.9; // unba lanced head
f o r h igh f l o o d cond t i on

180 Us=2.2; // unba lanced s t a t i c
head

181 Hf=2*Uf/3;

182 t=Us/(rho -1);

183 t=round(t*10) /10;

184 mprintf(”\ n f l o o r t h i c k n e s s at the po i n t o f f o rmat i on
o f h y d r a u l i c jump at the pond l e v e l c o n d i t i o n=%f
m. ”,t);

185 P=1.5; // p r e s s u r e head at d/ s
end o f f l o o r

186 t=P/(rho -1);

187 t=round(t*10) /10;

188 mprintf(”\n\ n f l o o r t h i c k n e s s at downstream s i d e o f
s l o p i n g g l a c i s=%f m. ”,t);

189 D=rb -sh_up; // depth o f u/ s s c ou r
ho l e above bed l e v e l

190 a=1.5*D;

191 a=round(a*10) /10;

192 mprintf(”\n\nminimum l eng t h o f upstream l aunch i ng
apron=%f m. ”,a);

193 mprintf(”\ nprov id e 1 . 5 m th i c k apron f o r l e n g t h o f 5
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m. ”);
194 D=249.6 -241.5;

195 a=1.5*D;

196 mprintf(”\n\nminimum l eng t h o f downstream l aunch i ng
apron=%f m. ”,a);

197 mprintf(”\ nprov id e 1 . 5 m th i c k apron f o r l e n g t h o f
12 m. ”);

Scilab code Exa 12.5 EX12 5

1

2

3 // example 1 2 . 5
4 // c a l c u l a t e u p l i f t p r e s s u r e at the j u n c t i o n o f i n n e r

f a c e s o f p i l e with we i r f l o o r u s i n g Khosla
th eo ry

5 clc;funcprot (0);

6 // g i v en
7 b=16; // t o t a l l e n g t h o f f l o o r
8 d=5; // depth o f downstream p i l e
9 D=4; // depth o f upstream p i l e

10 H=2.5; // head c r e a t e d by we i r
11

12 // p r e s s u r e at E
13 alpha=b/d;

14 lambda =(1+(1+ alpha ^2) ^0.5) /2;

15 fie=acos((lambda -2)/lambda)/%pi;

16 C=19*(D/b)^0.5*((d+D)/b);

17 fie=fie*100-C;

18 P=H*fie /100;

19 P=round(P*1000) /1000;

20 mprintf(” P r e s s u r e at E=%f m. ”,P);
21

22 // p r e s s u r e at C1
23 alpha=b/D;
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24 lambda =(1+(1+ alpha ^2) ^0.5) /2;

25 fie=acos((lambda -2)/lambda)/%pi;

26 fic=1-fie; //by p r i n c i p l e r e v e r s i b i l i t y
o f f l ow

27 C=19*(d/b)^0.5*((d+D)/b);

28 fic=fic *100+C;

29 P=fic*H/100;

30 P=round(P*1000) /1000;

31 mprintf(”\n P r e s s u r e at C=%f m. ”,P);

Scilab code Exa 12.6 EX12 6

1

2

3 // example 1 2 . 6
4 // c a l c u l a t e f l o o r t h i c k n e s s at mid l e n g t h and at

j u n c t i o n with u/ s and d/ s cut−o f f w a l l s
5 clc;funcprot (0);

6 // g i v en
7 b=13; // l e n g t h o f f l o o r
8 d=2; // depth o f downstream wa l l
9 D=1.5; // depth o f upstream cut−o f f

10 rho =2.24; // r e l a t i v e d e n s i t y
11 H=1.5;

12

13 // at j u n c t i o n o f d/ s cut−o f f with f l o o r
14 alpha=b/d;

15 lambda =(1+(1+ alpha ^2) ^0.5) /2;

16 fie=acos((lambda -2)/lambda)/%pi;

17 C=19*(D/b)^0.5*((d+D)/b);

18 fie=fie*100-C;

19 P=H*fie /100;

20 t=P/(rho -1);

21 t=round(t*10) /10;

22 mprintf(” f l o o r t h i c k n e s s at j u n c t i o n o f d/ s cut−o f f
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with f l o o r=%f m. ”,t);
23

24 // at j u n c t i o n o f u/ s cut−o f f with f l o o r
25 alpha=b/D;

26 lambda1 =(1+(1+ alpha ^2) ^0.5) /2;

27 fie=acos((lambda1 -2)/lambda1)/%pi;

28 fic=1-fie; //by p r i n c i p l e r e v e r s i b i l i t y
o f f l ow

29 C=19*(D/b)^0.5*((d+D)/b);

30 fiec=fic *100+C;

31 P=fiec*H/100;

32 t=0.3; // t h i s the u p l i f t w i l l be
c oun t e r ba l anced by downward we ig th o f impounded
water

33 mprintf(”\ n f l o o r t h i c k n e s s at j u n c t i o n o f u/ s cut−
o f f with f l o o r=%f m. ”,t);

34

35 // at mid−l e n g t h
36 P=(1.08+0.489) /2; // assuming l i n e a r

v a r i a t i o n
37 t=P/(rho -1);

38 t=round(t*100) /100;

39 mprintf(”\ n f l o o r t h i c k n e s s at mid−l e n g t h=%f m. ”,t);
40

41 // e x i t g r a d i e n t
42 G=H/(d*%pi*( lambda)^0.5);

43 G=round(G*1000) /1000;

44 // s i n c e G<0.18
45 mprintf(”\n G=%f . <0 .18 ./ n f l o o r i s s a f e a g a i n s t

f a i l u r e by p i p i n g . ”,G);

Scilab code Exa 12.7 EX12 7

1

2
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3 // example12 . 7
4 // c a l c u l a t e h e i g t h o f we i r to be b u i l t
5 clc;funcprot (0);

6 // g i v en
7 B=30; // stream width
8 D=3; // stream depth
9 V=1.25; //mean v e l o c i t y

10 Cd =0.95; // d i s c h a r g e c o e f f i c i e n t
11 Q=B*D*V;

12 C=2*Cd *(2*9.81) ^0.5/3;

13 x=4-(Q/(C*B))^(2/3);

14 x=round(x*1000) /1000;

15 mprintf(” h e i g t h o f we i r to be b u i l t=%f m. ”,x);

Scilab code Exa 12.8 EX12 8

1

2

3 // example 1 2 . 8
4 // c a l c u l a t e u p l i f t p r e s s u r e at two cut−o f f
5 clc;funcprot (0);

6 // g i v en
7 b=50; // l e n g t h o f f l o o r
8 d=8; // depth o f downstream p i l e
9 D=8; // depth o f upstream p i l e

10 H=5; // e f f e c t i v e head
11 tu=1; // f l o o r t h i c k n e s s at upstream
12 td=2; // f l o o r t h i c k n e s s at downstream
13

14 // downstream cut−o f f
15 alpha=b/d;

16 lambda =(1+(1+ alpha ^2) ^0.5) /2;

17 fie=acos((lambda -2)/lambda)/%pi;

18 fid=acos((lambda -1)/lambda)/%pi;

19 Ct=(fie -fid)*td/d;
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20 C=19*(D/b)^0.5*((d+D)/b);

21 fie=fie*100-C-Ct*100;

22 P=H*fie /100;

23 P=round(P*100) /100;

24 mprintf(” P r e s s u r e at downstream cut−o f f=%f m. ”,P);
25

26 // upstream cut−o f f
27 fie=acos((lambda -2)/lambda)/%pi;

28 fid=acos((lambda -1)/lambda)/%pi;

29 fic1=1-fie;

30 fid1=1-fid;

31 Ct=(fic1 -fid1)*td/d;

32 C=-19*(D/b)^0.5*((d+D)/b);

33 fic1=fic1 *100-C-Ct *100;

34 P=H*fic1 /100;

35 P=round(P*100) /100;

36 mprintf(”\ nPr e s su r e at upstream cut−o f f=%f m. ”,P);
37 G=H/(d*%pi*( lambda)^0.5);

38 mprintf(”\ nExit Grad i ent=%f . ”,G);

Scilab code Exa 12.9 EX12 9

1

2

3 // example 1 2 . 9
4 // c a l c u l a t e depth o f downstream cut−o f f
5 clc;funcprot (0);

6 // g i v en
7 Q=1000; // d i s c h a r g e o f r i v e r
8 L=256; // c r e s t l e n g t h o f d i v e r s i o n
9 f=1.1; // s i l t f a c t o r

10 seg =1/6; // s a f e e x i t g r a d i e n t
11 hfl =103; // h igh f l o o d l e v e l
12 cf=100; // reduced l e v e l o f downstream

c on c r e t e f l o o r
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13 H=2.4; //maximum s t a t i c head o f we i r
14 b=40; // l e n g t h o f c o n c r e t e f l o o r
15

16 q=Q/L;

17 R=1.35*(q^2/f)^(1/3);

18 rld=hfl -1.5*R;

19 d=cf -rld;

20 d=round(d*100) /100;

21 mprintf(” depth o f downstream cut−o f f=%f m. ”,d);
22

23 alpha=b/d;

24 lambda =(1+(1+ alpha ^2) ^0.5) /2;

25 G=H/(d*%pi*( lambda)^0.5);

26 // s i n c e G<s e g
27 mprintf(”\n G=%f . <1/6./ n f l o o r i s s a f e a g a i n s t

f a i l u r e by p i p i n g . ”,G);

Scilab code Exa 12.10 EX12 10

1

2

3 // example 12 . 1 0
4 // c a l c u l a t e c r i t i c a l e x i t g r a d i e n t and f a c t o r o f

s a f e t y o f system
5 clc;funcprot (0);

6 // g i v en
7 b=60; // l e n g t h o f f l o o r
8 H=6; // s t a t i c head o f we i r
9 d=6; // downstream depth o f p i l e

10 n=0.3; // p o r o u s i t y o f s o i l p a r t i c l e s
11 G=2.7; // r e l a t i v e d e n s i t y o f s o i l p a r t i c l e s
12

13 alpha=b/d;

14 lambda =(1+(1+ alpha ^2) ^0.5) /2;

15 Ge=H/(d*%pi*( lambda)^0.5);
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16 e=n/(1-n);

17 chg=(G-1) /(1+e);

18 f=chg/Ge;

19 f=round(f*100) /100;

20 mprintf(” c r i t i c a l e x i t g r a d i e n t=%f . \ n f a c t o r o f
s a f e t y o f system=%f . ”,chg ,f);

Scilab code Exa 12.11 EX12 11

1

2

3 // example 12 . 1 1
4 // d e s i g n a v e r t i c a l drop we i r on Bl igh ’ s th eo ry
5 // t e s t f l o o r by Khosla ’ s th eo ry
6 clc;funcprot (0);

7 // g i v en
8 Q=2800; //maximum f l o o d d i s c h a r g e
9 hfl =285; //H.F . L b e f o r e

c o n s t r u c t i o n
10 hw=278; //minimum water l e v e l
11 fsl =284; //F . S . L o f c ana l
12 c=12; // c o e f f i c i e n t o f c r e ep
13 flux =1; // a l l ow ab l e a f f l u x
14 Ge=1/6; // p e rm i s s i b l e e x i t

g r a d i e n t
15 rho =2.24; // s p e c i f i c g r a v i t y o f

c o n c r e t e
16

17 // Hydrau l i c c a l c u l a t i o n
18 L=4.75*Q^0.5;

19 q=Q/L;

20 q=round(q*10) /10;

21 mprintf(” Hydrau l i c c a l c u l a t i o n : ”);
22 mprintf(”\ nd i s c h a r g e per un i t width o f r i v e r=%f

cumecs . ”,q);
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23 f=1;

24 R=1.35*(q^2/f)^(1/3);

25 R=round(R*100) /100;

26 mprintf(”\ nreg ime s c ou r depth=%f m. ”,R);
27 V=q/R; // reg ime v e l o c i t y
28 vh=V^2/(2*9.81); // v e l o c i t y head
29 l_down=hfl+vh;

30 l_up=l_down+flux;

31 hfl_up=l_up -vh;

32 hfl_down=hfl -0.5;

33 hfl_down=round(hfl_down *100) /100;

34 mprintf(”\ na c t ua l d/ s H. F . L a l l ow i n g 0 . 5 m f o r
r e t r o g a t i o n=%f m. ”,hfl_down);

35 K=(q/1.7) ^(2/3);

36 cl=l_up -K; // c r e s t l e v e l
37 cl=round(cl*100) /100;

38 mprintf(”\ n c r e s t l e v e l=%f m. ”,cl);
39 pl=fsl +0.5; //pond l e v e l
40 s=hfl_down -cl; // h e i g t h o f s h u t t e r
41 mprintf(”\ nhe i g th o f s h u t t e r=%f m. ”,s);
42 rl_up_pile=hfl_up -1.5*R; //R. L o f bottom u/ s p i l e
43 d_up_cut=hw -276; // depth o f upstream cut−

o f f
44 mprintf(”\ndepth o f upstream cut−o f f=%f m. ”,d_up_cut

);

45 mprintf(”\n p r ov i d e c o n c r e t e cut o f f 2 m depth . ”);
46 rl_bot_ds=hfl_down -2*R;

47 Hs=hfl_down -hw; // s e epag e head
48 Hc=cl-hw; // h e i g t h o f c r e s t
49 mprintf(”\nR . L o f g a t e s c r e s t=%f m. ”,Hs);
50 mprintf(”\ nHeigth o f c r e s t=%f m. ”,Hc);
51

52 // d e s i g n o f we i r wa l l
53 d=hfl_up -cl;

54 a=d/(rho)^0.5;

55 a=3*d/(2* rho); // from s l i d i n g
c o n s i d e r a t i o n

56 a=s+1; // from p r a c t i c a l
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c o n s i e r a t i o n
57 a=a+1;

58 mprintf(”\n\ nde s i gn o f we i r wa l l : ”)
59 mprintf(”\ nprov id e top width o f %i m. ”,a);
60 Mo =9.81* Hs^3/6; // o v e r t i r n i n g moment
61 // equa t i ng the moment o f r e s i s t a n c e to o v e r t u r n i n g

moment and pu t t i n g the v a l u e s we ge t
62 y=poly ([ -1.084 ,0.020 ,0.039] , ’ x ’ , ’ c ’ );
63 b=roots(y);

64 //we ge t b= − 5 . 5347261 and 5 . 0219056
65 // t ak i n g
66 b=5;

67 //when we i r i s submerged
68 C=0.58;

69 d=(q^2/((2*C/3) ^2*2*9.81))^(1/3);

70 Mo =9.81*d*Hc^2/2;

71 // from equa t i on o f moment o f r e s i s t e n c e we ge t
72 y=poly ([-77.55,3,1], ’ x ’ , ’ c ’ );
73 b=roots(y);

74 //we ge t b= − 10 . 433085 and 7 . 4330846
75 // t ak i n g
76 b=8;

77 mprintf(”\nbottom width=%i m. ”,b);
78

79 // d e s i g n o f impe rv i ou s and p e r v i o u s aprons
80 C=12;

81 L=C*Hs;

82 mprintf(”\n\ nde s i gn o f impe rv i ou s and p e r v i o u s
aprons : ”);

83 mprintf(”\ n t o t a l c r e ep l e n g t h=%i m. ”,L);
84 l1 =2.21*C*(Hs/13) ^0.5;

85 l1_=l1+1;

86 mprintf(”\ n l eng th o f downstream impe rv i ou s apron=%i
m. ”,l1_);

87 d1=hw -276;

88 d2=hw -271;

89 l2=L-l1 -(b+2*d1+2*d2);

90 mprintf(”\ n l eng th o f upstream impe rv i ou s apron=%i m.
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”,l2);
91 l3=18*C*(Hs*q/975) ^0.5;

92 mprintf(”\ n t o t a l l e n g t h o f d/ s apron=%i m. ”,l3);
// c a l c u l a t i o n i s wrong i n book

93 l=l3 -l1;

94 le=l/2;

95 le=round(le*100) /100;

96 mprintf( ’ \ nprov id e f i l t e r o f l e n g t h %f m. and
l aunch i ng apron o f l e n g t h %f m. ’ ,le ,le);

97 t=d2 *10^0.5/ le;

98 mprintf(”\ n t h i c k n e s s o f l aun ch i ng apron i n
h o r i z o n t a l p o s i t i o n=%f m. ”,t);

99 mprintf(”\ nprov id e l aunch i ng apron o f t h i c k n e s s 1 . 5
m. ”);

100 T=2*d1;

101 V=d1 *10^0.5;

102 ta=V/T;

103 ta=round(ta*10) /10;

104 mprintf(”\ n t h i c k n e s s o f apron i n h o r i z o n t a l p o s i t i o n
=%f m. ”,ta);

105 Hr=Hs-Hs *(4+33+8)/L;

106 t=4*Hr /(3*(rho -1));

107 t=round(t*10) /10;

108 mprintf( ’ \ nprov id e t h i c k n e s s o f %f m from d/ s o f
we i r wa l l to po i n t 6 m from i t . ’ ,t);

109 Hr=Hs-Hs *(4+33+8+6)/L;

110 t=4*Hr /(3*(rho -1));

111 t=round(t*10) /10;

112 mprintf(”\ nprov id e t h i c k n e s s o f %f m from 6 m to 12
m from d/ s end o f we i r wa l l . ”,t);

113 Hr=Hs-Hs *(4+33+8+12)/L;

114 t=4*Hr /(3*(rho -1));

115 t=round(t*10) /10;

116 mprintf(”\ nprov id e t h i c k n e s s o f %f m f o r r e s t o f
l e n g t h o f we i r f l o o r . ”,t);

117

118 // check by khos la ’ s th eo ry
119 b=33+8+19; // t o t a l h o r i z o n t a l l e n g t h o f
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impe rv i ou s f l o o r
120 d=7; // depth o f downstream p i l e
121 alpha=b/d;

122 n=0.14; //n=1/%pi ∗ ( lambda ) ˆ 0 . 5 ;
123 Ge=Hs*n/d;

124 mprintf(”\n\ ncheck by Khosla th eo ry : ”);
125 mprintf(”\ n e x i t g r a d i e n t=%f . < 1/6\n hence s a f e ”,Ge)

;

126 alpha_=d/b;

127 fic1 =0.83; fid1 =0.88;

128 corec_c1 =(fid1 -fic1)*100/2;

129 bdash=b;

130 d=2;D=7;

131 C1=19*(D/bdash)^0.5*(d+D)/b;

132 fic1=fic1 *100+ corec_c1+C1;

133 Pc=Hs*fic1 /100; // p r e s s u r e
head at C

134 alpha_=d/b;

135 fie2 =0.31; fid2 =0.21;

136 corec_e1 =(fie2 -fid2)*1.7*100/7;

137 bdash=b;

138 d=7;D=2;

139 C1=19*(D/bdash)^0.5*(d+D)/b;

140 fie2=fie2 *100- corec_e1 -C1; // i n book
3 . 5 3 va lu e i s wrong

141 Pe=Hs*fie2 /100; // p r e s s u e
head at E

142 // assuming l i n e a r v a r i a t i o n o f p r e s s u r e f o r
i n t e rmed i a t e p o i n t s

143 Pa=Pc -(Pc-Pe)*(33+8)/b;

144 t=Pa /1.24;

145 Pa=round(Pa*100) /100;

146 t=round(t*100) /100;

147 mprintf(”\ np r e s s u r e at d/ s o f we i r wa l l=%f m. ”,Pa);
148 mprintf(”\ n t h i c k n e s s at d/ s o f we i r wa l l=%f m. <

t h i c k n e s s by B l i gh theo ry ; \ nhence s a f e . ”,t);
149 Pb=Pc -(Pc-Pe)*(33+8+6)/b;

150 t=Pb /1.24;
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151 Pa=round(Pa*100) /100;

152 t=round(t*100) /100;

153 mprintf(”\ np r e s s u r e at 6 m from d/ s o f we i r wa l l=%f
m. ”,Pb);

154 mprintf(”\ n t h i c k n e s s at 6m from d/ s o f we i r wa l l=%f
m. < t h i c k n e s s by B l i gh theo ry ; \ nhence s a f e . ”,t);

155 Pc=Pc -(Pc-Pe)*(33+8+12)/b;

156 t=Pc /1.24;

157 Pa=round(Pa*100) /100;

158 t=round(t*100) /100;

159 mprintf(”\ np r e s s u r e at 12 m from d/ s o f we i r wa l l=%f
m. ”,Pc);

160 mprintf(”\ n t h i c k n e s s at 12m from d/ s o f we i r wa l l=%f
m. > t h i c k n e s s by B l i gh theo ry ; \ nhence un s a f e . ”,
t);

161 mprintf(”\ nhence i n c r e a s e th e t h i c k n e s s to 1 . 9 m f o r
a l e n g t h o f 7 m o f impe rv i ou s f l o o r . ”);

Scilab code Exa 12.12 EX12 12

1

2

3 // example 12 . 1 2
4 // c a l c u l a t e
5 //number o f g a t e s r e q u i r e d f o r the ba r r ag e
6 // head r e g u l a t o r i f each ga t e has 10 m c l e a r span (

n e g l e c t end c o n t r a c t i o n s and approach v e l o c i t y )
7 // l e n g t h and R. L o f ba s i n f l o o r i f s i l t i n g ba s i n i s

p rov id ed downstream o f ba r r ag e
8 clc;funcprot (0);

9 // g i v en
10 Lmax =212; //maximum r e s e r v i o r l e v e l
11 Lp=211; //pond l e v e l
12 hfl =210; // downstream high f l o o d l e v e l i n

the r i v e r
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13 Qmax =3500; //maximum de s i g n f l o o d d i s c h a r g e
14 Lcrest =207; // c r e s t l e v e l o f the ba r r ag e
15 Lcrest_r =208; // c r e s t l e v e l o f head r e g u l a t o r
16 Cd=2.1; // c o e f f i c i e n t o f d i s c h a r g e f o r

ba r r ag e
17 Cd_r =1.5; // c o e f f i c i e n t o f d i s c h a r g e f o r

head r e g u l a t o r
18 rbl =205; // r i v e r bed l e v e l
19 Q=500; // d e s i g n d i s c h a r g e o f main c ana l
20

21 // d e s i g n o f water way f o r ba r r ag e dur ing f l o o d
22 H=Lmax -Lcrest;

23 L=Qmax/(Cd*H^1.5);

24 // which g i v e s L=149 . 07 .
25 // p r ov i d e 15 bays o f 10m c l e a r span
26 mprintf(”nunmber o f g a t e s f o r the ba r r ag e =15. ”);
27

28 // d e s i g n o f waterway f o r c ana l head r e g u l a t o r
29 H=Lp -Lcrest_r;

30 L1=Q/(Cd_r*H^1.5);

31 // which g i v e s L=64.2
32 // hence p r ov i d e 7 bays o f 10 m each
33 mprintf(”\n\nnunmber o f g a t e s f o r the head r e g u l a t o r

=7. ”);
34

35 // d e s i g n o f s t i l l i n g ba s i n
36 Hl=Lmax -hfl;

37 q=Qmax/L;

38 yc=(q^2/9.81) ^(1/3);

39 Z=Hl/yc;

40 // s i n c e Z<1
41 Y=1+0.93556*Z^0.368;

42 y2=Y*yc;

43 Lc=5*y2;

44 Lc=round(Lc*10) /10;

45 mprintf(”\n\nLength o f c i s t e r n=%f m. ”,Lc);
46 Ef2=yc*(Y+1/(2*Y^2));

47 j=hfl -Ef2;
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48 j=round(j*10) /10;

49 mprintf(”\nR . L o f c i s t e r n=%f m. ”,j);
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Chapter 14

IRRIGATION CHANNEL 1
SILT THEORIES

Scilab code Exa 14.1 EX14 1

1

2

3 // example 1 4 . 1
4 // d e s i g n i r r i g a t i o n channe l on Kennedy ’ s th eo ry
5 clc;funcprot (0);

6 // g i v en
7 Q=45; // d i s c h a r g e
8 N=0.0225; // r o g o s i t y c o e f f i c i e n t
9 m=1.05; // c r i t i c a l v e l o c i t y r a t i o
10 S=1/5000; // bed s l o p e
11

12 D=2; // assume
13 Vo =0.55*m*D^0.64;

14 A=Q/Vo;

15 // f o r a t r a p e z o i d a l s e c t i o n
16 B=(A-0.5*D^2)/2;

17 P=B+D*5^0.5;

18 R=A/P;

19 C=(23+1/N+0.00155/S)*(R*S)^0.5/(1+(23+0.00155/S)*N/R
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^0.5);

20 V=C*(R*S)^0.5;

21 //Vo<V
22

23 // assume D=2.2
24 D=2.2;

25 Vo =0.55*m*D^0.64;

26 A=Q/Vo;

27 B=(A-0.5*D^2)/D;

28 P=B+D*5^0.5;

29 R=A/P;

30 C=(23+1/N+0.00155/S)*(R*S)^0.5/(1+(23+0.00155/S)*N/R

^0.5);

31 V=C*(R*S)^0.5;

32

33 // r a t i o o f V and Vo i s a lmost equa l to 1
34 B=round(B*10) /10;

35 mprintf(”Width o f channe l s e c t i o n=%f m. ”,B);
36 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);

Scilab code Exa 14.2 EX14 2

1

2

3 // example 1 4 . 2
4 // d e s i g n an i r r i g a t i o n c ana l f o r g i v en data
5 clc;funcprot (0);

6 // g i v en
7 Q=14; // d i s c h a r g e
8 m=1; // c r i t i c a l v e l o c i t y r a t i o
9 r=5.7; //B/D
10

11 D=(Q/(0.55*6.2))^(1/2.64);

12 B=D*r;

13 R=(B*D+D^2/2)/(B+D*5^0.5);
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14 Vo =0.55*m*D^0.64;

15 // app l y i ng k u t t e r s f o rmu la ; V=C(RS) ˆ0 . 5
16 // where C=(23+1/N+0.00155/S ) ∗ (R∗S )

ˆ0 .5/ (1+(23+0 .00155/ S ) ∗N/Rˆ 0 . 5 ) ;
17 // assuming Sˆ0.5=y
18 y=poly ([ -1.98D-5 ,1.55D-3 , -0.954 ,67.5] , ’ x ’ , ’ c ’ );
19 roots(y);

20 // t ak i n g r e a l v a l u e s o f y
21 S=0.0139906^2;

22 B=round(B*100) /100;

23 D=round(D*100) /100;

24 mprintf(”Width o f channe l s e c t i o n=%f m. ”,B);
25 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);
26 mprintf(”\nBed s l o p e=%f . ”,S);

Scilab code Exa 14.3 EX14 3

1

2

3 // example 1 4 . 3
4 // d e s i g n a channe l on Kennedy ’ s th eo ry
5 clc;funcprot (0);

6 // g i v en
7 Q=45; // d i s c h a r g e
8 m=1.05; // c r i t i c a l v e l o c i t y r a t i o
9 N=0.025; // r u g o s i t y c o e f f i c i e n t

10 S=1/5000; // bed s l o p e
11

12 l=S*Q^0.02/(N^2*m^2.02);

13 // from f i g . 1 4 . 3 we ge t r=10
14 // s o l v i n g the equa t i on by t r i a l and e r r o r method we

ge t
15 r=9.7;

16 D=(1.818*Q/(m*(r+0.5)))^(1/2.64);

17 B=r*D;
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18 V=Q/(D^2*(r+0.5));

19 Vo =0.55*D^0.64*m;

20 B=round(B);

21 D=round(D*100) /100;

22 V=round(V*1000) /1000;

23 Vo=round(Vo *1000) /1000;

24 mprintf(”Width o f channe l s e c t i o n=%f m. ”,B);
25 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);
26 mprintf(”\ nVe l o c i t y through the channe l s e c t i o n=%f m

/ s . ”,V);
27 mprintf(”\nVo=%f m/ s . \ nHence Sa f e ”,Vo);

Scilab code Exa 14.4 EX14 4

1

2

3 // example 1 4 . 4
4 // d e s i g n channe l u s i n g method o f cu rve f i t t i n g based

onKennedy ’ s th eo ry
5 clc;funcprot (0);

6 // g i v en
7 Q=45; // d i s c h a r g e
8 N=0.0225; // r u g o s i t y c o e f f i c i e n t
9 m=1.05; // c r i t i c a l v e l o c i t y r a t i o

10 S=1/5000; //Bed s l o p e
11

12 r=(1.607*S^1.63*Q^0.033/(N^3.26*m^3.293) -0.258)

^( -0.915);

13 D=(1.818*Q/(m*(r+0.5)))^(1/2.64);

14 B=r*D;

15 B=round(B);

16 D=round(D*100) /100;

17 mprintf(”Width o f channe l s e c t i o n=%f m. ”,B);
18 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);
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Scilab code Exa 14.5 EX14 5

1

2 // example 1 4 . 5
3 // d e s i g n channe l u s i n g curve o f CWPC f o r B/D r a t i o
4 clc;funcprot (0);

5 // g i v en
6 Q=45; // d i s c h a r g e
7 N=0.0225; // r u g o s i t y c o e f f i c i e n t
8 m=1.05; // c r i t i c a l v e l o c i t y r a t i o
9

10 r=(15+6.44*Q)^0.382;

11 S=(N^2/1.338*Q^0.02) *(0.258+(15+6.44*Q)^( -0.417))

^0.6135;

12 D=(1.818*Q/(m*(r+0.5)))^(1/2.64);

13 B=r*D;

14 B=round(B);

15 D=round(D*100) /100;

16 mprintf(”Bed s l o p e=%f . ”,S);
17 mprintf(”\nWidth o f channe l s e c t i o n=%f m. ”,B);
18 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);

Scilab code Exa 14.6 EX14 6

1

2

3 // example 1 4 . 6
4 // d e s i g n the channe l s e c t i o n u s i n g the f o l l o w i n g

data and c a l c u l a t e l o g i t u d n a l s e c t i o n
5 clc;funcprot (0);

6 // g i v en
7 Q=30; // d i s c h a r g e
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8 f=1; // s i l t f a c t o r
9 s=1/2; // s i d e s l o p e
10

11 V=(Q*f/140) ^(1/6);

12 A=Q/V;

13 P=4.75*Q^0.5;

14 D=(P-(P^2 -6.944*A)^0.5) /3.472;

15 B=P -2.236*D;

16

17 R=5*V^2/(2*f);

18 S=f^(5/3) /(3340*Q^(1/6));

19 B=round(B*100) /100;

20 D=round(D*100) /100;

21 mprintf(”Bed s l o p e=%f . ”,S);
22 mprintf(”\nWidth o f channe l s e c t i o n=%f m. ”,B);
23 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);

Scilab code Exa 14.7 EX14 7

1

2

3 // example 1 4 . 7
4 // d e s i g n a channe l i n a l l u v i a l s o i l u s i n g t r a c t i v e

f o r c e approach
5 clc;funcprot (0);

6 // g i v en
7 Q=45; // d i s c h a r g e
8 S=1/4800; // bed s l o p e
9 N=0.0225; // r o g o s i t y c o e f f i c i e n t

10 sigma =0.0035; // p e rm i s s i b l e t r a c t i v e s t r e s s
11 s=1/2; // s i d e s l o p e
12 gamma_w =9.81; // un i t we ig th o f water
13

14 R=sigma /( gamma_w*S);

15 V=R^(2/3)*S^0.5/N;
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16 A=Q/V;

17 P=A/R;

18 y=poly ([ -49 ,28.61 , -1.736] , ’ x ’ , ’ c ’ );
19 D=roots(y);

20 //we ge t D=14.539034 and 1 . 9413812
21 // t ak i n g D=1.9413812
22 D=1.9413812;

23 B=28.61 -2.23*D;

24 B=round(B*100) /100;

25 D=round(D*100) /100;

26 mprintf(”Width o f channe l s e c t i o n=%f m. ”,B);
27 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);

Scilab code Exa 14.8 EX14 8

1

2

3 // example 1 4 . 8
4 // d e s i g na channe l s e c t i o n by Kennedy theo ry
5 clc;funcprot (0);

6 // g i v en
7 Q=28; // d i s c h a r g e
8 m=1; // c r i t i c a l v e l o c i t y r a t i o
9 r=7.6; //B/D
10

11 D=(Q/4.46) ^(1/2.64);

12 B=r*D;

13 R=0.823*D;

14 V=0.55*(D)^0.64;

15

16 // app l y i ng k u t t e r s f o rmu la ; V=C(RS) ˆ0 . 5
17 // where C=(23+1/N+0.00155/S ) ∗ (R∗S )

ˆ0 .5/ (1+(23+0 .00155/ S ) ∗N/Rˆ 0 . 5 ) ;
18 //we ge t equa t i on i n S
19 // assuming Sˆ0.5=y
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20 y=poly ([ -1.42D-5 ,1.55D-3 , -0.885 ,67.4] , ’ x ’ , ’ c ’ );
21 roots(y);

22 // t ak i n g r e a l v a l u e s o f y
23 S=0.0126305^2;

24 B=round(B*10) /10;

25 D=round(D*100) /100;

26 mprintf(”Width o f channe l s e c t i o n=%f m. ”,B);
27 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);
28 mprintf(”\nBed s l o p e=%f . ”,S);

Scilab code Exa 14.9 EX14 9

1

2

3 // example 1 4 . 9
4 // d e s i g n the channe l s e c t i o n and c a l c u l a t e d i s c h a r g e
5 clc;funcprot (0);

6 // g i v en
7 r=5.7; //B/D
8 S=1/5000; // bed s l o p e
9 N=0.0225; // r o g o s i t y c o e f f i c i e n t
10 m=1; // c r i t i c a l v e l o c i t y r a t i o ( assumed )
11

12 // app l y i ng k u t t e r s f o rmu la ; V=C(RS) ˆ0 . 5
13 // where C=(23+1/N+0.00155/S ) ∗ (R∗S )

ˆ0 .5/ (1+(23+0 .00155/ S ) ∗N/Rˆ 0 . 5 ) ;
14 //we ge t equa t i on i n d as
15 // 38 . 8 8∗Dˆ0.64 −66 .5∗Dˆ0 .5+30 .37∗Dˆ0.14=0
16 // s o l v i n g i t by t r i a l and e r r o r method
17 //we ge t D=1.7 m.
18 D=1.7;

19 B=r*D;

20 V=0.55*m*(D)^0.64;

21 A=B*D+D^2/2;

22 Q=A*V;
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23 Q=round(Q*100) /100;

24 mprintf(”Width o f channe l s e c t i o n=%f m. ”,B);
25 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);
26 mprintf(”\n D i s cha rg e=%f cumecs . ”,Q);

Scilab code Exa 14.10 EX14 10

1

2

3 // example 14 . 1 0
4 // d e s i g n i r r i g a t i o n channe l a c c o r d i n g to Laecy s i l t

t h eo ry
5 clc;funcprot (0);

6 // g i v en
7 Q=15; // d i s c h a r g e
8 f=1; // l a e c y s i l t f a c t o r
9 s=1/2; // channe l s i d e s l o p e

10

11 V=(Q*f^2/140);

12 A=Q/V;

13 R=5*V^2/(2*f);

14 // u s i n g the va lu e o f A in e qua t i o n s we get ,
15 // equa t i on i n D as
16 y=poly ([ -21.765 ,18.336 , -1.73] , ’ x ’ , ’ c ’ );
17 D=roots(y);

18 //we ge t D=9.2368003 and 1 . 3 6 2 0 4 3 6 .
19 // t ak i n g
20 D=1.3620436;

21 B=18.336 -D*2.23;

22 P=4.75*Q^0.5;

23 S=1/(3340*Q^(1/6));

24 B=round(B*10) /10;

25 D=round(D*100) /100;

26 mprintf(”Width o f channe l s e c t i o n=%f m. ”,B);
27 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);
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28 mprintf(”\nBed s l o p e=%f . ”,S);

Scilab code Exa 14.11 EX14 11

1

2

3 // example 14 . 1 1
4 // f i n d channe l s e c t i o n and d i s c h a r g e
5 clc;funcprot (0);

6 // g i v en
7 S=1/5000; // bed s l o p e
8 s=1/2; // s i d e s l o p e
9 f=0.9; // l a e c y s i l t f a c t o r
10

11 Q=(f^(5/3) /(3340*S))^6;

12 R=f^3/(4980*S)^2;

13 P=4.75*Q^0.5;

14 A=P*R;

15 // u s i n g the va lu e o f A and P in e qua t i o n s we get ,
16 // equa t i on i n D as
17 y=poly ([ -6.961 ,9.41 , -1.73] , ’ x ’ , ’ c ’ );
18 D=roots(y);

19 //we ge t D=4.5561754 and 0 . 8 8 3 1 3 0 9 .
20 // t ak i n g
21 D=0.8831309;

22 B=9.41 -D*2.23;

23 B=round(B*100) *100;

24 D=round(D*100) /100;

25 Q=round(Q*1000) /1000;

26 mprintf(”Width o f channe l s e c t i o n=%f m. ”,B);
27 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);
28 mprintf(”\n D i s cha rg e=%f cumecs . ”,Q);
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Scilab code Exa 14.12 EX14 12

1

2

3 // example 14 . 1 2
4 // c a l c u l a t e quan t i t y o f bed l oad moved by the Meyer−

Pete r equa t i on
5 clc;funcprot (0);

6 // g i v en
7 gamma_w =9.81; // un i t we ig th o f water
8 D=3; // depth o f channe l
9 d=0.3; // g r a i n s i z e

10 k=1.5; // s i z e o f r oughne s s o f channe l
bed

11 S=1/4400; // bed s l o p e
12 G=2.65; // s p e c i f i c g r a v i t y
13 tau_b=gamma_w*D*S;

14 N1=d^(1/6) /24;

15 N=k^(1/6) /24;

16 gamma_s=gamma_w*G;

17 tau_c =0.047*( gamma_s -gamma_w)*d/1000;

18 r=(N1/N)^1.5;

19 q=47450*( tau_b*r-tau_c)^1.5;

20 q=round(q*100) /100;

21 mprintf(” quan t i t y o f bed l oad moved=%f kN/m/hr . ”,q);

Scilab code Exa 14.13 EX14 13

1

2

3 // example 14 . 1 3
4 // c a l c u l a t e bed l oad t r a n s p o r t e d by channe l by

e i n s t e i n equa t i on
5 clc;funcprot (0);

6 // g i v en
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7 gamma_w =9.81; // un i t we ig th o f water
8 D=3; // depth o f channe l
9 d=0.3; // g r a i n s i z e

10 k=1.5; // s i z e o f r oughne s s o f channe l
bed

11 S=1/4400; // bed s l o p e
12 G=2.65; // s p e c i f i c g r a v i t y
13

14 N1=d^(1/6) /24;

15 N=k^(1/6) /24;

16 r=(N1/N)^1.5;

17 R1=3*r;

18 si=(G-1)*d/(1000* R1*S);

19 // hence we ge t
20 fi=7;

21 q=3600* fi*G*gamma_w *(G-1) ^0.5*( gamma_w)^0.5*(d/1000)

^1.5;

22 q=round(q*10) /10;

23 mprintf(” quan t i t y o f bed l oad moved=%f kN/m/hr . ”,q);

Scilab code Exa 14.14 EX14 14

1

2

3 // example 14 . 1 4
4 // c a l c u l a t e c o n c e n t r a t i o n o f suspended l oad
5 clc;funcprot (0);

6 // g i v en
7 gamma_w =9.81; // un i t we ig th o f water
8 D=3; // depth o f channe l
9 d=0.3; // g r a i n s i z e

10 k=1.5; // s i z e o f r oughne s s o f channe l
bed

11 S=1/4400; // bed s l o p e
12 G=2.65; // s p e c i f i c g r a v i t y
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13 V=0.03; // f a l l v e l o c i t y
14 c_=400; // c o n c e n t r a t i o n at 0 . 3 m above

bed
15 a=0.3;

16 y=1;

17 k_=0.4; // van karman ’ s c on s t an t
18

19 N1=d^(1/6) /24;

20 N=k^(1/6) /24;

21 r=(N1/N)^1.5;

22 R1=3*r;

23 V_=( gamma_w*R1*S)^0.5;

24 c=c_*((a/y)*(D-y)/(D-a))^(V/(V_*k_));

25 c=round(c*10) /10;

26 mprintf(” c o n c e n t r a t i o n o f suspended l oad=%f ppm . ”,c)
;

Scilab code Exa 14.15 EX14 15

1

2

3 // example 14 . 1 5
4 // d e s i g n an i r r i g a t i o n channe l by Meyer p e t e r

e qua t i on
5 clc;funcprot (0);

6 // g i v en
7 Q=45; // d i s c h a r g e
8 c=55; // bed l oad c on c e n t r a i o n
9 d=0.3; // ave rage g r a i n d i amete r

10 gamma_w =9.81; // un i t we ig th o f water
11 G=2.67;

12 f=0.964;

13

14 c=c*Q*gamma_w *3600/1000000;

15 P=4.75*Q^0.5;
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16 // t ak i n g channe l width as B=28 m( s l i g h t l y l e s s than
P)

17 B=28;

18 qs=c/B;

19 // assuming e f f e c t i v e g r a i n d i amete r k=0.4 mm
20 ks=0.4D-3;

21 N1=ks ^(1/6) /24;

22 sf =1.76*d^0.5;

23 N=0.0225* sf ^0.25;

24 r=N1/N;

25 tau_c =0.047* gamma_w *(G-1)*d/1000;

26 tau_b=r^1.5*(( qs /47450) ^(2/3)+tau_c);

27 // from Manning ’ s f o rmu la we ge t on s i m p l i f i c a t i o n
28 R=(0.000992*1000/0.525) ^(3/7);

29 S=0.525/(1000*R);

30 // s o l v i n g equa t i on o f R f o r t r a p e z o i d a l s e c t i o n o f
s i d e s l o p e 1/2 we ge t

31 y=poly ([ -36.792 ,25.06 ,0.5] , ’ x ’ , ’ c ’ );
32 D=roots(y);

33 //we ge t D= −51.547499 and 1 . 4274989
34 // t ak i n g
35 D=1.4274989;

36 D=round(D*100) /100;

37 mprintf(”Width o f channe l s e c t i o n=%i m. ”,B);
38 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);
39 mprintf(”\nBed s l o p e=%f . ”,S);

Scilab code Exa 14.16 EX14 16

1

2

3 // example 14 . 1 6
4 // d e s i g n an i r r i g a t i o n channe l by E i n s t e i n equa t i on
5 clc;funcprot (0);

6 // g i v en
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7 Q=45; // d i s c h a r g e
8 c=55; // bed l oad c on c e n t r a i o n
9 d=0.3; // ave rage g r a i n d i amete r
10 gamma_w =9.81; // un i t we ig th o f water
11 G=2.67; // s p e c i f i c g r a v i t y o f s o i l
12 f=0.964; // s i l t f a c t o r
13

14 // t ak i n g channe l width as B=28 m( s l i g h t l y l e s s than
P)

15 B=28;

16 qs=c/B;

17

18 fi=(qs/( gamma_w*G))*(1/(G-1))^0.5*(1000000000/(

gamma_w*d^3))^0.5;

19 // from f i g . 1 4 . 6 we ge t va l u e o f s c i
20 // u s i n g the s c i e qua t i on and Manning fo rmu la and on

s i m p l i f i c a t i o n s we ge t
21 R=(2.4296) ^(3/7);

22 S=0.4083/(1000*1.463);

23 // s o l v i n g equa t i on o f R f o r t r a p e z o i d a l s e c t i o n o f
s i d e s l o p e 1/2 we ge t

24 y=poly ([ -40.96 ,24.73 ,0.5] , ’ x ’ , ’ c ’ );
25 D=roots(y);

26 //we ge t D= −51.064253 and 1 . 6042534
27 // t ak i n g
28 D=1.6042534;

29 D=round(D*10) /10;

30 mprintf(”Width o f channe l s e c t i o n=%i m. ”,B);
31 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);
32 mprintf(”\nBed s l o p e=%f . ”,S);

Scilab code Exa 14.17 EX14 17

1

2
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3 // example 14 . 1 7
4 // d e s i g n a channe l f o r non−a l l u v i a l d e p o s i t e s
5 clc;funcprot (0);

6 // g i v en
7 Q=45; // d i s c h a r g e
8 S=1/4000; // bed s l o p e
9 v=0.9; // p e rm i s s i b l e v e l o c i t y

10 N=0.025; // r o g o s i t y c o e f f i c i e n t
11

12 A=Q/v;

13 R=(v*N/S^0.5) ^1.5;

14 P=A/R;

15 // l e t us p r ov i d e a t r a p e z o i d a l s e c t i o n
16 // from equa t i on o f Area and Pe r ime t e r o f t r a p e z o i d
17 y=poly ([50 , -29.45 ,1.828] , ’ x ’ , ’ c ’ );
18 D=roots(y);

19 // from which we ge t D=14.181815 and 1 . 9286881
20 // t ak i n g
21 D=1.9286881;

22 B=P -2*1.41*D;

23 D=round(D*100) /100;

24 mprintf(”Width o f channe l s e c t i o n=%i m. ”,B);
25 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);

Scilab code Exa 14.18 EX14 18

1

2

3 // example14 . 1 8
4 // d e s i g n non−a l l v i a l channe l u s i n g Bazin ’ s f o rmu la
5 clc;funcprot (0);

6 // g i v en
7 Q=15; // d i s c h a r g e
8 V=0.75; //mean v e l o c i t y
9 s=1; // s i d e s l o p e
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10 K=1.3; // baz in ’ s c o e f f i c i e n t
11 // width i s f i v e t imes i t s depth
12

13 A=Q/V;

14 D=(A/6) ^0.5;

15 B=5*D;

16 P=B+2*D*1.41;

17 R=A/P;

18 C=87/(1+K/(R)^0.5);

19 S=(V/C)^2/R;

20 B=round(B*10) /10;

21 D=round(D*100) /100;

22 mprintf(”Width o f channe l s e c t i o n=%f m. ”,B);
23 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);
24 mprintf(”\nBed s l o p e=%f . ”,S);

Scilab code Exa 14.19 EX14 19

1

2

3

4 // example14 . 1 9
5 // de t e rmine d imens ion o f channe l u s i n g chezy ’ s

e qua t i on
6 // c a l c u l a t e the va lu e o f manning n
7 clc;funcprot (0);

8 // g i v en
9 Q=21.5; // d i s c h a r g e

10 S=1/2500; // s l o p e o f bottom
11 C=70;

12 r=1/1.73;

13 // t ak i n g R=0.5∗D
14 // and keep ing i t i n Q=V∗A; where V=C(RS) ˆ0 . 5 and A=D

ˆ2 ( 2∗ ( 4 / 3 ) ˆ0 .5 −1/3ˆ0 .5 ) ;
15 D=(21.5/1.7146) ^(1/2.5);
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16 B=2*D*((4/3) ^0.5 -(1/3) ^0.5);

17 B=round(B*100) /100;

18 D=round(D*100) /100;

19 mprintf(” s i d e s l o p e=%f . ”,r);
20 mprintf(”\nWidth o f channe l s e c t i o n=%f m. ”,B);
21 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);
22

23 R=0.5*D;

24 V=C*(R*S)^0.5;

25 n=R^(2/3)*S^0.5/V;

26 n=round(n*1000) /1000;

27 mprintf(”\n\ nva lue o f manning n=%f . ”,n);

Scilab code Exa 14.20 EX14 20

1

2

3 // example14 . 2 0
4 // d e s i g n a reg ime channe l
5 clc;funcprot (0);

6 // g i v en
7 Q=100; // d i s c h a r g e
8 f=1.1; // s i l t f a c t o r
9 s=1/2; // s i d e s l o p e

10

11 V=(Q*f^2/140) ^(1/6);

12 A=Q/V;

13 P=4.75*Q^0.5;

14 D=(P-(P^2 -6.944*A)^0.5) /3.472;

15 B=P -2.236*D;

16 R=5*V^2/(2*f);

17 S=f^(5/3) /(3340*Q^(1/6));

18 B=round(B*10) /10;

19 D=round(D*100) /100;

20 mprintf(”Width o f channe l s e c t i o n=%f m. ”,B);
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21 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);
22 mprintf(”\nBed s l o p e=%f . ”,S);

Scilab code Exa 14.21 EX14 21

1

2

3 // example 14 . 2 1
4 // d e s i g n a channe l u s i n g Laecy theo ry
5 clc;funcprot (0);

6 // g i v en
7 Q=40; // d i s c h a r g e
8 s=1; // s i d e s l o p e
9 md=0.8; // ave rage s i z e o f base ma t e r i a l

10

11 f=1.76*( md)^0.5;

12 V=(Q*f^2/140) ^(1/6);

13 A=Q/V;

14 P=4.75*Q^0.5;

15 // from equa t i o n s o f Area and p e r ime t e r o f
t r a p e z o i d a l s e c t i o n ; we ge t

16 y=poly ([42.41 , -30.04 ,1.828] , ’ x ’ , ’ c ’ );
17 D=roots(y);

18 //we ge t D=14.873416 and 1 . 5598447
19 // t ak i n g
20 D=1.5598447;

21 B=A/D-D;

22 R=5*V^2/(2*f);

23 S=f^(5/3) /(3340*Q^(1/6));

24 B=round(B*100) /100;

25 D=round(D*100) /100;

26 mprintf(”Width o f channe l s e c t i o n=%f m. ”,B);
27 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);
28 mprintf(”\nBed s l o p e=%f . ”,S);
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Scilab code Exa 14.22 EX14 22

1

2

3 // example14 . 2 2
4 // c a l c u l a t e bed width and f l o o r depth
5 clc;funcprot (0);

6 // g i v en
7 Q=30; // d i s c h a r g e
8 V=1; // v e l o c i t y o f f l ow
9

10 A=Q/V;

11 // p e r ime t e r o f s e c t i o n =30/D−D/2
12 // t ak i n g i t s d e r i v a t i v e w . r . t to D
13 D=1/((1.914/30) ^0.5);

14 // from equa t i on o f a r ea
15 B=30/D-D/2;

16 B=round(B*10) /10;

17 D=round(D*100) /100;

18 mprintf(”Width o f channe l s e c t i o n=%f m. ”,B);
19 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);

Scilab code Exa 14.23 EX14 23

1

2 // example 14 . 2 3
3 // de t e rmine whether f l ow i s c r i t i c a l o r sub− c r i t i c a l
4 clc;funcprot (0);

5 // g i v en
6 Q=17; // d i s c h a r g e
7 B=6; // base o f channe l
8 s=1/2; // s i d e s l o p e
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9 D=1.5; // depth o f channe l
10

11 A=D*((B+B/s)/2);

12 V=Q/A;

13 P=B+2*((D/s)^2+D^2) ^0.5;

14 R=A/P;

15 F=V/(9.81*R)^0.5; // f r oud number
16 F=round(F*100) /100;

17 // s i n c e F<1;
18 mprintf(”Froud number=%f . \ nF<1.\nFlow i s sub−

c r i t i c a l ”,F);

Scilab code Exa 14.24 EX14 24

1

2

3 // example14 . 2 4
4 // c a l c u l a t e normal depth and ave rage sh ea r s t r e s s at

channe l bed
5 clc;funcprot (0);

6 // g i v en
7 B=3.5; // bottom width o f channe l
8 n=0.016; //manning n
9 S=2.6/10000; // bed s l o p e

10 Q=8; // d i s c h a r g e
11 lfs =1; // l e f t s i d e s l o p e
12 rhs =1.5; // r i g t h s i d e s l o p e
13 gamma_w =9.81; // un i t we ig th o f water
14

15 // u s i n g the equa t i on o f a r ea and p e r ime t e r o f
t r a p e z o i d a l s e c t i o n ; Manning ’ s f o rmu la and V=Q/A
we ge t D as

16 //Manning fo rmu la : V=Rˆ(2/3 ) ∗S ˆ0 . 5 / n
17 // (D∗ ( 3 . 5+1 . 25∗D) ) ˆ2 .5=78 .281+71 .951∗D
18 // s o l v i n g i t by t r i a l and e r r o r method ; we ge t
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19 D=1.5;

20 R=(D*(3.5+1.25*D))/(3.5+3.217*D);

21 tau=gamma_w*R*S*1000;

22 tau=round(tau *100) /100;

23 mprintf(”Depth o f s e c t i o n=%f m. ”,D);
24 mprintf(”\nAverage sh ea r s t r e s s at channe l bed=%f N/

square−mm. ”,tau);

Scilab code Exa 14.25 EX14 25

1

2

3 // example 14 . 2 5
4 // c a l c u l a t e bed l oad t r a n s p o r t e d by the channe l i n

tonne s per day
5 clc;funcprot (0);

6 // g i v en
7 S=1/5000; // bed s l o p e
8 B=40; // width o f channe l
9 D=2.6; // depth o f channe l

10 d=0.38; //mean d iamete r o f bed ma t e r i a l
11 n=0.021; //Manning n
12 D65 =0.64D-3; // bed ma t e r i a l s i z e (m)
13 w=1000; // d e n s i t y o f water
14 //B/D as l a r g e t au c =0.075∗d ;
15 tau_c =0.075*d;

16 tau_b=w*D*S;

17 N1=(D65)^(1/6) /24;

18 r=N1/n;

19 qs =4700*24*( tau_b*r^1.5- tau_c)^1.5/1000;

20 qs40=qs*40;

21 mprintf(”bed l oad t r a n s p o r t e d by the channe l =%i t /m
/day . ”,qs40);
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Scilab code Exa 14.26 EX14 26

1

2

3 // example 14 . 2 6
4 // c a l c u l a t e bed width o f channe l ; a l s o check depth

u s i n g Kutter e qua t i on
5 clc;funcprot (0);

6 // g i v en
7 Q=5; // d i s c h a r g e
8 S=0.2/1000; // bed s l o p e
9 m=0.8; // c r i t i c a l v e l o c i t y r a t i o

10 s=1/2; // s i d e s l o p e o f chane l
11 C=30;

12 // assuming
13 D=1;

14 Vo =0.55*m*D^0.64;

15 A=Q/Vo;

16 B=A/D-(s*D);

17 P=B+2.43*D;

18 R=A/P;

19 V=C*(R*S)^0.5;

20 //Vo>V
21 // hence take second t r i a l
22 D=0.8; // assume
23 Vo =0.55*m*D^0.64;

24 A=Q/Vo;

25 B=A/D-(s*D);

26 P=B+2.43*D;

27 R=A/P;

28 V=C*(R*S)^0.5;

29 // aga in Vo>V
30 // hence we take t h i r d t r i a l
31 D=0.7;
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32 Vo =0.55*m*D^0.64;

33 A=Q/Vo;

34 B=A/D+(s*D);

35 P=B+2.43*D;

36 R=A/P;

37 V=C*(R*S)^0.5;

38 B=round(B*100) /100;

39 //Vo i s a lmost equa l to V;
40 mprintf(”Width o f channe l s e c t i o n=%f m. ”,B);
41 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);

Scilab code Exa 14.27 EX14 27

1

2

3 // example 14 . 2 7
4 // d e s i g n i r r i g a t i o n channe l by Kennedy method
5 clc;funcprot (0);

6 // g i v en
7 Q=50; // d i s c h a r g e
8 r=2.5; //B/D r a t i o
9 m=1.1; // c r i t i c a l v e l o c i t y r a t i o

10 N=0.025; // r o g o s i t y c o e f f i c i e n t
11 s=0.5; // s i d e s l o p e o f channe l
12

13 // u s i n g the equa t i on o f Vo and Q=A∗V; we ge t
14 D=(Q/1.815) ^(1/2.64);

15 B=r*D;

16 R=(B*D+0.5*D^2)/(B+2.236*D);

17 Vo =0.55*m*D^0.64;

18

19 // app l y i ng k u t t e r s f o rmu la ; V=C(RS) ˆ0 . 5
20 // where C=(23+1/N+0.00155/S ) ∗ (R∗S )

ˆ0 .5/ (1+(23+0 .00155/ S ) ∗N/Rˆ 0 . 5 ) ;
21 // assuming Sˆ0.5=y
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22 y=poly ([ -3.737D-7 ,2.46D-5,-0.0199,1], ’ x ’ , ’ c ’ );
23 roots(y);

24 // t ak i n g r e a l v a l u e s o f y
25 S=0.0196171 ^2;

26 B=round(B*100) /100;

27 D=round(D*100) /100;

28 mprintf(”Width o f channe l s e c t i o n=%f m. ”,B);
29 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);
30 mprintf(”\nBed s l o p e=%f . ”,S);

Scilab code Exa 14.28 EX14 28

1

2

3 // example 14 . 2 8
4 // d e s i g n a reg ime channe l u s i n g Laecy ’ s th eo ry
5 clc;funcprot (0);

6 // g i v en
7 Q=35; // d i s c h a r g e
8 f=0.9; // s i l t f a c t o r
9 s=1/2; // s i d e s l o p e

10

11 V=(Q*f/140) ^(1/6);

12 A=Q/V;

13 P=4.75*Q^0.5;

14 D=(P-(P^2 -6.944*A)^0.5) /3.472;

15 B=P -2.236*D;

16

17 R=5*V^2/(2*f);

18 S=f^(5/3) /(3340*Q^(1/6));

19 D=round(D*100) /100;

20 mprintf(”Bed s l o p e=%f . ”,S);
21 mprintf(”\nWidth o f channe l s e c t i o n=%i m. ”,B);
22 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);
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Scilab code Exa 14.29 EX14 29

1

2

3 // example 14 . 2 9
4 // d e s i g n an i r r i g a t i o n c ana l f o r g i v en data
5 clc;funcprot (0);

6 // g i v en
7 Q=15; // d i s c h a r g e
8 m=1; // c r i t i c a l v e l o c i t y r a t i o
9 r=5.7; //B/D
10

11 D=(Q/(0.55*6.2))^(1/2.64);

12 B=D*r;

13 R=(B*D+D^2/2)/(B+D*5^0.5);

14 Vo =0.55*m*D^0.64;

15 // app l y i ng k u t t e r s f o rmu la ; V=C(RS) ˆ0 . 5
16 // where C=(23+1/N+0.00155/S ) ∗ (R∗S )

ˆ0 .5/ (1+(23+0 .00155/ S ) ∗N/Rˆ 0 . 5 ) ;
17 // assuming Sˆ0.5=y
18 y=poly([-2D-5 ,1.55D-3 , -0.968 ,67.5] , ’ x ’ , ’ c ’ );
19 roots(y);

20 // t ak i n g r e a l v a l u e s o f y
21 S=0.0141937^2;

22 B=round(B*100) /100;

23 D=round(D*100) /100;

24 mprintf(”Width o f channe l s e c t i o n=%f m. ”,B);
25 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);
26 mprintf(”\nBed s l o p e=%f . ”,S);

Scilab code Exa 14.30 EX14 30
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1

2

3 // example 14 . 3 0
4 // Des ign a s e c t i o n o f un l i n ed c ana l i n a loomy s o i l
5 clc;funcprot (0);

6 // g i v en
7 Q=50; // d i s c h a r g e
8 V=1; // p e rm i s s i b l e v e l o c i t y
9 s=2; // s i d e s l o p e

10 r=6; //B/D r a t i o
11 N=0.0225; // r o g o s i t y c o e f f i c i e n t
12

13 A=Q/V;

14 D=(A/(r+2))^0.5;

15 B=r*D;

16 P=B+2*(5*D^2) ^0.5;

17 R=A/P;

18 S=(V*N/R^(2/3))^2;

19 mprintf(”Width o f channe l s e c t i o n=%i m. ”,B);
20 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);
21 mprintf(”\nBed s l o p e=%f . ”,S);

Scilab code Exa 14.31 EX14 31

1

2

3 // example 14 . 3 1
4 // c a l c u l a t e c o n c e n t r a t i o n o f suspended l oad at depth
5 clc;funcprot (0);

6 // g i v en
7 gamma_w =9.81; // un i t we ig th o f water
8 D=5; // depth o f channe l
9 d=0.3; // g r a i n s i z e

10 k=1.5; // s i z e o f r oughne s s o f channe l
bed
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11 S=1/4000; // bed s l o p e
12 G=2.65; // s p e c i f i c g r a v i t y
13 V=0.02; // f a l l v e l o c i t y
14 c_ =1000; // c o n c e n t r a t i o n at 0 . 3 m

above bed
15 a=0.3;

16 y=2.5;

17 k_=0.4; // van karman ’ s c on s t an t
18

19 R=5; //R=D f o r wide channe l
20 V_=( gamma_w*R*S)^0.5;

21 c=c_*((a/y)*(D-y)/(D-a))^(V/(V_*k_));

22 mprintf(” c o n c e n t r a t i o n o f suspended l oad=%i ppm . ”,c)
;

Scilab code Exa 14.32 EX14 32

1

2

3 // example 14 . 3 2
4 // c a l c u l a t e d imens ion o f channe l i f i t i s d e s i g n on

the b a s i s o f Laecy theo ry and Kennedy ’ s th eo ry
5 clc;funcprot (0);

6 // g i v en
7 Q=40; // d i s c h a r g e
8 f=1; // s i l t f a c t o r
9

10 // Laecey ’ s th eo ry
11 V=(Q*f/140) ^(1/6);

12 A=Q/V;

13 P=4.75*Q^0.5;

14 D=(P-(P^2 -6.944*A)^0.5) /3.472;

15 B=P -2.236*D;

16

17 R=5*V^2/(2*f);
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18 S=f^(5/3) /(3340*Q^(1/6));

19 B=round(B);

20 D=round(D*100) /100;

21 mprintf(”\n\nBy Laecey theo ry : ”);
22 mprintf(”\nBed s l o p e=%f . ”,S);
23 mprintf(”\nWidth o f channe l s e c t i o n=%f m. ”,B);
24 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);
25

26 //Kennedy ’ s th eo ry
27 r=B/D;

28 m=1; // c r i t i c a l v e l o c i t y r a t i o
29 N=0.0225; // r o g o s i t y c o e f f i c i e n t
30 // u s i n g equa t i on o f a r ea o f t r a p e z o i d a l s e c t i o n ; Vo

=0.55mDˆ0 . 6 4 and Q=A∗Vo
31

32 D=(Q/8.058) ^(1/2.64);

33 B=r*D;

34 B=round(B);

35 D=round(D*100) /100;

36 mprintf(”\n\nBy Kennedy theo ry : ”);
37 mprintf(”\nWidth o f channe l s e c t i o n=%f m. ”,B);
38 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);

Scilab code Exa 14.33 EX14 33

1

2

3 // example 14 . 3 3
4 // d e s i g n Laecey reg ime channe l
5 clc;funcprot (0);

6 // g i v en
7 A=100000; // c u l t u r a b l e a r ea ( h e c t a r e )
8 IR=0.4; // i n t e n s i t y o f i r r i g a t i o n i n

k h a r i f s e a s on
9 IK=0.3; // i n t e n s i t y o f i r r i g a t i o n i n
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r a b i s e a s on
10 OR =1800; // o u t l e t d i s c h a r g e f a c t o r i n

k h a r i f s e a s on
11 OK=800; // o u t l e t d i s c h a r g e f a c t o r i n

k h a r i f s e a s on
12 l=0.1; // conveyance l o s s
13 md =0.328; // ave rage d i amete r o f ma t e r i a l
14

15 AR=A*IR; // a r ea under r a b i
16 AK=A*IK; // a r ea under k h a r i f
17 Qr=AR/OR;

18 Qk=AK/OK;

19 Q=1.1* Qk;

20 f=1.76*( md)^0.5;

21 V=(Q*f^2/144) ^(1/6);

22 A=Q/V;

23 P=4.75*(Q)^0.5;

24 D=(P-(P^2 -6.944*A)^0.5) /3.472;

25 B=P -2.236*D;

26 S=f^(5/3) /(3340*Q^(1/6));

27 B=round(B*10) /10;

28 D=round(D*100) /100;

29 mprintf(”\nBed s l o p e=%f . ”,S);
30 mprintf(”\nWidth o f channe l s e c t i o n=%f m. ”,B);
31 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);

Scilab code Exa 14.34 EX14 34

1

2

3 // example 14 . 3 4
4 // c a l c u l a t e c o n c e n t r a t i o n at po i n t 10 cm above the

bed
5 clc;funcprot (0);

6 // g i v en
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7 D=2.8; // depth o f f l ow
8 c_=700; // c o n c e n t r a t i o n at 30 cm below water

s u r f a c e
9 y=0.1;

10 a=D-0.3;

11 e=0.4; // exponent i n r ou s e equa t i on ;
12

13 c=c_*(a*(D-y)/(y*(D-a)))^e;

14 mprintf(” c o n c e n t r a t i o n at po i n t 10 cm above the bed=
%i ppm . ”,c);

Scilab code Exa 14.35 EX14 35

1

2

3 // example 14 . 3 5
4 // d e s i g n the d i s t r i b u t o r y u s i n g Laecey theo ry
5 clc;funcprot (0);

6 // g i v en
7 f=0.85; // s i l t f a c t o r
8 AR =3600; // a r ea f o r r a b i
9 AK =1400; // a r ea f o r k h a r i f
10 delta_r =0.135; // kor depth f o r r a b i
11 delta_k =0.19; // kor depth f o r k h a r i f
12 tr=4; // kor p e r i o d f o r r a b i
13 tk=2.5; // kor p e r i o d f o r k h a r i f
14 Du_r =8.64* tr*7/ delta_r; // duty f o r r a b i
15 Du_k =8.64* tk*7/ delta_k; // duty f o r k h a r i f
16 q_r=AR/Du_r; // d i s c h a r g e f o r r a b i
17 q_k=AK/Du_k; // d i s c h a r g e f o r k h a r i f
18 Q=q_r; // s i n c e q r>q k
19 V=(Q*f^2/144) ^(1/6);

20 A=Q/V;

21 P=4.75*(Q)^0.5;

22 D=(P-(P^2 -6.944*A)^0.5) /3.472;
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23 S=f^(5/3) /(3340*Q^(1/6));

24 P=round(P*100) /100;

25 D=round(D*100) /100;

26 mprintf(”\nBed s l o p e=%f . ”,S);
27 mprintf(”\ nPer imete r o f channe l s e c t i o n=%f m. ”,P);
28 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);

283



Chapter 15

IRRIGATION CHANNEL 2
DESIGN PROCEDURE

Scilab code Exa 15.1 EX15 1

1

2

3 // example 1 5 . 1
4 // d e s i g n a channe l by Kennedy theo ry u s i n g Garret ’ s

diagram
5 clc;funcprot (0);

6 // g i v en
7 Q=7; // f u l l supp ly d i s c h a r g e
8 N=0.0225; // r o g o s i t y c o e f f i c i e n t
9 S=1/4444; // bed s l o p e
10 m=1; // c r i t i c a l v e l o c i t y r a t i o
11 s=1/2; // s i d e s l o p e
12

13 // Values o f B and D ar e ob ta i n ed by Garret ’ s diagram
f i g . 1 5 . 3 ( b ) and t abu l a t e d as below

14 B=[6 7 6.75]; // width o f bed from Garre t
diagram

15 D=[1.5 1.35 1.38]; // depth o f bed from Garre t
diagram
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16 Vo =[0.72 0.673 0.685]; // from Garre t diagram
17

18 mprintf(”Bed width Depth Rat io o f
V/Vo : Remarks”);

19 for i=1:3

20 A(i)=B(i)*D(i)+D(i)^2/2; //Area
21 V(i)=Q/A(i); // Ve l o c i t y
22 r(i)=V(i)/Vo(i); // r a t i o V/

Vo
23 r(i)=round(r(i)*1000) /1000;

24 if i==1 then

25 s= ’ sma l l ’ ;
26 else

27 if (i==2) then

28 s= ’ more ’ ;
29

30 else

31 s= ’ s a t i s f a c t o r y ’ ;
32 end

33 end

34 mprintf(”\n%f %f %f
%s”,B(i),D(i),r(i),s);

35 end

36 mprintf(”\nHence , B=%f m; D=%f m. ”,B(3),D(3));

Scilab code Exa 15.2 EX15 2

1

2

3 // example 1 5 . 2
4 // d e s i g n an i r r i g a t i o n channe l i n a l l u v i a l s o i l by

Laecy ’ s th eo ry
5 clc;funcprot (0);

6 // g i v en
7 Q=15; // Fu l l supp ly d i s c h a r g e
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8 f=1; // s i l t f a c t o r
9 s=1/2; // s i d e s l o p e o f channe l
10

11 // from Laecey reg ime channe l ( Fig . 1 5 . 4 ( b ) ) B and D
i s ob ta i n ed as ;

12 B=15.1;

13 D=1.38;

14 // a l s o from Fig . 1 5 . 5 we ge t s l o p e as
15 S=0.19/1000;

16 mprintf(”Width o f channe l s e c t i o n=%f m. ”,B);
17 mprintf(”\nDepth o f channe l s e c t i o n=%f m. ”,D);
18 mprintf(”\nBed s l o p e=%f . ”,S);

Scilab code Exa 15.3 EX15 3

1

2

3 // example 1 5 . 3
4 // d e s i g n and p r epa r e the l o n g i t u d n a l s e c t i o n ;

s c h edu l e o f a r ea s t a t i s t i c s and channe l d imens ion
o f i r r i g a t i o n channe l

5 clc;funcprot (0);

6 // g i v en
7 dl =157.7; //datum l e v e l
8 fsl =157; // f u l l supp ly l e v e l o f pa r en t

channe l
9 bl=156; // bed l e v e l o f pa r en t channe l
10 kor_r =4; // kor p e r i o d o f r a b i
11 kor_k =2.5; // kor p e r i o d o f k h a r i f
12 kord_r =13.4; // kor depth o f r a b i
13 kord_k =19; // kor depth o f k h a r i f
14 s=0.5; // s i d e s l o p e
15 m=1; // c r i t i c a l v e l o c i t y r a t i o
16 N=0.0225; // Kutter n
17 qo_r =8.64*7* kor_r *100/ kord_r; // o u t l e t d i s c h a r g e
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f o r r a b i ( c a l c u l a t i o n i s wrong i n book )
18 qo_k =8.64*7* kor_k *100/ kord_k; // o u t l e t d i s c h a r g e

f o r k h a r i f ( c a l c u l a t i o n i s wrong i n book )
19 ca =16000; // c u l t u r a b l e commanded a r ea
20 Ir=0.3; // i n t e n s i t y o f i r r i g a t i o n i n

r a b i
21 Ik =0.125; // i n t e n s i t y o f i r r i g a t i o n i n

r a b i
22 Ar=Ir*ca; // a r ea under r a b i
23 Ak=ca*Ik; // a r ea under k h a r i f
24 q_r=Ar/qo_r;

25 q_k=Ak/qo_k;

26 q_r=round(q_r *100) /100;

27 q_k=round(q_k *100) /100;

28 mprintf(” d i s c h a r g e neede f o r r a b i c rop=%f cumecs . ”,
q_r);

29 mprintf(”\ nd i s c h a r g e neede f o r k h a r i f c rop=%f cumecs
. ”,q_k);

30 mprintf(”\ n ou t l e t d i s c h a r g e f a c t o r adopted=%i
h e c t a r e s per cumecs . ”,qo_r);

31 // at km 5
32 ca =8000; // c u l t u r a b l e a r ea
33 Ar=Ir*ca; // a r ea under r a b i
34 q_r=Ar/qo_r;

35 l=0.5 // t o t a l l o s s a f t e r 5 km
36 q=q_r+l; // t o t a l d i s c h a r g e
37 dq=1.1*q; // des igm d i s c h a r g e
38 S=1/4000; // s l o p e
39 B=[5.5 4.9 4.55]; //Bed width
40 D=[0.73 0.79 0.84]; // water depth
41 Vo =[0.448 0.472 0.488]; // c r i t i c a l v e l o c i t y
42 mprintf(”\n\nBed width water depth a r ea

v e l o c i t y c r i t i c a l v e l o c i t y C .V.R”)
;

43 for i=1:3

44 A(i)=B(i)*D(i)+D(i)^2/2;

45 V(i)=dq/A(i);

46 m(i)=V(i)/Vo(i);
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47 A(i)=round(A(i)*100) /100;

48 V(i)=round(V(i)*1000) /1000;

49 m(i)=round(m(i)*100) /100;

50 mprintf(”\n%f %f %f %f %f
%f”,B(i),D(i),A(i),V(i),Vo(i),m(i))

;

51 end

52 B=4.55;D=0.84;

53 mprintf(”\ nhence take B=%f . ; D=%f m. ”,B,D);
54 // at km 4
55 q=round(q*100) /100;

56 mprintf(”\ nd i s c h a r g e at 5 km=%f cumecs . ”,q);
57 ca =10000; // c u l t u r a b l e a r ea
58 Ar=Ir*ca; // a r ea under r a b i
59 q_r=Ar/qo_r;

60 l=0.5 // t o t a l l o s s below 5 km
61 P=B+D*5^0.5; // wetted p e r ime t e r
62 l1=P*1000*2/1000000; // l o s s between 5 km and 4km
63 l2=l1+l;

64 q=q_r+l2;

65 dq=1.1*q;

66 q=round(q*1000) /1000;

67 mprintf(”\ nd i s c h a r g e at 4 km =%f cumecs ”,q);
68 mprintf(”\ nothe r d i s c h a r g e a r e c a l c u l a t e d and a r e

t abu l a t e d as : ”);
69 x=[0:1:5];

70 A1 =[4800 4200 3600 3300 3000 2400];

71 A2 =[2000 1750 1500 1375 1250 1000];

72 S=[22.5 22.5 22.5 24 24 25];

73 B=[5.5 5.2 4.85 4.7 4.55 4.55];

74 D=[1.04 1.007 0.975 0.945 0.915 0.840];

75 dq =[3.56 3.17 2.8 2.6 2.4 2.02];

76 V=[0.570 0.555 0.538 0.530 0.521 0.484];

77 m=[1.015 1 1 1 1 0.992];

78 mprintf(”\n\nBelow km area to i r r i g a t e r a b i
a r ea to i r r i g a t e k h a r i f bed s l o p e
bed width water depth

d e s i g n d i s c h a r g e v e l o c i t y C .V.R”);
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79 for i=1:6

80 mprintf(”\n%i %i
%i

%f %f %f %f
%f %f”,x(i),A1(i),A2(i),S(i)

,B(i),D(i),dq(i),V(i),m(i));

81 end

Scilab code Exa 15.4 EX15 4

1

2

3 // example 1 5 . 4
4 // c a l c u l a t e the e conomi ca l depth o f c u t t i n g f o r

c r o s s s e c t i o n o f channe l
5 clc;funcprot (0);

6 // g i v en
7 B=5; // bed width
8 t=2; // top width o f banks
9 h=2.92; // h e i g t h o f banks from bed

10 n=1.5;

11

12 // s e c t i o n a l a r ea o f d i g g i n g=s e c t i o n a l a r ea o f two
banks

13 //By+zy ˆ2=2(h−y )+2n (h−y ) ˆ2
14 // s u b s t i t u t i n g the v a l u e s and on s i m p l i f i c a t i o we

ge t
15 s=poly ([18.59 , -13.26 ,1] , ’ x ’ , ’ c ’ );
16 y=roots(s);

17 // from t h i s we ge t y=11.666556 and 1 . 5 9 3 4 4 3 6 .
18 // t ak i n g
19 y=1.5934436;

20 y=round(y*10) /10;

21 mprintf(” e conomi ca l depth o f c u t t i n g=%f m. ”,y);
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Chapter 16

WATERLOGGING AND
CANAL LINING

Scilab code Exa 16.1 EX16 1

1

2

3 // example 1 6 . 1
4 // d e s i g n a t r a p e z o i d a l c o n c r e t e l i n e d channe l
5 clc;funcprot (0);

6 // g i v en
7 Q=100; // d i s c h a r g e
8 S=25/100000; // bed s l o p e
9 N=0.016; // r o g s i t y c o e f f i c i e n t

10 s=1.5; // s i d e s l o p e
11 V=1.5; // l i m i t i n g v e l o c i t y
12

13 // u s i n g manning ’ s e qua t i on V=(Rˆ2/3∗S ˆ1/2) /N;
14 R=(V*N/(S^0.5))^(1.5); // h yd r a u l i c mean depth
15

16 // f o r s =1 .5 ;
17 theta=acot (1.5);

18 A=Q/V;

19 P=A/R;
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20 // u s i n g equa t i on o f a r ea and p e r ime t e r o f t rapez ium
21 // p e r ime t e r o f t rapez ium=b+2d ( th e t a+co t ( t h e t a ) ) ;
22 // a r ea o f t rapez ium=bd+dˆ2( th e t a+co t ( t h e t a ) ) ;
23 //we ge t
24 y=poly ([31.9 , -17.1 ,1] , ’ x ’ , ’ c ’ );
25 d=roots(y);

26 //we ge t D=14.968917 and 2 . 1 3 1 0 8 2 6 .
27 // t ak i n g
28 d=2.1310826;

29 b=P -4.18*d;

30 b=round(b*100) /100;

31 d=round(d*100) /100;

32 mprintf(” r e q u i r e d bed width=%f m. ”,b);
33 mprintf(”\ n r e qu i r e d bed depth=%f m”,d);

Scilab code Exa 16.2 EX16 2

1

2

3 // example 1 6 . 2
4 // d e s i g n a t r a p e z o i d a l c o n c r e t e l i n e d channe l
5 clc;funcprot (0);

6 // g i v en
7 Q=100; // d i s c h a r g e
8 S=25/100000; // bed s l o p e
9 N=0.016; // r o g s i t y c o e f f i c i e n t

10 s=1.5; // s i d e s l o p e
11 r=8; //b/d r a t i o
12

13 // u s i n g manning equa t i on V=(Rˆ2/3∗S ˆ1/2) /N;
14 // Pe r ime t e r=A/R
15 //V=Q/A and on s i m p l i f i c a t i o n we ge t
16 d=((101/10.09) *(12.18/10.09) ^(2/3))^(3/8);

17 b=r*d;

18 b=round(b);
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19 d=round(d*100) /100;

20 mprintf(” r e q u i r e d bed width=%f m. ”,b);
21 mprintf(”\ n r e qu i r e d bed depth=%f m”,d);

Scilab code Exa 16.3 EX16 3

1

2

3 // example 1 6 . 3
4 // d e s i g n a c o n c r e t e l i n e d channe l
5 clc;funcprot (0);

6 // g i v en
7 Q=45; // d i s c h a r g e
8 S=1/10000; // bed s l o p e
9 s=5/4; // s i d e s l o p e

10 N=0.018; // r o g o s i t y c o e f f i c i e n t ( manning N)
11

12 // channe l i s assumed to be o f t r i a n g u l a r s e c t i o n
13 theta=acot(s);

14 // u s i n g manning equa t i on V=(Rˆ2/3∗S ˆ1/2) /N;
15 //V=Q/A;
16 // p e r ime t e r o f t rapez ium=b+2d ( th e t a+co t ( t h e t a ) ) ;
17 // a r ea o f t rapez ium=bd+dˆ2( th e t a+co t ( t h e t a ) ) ;
18 //we ge t
19 d=(Q*2.86/1.925) ^(3/8);

20 d=round(d*100) /100;

21 mprintf(”\ n r e qu i r e d depth o f t r i a n g u l a r channe l=%f m
”,d);

Scilab code Exa 16.4 EX16 4

1

2
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3 // example 1 6 . 4
4 // d e s i g n a c o n c r e t e l i n e d channe l o f t r a p e z o i d a l

s e c t i o n
5 clc;funcprot (0);

6 // g i v en
7 Q=250; // d i s c h a r g e
8 S=1/6000; // bed s l o p e
9 s=1.5; // s i d e s l o p e

10 d=3; // l i m i t i n g depth
11 N=0.015; // r o g o s i t y c o e f f i c i e n t
12

13 // u s i n g Pe r ime t e r=A/R;
14 // p e r ime t e r o f t rapez ium=b+2d ( th e t a+co t ( t h e t a ) ) ;
15 // a r ea o f t rapez ium=bd+dˆ2( th e t a+co t ( t h e t a ) ) ;
16 //Q=A∗V; and on s i m p l i f i c a t i o n
17 //we ge t
18 // (3 b+18.81) ˆ5/3/( b+12.54) ˆ2/3=290 .47 ;
19 // s o l v i n g i t by t r i a l and e r r o r method we ge t
20 b=44.6;

21 mprintf(” r e q u i r e d bed width=%f m. ”,b);
22 mprintf(”\ n r e qu i r e d bed depth=%i m”,d);

Scilab code Exa 16.5 EX16 5

1

2

3 // example 1 6 . 5
4 // c a l c u l a t e s p a c i n g o f d r a i n s
5 clc;funcprot (0);

6 // g i v en
7 H=10; // depth o f impe rv i ou s st ratum from

top s o i l
8 D=1.8; // p o s i t i o n o f d r a i n below top s o i l

s u r f a c e
9 Hw=1.5; // depth o f h i g h e s t po i n t o f water
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10 k=1D-4; // p e rme a b i l i t y c on s t an t
11

12 // s i n c e water has to be removed in 24 hours
13 b=H-Hw;

14 a=H-D;

15 L=(4*k*(b^2-a^2) *100*24*3600/0.8) ^0.5;

16 mprintf(” d r a i n s shou ld be spaced at %i m c / c . ”,L);

Scilab code Exa 16.6 EX16 6

1

2

3 // example 1 6 . 6
4 // c a l c u l a t e p e rm e a b i l i t y c o e f f i c i e n t
5 clc;funcprot (0);

6 // g i v en
7 L=30; // spa c i n g between drans
8 Q=4D-6; // d i s c h a r g e
9 a=8;

10 b=8.3;

11

12 k=1000000*Q*L/(4*(b^2-a^2));

13 k=round(k*100) /100;

14 mprintf(” p e rme a b i l i t y c o e f f i c i e n t=%fD−6 m/ s e c . ”,k);

Scilab code Exa 16.7 EX16 7

1

2

3 // example 1 6 . 7
4 // c a l c u l a t e annual ave rage r a i n f a l l
5 clc;funcprot (0);

6 // g i v en
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7 L=50; // spa c i n g between d r a i n s
8 k=1D-5; // p e rme a b i l i t y c o e f f i c i e n t
9 a=10;

10 b=10.3;

11

12 Q=4*k*(b^2-a^2)/L;

13 Pav=Q*24*3600*100*100/L;

14 mprintf(” annual ave rage r a i n f a l l=%i cm”,Pav);

Scilab code Exa 16.8 EX16 8

1

2

3 // example16 . 8
4 // c a l c u l a t e r a t i o o f d i s c h a r g e at A and B ; r a t i o o f

ave rage r a i n f a l l a t A and B
5 clc;funcprot (0);

6 // g i v en
7 r1=2; // ka/kb
8 r2 =1/1.5; //La/Lb
9 r3=5/6; // ( bˆ2−a ˆ2) a / ( ( bˆ2−a ˆ2) b )
10

11 Rq=r1*r3/r2;

12 Rp=Rq/r2;

13 mprintf(” r a t i o o f d i s c h a r g e at A and B=%f . ”,Rq);
14 mprintf(”\ n r a t i o o f ave rage r a i n f a l l a t A and B=%f . ”

,Rp);

Scilab code Exa 16.9 EX16 9

1

2

3 // example 1 6 . 9
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4 // d e c i d e whether i t i s e c on om i c a l l y f e a s i b l e to
p r ov i d e c ana l l i n i n g

5 clc;funcprot (0);

6 // g i v en
7 li=2.5; // s e epag e l o s s f o r l i n e d

channe l
8 p1=25; // wetted p e r ime t e r f o r l i n e d

channe l
9 t=12; // t h i c k n e s s o f c o n c r e t e l i n i n g
10 lf =0.02; // s e epag e l o s s f o r un l i n ed

channe l
11 p2=20; // wetted p e r ime t e r f o r un l i n ed

channe l
12

13 // assume 1 km l en g t h o f c ana l
14 // annual b e n i f i t
15

16 // ( 1 ) . s e epage
17 A1=p1 *1000; // a r ea o f wetted p e r ime t e r
18 li=li*p1 /1000; // s e epag e l o s s
19 A2=p2 *1000; // a r ea o f wetted per immeter

f o r un l i n ed channe l
20 lf=p2*lf /1000; // s e epag e l o s s f o r un l i n ed

channe l
21 s=li -lf; // s av i n g i n water l o s s
22 a1=s*p1 *100000; // annual r evenue saved
23

24 // ( 2 ) ma in ta in ence
25 a2 =0.4*25000; // s av i n g i n ma in ta inance c o s t
26 ts=a1+a2; // t o t a l annual b e n i f i t
27

28 // annual c o s t
29 A1=p2 *1000; // a r ea o f l i n i n g f o r un l i n r d

c ana l
30 C=100* A1; // c o s t o f l i n i n g
31 // i n t e r e s t r a t e i s 6%
32 i=0.06;

33 N=50;
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34 a=(C*i*(i+1)^N)/((1+i)^N-1); // annual c o s t o f
l i n i n g or c a p i t a l r e c o v e r y f a c t o r

35 bcr=ts/a; // b e n i f i t c o s t r a t i o
36 bcr=round(bcr *1000) /1000;

37 mprintf(”\ nB e n i f i t c o s t r a t i o=%f . ”,bcr);
38 // as bcr>1
39 mprintf(” ; S i n c e i t i s more than 1 .\ nHence , i t i s

e c on om i c a l l y j u s t i f i a b l e . ”);

Scilab code Exa 16.10 EX16 10

1

2

3 // example 16 . 1 0
4 // c a l c u l a t e the r e q u i r e d depth o f water to be

app l i e d
5 clc;funcprot (0);

6 // g i v en
7 Ecd =20; // e l e c t r i c a l c o n d u c t i v i t y o f

d r a i n ag e water
8 Eci =1.5; //m mho/cm
9 Dc =55.5; // consumpt ive use
10

11 Lr=Eci/Ecd;

12 D=Dc/(1-Lr);

13 mprintf(” r e q u i r e d depth o f water to be app l i e d=%i mm
. ”,D);

Scilab code Exa 16.11 EX16 11

1

2

3 // example 16 . 1 1
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4 // c a l c u l a t e the r e q u i r e d depth o f water to be
app l i e d

5 clc;funcprot (0);

6 // g i v en
7 Eci =1.4; // m mho/cm
8 Ece =11; // s a t u r a t e d e x t r a c t o f s o i l
9 Dc=85; // consumpt ive use r equ i r ement o f

c rop
10

11 // l e t us assume Ecd=2Ece
12 Lr=Eci /(2* Ece);

13 Di=Dc/(1-Lr);

14 Di=round(Di*10) /10;

15 mprintf(” r e q u i r e d depth o f water to be app l i e d=%f mm
. ”,Di);

Scilab code Exa 16.12 EX16 12

1

2

3 // example 16 . 1 2
4 // c a l c u l a t e ave rage boundary sh ea r s t r e s s ;
5 // p e r c en t a g e o f e a r t h work i s saved i n l i n e d s e c t i o n
6 clc;funcprot (0);

7 // g i v en
8 s=1.5; // s i d e s l o p e
9 Q=15; // d i s c h a r g e

10 S=1/4000; // bed s l o p e
11 Nl =0.014; //manning n f o r l i n e d channe l
12 Nu =0.028; //manning n f o r u l i n e d channe l
13 fb =0.75; // f r e e board
14

15 // c o n s i d e r i n g the p e r ime t e r o f t r a p e z o i d a l s e c t i o n
16 // t ak i n g minimum pe r ime t e r f o r g i v en a r ea
17 // i . e dP/dD=0
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18 //we ge t
19 //A=2.1Dˆ2 ; R=D/2 ; and P=4.2D
20

21 // f o r l i n r d channe l
22 //Q=ARˆ(2/3 ) ∗S ˆ0 . 5
23 // s u b s t i t u t i n g above v a l u e s we ge t
24 D=(10.0396) ^(3/8);

25 B=0.6*D;

26 R=D/2;

27 tau =9.81*R*S*1000;

28 tau=round(tau *1000) /1000;

29 mprintf(” f o r l i n e d c ana l : ”);
30 mprintf(”\ nave rage boundary sh ea r s t r e s s=%f N/ squa r e

m. ”,tau);
31 Dc=D+fb; // t o t a l depth o f c u t t i n g
32 A1=(B+1.5*Dc)*Dc;

33

34 // f o r un l i n ed channe l
35 //Q=ARˆ(2/3 ) ∗S ˆ0 . 5
36 // s u b s t i t u t i n g above v a l u e s we ge t
37 D=3.08;

38 B=0.6*D;

39 R=D/2;

40 tau =9.81*R*S*1000;

41 tau=round(tau *100) /100;

42 mprintf(”\n\ n f o r un l i n ed c ana l : ”);
43 mprintf(”\ nave rage boundary sh ea r s t r e s s=%f N/ squa r e

m. ”,tau);
44 Dc=D+fb; // t o t a l depth o f c u t t i n g
45 A2=(B+1.5*Dc)*Dc;

46 per=(A2 -A1)*100/A2;

47 per=round(per *100) /100;

48 mprintf(”\n\ npe r c en t s av i n g o f e a r t h=%f p e r c en t . ”,
per);
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Scilab code Exa 16.13 EX16 13

1

2

3 // example 16 . 1 3
4 // d e s i g n a l i n e d c ana l
5 clc;funcprot (0);

6 // g i v en
7 Q=100; // d i s c h a r g e
8 S=1/2500; // bed s l o p e
9 V=2; //maximum p e rm i s s i b l e v e l o c i t y

10 n=0.013; //manning n
11 s=1.25; // s i d e s l o p e
12

13 A=Q/V;

14 // from manning fo rmu la V=(Rˆ2/3∗S ˆ1/2) /N;
15 R=(V*n/S^0.5) ^1.5;

16 P=A/R;

17

18 //now us i ng the equa t i on o f a r ea and p e r ime t e r o f
t r a p e z o i d

19 // a r ea=D(B+2.5D)
20 // p e r ime t e r=B+3.2D;
21 //we ge t
22 y=poly ([50 , -33.73 ,1.95] , ’ x ’ , ’ c ’ );
23 D=roots(y);

24 //we ge t D=15.660087 and 1 . 6373489
25 // t ak i n g
26 D=1.6373489;

27 B=P-3.2*D;

28 B=round(B*10) /10;

29 D=round(D*100) /100;

30 mprintf(” r e q u i r e d bed width=%f m. ”,B);
31 mprintf(”\ n r e qu i r e d bed depth=%f m”,D);
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Scilab code Exa 16.14 EX16 14

1

2

3 // example 16 . 1 4
4 // c a l c u l a t e to what ex t en t d i s c h a r g e can be

i n c r e a s e d wi thout chang ing bed s l o p e
5 clc;funcprot (0);

6 // g i v en
7 B=5; // bed width
8 D=2; // bed depth
9 S=1/1600; // bed s l o p e
10 n=0.015; //manning n
11

12 A=B+2*D; // a r ea o f l i n i n g
13 // l e t B1 and D1 be new width and depth o f bed
14 // f o r g e t t i n g maximum d i s c h a r g e we d i f f r e n t i a t e Q

and equa t i ng i t to z e r o
15 //Q=S ˆ0 . 5∗B1D1ˆ5/3/n
16 //we ge t
17 D1 =45/16;

18 B1=9-2*D1;

19 Q1=S^0.5*B1*D1 ^5/3/n;

20 D1=round(D1 *10000) /10000;

21 mprintf(”new width o f bed=%f m. ”,B1);
22 mprintf(”\nnew depth o f bed=%f m. ”,D1);
23 mprintf(”\n maximum d i s c h a r g e=%f cumec . ”,Q1);
24 R=D;

25 V=R^(2/3)*S^0.5/n;

26 F=V/(9.81*D)^0.5; // f r oud number
27 R=D1;

28 V=R^(2/3)*S^0.5/n;

29 F=V/(9.81* D1)^0.5; // f r oud number
30 mprintf(”\nFroud number i s l e s s than 1 in both c a s e

. \ nHence , f l ow doe sno t change from sub− c r i t i c a l to
supe r c r i t i c a l . ”);
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Scilab code Exa 16.15 EX16 15

1

2

3 // example 16 . 1 5
4 // c a l c u l a t e maximum c a r r y i n g c a p a c i t y o f c ana l
5 // a r ea to be i r r i g a t e d
6 clc;funcprot (0);

7 // g i v en
8 B=5; // bed width
9 D=2.5; // bed depth

10 s=1.5; // s i d e s l o p e
11 S=1/1000; // bed s l o p e
12 n=0.016; //manning n
13 k=10; // kor p e r i o d
14 d=150; // f i e l d i r r i g a t i o n r equ i r emen t
15

16 theta=acot(s);

17 A=B*D+D^2*( theta +1/tan(theta));

18 P=B+2*D*(theta +1/tan(theta));

19 R=A/P;

20 Q=A*R^(2/3)*S^0.5/n;

21 V=Q*k*24*3600; // volum o f water supp ly by channe l
22 A=V*10/(d*10000);

23 Q=round(Q*100) /100;

24 A=round(A)*100;

25 mprintf(”maximum c a r r y i n g c a p a c i t y o f c ana l=%f cumec
. ”,Q);

26 mprintf(”\nArea to be i r r i g a t e d=%f h e c t a r e s . ”,A);
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Chapter 17

CANAL OUTLETS

Scilab code Exa 17.1 EX17 1

1

2

3 // example 1 7 . 1
4 // c a l c u l a t e d i s c h a r g e through the o u t l e t
5 clc;funcprot (0);

6 // g i v en
7 D=100.0; //F . S . L o f d i s t r i b u t o r y
8 wc =99.90; //F . S . L o f water c ou r s e
9 L=9; // l e n g t h o f p ip e

10 d=20; // d iamete r o f p ip e
11 f=0.005; // c o e f f i c i e n t o f f r i c t i o n
12 g=9.81; // a c c e l e r a t i o n due to g r a v i t y
13

14 H=D-wc; // work ing head
15 C=(d/((1.5*d/(400*f)+L)*f))^0.5/20;

16 A=%pi*d^2/(4*10000);

17 q=C*A*(2*g*H)^0.5;

18 q=round(q*10000) /10000;

19 mprintf(” d i s c h a r g e through the o u t l e t=%f cumec . ”,q);
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Scilab code Exa 17.2 EX17 2

1

2

3 // example 1 7 . 2
4 // d e s i g n a submerged p ipe
5 clc;funcprot (0);

6 // g i v en
7 q=0.04; // d i s c h a r g e through o u t l e t
8 D=100.0; //F . S . L o f d i s t r i b u t i n g c ana l
9 wc =99.90; //F . S . L o f water c ou r s e

10 dep =1.1; // f u l l supp ly depth d i s t r i b u t i n g
c ana l

11 C=0.7; // ave rage va lu e o f c o e f f i c i e n t o f
d i s c h a r g e

12 g=9.81; // a c c e l e r a t i o n due to g r a v i t y
13

14 H=D-wc; // a v a i l a b l e head
15 A=q/(C*(2*g*H)^0.5);

16 d=(4*A/%pi)^0.5*100;

17 d=round(d*10) /10;

18 mprintf(” d iamete r o f p ip e r e q u i r e d=%f cm . ”,d);
19 mprintf(”\ nuse p ip e o f d i amete r 25 cm . ”);

Scilab code Exa 17.3 EX17 3

1

2 // example 1 7 . 3
3 // d e s i g n submerged p ipe
4 clc;funcprot (0);

5 // g i v en
6 q=0.04; // d i s c h a r g e through o u t l e t
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7 D=100.0; //F . S . L o f d i s t r i b u t i n g c ana l
8 wc =99.90; //F . S . L o f water c ou r s e
9 dep =1.1; // f u l l supp ly depth d i s t r i b u t i n g

c ana l
10 f=0.01; // c o e f f i c i e n t o f f r i c t i o n
11 g=9.81; // a c c e l e r a t i o n due to g r a v i t y
12 L=9; // Length o f p ip e
13

14 H=D-wc; // work ing head
15 // f i r s t t r i a l
16 // t ak i n g d=22.8 cm
17 d=22.8;

18 C=(d/((1.5*d/(400*f)+L)*f))^0.5/20;

19 A=q/(C*(2*g*H)^0.5);

20 d=(4*A/%pi)^0.5*100;

21 // second t r i a l
22 C=(d/((1.5*d/(400*f)+L)*f))^0.5/20;

23 A=q/(C*(2*g*H)^0.5);

24 d=(4*A/%pi)^0.5*100;

25 d=round(d*100) /100;

26 mprintf(” d iamete r o f p ip e r e q u i r e d=%f cm . ”,d);
27 mprintf(”\ nprov id e d i amete r o f p ip e as 25 cm . ”);

Scilab code Exa 17.4 EX17 4

1

2

3 // example 1 7 . 4
4 // d e s i g n an open f lume o u t l e t
5 clc;funcprot (0);

6 // g i v en
7 Q=0.06; // d i s c h a r g e
8 D=0.85; // f u l l supp ly depth
9 Hw=15; // a v a i l a b l e work ing head

10 Bt=7;C=1.6; // l e t us choo s e
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11 H=(Q*100/(C*Bt))^(2/3);

12 mh=0.2*H; //minimum modular head
13 mh=round(mh *1000) /1000;

14 mprintf(”minimum modular head=%f m. < a v a i l a b l e
work ing head . \ nhemce , d e s i g n i s s a f e . ”,mh);

15 o=H/D;

16 o=round(o*1000) /1000;

17 mprintf(”\ n s e t t i n g o f o u t l e t=%f . <0 .9 .\ nhence , o u t l e t
w i l l work as hyper p r o p o t i o n a l o u t l e t . ”,o);
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Chapter 18

CANAL REGULATION
WORKS

Scilab code Exa 18.1 EX18 1

1

2

3 // example 1 8 . 1
4 // d e s i g n Sarda type f a l l
5 clc;funcprot (0);

6 // g i v en
7 Q=40; // f u l l supp ly d i s c h a r g e
8 sl_u =218.3; // supp ly l e v e l a t upstream
9 sl_d =216.8; // supp ly l e v e l a t downstream
10 D=1.8; // s u p l l y depth
11 L=26; // bed width
12 bl_u =216.5; // bed l e v e l upstream
13 bl_d =215; // bed l e v e l downstream
14 drop =1.5;

15

16 // from the eqaua t i on ; Q=1.99LHˆ1 . 5 ∗ (H/B) ˆ ( 1/6 ) ;
17 //B=0.55∗ (H+d ) ˆ 0 . 5 ;
18 //H+d=drop+D;
19 //we ge t
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20 H=(0.774) ^0.6;

21 d=3.3-H;

22 Hc=D-H;

23 d=round(d*100) /100;

24 H=round(H*100) /100;

25 Hc=round(Hc*100) /100;

26 mprintf(”H=%f m. \ nd=%f m. ”,H,d);
27 mprintf(”\ n c r e s t h e i g h t above bed=%f m. ”,Hc);
28

29 // adopt t r a p e z o i d a l c r e s t
30 B=1; // top width
31 mprintf(”\n\nD/S b a t t e r =1 :3 ; U/S b a t t e r =1 :8 . ”);
32 Va=Q/((27+D)*D);

33 vh=Va ^2/(2*9.81);

34 tel_up=sl_u+vh;

35 crest=sl_u -H;

36 E=sl_u -crest;

37 mprintf(”\nR . L o f c r e s t=%f m. ”,crest);
38 mprintf( ’ \nE=%f m. ’ ,E);
39 // d e s i g n o f c i s t e r n
40 x=(E*drop)^(2/3) /4; // depth o f c i s t e r n
41 lc=5*(E*drop)^0.5; // l e n g t h o f

c i s t e r n
42 cb=bl_d -x;

43 x=round(x*100) /100;

44 cb=round(cb *1000) /1000;

45 lc=round(lc*10) /10;

46 mprintf(”\n\ndepth o f c i s t e r n=%f m. ”,x);
47 mprintf(”\ n l eng th o f c i s t e r n=%f m. ”,lc);
48 mprintf(”\nR . L o f bed o f c i s t e r n=%f m. ”,cb);
49 mprintf(”\nkeep c i s t e r n at R. L 2 1 4 . 6 9 . ”);
50 // d e s i g n o f impe rv i ou s f l o o r
51 Hs =2.44; // s e epag e head
52 c=8; // Bl igh ’ s c o e f f i c i e n t
53 li=Hs*c;

54 d1=1;d2=1.6;

55 vl=2*(d1+d2);

56 lh=li-vl;
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57 mprintf(”\n\ nde s i gn o f impe rv i ou s f l o o r : ”);
58 mprintf(”\ nprov id e upstream cut−o f f=%i m. ;

downstream cut−o f f=%f m. ”,d1 ,d2);
59 mprintf(”\ n l eng th o f h o r i z o n t a l impe rv i ou s f l o o r=%f

m. ”,lh);
60 mprintf(”\ nprov id e 15 m l en g t h impe rv i ou s f l o o r . ”);
61 ld=2*(D+1.2)+drop;

62 mprintf(”\nminimum l eng t h o f impe rv i ou s f l o o r to the
d/ s o f t o e o f c r e s t wa l l=%f m. ”,ld);

63 mprintf(”\ nprov id e l d=8 m. ”);
64 bl=15-8;

65 mprintf(”\ nthe ba l an c e o f the l e n g t h %i m i s to be
p rov id ed under and u/ s o f the c r e s t . ”,bl);

66

67 tcl =15+2*(1+16);

68 mprintf(”\n\ n u p l i f t p r e s s u r e i s c oun t e r ba l anced by
we ig th o f water . \ n hence p r ov i d e t h i c k n e s s o f 0 . 4
m. ”);

69 rho =2.24;

70 static =2.44*(1 -0.446)+x;

71 t=static /(rho -1);

72 t=round(t*100) /100;

73 mprintf(”\ n f o r o th e r p o i n t s ; t h i c k n e s s r e q u i r e d =%f
m. ”,t);

74 mprintf(”\ nprov id e t h i c k n e s s o f 1 . 4 0 m. ”);
75 mprintf(”\ nat downstream end o f f l o o r p r ov i d e

t h i c k n e s s o f 0 . 6 m o v e r l a i d by 0 . 2 m b r i c k
p i t c h i n g . ”);

76

77 n=d2/(Hs*5); //n=1/%pi ∗ ( lambda ) ˆ 0 . 5
78 // from kho s l a e x i t cu rve we ge t
79 alpha =10.5;

80 lambda =(1/( %pi*n))^2;

81 alpha =((2* lambda -1)^2-1) ^0.5;

82 b=alpha*d2;

83 b=round(b*100) /100;

84 mprintf(”\n\ ncheck ing o f f l o o r t h i c k n e s s by kho s l a
th eo ry : ”);
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85 mprintf(”\ n l eng th o f f l o o r p rov id ed=%f m. > l e n g t h
by B l i gh theo ry . ”,b);

86 b=15;

87 d2=1.8;

88 alpha=b/d2;

89 n=0.145;

90 Ge=Hs*n/d2;

91 Ge=round(Ge*10) /10;

92 mprintf(”\ n e x i t g r a d i e n t a f t e r i n c r e a s e i n depth cut
−o f f=%f . which i s i n p e rm i s s i b l e l i m i t ”,Ge);

93 mprintf( ’ \ nprov id e depth cut−o f f to 1 . 8 m. ’ );
94 // c a l c u l a t i o n o f p r e s s u r e
95 mprintf(”\n\ n c a l c u l a t i o n o f p r e s s u r e : ”);
96 mprintf(”\nU/S cut−o f f : ”);
97 d1=1;

98 b=15;

99 alpha_=d1/b;

100 fic1 =100 -24;

101 fid1 =100 -17;

102 t=0.4;

103 fic1=fic1+(fid1 -fic1)*t/d1;

104 mprintf(”\ n c o r r e c t e d f i c 1=%f p e r c en t . ”,fic1);
105 mprintf(”\nD/S cut−o f f wa l l : ”);
106 d2=1.8;

107 b=15;

108 alpha_=d1/b;

109 fie2 =31;

110 fid2 =21.5;

111 t=0.6;

112 fie2=fie2 -(fie2 -fid2)*t/1.8;

113 fie2=round(fie2 *10) /10;

114 mprintf(”\ n c o r r e c t e f i e 2=%f p e r c en t . ”,fie2);
115 // c a l c u l a t i o n o f t h i c k n e s s
116 mprintf(”\n\ nprov id e a minimum t h i c k n e s s o f 0 . 4 m

f o r u/ s f l o o r . ”);
117 pre=fie2+(fic1 -fie2)*8/b;

118 static=pre*Hs/100+x;

119 t=static /(rho -1);
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120 t=round(t*100) /100;

121 mprintf(”\ n t h i c k n e s s at d/ s t o e o f c r e s t=%f m. ”,t);
122 mprintf(”\ nprov id e t h i c k n e s s o f 1 . 4 m th i c k c o n c r e t e

o v e r l a i d by 0 . 2 m b r i c k p i t c h i n g . ”);
123 pre=fie2+(fic1 -fie2)*5/b;

124 static=pre*Hs/100+x;

125 t=static /(rho -1);

126 t=round(t*100) /100;

127 mprintf(”\ n t h i c k n e s s at 3 m from d/ s t o e o f c r e s t=%f
m. ”,t);

128 mprintf(”\ nprov id e t h i c k n e s s o f 1 . 2 m th i c k c o n c r e t e
o v e r l a i d by 0 . 2 m b r i c k p i t c h i n g . ”);

129 pre=fie2+(fic1 -fie2)*2/b;

130 static=pre*Hs/100; // c a l c u l a t i o n i s
wrong i n book

131 t=static /(rho -1);

132 t=round(t*100) /100;

133 mprintf(”\ n t h i c k n e s s at 6m from d/ s to e o f c r e s t=%f
m. ”,t);

134 mprintf(”\ nprov id e t h i c k n e s s o f 0 . 7 m th i c k c o n c r e t e
o v e r l a i d by 0 . 2 m b r i c k p i t c h i n g . ”);

135 // d e s i g n o f downstream wings
136 wing =6*(E*drop)^0.5;

137 hw=D+0.5;

138 mprintf(”\n\ nhe i g th o f top o f downstream wings above
the bed=%f m. ”,hw);

139 projec=hw*3;

140 mprintf(”\ n l eng th o f warped wing measured a l ong
c e n t r e l i n e o f c ana l=%f m. ”,projec);

141 // downstream p i t c h i n g
142 l=9+2*1.5;

143 mprintf(”\n\ n l eng th o f bed p i t c h i n g=%f m. ”,l);
144 mprintf(”\ n l eng th o f s l o p i n g p i t c h i n g=7 m. \ n l eng th

o f h o r i z o n t a l p i t c h i n g=6 m. ”);
145 mprintf(”\ nprov id e one to e wa l l o f 1 m depth and 0 . 4

m width . ”);
146 mprintf(”\ n s i d e p i t c h i n g i s c u r t a i l e d at 45 deg r e e

from the end o f bed p i t c h i n g i n p lan . \ nsupprot
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the s i d e p i t c h i n g on to e wa l l 0 . 4 m t h i c k and 1 m
deep . ”);

147 // ene rgy d i s s i p a t o r s
148 q=Q/L;

149 dc=(q^2/9.81) ^(1/3);

150 mprintf(”\n\ n s i z e and p o s i t i o n o f f r i c t i o n b l o c k s : ”)
;

151 L=2*dc;

152 w=dc;

153 h=dc;

154 di=1.5*dc;

155 L=round(L*10) /10;

156 w=round(w*10) /10;

157 h=round(h*10) /10;

158 di=round(di);

159 mprintf(”\ n l eng th o f b l o ck=%f m. \ nwidth o f b l o ck=%f
m. \ nhe i gh t o f b l o ck=%f m. \ nd i s t a n c e from toe o f
c r e s t=%f m. ”,L,w,h,di);

160 mprintf(”\ nprov id e two rows s t a g g e r e d ata d i s t a n c e
o f 1 m from toe o f c r e s t . ”);

161 mprintf(”\ n s i z e and p o s i t i o n o f cube b l o c k s : ”);
162 L=D/10;

163 w=D/10;

164 h=w;

165 L=round(L*10) /10;

166 w=round(w*10) /10;

167 h=round(h*10) /10;

168 mprintf(”\ n l eng th o f b l o ck=%f m. \ nwidth o f b l o ck=%f
m. \ nhe i gh t o f b l o ck=%f m. ”,L,w,h);

169 mprintf(”\ nprov id e two rows s t a g g e r e d at the end o f
impe rv i ou s f l o o r . ”);

170 //u/ s approach
171 r=6*H;

172 mprintf(”\n\ nprov id e wing wa l l s egmenta l with 5 m
r ad i u s sub t end ing ang l e o f 60 deg r e e at the
c e n t r e . ”);
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Scilab code Exa 18.2 EX18 2

1

2

3 // example 1 8 . 2
4 // d e s i g n an unf lumed s t r a i g h t g l a c i s non−meter f a l l
5 clc;funcprot (0);

6 // g i v en
7 Q=40; // f u l l supp ly d i s c h a r g e
8 sl_u =218.3; // supp ly l e v e l a t upstream
9 sl_d =216.8; // supp ly l e v e l a t downstream
10 D=1.8; // s u p l l y depth
11 L=26; // bed width
12 bl_u =216.5; // bed l e v e l upstream
13 bl_d =215; // bed l e v e l downstream
14 drop =1.5;

15 Ge=1/6; // p e rm i s s i b l e e x i t g r a d i e n t
16

17 // d e s i g n o f c r e s t
18 mprintf(” d e s i g n o f c r e s t : ”);
19 E=(Q/(1.84*L))^(2/3);

20 V=Q/((L+D)*D);

21 vh=V^2/(2*9.81);

22 tel_up=sl_u+vh;

23 cl=tel_up -E;

24 w=2*E/3;

25 w=round(w*10) /10;

26 mprintf(”\ n l eng th o f c r e s t=%f m. ”,L);
27 mprintf(”\nwidth o f c r e s t=%f m. ”,w);
28 // d e s i g n o f c i s t e r n
29 q=Q/L;

30 Hl=1.5;

31 // from b l ench curve
32 Ef2 =1.44;
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33 cistern=sl_d +0.03 -1.25* Ef2;

34 mprintf(”\n\nR . L o f c i s t e r n=%f m. > d/ s bed l e v e l . ”,
cistern);

35 mprintf(”\nkeep R. L o f c i s t e r n at 2 14 . 5 m. ”);
36 l=6*Ef2;

37 mprintf(”\ n l eng th o f c i s t e r n=%f m. ”,l);
38 mprintf(”\ nprov id e c i s t e r n o f 9 m l e n g t h ”);
39 d=bl_d -214.5;

40 mprintf(”\ndepth o f c i s t e r n=%f m. ”,d);
41

42 // d e s i g n o f impe rv i ou s f l o o r
43 d1=D/3;

44 mprintf(”\n\ nde s i gn o f impe rv i ou s f l o o r : ”);
45 mprintf(”\ nprov id e 0 . 4 m wide and 1 m deep c u r t a i n

wa l l a t u/ s . ”);
46 d2=D/2;

47 mprintf(”\ nprov id e 0 . 4 m wide and 1 m deep c u r t a i n
wa l l a t d/ s . \ nthe c u r t a i n wa l l w i l l p r o j e c t the
above the d/ s bed by 0 . 1 8 m. ”);

48 Hs=cl-bl_d;

49 d2=1;

50 n=d2*Ge/Hs; //n=1/(%pi ∗ ( lambda ) ˆ 0 . 5 )
51 // from kho s l a e x i t c u r v e s we ge t
52 alpha =40;

53 lambda =(1/( %pi*n))^2;

54 alpha =((2* lambda -1)^2-1) ^0.5;

55 b=alpha*d2;

56 // s i n c e l e n g t h i s to e x c e s s i v e
57 d2=2;

58 n=d2*Ge/Hs; //n=1/(%pi ∗ ( lambda ) ˆ 0 . 5 )
59 // from kho s l a e x i t c u r v e s we ge t
60 alpha =10;

61 lambda =(1/( %pi*n))^2;

62 alpha =((2* lambda -1)^2-1) ^0.5;

63 b=alpha*d2+1;

64 mprintf(”\ n t o t a l l e n g t h=%i m. \ n l eng th o f c i s t e r n=9 m
. \ n l eng th o f d/ s g l a c i s =5.88 m. \ nwidth o f c r e s t
=0.6 m. \ n l eng th o f u/ s g l a c i s =0.47 m. \ nba lance to

314



be p rov id ed to u/ s o f the u/ s g l a c i s =4.05 m. ”,b)
;

65

66 // p r e s s u r e c a l c u l a t i o n s
67 mprintf(”\n\ np r e s s u r e c a l c u l a t i o n s : ”);
68 mprintf(”\nupstream cu r t a i n wa l l : ”);
69 d1=1;b=20;

70 alpha_=d1/b;

71 t=0.3;

72 fic1 =100 -22;

73 fid1 =100 -15;

74 corec=(fid1 -fic1)*t/d1

75 fic1=fic1+corec;

76 mprintf(”\ n c o r r e c t e d f i c 1=%f p e r c en t . ”,fic1);
77 mprintf(”\ndownstream cu r t a i n wa l l : ”);
78 d2=2;b=20;

79 alpha_=d2/b;

80 t=0.5;

81 fie =29;

82 fid =21;

83 corec=(fie -fid)*t/d2

84 fie=fie -corec;

85 mprintf(”\ n c o r r e c t e d f i e=%f p e r c en t . ”,fie);
86 mprintf(”\ ntoe o f g l a c i s : ”);
87 // assuming l i n e a r v a r i a t i o n o f p r e s s u r e
88 p=fie+(80-fie)*9/20;

89 mprintf(”\ np r e s s u r e at downstream o f the g l a c i s=%f
p e r c en t . ”,p);

90

91 // f l o o r t h i c k n e s s
92 rho =2.24;

93 mprintf(”\n\ n f l o o r t h i c k n e s s : \ nprov id e minimum
t h i c k n e s s o f 0 . 3 m at the u/ s f l o o r . ”);

94 static=p*2.44/100+( bl_d -214.5);

95 t=static /(rho -1);

96 t=round(t*100) /100;

97 mprintf(”\ n f l o o r t h i c k n e s s r e q u i r e d at t o e o f g l a c i s
=%f m. \ nprov id e 1 . 5 m th i c k f l o o r f o r l e n g t h o f 3
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m. ”,t);
98 p=fie+(80-fie)*6/20;

99 static=p*2.44/100+( bl_d -214.5);

100 t=static /(rho -1);

101 t=round(t*100) /100;

102 mprintf(”\ n f l o o r t h i c k n e s s r e q u i r e d at 3m from toe
o f g l a c i s=%f m. \ nprov id e 1 . 3 m th i c k f l o o r from 3
m to 6 . 5 m from toe o f g l a c i s . ”,t);

103 t=0.27*2.44/( rho -1);

104 t=round(t*100) /100;

105 mprintf(”\ n t h i c k n e s s o f d/ s end o f c i s t e r n=%f m. \
nprov id e t h i c k n e s s o f 0 . 6 m at d/ s end o f f l o o r . ”
,t);

106

107 // d e s i g n o f d/ s p r o t e c t i o n
108 mprintf(”\n\nno bed p r o t e c t i o n i s needed as

d e f l e c t o r wa l l i s p rov ided . ”);
109 sp=3*D;

110 mprintf(”\ n l eng th o f s i d e p r o t e c t i o n=%f m. \ nprov id e
5 . 5 m l e n g t h o f 20 cm th i c k b r i c k p i t c h i n g beyond
impe rv i ou s f l o o r . \ np i t c h i n g w i l l r e s t on to e

wa l l 0 . 4 m wide and 0 . 9 m deep . \ nprov id e 0 . 4 m
wide p r o f i l e at the end o f p i t c h i n g ”,sp);

111 // d e s i g n o f u/ s approach
112 mprintf(”\n\nu/ s wing wa l l i s s p l a y ed at 45 deg r e e

from u/ s end o f impe rv i ou s f l o o r . \ nextend 1 m
i n t o ea r th en banks from l i n e o f F . S . L . ”);

Scilab code Exa 18.3 EX18 3

1

2 // example 1 8 . 3
3 // d e s i g n a c r o s s − r e g u l a t o r and head r e g u l a t o r f o r a

d i s t r i b u t o r y channe l
4 clc;funcprot (0);
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5 // g i v r n
6 Q=100; // d i s c h a r g e o f pa r en t channe l
7 Qd=15; // d i s c h a r g e o f d i s t r i b u t o r y
8 fsl_u =218.1; //F . S . L o f upstream paren t channe l
9 fsl_d =217.9; //F . S . L o f downstream o f pa r en t

channe l
10 bw_u =42; // bed width o f pa r en t channe l

upstream
11 bw_d =38; // bed width o f pa r en t channe l

downstream
12 hw=2.5; // depth o f water i n pa r en t channe l
13 fsl_dis =217.1; //F . S . L o f d i s t r i b u t o r y
14 hw_dis =1.5; // depth o f water i n d i s t r i b u t o r y
15 Ge=1/5; // p e rm i s s i b l e e x i t g r a d i e n t
16

17 // d e s i g n o f c r o s s r e g u l a t o r
18 mprintf(”DESIGN OF CROSS−REGULATOR: : ”);
19 // d e s i g n o f c r e s t and waterway
20 mprintf(”\n\ nde s i gn o f c r e s t and waterway : ”);
21 cl=fsl_u -hw;

22 h=fsl_u -fsl_d;

23 d=fsl_d -cl;

24 C1 =0.557; C2=0.8;

25 L=Q/(2*C1 *(2*9.81) ^0.5*h^1.5/3+ C2*d*(2*9.81*h)^0.5);

26 L=round(L*10) /10;

27 mprintf(”\ n c r e s t l e v e l=%f m. ”,cl);
28 mprintf(”\ n l eng th o f c r e s t=%f m. ”,L);
29 mprintf(”\ nprov id e 4 bays o f 7 m each with a c l e a r

water−way . ”);
30 tw =28+4.5;

31 mprintf(”\ nprov id e 3 p i e r s o f 1 . 5 m width each . \
n t o t a l width o f c r o s s r e g u l a t o r=%f m. ”,tw);

32 // d e s i g n o f d/ s f l o o r
33 L=28;

34 q=Q/L;

35 Hl=fsl_u -fsl_d;

36 Ef2 =1.89; // from b l ench curve
37 fl_d=fsl_d -Ef2;
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38 mprintf(”\n\ nde s i gn o f d/ s f l o o r : ”);
39 mprintf(”\nd/ s f l o o r l e v e l=%f m. ; which i s h i g h e r

than d/ s bed l e v e l . \ nadopt f l o o r l e v e l =d/ s bed
l e v e l =215.40 m. ”,fl_d);

40 Ef1=Ef2+Hl;

41 // from s p e c i f i c ene rgy curve
42 D1=0.7;D2 =1.65;

43 cil =5*(D2-D1); // c i s t e r n l e n g t h
44 tl =2*16/3;

45 tl=round(tl*10) /10;

46 mprintf(”\ n c i s t e r n l e n g t h =%f m. \ n l eng th o f d/ s
f l o o r=%f m. ”,cil ,tl);

47 // d e s i g n o f impe rv i ou s f l o o r
48 d1=hw /3+0.6; // depth o f u/ s cut−o f f
49 w=0.5; // width o f cut−o f f
50 d2=hw /2+0.6; // deth o f d/ s cut−o f f
51 d2=2; // keep
52 Hs=fsl_u -(fsl_d -hw); //maximum s t a t i c head
53 n=Ge*d2/Hs; //n=1/%pi ∗ ( lambda ) ˆ 0 . 5 ;
54 // from e x i t g r a d i e n t cu r v e s we ge t
55 alpha =8;n=0.148;

56 b=alpha*d2;

57 mprintf(”\n\ nde s i gn o f impe rv i ou s f l o o r : ”);
58 mprintf(”\ n t o t a l l e n g t h o f impe rv i ou s f l o o r=%i m. ;

which i s d i v i d e d as−”,b);
59 mprintf(”\nd/ s f l o o r l e n g t h =10.6 m. \ nd/ s g l a c i s

l e n g t h with 2 : 1 s l o p e =0.4 m. \ nba lance to be
p rov id ed upstream=5 m. ”);

60 d1=1.5;b=16;

61 alpha_=d1/b;

62 // hence
63 fic1 =100 -28;

64 fid1 =100 -19;

65 t=0.5;

66 fic1=fic1+(fid1 -fic1)*t/d1;

67 mprintf(”\n\ np r e s s u r e c a l c u l a t i o n : \ nupstream cut−o f f
: \ np r e s s u r e =%f p e r c en t . ”,fic1);

68 d2=2;b=16;
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69 alpha_=d2/b;

70 // hence
71 t=0.6;

72 fie2 =31; fid2 =22;

73 fie2=fie2 -(fie2 -fid2)*t/d2;

74 mprintf(”\ndownstream cut−o f f : \ np r e s s u r e=%f p e r c en t .
”,fie2);

75 t=10.6;

76 p=fie2+(fic1 -fie2)*t/b;

77 p=round(p*10) /10;

78 mprintf(”\ ntoe o f g l a c i s : \ np r e s s u r e=%f p e r c en t . ”,p);
79 mprintf(”\n\ n t h i c k n e s s o f f l o o r : \ nminimu t h i c k n e s s

f o r u/ s f l o o r =0.5 m. ”);
80 rho =2.24;

81 t=fie2 *2.7/(100*( rho -1));

82 t=round(t*100) /100;

83 mprintf(”\ n t h i c k n e s s o f f l o o r near d/ s cut−o f f=%f m
. \ nprov id e 0 . 7 m th i c k f l o o r f o r l a s t 2 . 1 m
l e n g t h . ”,t);

84 t=1.6/(rho -1);

85 t=round(t*100) /100;

86 mprintf(”\ n t h i c k n e s s o f f l o o r at t o e o f g l a c i s=%f m.
”,t);

87 t=6.6;

88 p=fie2+(fic1 -fie2)*t/b;

89 t=p*2.7/(100*( rho -1));

90 t=round(t*100) /100;

91 mprintf(”\ n t h i c k n e s s o f f l o o r at 4 m from toe o f
g l a i s=%f m. \ nprov id e 1 . 1 m th i c k f l o o r f o r next 2
m l e n g t h ”,t);

92 t=4.6;

93 p=fie2+(fic1 -fie2)*t/b;

94 t=p*2.7/(100*( rho -1));

95 t=round(t*100) /100;

96 mprintf(”\ n t h i c k n e s s o f f l o o r at 6 m from toe o f
g l a i s=%f m. \ nprov id e 0 . 9 m th i c k f l o o r f o r next
2 . 5 m l e n g t h ”,t);

97
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98 // d e s i g n o f u/ s p r o t e c t i o n
99 d1=hw /3+0.6;

100 v=d1;

101 v=round(v*100) /100;

102 mprintf(”\n\ nde s i gn o f u/ s p r o t e c t i o n : \ nvolume o f
b l o ck p r o t e c t i o n=%f cub i c metre /metre . ”,v);

103 mprintf(”\nkeep t h i c k n e s s o f p r o t e c t i o n=1 m. \
nprov id e 0 . 8mx0 . 8mx0 . 6m th i c k c o n c r e t b l o c k s ove r
0 . 4 m th i c k apron i n l e n g t h o f 0 . 6 m. ”);

104 cu =2.25* d1;

105 cu=round(cu*100) /100;

106 mprintf(”\ ncub i c c on t en t o f l aun ch i ng apron=%f cub i c
metre /metre . \ nprov id e 1 m th i c k and 3 . 5 m long

l aunch i ng apron . ”,cu);
107 // d e s i g n o f d/ s p r o t e c t i o n
108 d2=hw /2+0.6;

109 v=d2;

110 v=round(v*100) /100;

111 mprintf(”\n\ nde s i gn o f d/ s p r o t e c t i o n : \ nvolume o f
i n v e r t e d f i l t e r=%f cub i c metre /metre . ”,v);

112 mprintf(”\nkeep t h i c k n e s s o f c o n c r e t e b l o ck =0.6 m. \
nprov id e 2 rows o f 0 . 8mx0 . 8mx0 . 6m th i c k c o n c r e t
b l o c k s ove r 0 . 6 m graded f i l t e r f o r l e n g t h o f 1 . 6
m. ”);

113 cu =2.25* d2;

114 cu=round(cu*100) /100;

115 mprintf(”\ n l aunch ing apron volume=%f cub i c metre /
metre . \ nprov id e 1 m th i c k l aunch i ng apron f o r
l e n g t h o f 4 . 5 m. \ nprov id e a to e wa l l 0 . 4 m wide
and 1 . 5 m deep between f i l t e r and l aunch i ng apron
. ”,cu);

116

117 // d e s i g n o f head r e g u l a t o r
118 mprintf(”\n\n\nDESIGN OF DISTRIBUTORY HEAD REGULATOR

: : ”);
119 // d e s i g n o f c r e s t and waterway
120 mprintf(”\n\ nde s i gn o f c r e s t and waterway : ”);
121 cl=fsl_u -hw+0.5;
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122 h=fsl_u -fsl_dis;

123 d=fsl_dis -cl;

124 C1 =0.557; C2=0.8;

125 L=Qd/(2*C1 *(2*9.81) ^0.5*h^1.5/3+ C2*d*(2*9.81*h)^0.5)

;

126 L=round(L*100) /100;

127 mprintf(”\ n c r e s t l e v e l=%f m. ”,cl);
128 mprintf(”\ n l eng th o f c r e s t=%f m. ”,L);
129 mprintf(”\ nprov id e 2 bays o f 3 . 5 m each with a 1 m

th i c k p i e r i n between . ”);
130 tw=8;

131 mprintf(”\ n t o t a l width o f c r o s s r e g u l a t o r=%f m. ”,tw)
;

132 // d e s i g n o f d/ s f l o o r
133 L=7.5;

134 q=Q/L;

135 Hl=fsl_u -fsl_dis;

136 Ef2 =1.58; // from b l ench curve
137 fl_d=fsl_dis -Ef2;

138 mprintf(”\n\ nde s i gn o f d/ s f l o o r : ”);
139 mprintf(”\nd/ s f l o o r l e v e l=%f m. ; \ nkeepR . L o f d/ s

f l o o r =215.50 m. ”,fl_d);
140 Ef1=Ef2+Hl;

141 // from s p e c i f i c ene rgy curve
142 D1 =0.42; D2 =2.55;

143 cil =5*(D2-D1); // c i s t e r n l e n g t h
144 tl =2*14/3;

145 mprintf(”\ n c i s t e r n l e n g t h =%f m. ”,cil);
146

147 // d e s i g n o f impe rv i ou s f l o o r
148 d1=hw /3+0.6; // depth o f u/ s cut−o f f
149 w=0.5; // width o f cut−o f f
150 d2=hw_dis /2+0.6; // deth o f d/ s cut−o f f
151 d2=2; // keep
152 Hs=fsl_u -215.5; //maximum s t a t i c head
153 n=Ge*d2/Hs; //n=1/%pi ∗ ( lambda ) ˆ 0 . 5 ;
154 // from e x i t g r a d i e n t cu r v e s we ge t
155 alpha =7;n=0.154;
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156 b=alpha*d2;

157 mprintf(”\n\ nde s i gn o f impe rv i ou s f l o o r : ”);
158 mprintf(”\ n t o t a l l e n g t h o f impe rv i ou s f l o o r=%i m. ;

which i s d i v i d e d as−”,b);
159 mprintf(”\ n l eng th below the to e o f g l a c i s =10.5 m\

n l eng th o f d/ s g l a c i s at 2 : 1 s l o p e =1.2 m. \ nwidth
o f c r e s t =1 m. \ n l eng th o f u/ s g l a c i s at 1 : 1 s l o p e
=0.5 m. \ nu/ s f l o o r : b a l n c e =0.8 m. ”);

160 d1=1.5;b=16;

161 alpha_=d1/b;

162 // hence
163 fic1 =100 -28;

164 fid1 =100 -19;

165 t=0.5;

166 fic1=fic1+(fid1 -fic1)*t/d1;

167 mprintf(”\n\ np r e s s u r e c a l c u l a t i o n : \ nupstream cut−o f f
: \ np r e s s u r e =%f p e r c en t . ”,fic1);

168 d2=2;b=16;

169 alpha_=d2/b;

170 // hence
171 t=0.6;

172 fie2 =31; fid2 =22;

173 fie2=fie2 -(fie2 -fid2)*t/d2;

174 mprintf(”\ndownstream cut−o f f : \ np r e s s u r e=%f p e r c en t .
”,fie2);

175 t=10.6;

176 p=fie2+(fic1 -fie2)*t/b;

177 p=round(p*100) /100;

178 mprintf(”\ ntoe o f g l a c i s : \ np r e s s u r e=%f p e r c en t . ”,p);
179 mprintf(”\n\ n t h i c k n e s s o f f l o o r : \ nminimu t h i c k n e s s

f o r u/ s f l o o r =0.5 m. ”);
180 rho =2.24;

181 t=p*2.6/(100*( rho -1));

182 t=round(t*100) /100;

183 mprintf(”\ n t h i c k n e s s under the c r e s t=1 m. ”);
184 mprintf(”\ n t h i c k n e s s o f f l o o r at t o e o f g l a c i s=%f m.

”,t);
185 t=9.5;
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186 p=fie2+(fic1 -fie2)*t/b;

187 t=p*2.7/(100*( rho -1));

188 t=round(t*100) /100;

189 mprintf(”\ n t h i c k n e s s o f f l o o r at 2 m from toe o f
g l a i s=%f m. \ nprov id e 1 . 1 m th i c k f l o o r f o r next 4
m l e n g t h ”,t);

190 t=4.5;

191 p=fie2+(fic1 -fie2)*t/b;

192 t=p*2.7/(100*( rho -1));

193 t=round(t*100) /100;

194 mprintf(”\ n t h i c k n e s s o f f l o o r at 6 m from toe o f
g l a i s=%f m. \ nprov id e 0 . 9 m th i c k f l o o r f o r next
2 . 5 m l e n g t h ”,t);

195 t=2;

196 p=fie2+(fic1 -fie2)*t/b;

197 t=p*2.7/(100*( rho -1));

198 t=round(t*100) /100;

199 mprintf(”\ n t h i c k n e s s o f f l o o r at 8 . 5 m from toe o f
g l a i s=%f m. \ nprov id e 0 . 7 m th i c k f l o o r f o r next 2
m l e n g t h ”,t);

200

201 // d e s i g n o f upstream p r o t e c t i o n
202 d=hw /3+0.6;

203 d=round(d*10) /10;

204 mprintf(”\n\ nde s i gn o f u/ s p r o t e c t i o n : \ nu/ s s c ou r
depth=%f m. \ nprov id e same p r o t e c t i o n as i n c r o s s
r e g u l a t o r ”,d);

205

206 // d e s i g n o f d/ s p r o t e c t i o n
207 d2=hw_dis /2+0.6;

208 v=d2;

209 mprintf(”\n\ nde s i gn o f d/ s p r o t e c t i o n : \ nvolume o f
i n v e r t e d f i l t e r=%f cub i c metre /metre . ”,v);

210 mprintf(”\nkeep t h i c k n e s s o f c o n c r e t e b l o ck =0.5 m. \
nprov id e 2 rows o f 0 . 8mx0 . 8mx0 . 5m th i c k c o n c r e t
b l o c k s ove r 0 . 5 m th i c k graded f i l t e r . ”);

211 cu =2.25* d2;

212 mprintf(”\ n l aunch ing apron volume=%f cub i c metre /
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metre . \ nprov id e 1 m th i c k l aunch i ng apron f o r
l e n g t h o f 3 . 5 m. \ nprov id e a masonary to e wa l l 0 . 4
m wide and 1 . 2 m deep between f i l t e r and
l aunch i ng apron . ”,cu);
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Chapter 19

CROSS DRAINAGE WORKS

Scilab code Exa 19.1 EX19 1

1

2

3 // example 1 9 . 1
4 // d e s i g n an expans i on t r a n s i t i o n f o r c ana l by Mitra ’

s method
5 clc;funcprot (0)

6 // g i v en
7 Lf=16; // l e n g t h o f f lume
8 Bf=9; // width o f t h r o a t
9 Bo=15; // width o f c ana l

10

11 // width at any d i s t a n c e x from f lumed s e c t i o n i s
g i v en by

12 //Bx=Bo∗Bf∗Lf /( Lf ∗Bo−(Bo−Bf ) x )
13 // on s o l v i n g we ge t
14 //Bx=2160/(240−6x )
15

16 x=[2:2:16]; // d i s t a n c e
17 mprintf(”width at any d i s t a n c e x from f lumed s e c t i o n

: ”);
18 for i=1:8
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19 Bx(i)=2160/(240 -6*x(i));

20 Bx(i)=round(Bx(i)*100) /100;

21 mprintf( ’ \n%f ’ ,Bx(i));
22 end

Scilab code Exa 19.2 EX19 2

1

2

3 // example 1 9 . 2
4 // d e s i g n an expans i on t r a n s i t i o n f o r c ana l by

Chaturvedi ’ s method
5 clc;funcprot (0);

6 // g i v en ;
7 Lf=16; // l e n g t h o f f lume
8 Bf=9; // width o f t h r o a t
9 Bo=15; // width o f c ana l

10

11 x=[2:2:16]; // d i s t a n c e
12

13 // d i s t a n c e x i s r e l a t e d as x=Lf ∗Boˆ (2/3 ) (1−(Bf /Bx)
ˆ 1 . 5 ) /(Boˆ1.5−Bf ˆ 1 . 5 )

14 // on s o l v i n g we ge t
15 // ( Bf /Bx) ˆ1.5=1−(x / 2 9 . 8 9 3 ) ( r e l a t i o n i s m i s p r i n t ed

i n book )
16 // l e t ( Bf /Bx) ˆ1.5= r
17

18 mprintf(”width at any d i s t a n c e x from f lumed s e c t i o n
: ”);

19 for i=1:8

20 r(i)=1-(x(i)/29.893); //Bf /Bx ˆ ( 1 . 5 )
21 R(i)=r(i)^(2/3); //Bf /Bx
22 Bx(i)=Bf/R(i);

23 Bx(i)=round(Bx(i)*100) /100;

24 mprintf(”\n%f . ”,Bx(i));
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25 end

Scilab code Exa 19.3 EX19 3

1

2

3 // example 1 9 . 3
4 // d e s i g n a syphon aqueduct
5 clc;funcprot (0);

6 // g i v en
7 Q=25; // d e s i g n d i s c h a r g e o f c ana l
8 B=20; // bed width o f c ana l
9 D=1.5; // depth o f water i n c ana l

10 bl=160; // bed l e v e l o f c ana l
11 hfq =400; // h igh f l o o d d i s c h a r g e o f d r a i n ag e
12 hfl =160.5; // h igh f l o o d l e v e l o f d r a i n ag e
13 bl_drain =158; // bed l e v e l o f d r a i n ag e
14 gl=160; // g e n e r a l ground l e v e l
15

16 // d e s i n g o f d r a i n ag e water−way
17 P=4.75*( hfq)^0.5; // l a e c e y P−Q formu la
18 mprintf(” d e s i g n o f d r a i n ag e water−way : \ nwetted

p e r ime t e r o f r i v e r=%i m. \ nprov id e 13 spans o f 6 m
each , s e p a r a t e d by 12 p i e r s each o f 1 . 2 5 m th i c k .

”,P);
19 t=78+15;

20 mprintf(”\ n t o t a l l e n g t h o f water−way=%i m. ”,t);
21 v=2; // v e l o c i t y through syphon
22 hb=hfq /(78*v);

23 ac=hfq /(6*2.5*1.3); // c a l c u l a t i o n i s wrong i n book
24 hb=round(hb*100) /100;

25 ac=round(ac*100) /100;

26 mprintf(”\ nhe i gh t o f b a r r e l s=%f m. \ nprov id e
r e c t a n g u l a r b a r r e l s 6 m wide and 2 . 5 m high . \
na c t ua l v e l o c i t y through b a r r e l s=%f m/ s e c . ”,hb ,ac
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);

27

28 // d e s i g n o f c ana l waterway
29 mprintf(”\n\ nde s i gn o f c ana l waterway : \ nType 3

aqueduct i s adopted . ”);
30 l1=B-10;

31 l2=(20 -10) *3/2;

32 mprintf(”\ np r ov i d i n g a s p l a y 2 : 1 i n expans ion , l e n g t h
o f c o n t r a c t i o n t r a n s i t i o n=%i m. \ np r ov i d i n g a

s p l a y o f 3 : 1 i n expans ion , l e n g t h o f expans i on
t r a n s i t i o n=%i m. ”,l1 ,l2);

33 mprintf( ’ \nIn t r a n s i t i o n s i d e s l o p e s a r e warped from
o r i g i n a l s l o p e o f 1 . 5 : 1 to v e r t i c a l . ’ );

34

35 // d e s i g n o f l e v e l s o f d i f f e r e n t s e c t i o n n
36 mprintf(”\n\ nde s i gn o f l e v e l s o f d i f f e r e n t s e c t i o n n

: \ nat s e c t i o n 4−4: ”);
37 A=(B+1.5*D); // a r ea
38 V=Q/A; // v e l o c i t y o f f l ow
39 vh=V^2/(2*9.81); // v e l o c i t y head
40 ws=gl+D; //R. L o f water s u r f a c e
41 tel=ws+vh;

42 tel=round(tel *1000) /1000;

43 mprintf(”\nR . L o f T .E . L=%f m. \ n at s e c t i o n 3−3: ”,tel
);

44 A=10*D; // a r ea o f t rough
45 V=Q/A; // v e l o c i t y
46 vh1=V^2/(2*9.81); // v e l o c i t y head
47 le =0.3*(vh1 -vh); // l o s s o f head i n expans i on from

s e c t i o n 3−3 to 4−4
48 tel=tel+le;

49 rlw=tel -vh1;

50 rlb=rlw -D;

51 tel=round(tel *1000) /1000;

52 rlb=round(rlb *1000) /1000;

53 mprintf(”\ n e l e v a t i o n o f T .E . L=%f m. \nR . L o f bed to
ma inta in c on s t an t water depth=%f m. ”,tel ,rlb);

54
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55 // at s e c t i o n 2−2
56 R=A/P;

57 N=0.016;

58 S=V^2*N^2/R^(4/3); // from manning ’ s
f o rmu la

59 L=93; // l e n g t h o f t rough
60 hl=L*S; // head l o s s
61 tel=tel+hl;

62 rlw=tel -vh1;

63 rlb=rlw -D;

64 tel=round(tel *1000) /1000;

65 rlb=round(rlb *1000) /1000;

66 mprintf(”\ nat s e c t i o n 2−2:\nR . L o f T .E . L=%f m. \nR . L
o f bed to ma inta in c on s t an t water depth=%f m. ”,
tel ,rlb);

67

68 // at s e c t i o n 1−1
69 hl =0.2*(vh1 -vh); // l o s s o f hed i n c o n t r a c t i o n

t r a n s i t i o n
70 tel=tel+hl;

71 rlw=tel -vh;

72 rlb=tel -D;

73 tel=round(tel *1000) /1000;

74 rlb=round(rlb *1000) /1000;

75 mprintf(”\ nat s e c t i o n 1−1:\nR . L o f T .E . L=%f m. \nR . L
o f bed to ma inta in c on s t an t water depth=%f m. ”,
tel ,rlb);

76

77 // d e s i g n o f c o n t r a c t i o n t r a n s i t i o n
78 // i t i s d e s i gn ed on the b a s i s o f cha tu rved i ’ s

f o rmu la
79 Bo=20;

80 Bf=10;

81 L=10;

82 // from cha t u r v ed i f o rmu la we ge t r e l a t i o n between x
and Bx as : x=15.45(1−(10/Bx) ˆ 1 . 5 ) ;

83 Bx =[10:1:20];

84 mprintf(”\n\ nde s i gn o f c o n t r a c t i o n t r a n s i t i o n on the
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b a s i s o f c h a t u r v ed i f o rmu la : \ nBx x”);
85 for i=1:11

86 x(i)=15.45*(1 -(10/ Bx(i))^1.5);

87 x(i)=round(x(i)*100) /100;

88 mprintf(”\n%i %f”,Bx(i),x(i));
89 end

90

91 // d e s i g n o f expans i on t r a n s i t i o n on the b a s i s o f
c h a t u r v ed i f o rmu la

92 L=15;

93 Bf=10;Bo=20;

94 // from cha t u r v ed i f o rmu la we ge t r e l a t i o n between x
and Bx as : x=23.15(1−(10/Bx) ˆ 1 . 5 ) ;

95 mprintf(”\n\ nde s i gn o f expans i on t r a n s i t i o n on the
b a s i s o f c h a t u r v ed i f o rmu la : \ nBx x”);

96 for i=1:11

97 x(i)=23.15*(1 -(10/ Bx(i))^1.5);

98 x(i)=round(x(i)*100) /100;

99 mprintf(”\n%i %f”,Bx(i),x(i));
100 end

101

102 // d e s i g n o f t rough
103 mprintf(”\n\ nde s i gn o f the t rough : ”);
104 mprintf(”\ nf lumed water way o f c ana l=10 m. \ ntrough

c a r r y i n g c ana l w i l l d i v i d e i n t o two compartments
each 5 m wide an d s epa r a t ed by 0 . 3 m th i c k
p a r t i i o n s . \ nhe i g th o f t rough w i l l be = 2 m. \
ntrough i s s c o n s t r u c t e d u s i n g mono l i t h i c
r e i n f o r c e d c o n c r e t e . \ nthe ou t e r and i nn e r w a l l s
ca be kept 0 . 4 m th i c k . \ nthus , ou t e r width o f
t rough = 11 . 1 m. ”);

105

106 // head l o s s through syphon b a r r e l s
107 V=2.05; // v e l o c i t y through b a r r e l s
108 f1 =0.505; // c o e f f i c i e n t o f l o s s o f head at

en t ry
109 a=0.00316;b=0.030;

110 R=(6*2.5) /(2*(6+2.5));
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111 f2=a(1+b/R);

112 L=11.1; // l e n g t h o f b a r r e l
113 h=(1+f1+f2*L/R)*V^2/(2*9.81);

114 hfl_up=hfl+h;

115 h=round(h*1000) /1000;

116 hfl_up=round(hfl_up *1000) /1000;

117 mprintf(”\n\nhead l o s s through syphon b a r r e l s=%f m. \
nupstream H.F . L=%f m. ”,h,hfl_up)

118

119 // u p l i f t p r e s s u r e on the r o o f
120 bt=gl -0.4; //R. L o f bottom o f the t rough
121 hl =0.505*V^2/(2*9.81);

122 u=hfl_up -hl -159.6;

123 up=u*9.81;

124 mprintf(”\n\ n u p l i f t p r e s s u r e on the r o o f=%f kN/
squa r e m. \ ntrough s l a b i s 0 . 4 m th i c k and e x e r t a
downward l oad o f 9 . 4 2 kN . ”,up);

125 mprintf(”\nth eba l an c e o f the u p l i f t p r e s s u r e has to
be r e s i s t e d by bending a c t i o n o f t rough s l a b . \

nso , r e i n f o r c emen t has to be p rov id ed at the top
o f the s l a b . ”);

126

127 // u p l i f t on the f l o o r o f the b a r r e l and i t s d e s i g n
128 // ( a ) s t a t i c head
129 mprintf(”\n\ n u p l i f t on the f l o o r o f the b a r r e l and

i t s d e s i g n : \ n ( a ) s t a t i c head : ”);
130 bf=bt -2.5; //R. L o f b a r r e l f l o o r
131 t=0.8; // t e n t a t i v e t h i c k n e s s o f f l o o r
132 bot=bf -t;

133 static=bl_drain -bot;

134 static=round(static *100) /100;

135 mprintf(”\ n s t a t i c u p l i f t on the f l o o r=%f m. ”,static)
;

136

137 // ( b ) s e epage head
138 L=10; // l e n g t h o f u/ s t r a n s i t i o n
139 bs=3; // h a l f the b a r r e l span
140 df=11; // end d r a i n ag e f l o o r
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141 tcl =24; // t o t a l c r e ep l e n g t h
142 tsh =161.5 - bl_drain; // t o t a l s e epag e head
143 rs=tsh *(1 -13/ tcl); // r e s i d u a l s e epage at B
144 tu=( static+rs)*9.81;

145 tu=round(tu*100) /100;

146 mprintf(”\n ( b ) s e epage head : \ n t o t a l u p l i f t=%f kN/
squa r e m. \ nprov id e t h i c k n e s s o f f l o o r 0 . 8 m”,tu);

147 bending=tu -17.58;

148 bending=round(bending *100) /100;

149 mprintf(”\ n u p l i f t to be r e s i s t e d by bending a c t i o n
o f f l o o r=%f kN/ squa r e m. ”,bending);

150

151 // d e s i g n o f cut−o f f and p r o t e c t i o n works f o r
d r a i n ag e f l o o r

152 mprintf(”\n\ nde s i gn o f cut−o f f and p r o t e c t i o n works
f o r d r a i n ag e f l o o r : ”);

153 Q=400;f=1;

154 R=0.47*(Q/f)^(1/3);

155 d_up =1.5*R; // depth o f u/ s cut−
o f f

156 bot_up=hfl_up -d_up; //R. L o f bottom o f u
/ s cut−o f f

157 d_down =1.5*R; // depth o f d/ s cut−
o f f

158 bot_down=hfl -d_down; //R. L o f bottom o f d/
s cut−o f f

159 l_down =2.5*( bl_drain -bot_down);

160 l_down1 =2*( bl_drain -bot_up);

161 bot_up=round(bot_up *100) /100;

162 bot_down=round(bot_down *100) /100;

163 l_down=round(l_down);

164 l_down1=round(l_down1);

165 mprintf(”\nR . L o f bottom o f u/ s cut−o f f=%f m. \nR . L
o f bottom o f d/ s cut−o f f=%f m. ”,bot_up ,bot_down);

166 mprintf(”\ n l eng th o f d/ s p r o t e c t i o n c o n s i s t i n g o f 40
cm b r i c k p r i t c h i n g=%f m. \ np i t c h i n g i s suppor t ed

by to e wa l l 0 . 4 m wide and 1 . 5 m deep at i t s d/ s
end . \ n l eng th o f d/ s p r o t e c t i o n c o n s i s t i n g o f 0 . 4
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cm b r i c k p r i t c h i n g=%f m. \ np i t c h i n g i s suppor t ed
by to e wa l l 0 . 4 m wide and 1 m deep at i t s u/ s
end . ”,l_down ,l_down1);
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Chapter 20

RIVER ENGINEERING

Scilab code Exa 20.1 EX20 1

1

2

3 // example 2 0 . 1
4 // d e s i g n a gu ide bank r e q u i r e d f o r a b r i d g e i n a

r i v e r
5 // c a l c u l a t e volume o f s t on e r e q u i r e d per m l e n g t h o f

gu ide bank
6 clc;funcprot (0);

7 // g i v en
8 Q=50000; // d i s c h a r g e
9 f=1.1; // s i l t f a c t o r

10 bl=130; // bed l e v e l o f r i v e r
11 hfl =140; // h igh f l o o d l e v e l
12 L=4.75*(Q)^0.5;

13 L=L+212; // p r o v i d i n g 20 p e r c en t more l e n g t h
14 L_up =5*L/4; // upstream l e n g t h o f gu ide bund
15 L_down=L/4; // downstream l en g t h o f gu ide bund
16 r_up =0.45*L; // r a d i u s o f upstream curved head
17 mprintf(” upstream l en g t h o f gu ide bund=%i m. ”,L_up);
18 mprintf(”\ndownstream l e n g t h o f gu ide bund=%i m. ”,

L_down);
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19 mprintf(”\nupstream r ad i u s o f curved head=%i m. ; i t
can be ca rved at 145 d e g r e e s . ”,r_up);

20 mprintf(”\ndownstream r ad i u s o f curved head=287m. ; i t
can be ca rved at 60 d e g r e e s . ”);

21

22 fb=1.5; // f r e e board
23 ltop=fb+hfl; // l e v e l o f top o f gu ide bund
24 mprintf(”\n\ n l e v e l o f top o f gu ide bund=%f m. ”,ltop)

;

25 mprintf(”\nadopt top l e v e l =142 m. ”);
26 ltop =142;

27 Hr=ltop -bl;

28 mprintf(”\nkeep top width=4 m. and s i d e s l o p e as
2 : 1 . ”);

29 T=0.06*(Q)^(1/3); // t h i c k n e s s o f s t on e
p i t c h i n g

30 T=round(T*100) /100;

31 mprintf(”\n\ nThicknes s o f s t on e p i t c h i n g=%f m. ”,T);
32 R=0.47*(Q/f)^(1/3); // depth o f s c ou r
33 Rmax =1.25*R; //maximum scou r
34 rl=hfl -Rmax; //R. L at maximum an t i c i p a t e d

cove r
35 D=bl -rl; // depth o f maximum scou r
36 Lapron =1.5*D;

37 R=round(R*100) /100;

38 Lapron=round(Lapron *100) /100;

39 mprintf(”\ndepth o f s c ou r=%f m. ”,R);
40 mprintf(”\n\ n f o r s t r a i g t h t r ea ch o f gu ide band : ”);
41 mprintf(”\ n l eng th o f apron=%f m. ”,Lapron);
42 Rmax =1.5*R;

43 rl=hfl -Rmax;

44 D1=bl-rl;

45 Lapron =1.5*D1;

46 R=round(R*100) /100;

47 mprintf(”\n\ n f o r c u r v i l i n e a r t r a n s i t i o n p o r t i o n o f
gu ide band : ”);

48 mprintf(”\ n l eng th o f apron=%f m. ”,Lapron);
49 T1=1.9*T;
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50 T1=round(T1*10) /10;

51 mprintf(”\ n t h i c k n e s s o f apron=%f m. ”,T1);
52 mprintf(”\n\nvolume o f s t o n e s : ”);
53 ss =5^0.5*(141 -130)*T;

54 as =5^0.5*D*1.25*T;

55 ss=round(ss*100) /100;

56 as=round(as*100) /100;

57 mprintf(”\ nat shank : ”);
58 mprintf(”\non s l o p e=%f cub i c metre /m. ”,ss);
59 mprintf(”\non apron with a s l o p e 2 : 1 =%f cub i c metre

/m. ”,as);
60

61 va =5^0.5* D1 *1.25*T;

62 vs=ss;

63 vs=round(vs*100) /100;

64 va=round(va*100) /100;

65 mprintf(”\nU/S andD/S curved p o r t i o n : ”);
66 mprintf(”\non s l o p e=%f cub i c metre /m. ”,vs);
67 mprintf(”\non apron =%f cub i c metre /m. ”,va);
68

69 ta=va /(1.5* D1);

70 ta=round(ta*10) /10;

71 mprintf(”\n\ n t h i c k n e s s o f l aun ch i ng apron=%f m. ”,ta)
;
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Chapter 21

WATER POWER
ENGINEERING

Scilab code Exa 21.1 EX21 1

1

2

3 // example 2 1 . 1
4 // c a l c u l a t e
5 // t o t a l i n s t a l l e d c a p a c i t y
6 // l oad f a c t o r
7 // p l an t f a c t o r
8 // u t i l i z a t i o n f a c t o r
9 clc;funcprot (0);

10 // g i v en
11 c=10000; // c ap a c i t y o f each g e n e r a t o r ;
12 n=3; //number o f g e n e r a t o r
13 l1 =12000; // i n i t i a l l o ad on p l an t
14 l2 =26000; // f i n a l l o ad on p l an t
15

16 tc=n*c;

17 mprintf(” Tota l i n s t a l l e d c a p a c i t y=%i kW. ”,tc);
18

19 avg=(l1+l2)/2; // ave rage l oad
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20 pk=l2; // peak l oad
21 lf=avg *100/pk;

22 lf=round(lf*10) /10;

23 mprintf(”\ n load f a c t o r=%f p e r c en t . ”,lf);
24

25 // take any t ime du r a t i on t hours
26 pf=avg *100/tc;

27 pf=round(pf*10) /10;

28 mprintf(”\ np lan t f a c t o r=%f p e r c en t . ”,pf);
29

30 uf=pk *100/tc;

31 uf=round(uf*10) /10;

32 mprintf(”\ n u t i l i z a t i o n r a t i o=%f p e r c en t . ”,uf);

Scilab code Exa 21.2 EX21 2

1

2

3 // example 2 1 . 2
4 // c a l c u l a t e maximum g en e r a t i o n c a p a c i t y o f g e n e r a t o r
5 // pondage to be p rov id ed
6 clc;funcprot (0);

7 // g i v en
8 Q=40; // minimum f l ow in r i v e r
9 H=30; // net head

10 lf =0.73; // l oad f a c t o r
11 eita =0.6; // p l an t e f f i c i e n c y
12

13 P=9.81*Q*H*eita;

14 pk=P/lf;

15 pk=round(pk*10) /10;

16 mprintf(”maximum g en e r a t i o n c a p a c i t y o f g e n e r a t o r=%f
kW. ”,pk);

17

18 pp=pk-P; // power deve l op from pondage
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19 Q=pp /(9.81*H*eita);

20 pr=Q*4*3600/10000;

21 pr=round(pr*10) /10;

22 mprintf(”\nPondage r e q u i r e d=%fD+4 cub i c metre . ”,pr);

Scilab code Exa 21.3 EX21 3

1

2

3 // example 2 1 . 3
4 // c a l c u l a t e minimum d i s c h a r g e r e q u i r e d i n the stream
5 //maximum load f a c t o r
6 clc;funcprot (0);

7 // g i v en
8 c=15000; // i n s t a l l e d c a p a c i t y o f p l an t
9 lf=0.3; // l oad f a c t o r

10 eita =0.82; // p l an t e f f i c i e n c y
11 H=25; // work ing head
12

13 avg=c*lf; // ave rage power deve l oped
14 Q=avg /(9.81*H*eita);

15 Q=round(Q*100) /100;

16 mprintf(”minimum d i s c h a r g e r e q u i r e d i n the stream=%f
cumecs . ”,Q);

17

18 Q=32; // f o r second ca s e
19 P=9.81*H*Q*eita;

20 lf=P*100/c;

21 lf=round(lf*10) /10;

22 mprintf(”\nmaximum load f a c t o r=%f p e r c en t . ”,lf);
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