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Need of a Periodical on Tubewells

In its report for the year 1963, the Irri-
gation Research Institute drew attention to
the increasing number of tubewell instlla-
tions in the former Punjab and Bahawalpur
State. Thereupon several organizations in
the country took up surveys of their number,
cost,_rate-of installation etc. Mr. Ghulam
Mohammad (vide  Pakistan  Development
Review) conducted a survey of private
tube-well development in our coutry during
1964-65. This was followed by a recon-
naissance survey of private tube-wells,
conducted by Harza Enginecring Co
International, on the suggestion of Wapda’s
Chairman. The latest contribution to the
subject is by Mr. Ghulam Yasin of the Board
of Economic Enquiry (Punjab), Lahore, who
has discussed the Economics of tubewell
irrigation.

The farmers started taking interest in
tubewells in 1950, when the rate of instalia-
tion was only 44 tubewells per year. Five
years later, in 1053, the rate rose to 300 per
year. In the next five years, it rose to 1000
per year while in 1964, about 6500 tube-
wells were installed. It has been estimated
that in the Punjab and Bahawalpur Region,

about 25,000 private tubewells will be in
operation by the end of the current year.
The secret of this phenomenal increase
in the number of tubewell installations is
low cost and return of the capital. A tube-
well yielding 1 to 2 cusecs can be installed

for Rs g000 to Rs. 8,000/- if electric power
is available. In case the tubewcli has to be

run on diesel power, the cost is higher:
Rs. 5,000/~ to Rs. 12, 000/-.

As a matter of fact, the present cost of
tubewell installation and construction is
lower than it was 40 years ago when a
Government tubewell, pumping 2 cusecs,
could be installed for Rs. 6,000/- to Rs.
10,000/~ Indeed, the present cost is even
lower than that of installing a persian-wheel,
maintaining a pair of bullocks to work it
during a part of the day to obtain a vield
i/10oth to 1/20th of that obtained from a
tubewell. The low cost of the installation
and operation, and the large yield of water
ha: been a great attraction for the progres-
sive farmers of the former Punjab and
Bahawalpur, as the full capital is returned
in the short period of two or three years.
Although water thus obtained iz more
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expensive than canal water, yet the deficit
is made up by increased produce. At pre-
sent some doubts are being expressed about
the durability of this cheap design of tube-
well but tulrewell installation in the last fifteen
years has convinced the farmers of its

economic soundness,

The Indus Plain is saturated alluvium
generally containing sand. Drilling at any
site and adopting some means to keep the
formation in position is a source of water.
The develepment of coir-string strainer has
paved the way towards cheap installation.
In every city of the former Punjab, big and
small, there are now dozens of local drillers
and manufacturers of pipes and strainers.
Tubewell manufacture has become a cottage
industry, but there are no standards,
no common specifications, pipes  and
strainers are generally made by persons
least acquainted with the hydraulics of wells.
Luckily, the water-yielding property of the
formation and the coir string strainers made
in any form, so long it keeps the formation
in position, has helped the progress of tube-
well installation. The need for uniformity
of design and construction is indeed very
oreat. There is a vast variation in the
design of even Government tubewells.
Wapda has not tried coir string strainer as
yet. It is patronising foreign imported mild
steel, fibre glass ilnprugnatﬂdr with epoxy
resin, etc. The Irrigation Branch is slowly
taking to the use of coir-string. Similarly,
the Agricultural Department has also no
standards., They install whatever type of
material is acquired by the owners.
Uniformity of design, standardization of
specifications and dissemination of basic

snformation about ground water hydrology
and tubewell hydraulics can certainly
improve the national efforts. Perhaps a '
quarterly periodical devoted to ground
water and its exploitation is aneed of the

day.

Tubewells are bound to stay in this
ccuntry of vast flat plains with Little natural
drainage. Slowly, the Sind farmers are also
realising the advantages of tube-wells and
in spite of their thin aquifer, are thinking of
installing multiple wells. There are vast
areas heside the rivers, regions of active
floods, which were left out in the develop-
ment of the irrigation system.  These
regions have no perennial irrigation.  They
get annual flushing and deposition of fresh
sediment. They have good quality ground
waler, and natural drainage as a result aof
the rising and falling of the rivers, These
regions have.a.grcat potential for the use of
tubewells to exploit the good quality ground
water. Thus tubewells are sure to come to
these regions also. There are innumerable
acdvantages in using the ground water of the
Indus Plains. These should be exploited to
the fullest extent, and success will be
attained when backed by scientific guidance.
There is thus a strong case for disseminating
tubewell information for the benefit of our
progressive farmers. With encouragement
from the departments interested in the
exploitation of ground water, an educative
and informative journal can be published
for the reasons stated above; this should
be done without delay. The department
concerned should undertake the venture
forthwith.
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The Use of Trigono-
metric Series in the

Solution of Statically
Indeterminate Beam

Problems
By IFTIKHAR MUFTI

There are several struciural problems which are statically indeterminaie. A begm
fixed at ends and carrying loads in the lateral direction is such an example,

An this article My, [ftikhar Mufti has atiempted an analysis of such cases by the
use of Infinite Trigonometric series. The formulae developed by him have been used to
solve many difficult problems quickly and easily. Tables are given in the text which fucilitate

analysis of complicaied cases.

INTRODUCTION

The paper describes the use of Infinite
Trigonometric Series for determining the
deflection curve of a beam with fixed ends
and carrying Joads in the lateral direction.
The mathematical expression derived has an
advantage that a single relation holds for
the entire length of the span. The boundary
conditions in such a beam, provide for no
deflection at the fixed ends. Using a half
range infinite sine scries for this purpose,
the equation for the elastic curve has been
determined. This helped to find the in-
determinate constants by introducing suit-
able boundary conditions. With this brief
introduction of the method the theoretical
treatment is worked out.

Mathematical Analysis
AB is a beam of length “L Fr** partially
fixed at the ends and CAITYIDZ 4 Concentrated

load of P Ibs at a distance “C" from the
origin along the x-axis, the origin is assumed
at A (see Fig. a). With ends of the beam

:&}
=
W
FFFF b
b

fig ca)
’é[ .

x s
R l &
Ma "*—'-}__‘__“__d___,___-—‘—_ "

g fig tns

partially fixed, certain moments would
be developed at the ends, rotating the left end
of the beam in the anti-clock-wise and the
right end in the clockwise direction. Let
the magnitude of these momenis be M p and
My respectively, The elastic curve of the
beam under the action of these moments
and the concentrated Ioad P would be as
shown dotted in Fig. (b).



The bending moment M at any section, distant x from the left end will be given by the
following two equations:

wr Bl C) [L Pl X o
M=— - x+M, i +M,. T (D<xzc
2 - “_ xﬁl (o <Y
M——— (L=x)4-M, L +My, - L {c<x=L)

This bending moment can be expressed in terms of a single half-range infinite Sine-
series of the form

M=b; sin L" by gm -I- by sin —+ by, sin ?E.— ......

L
where
_WRTE L—C} | (L—x) . HTWX
b,,_]:[ u%w LM My, ( sin "1 d.
I
: [L==%) {P_—: x . HmX 1
+L ,-Pc . il @ 1 -l-Mb-E--] sin - ﬁ"xJ
2 (L—=Cy¢ nmX nmx .
—1-[—P L—J[}x dx -|£—-]—4-JD (L—x) sin T dx
Mp{e o #me. = Pepl v G ST
e 4+ [ L} X sin = ff.i.,—-—]:- L (L—x) sin . iy
i I\ia L 4 . hHmX p Iﬂfz‘
7 L (L—x) sin = e+ T L x 5111 . a’x ]
_ 27 L(L=0C) Xl HTEX Loyl cmmae ¥
= <P e n) b
M, L X L 32 » #mExe )t
bt == ) oy P ) “T%,:,
i %—--"xL-c gy —) sin --Efc
- L_ nw 2 L ( b L 0
_ P j_@ox) ommx_ (LN amx)
. 5 % el L (mr) sin 5 )
M hrx L2 | nwx L
i E‘I E--H-:(L—x}cn&— - (n \ 51N —— .
M, ) D - LYZ . nmx) ['}
+_L'i___ o 'L_+(n¥) Ty i
_2_[7'»“1”1, PL2 sin RO ML cos mr]
- L n " .'l,ﬁ n L- F 5
2 o 2PE o EWe
i (M =M cos nw)— o sin -
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Hence

- 2 nex < 2PL nwe . HFX
M=n21”_7 (M ,~My cos nw) sin T __ngf‘z;i Sin 5~ sin 5~

Which is an expression for the B. M. at any point within the interval x=0 to x=L.
From our knowledge about the deflection of laterally loaded symmetrical beams we
know that

d2y .
El
dy o 2 . pnx = 2PL nwe . Hwx
Therefore LIa’ e 21?ﬁ (M ,—~M} cos nx) sin o —,,; “pag SNy sin o

If we infergate this expression twice with respect to x we shall get an expression for
the deflection of the beam at any section distant x from the left end.

oo -
n: Blposs z - {Ma—-Mﬁ, Cos nt}j[ sin {IEFdxdx zfn[: sin HMJ‘J- i
nfl iy
nmx 2P13 . nwe . HmTx
oy z 13 2 (‘v’.ibcos nw—M ) sin = ',?Zl —i Sin 7~ $in = -

(constants of Jlltegr&tmn vanish by introducing boundary conditions wiz. y=0 for x=0 and
fop:a=L);
If we differentiate this expression with respect to x, we get an expression for the slone

at any section. R
oL o« 1 i HTX
Ely' == > = (M} cos an—M,) cos -
B T E
v RS P nwe b
Ty z rh sil - Pl 1 S (/)

At the ends where x=0 and x=L, the expressions for the slope will be found by
inserting these values of x in (.-5} above

. 2L - A2 P . nme
Ely S ey (Mbmqmr—-wf 8 E & Sin -
n=1" n=1
2L 1 I 1
s (o)
1

1, 1
—{MG—ME}W(--? L = SO m)}
2PL2 & 1 . ame
s - Sln T
73 ngl 13 L

2L o ]

= [~ s+ gt )
1 11

=5 MaMY(1+ 5 4 g o, M)]

2PL2 & 1 . nmwe
+-ﬂ3—mzlﬁf sin 3~



The sums of the infinite series
1 1 1
(ﬁ+-37+ st m)aud(-ﬁ—--}-?—]- 3 Feeenre ao) are
respectively

; 2 WL2E 1 ., nwe
ElY im0 =22 —(Ma+Mp) T — ke M=Mp T 42557 5 Lo sin ™7
n

== |
I L 212 = P . nwmc
e MAMIt 2 vy oo (0)
and similarly | - . B
. EL -1 . H
Ely i _‘ 6 (M +2Mb]+_h”n;_ﬂl“ sin ?%c cos nw wwankit]

For a beam completely ﬁxcd at the ends, the slopes at both the ends are zero and therefore
equating both (¢) and (d) with zero, we can find out the values of the unknown end moments
M, and My for any position of the load P. If the concentrated loads are more than one in
number and are placed at different points along the length of the beam, the slopes produced at
the ends by the application of these loads individually shall be added together algebraically to
get the total slope. For example if Py, Py, P3 are the loads acting at distances Cy, C; and C3
etc., from the left end support, then the expression for the slopes at the ends would be as
below:

o 1 e dl

' L 212 , 1 Gin 162
ElY zuo=—¢ @M My +—5- [Pi,,; P P 2 - T 7

Liaia ] .us:(E)

and

. L 212 = 1 . nwe = | . nme
ETy LT (M +2M )+ =7 [Pln;I?g sin —;— cos ﬂu+PgnZ:] -3 Sin —y— cosnw

EA— ] susa i)

The values of the series within the sigmas can at once be read out from the tables A & B
where for certain values of C/L, the values of these series have been calculated. The use of
these tables would be clear from the examples to be given later. In this way we save the
labour of finding out the area of the B. M. diagram and the position of its C. G. as is
needed while applying the moment area method. In a simply supported beam, M, and M are
both zero and we get the familiar expressions for the end slopes as

y WL 2 1 . nme
Va0 =E 2 W 0T
n=1
sl : _Z_F'_[E < 1_ . nscC
x=L _=3E.l. l "&3 sin _L COS nﬁ-

*RKoopp, “Infinite series™ pages 237 ard 233,
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Beam with ends fixed and carrying a uniformly distributed load
Suppose that the beam carries a uni-

e : gde
formly distributed load of intensity ¢ o % \
1 =
Ibs/ft over a length of the span from u_( A SeimmTRIm———— E';; Fiik
w—— T =
x=a to x=b. The weight of a small ; = L é

element of length “dc” at a distance x=¢
from A is ‘gde’. Replacing P by gdc in equation (b) and integrating with respect to “¢” from
x=a lo x==p we have

o

b
Ely’ _215 2 M cos nr—M, PP Wi _[_2‘31‘2 e} cos _n{_x]' sin 22 de ....()

n? o L = &
n ——

u—l
from which we can deduce the expressions for end slopes and hence those of the unknown
end moments. If the load is distributed along the entire length we get

o L
» 2L © Mjpcos nv—M, nex 2012 < 1 nwx s HEe g
Bl w5 & =g ="t ¥ HZIE"“TI e

as the exprr.ssinn for slope at any section distant x from A.

3 L =Fe= L 0 (n even)
Since I sin —y— dcn-—ﬁ cos —]:—-] -—n— (1=cos n=x)=|,
0 nT {n odd)
We have the expression for the slope at any section
— T 2L My cos n -M’ nmx 4913 = 1 nxx
Ely' = = z b n-r T T__l_ 14_ z ~1 08— wasill)

n=1 _ n=1.3,5."
The deflection curve would be obtained by integrating this expression with respect to x.
Therefore,

2L < My cos nr— s = 1.,
Ely = z p Cos ne—M, in nex | dgl z nwx

C A Nl 35 LA =)

Since in most of our problems we shall be concerned with the end slopes we deduce the
expressions for 3’ i:orrcs.pc-nding to x=0 and x*L

n=]

EIY o= = @M+ M)+ 4qI- (‘II $ot -;T ...... m )
- {zma+mb1+4“’1‘ =
! —{; Mg M+ “I'i[ ee )
and similarly, i
Eyey == (Myh2M —‘%ﬂ )

The equations (a) to (/) are perfectly general and can be used both for the deferminaie as

well as indeterminate problems. In determinate problems where the beams are resting on
supports, the end moments M, and My shall be zero.



PROBLEMS AND THEIR SOLUTIONS

Problem 1.—Determination of Indeterminate constants in case of a Beam with ends built<in and
having a concentrated load

In this case, we shall make use of equations (¢) and (). Since the ends are fixed the end

slopes shall be zero and therefore to determine M,

and My both of these expressions would be put  , 4. . r

=0. For a particular case let us assume L=I2ft, m| 4* ! S "~‘—§ I8
: g 7

C=3 ft. and P=I10 lbs, and and let it be required ;i E .

to find out M, and M. We have from equation (c)

% M, +M= _2_><_1?OE§>i1i4 nil }-?L— sin }g
ot 2Mﬂ-|-1~.-1,_;,=]i$ (113 . '«,'}"'2'5' ;;5-;- ;? . ;ff—fr ...... )*
=0 0T14012540.02168+......)
--144G><035829 =39.3 szl
From equation (d) we get
i; (Mg+2M )= 2—-’?-5%@( 0.7140.125—0.02618+...... )
or MH+EMP?44H><:' 60829 53 e el

Equations (7) and (i) give M _==17.1 Ibs ft, and M;=5.6 Ibs ft. Let us now suppose P be
at the mid span ie. C=L/2 Therefore from equation () we get
'l e
2M -+ M&_E x ZFL"& l S+ = m)

_ 6 " 2FL2 rr_ﬁ

o T

_3PL (iy

=3 N )
and cquation (d) gives Ma—[—ZM&:-?-’l;[-f gunacal ek

(O and @) give M, - x{[b_?f
Problem 2.—Beam with ends built in and
carrying a uniformly distributed load,

To find out the end moments in this case
we make use of equation (k). For x=0

we have

......

*We can omit the remaining terms,

o , T3 i y :
#**5um of the serics in brackets is 5 Knopp, “Infinite series™ page 240,
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. 2L & My cos nm—M, 4¢P =
El = A e Ty
and i Yx=0= 72 gl n2 i i ol 5 n"
: 1z 2 4{;4’ 1 m)“‘
o Cﬂd i b= 6 ( Mﬂ+Mb}+ 14 + 34 + ‘-M 'l" -----
4?‘:3 . ni
=—-— 4 ol
\. 5 M, ,+Mp)+ = TG
§ Mo Equating this with zero we get
2 -
2M4+Mb=§i- )
Similarly for x=L we have
2 :
Mg+2Mp= :;.'4_. Sesa(M)

2
From (i) and (i) we get M =M bz%.

Problem 3.—Determination of the end
moment M, for the beam shown

(i) i . | p——— !% v
h i In this case we apply equation (d). M, = -1———~: __E
is zero and therefore for the end B o

PL2 = 1 . awc
51

e L ==ty

{Zﬁb}-{- -3 Sin i A cos aw=0
(i) L gp =i
G | or Mg g=—"z zl — sin L cos nw
and hence
=]
1
M&—-——E:il:‘ 1"—3 T Cos nw
“‘ﬂ
when e=L/2 we get
6PL = |
iy Mb—"—ni' nélﬁ sin - cos nw
e __6PL
iyt | = [13{ D+ g5t (Do |
_6PL 5 i
[13 3F+:>= '“]
Ay - ?PL
16

£Sum of series in brackets is Tﬁ Advanced Math. for Engineers by Reddick and Miller.

*#Sum of seres in brackets ls--— Knopp. “Infinite series™ page 240.

- e —————— i . —

**£Ss¢ also Timoshenko's strength of Materiais Vol. I pags 180,
11



Problem 4.—Beam with ends fixed and carry-

ing a non-uniformly distributed load. % E ;.
The method is easily applicable for ﬁ '% 1.

4 . - =1 v
bzams carrying load distributed - non-uni- mak gh 5';/’ i
: : . e — e 7 fuy,

formly, We examine the simple case of a 7 N

beam loaded as shown. .
In this case we make use of equation (¢) and (d) with the load P repiacud by the weight

of a small element de (in this case q'ic dc) and integrate over the entire length
L

i L =" & . AmC
EIJ:X:{' {EMQ—[—‘J&,] 4 - & L.rffi ]‘ﬂ ¢ sin —— de
N = '
:__--— (CM ,+My) — —L 2 a;f::} Ccos nn
2 e
2g,L3 1 i
ﬂ__ @M +My) + =0, (]4 —srt et c:)
. v E%L _'”f_
Tggl3
(EM +Mp) + 360

equating this with zero (since Lhe ends are fixed) we get

2M M= g0l )
Siamlar]v from the Cm1d111011 Y= =0 w:have

2 i &
Ma-]-}le= 15— gULz £ 0 .{”J
o o _ 9L? _gel?”
from (i) and (i) we get M= 5y and My 20
The tables A and B give approximate values of
[+ =]
1

a nac
z - sin 1~ and z ~_.1n-—~ oS Hw
=
for certain values of ¢/L. The use of these table& in conjunction wzth the equations (¢} (d),
(e) etc., enables us to find out the values of the unknown moments with utmost convenience,

The examples given below would make the use of these tables quite clear.

Problem,—Find out M o 8nd M, for the beam loaded as shown:

Solution.—From symmetry we see that P 7 P ;
M, =M, ol 5,.__::,,,“.1 T -
a " . |
From equation (¢) we have %h . o """“*”; o

4 i Trd
*Sum of series in brackats is ?;_D Knopp, “Infinite Series™ page 239,

**See also Timoshenke's Strength of Materlals, Vol, I, page 188,
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i)

. (i)

) (d),
iance.

vy

(gm +Mp)= ?PI ( z _:}5 it S z —j sin ”Tij
n=1 I
Since M ,=M, we have

IBr B T . nme; , = 1. Am ey
M e e 5 (”zl @ S —= -1-?1;1 g SN )

From table A, the sums of the two infinite series in the bracket are 0.96077 and 0. TTIEEJ
respectively,

b ]
1 : o, | 2 .
fT hese are the values of 21 o sin ”%EE for . and e respectively.

Tharetors Ma:‘-lfgj' (09€077+40.77129)=0.2222 Pl==m- P

Example:—To find out the end mements

for the beam with fixed ends and loaded y z]'r * a4 .
as shown : . é,..;I....',lL.# E ‘1
LI R & Fi M
Solution.—If this prcblem is solved by 7 }r”;f’
i L T —

the moment area method, it would present
quite many difficulties in firstly finding out o

the areas of the bending moment diagrams m

and secondly in locating the centres of : %%%%
gravity of these diagrams (shown in the
figure) in order to find out the end reactions
of the conjugate beams. The use of the

equations (e) and (f) in conjunction with el m%zpﬁ_ﬁq M,
the tables A and B would reduce the labour

- B L | T
very much, as would be seen below. Since SISO L S et
the end slopes are zero:

B.M MAGRAM DUl To Loaps

*

Therefore: EI;J'x=G,=——Iq M +Mp) +222%0 (5500 49725 4307510644

6 %0.930176]=0
? 3
or 2M - M= @_5?.‘??2_3_3“ =26.4 T
T
Also EIy’x=L_- {Ma-;-zmh]ﬁx*—ﬁuﬂ [2 X —0.25059 +3 x —0 49494
+4 5 —0.71076] =0
2 ]
or Ma-;-zmb_l—%fﬁj_la 7 <o @
Equations (7) and (if) give
M,=11.34 ft. Ibs. and Mp=3.72 fi. Ibs.

13



CONTINUOUS BEAMS

The method can be used to a great advantage in case of continuous beams whatever
the type of loading may be. To explain it,

= i = r.
we consider two adjacent spans 1, and - X
B R M-z '__‘_‘_E } {_._c-_.——i L
ln11 of a continupus beam carrying con- i wa R """’TJ
centrated loads P, and P,4q at distance | SN '. T

C,, and Cpyq from the left end support of
each span., Considering that the spans after deflection form a continuous curve, we

would realize that the slope at the right end of the nth span must be equal to the slope al
the left end of the (n4-1)th span. Therefore from equations (¢) and (d) we have

n (M _ +2M,)+ 2l " cos ma
ﬁ ﬂ-l R
_'fu+'l t p Zpﬁl-ﬁn-}[ < i - ARCpuy
e M, ] g z 3 sin s
or .I".Mn_! +2Mn{‘ru+';rﬂ-l}+!n-"l .M,H.:l
12[ S 1 . nmeny o 1 . nAmey
= P ¥ 52 ke — 5”-1 PO TLLAD -.—P Fl —_ BN — ._E Cos nﬁ]
=8| Fn¥t ﬂ+tn§l e [ n nuéi P I

. (1)
which is a three moment equation. Similar equations can be framed for the other spans as well
and solved simultaneously to obtain the values of the unknown moments. The values of

= =]
z 1 sin H.:C"“" 1 z L =y cos nx can be directly obtained from the Tables A
=l n=]
and B.
Example.—Determine the bending moments 41 0

at the supports for the continuous beam 'r'-{ ——

as shown. - - = = =
Solution.—Here we have M ,=M,=0 ke L2 P B ’

Equation (m) in conjunction with Tables (A) and (B) gives the following simultaneous equations.
4X042M; (4-+6)+6Mz= 5[4 36 x0.96077—0)
or 20M,;4+-6M,=32.0 R |

12
6M;4+2M; (6-+4)+4Ms=_5 [8 X 16 X0.96296 +4 x 36 x—0.77129]

or 6M;+20M,+4M;=20.3 RN (|
4M3+2M3 X 10="2 %8 x 16 X0.96296
or 4M3+20M;=47.8 s« (il
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Equations (i), (if) and (ifi) give My =1.54 ft tons. My=3.75 It tons and M3=1.64 ft {ons.

In case the adjoining spans carry uniformly Map e T Mo
distributed loads of different intensities say 5 Itn_irmhu_mju:,qﬂlmuiuduJJl d
qp and gp4q 1b/ft, then equations (k) and b £ 5 Lo |

(/) would be used with the same condition that the slope on the left end of the (n4-1) span is
equal to the slope on the right end of the nth span

therefore
/ G,.3 Loy T L
6—” (M, -1 +2M,)— ”24 LI ”ﬁ (M +M, ) +00 _1?4.!-_.1
._—‘ ‘JE . : -3 -E-' —

o [ M-y J-‘zmnr-fn'!""n-’:-ﬂ"'mﬁ-]*l'*Fn-i"luq—”di __n+‘?_n+14£_i__} ;

If some spans carry distributed loads and
some concenirated loads then equations
(¢), (d), (k) and (/) would all be used with
proper care considering that under all
circumstances the slope on the right end of
the nth span must be equal to the slope on the left end of the (n41)th span.

In_the-cnd we consider a conlinuous beam having iwo equal spans each of length
I “it.,” and carrying a non-uniformly distributed load on each span. If the beam is simply
supported at the ends, M, and M, would each be zero. Equation (m) will be used in this
casec with slight modifications that P, and Pp4y would be replaced by the weighis of small
d o€

7 de for both the spans) and integrated over the entire

elements of length de (in this case

tength of each span.

Therefore I 04F2Mp <2/ +1x0
12r il - nTe Z oS KT ! ML
gm? y RS ol . '
'nﬁl. qrnr'nil n3Jﬂc sin - de— g ﬁé] 3 JDC S —— fr’c]

12 gol® = | at « 1 '
el E ._ ; 158 E — cos?
=3 = ; 1”4 C0% HE T+ n 2 cosinw ]

_ gBr 1 L]
.:—_—1:1';_[(—_ ﬁ‘-l- 2—4— —Ea—]— ...... CC-)

Therefore M, =—.."§'r£



TABLE “A"

£l 1 £ - -
K e = =
A w wl "o |
- |¢:: | - |ﬂ: . = r‘g L |ﬂ_:‘. |
S NI 5 WL 5 NL 5 N
1/10 0.42725 1/9 0.469384 1/8 0.52091 177 0.58295
2{10 0.75106 2/9 0.80331 2/8 0.85829 2{7 0.9]298 !
3/10 0.93016 3/9 0.96077 3/8 0.98248 3/7 0.58758
4/10 0.98790 4/9 0.98544 4/8 0.56296 4/7 0.90394
5/10 0.96296 5/9 0.92351 5/8 0.83694 57 0.68282
6/10 0.87068 6/9 0.77129 6/8 0.60829 6/7 0.35703
7/10 0.71076 7/9 0.54623 7/8 0.31289
8/10 0.49494 8/9 0.27836 |
9/10 0.25059 pica
53 L4 2 &5 i
Ela qE £ | JE §lo
- = Lo = | =
-E = _E = E
) " e " ]
- = - —~ [ -z -
o "t 2 p X = e 2 =,
S SNt g 81 5 sINT 5 NI S SIAL
1/6 065882 15 075106 1/4 085829 1/3 096077 1/2 - 0.96256
2/6 0.96077 2(5 0.98790 2/4 056266 2/3 0.77129
3/6 0.96296 3/5 0.87068 34 0.60830
4/6  0.77129  4/5  0.49494
56 041526
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TABLE *B™

g 3 3 K
Bl Bl § | E b
g %1 :| ey
o = 2=, =
ol —~[% —~ % r —~ %
= e = = = o = it
o s ) s G 8N o NI
/10 —0.25059 19 —027736 1/8  —0.31289 17 —0.36703
210 —0.49494 2/9 —0.54643 2/8 {3, 60820 A —0.68282
310 —0.71076 30 —0.77129 38 —0.83694 37 —0.90394
4/10 —0.87068 4/9 —0.92002 48 —{).96206 417 —0.98793
510 —0.96296 509 —0.98195 58 —0.98248 57 —0.92298
6/10  —0.98790 6/9 —0.96077 6/8 —0. 85829 6/7 —0.,58295
7710 —0.93016 79 —0.8033] 78 —0.52091
8/10  —0.75106 8/9  —0.46984
9/10  —0.42725
E £ < : g
v _ 3 S |
El HE £l £l £ =
i = = = g
i I o s o
=[x ~[% ~ % - — |2
SRRTNTY TN TS VAN =Ny S O
v = = &3 :l L B z L 8 L
1/6 —0.41526 —10.49494 1/4 —0.60829 1/ —0.77129 /2 —0.96296
2/6 -—0.77125 —N.8T068 2/4 —0.962% 2/3  —0.96077
3/6 —0.96296 —0.987590 34 —0.85830
46 —0.96077 —0.75106

5/6 —0.65882
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Development of

Water Supply Schemes

IN WEST PAKISTAN AND
MODERN TRENDS IN THE DESIGN

By NAZIR AHMAD JIABAJEE*

With ihe passage of lime, water supp’y schemes in the Indus Basin have slowly developed upon ithe use of

the naiural resources.

Advancement of the counlry socio-economically and with the development of scientific knowledge and

research many new design problems have appeared.

In this article is discussed the improvement in the Water Supply Schemes based ypon the demand and

develapment ‘of society, both for rural and urban towns.

Necessity of Drinking Water

Water is a dire necessity, life cannot be
sustained without it. Itis now the respon-
sibility of the Local Bodies under the Con-
stitution of Pakistan to arrange for good
drinking water at the door of every con-
sumer,

In West Pakistan, there are some areas
where the women folk have to cover several
miles to get water. They start under the
glow of the stars, walk miles and return by
the early dawn with water requirements of
the family. Even then in some cases the
quality of water brought is not wholesome
and it paves the way to water-borne dis-
eases. Such are the areas of Mianwali,
Jhelum, D. I, Khan, D. G. Khan, Kharan,
Mekran, Cholistan etc.

Sources of Water

A. Main sources of ground-water are
percolation wells, These are:

(a) Water-table type wells in which the
water is found at certain level, very often
below the surrounding natural surface.
There is no pressure other than the atmo-
spheric upon the water.

{b) The artisian well in which the water
rises above the level at which it is encounter-
ed in the aquifer.

{¢) The flowing well is an artisian well
in which the pressure raises the water level
above the level of the natural surface.

(d) Spring wclls which appear as a
patural under-ground drainage of the high
level source. Ground-waters are important
sources of water supply in Indus Basin. It

*Director, Water Supply, West Pakistan. Public Health Enginetri.né; .Ilr..'parl.;'nmt, Tahore.
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usually requires very little treatment, and
is thus a principal source for human con-
sumption. There are centuries old wells

stll in existence in the country.

“Bowally” system was most common in
the Moghal period. These are open wells
with steps leading up to the spring level for
consumers to draw their supply. On the
Grand Trunk Road constructed from Pesha-
war to Calcutta by Sher Shah Suri these
existed in large number. One such well still
exists about 21 miles from Rawalpindi on
the Karachi Peshawar National Highway,
oppositc to the monument of Sir George
Nicholson.

Kareezes are under-ground arteries of
water flowing as a result of percolation of
water in the substratum. These exist

maostly in a Baluchistan Area.

Springs exist in hill areas and flow

downward.

Secpage from galleries in hill areas, from
Nullahs and streams also serves as a source
of supply.

Surface water from rainfall or canal is
sometimes impounded in reservoirs, and
used for consumption.

Development during British Period

On the annexation of the Punjab by the
Britishers in 1857, piped water supplics
were arranged for the cantonments in the
Punjab, N.-W.F.P. and Baluchistan etc.
Later on these facilities were extended to
citizens.

Water supply schemes for Murree, Tret
Camp, Lahore and Rawalpindi were exe-
cuted by M. E. 8. during 1861-1881.

Lahore Water Supply was got executed
by the Muncipality through a private
British firm,

ol DA w0 i il i Mt s e g b R L 120 I S0 N T B S T A S —

The sources of water depended upon on
springs, wells and galleries and the warter
was lified by wvarious contrivances and
delivered to over-head tanks for disiribu-

tion.

Murree Water Supply

Murree Water Supply was derived from
17 small springs near Doonga Gali at an
altitude of gooo feet, about 20 miles from
Murree. The scheme was prepared, design-
ed and built by Captain Moore, C. R. E. and
completed in the latter part of the nine-
teenth century.

Spring water is collected in an intercept-
ing chamber from where it flows to Murree
at an altitude of j000 ft. into three Tonley
Tanks (188¢g), Punch Pando (1g25) and
Storage T'ank (1944).

In 1934, slar-shaped steel plated tanks
4 %4 ft. were constructed to store 32,00,000
gallons of water at head-works in Doonga
Gali. In 1944 a third storage masonry
tank was designed and constructed by the
aunthor to store 20,00.000 gallons.

Tret Camp Water Supply

About 23 miles from Rawalpindi on road
to Srinagar a military camp was established
in 1896 for watering of mules and horses.
Water was brought from the Sambli springs.
By the time of World War (1944-45), the
water supply pipe line got fully encrustrat-
ed and it was replaced by the author. Two
underground masonry tanks were added
for water storage.

Lahore Water Supply

Lahore Water Supply was built in 1887
by constructing galleries in the old bed of
River near Badami Bagh. Water was pump-
ed into Lange-Mandi Reservoir and dis-
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tributed to city area for fire fighting, drain

flushing and for drinking purposes.

Rawalpindi Water Supply

For a small population of 1o,000 souls,
Water Supply was arranged from vertical
galleries sunk in the bed of Kurang river
about 6 miles from Rawalpindi. It was
brought to Bani Mai Vero ‘Tank’ in the
city arca, through Masonry Duct.

In 1925, Hailey Water Works was con-
structed. The supply was supplemented with
two big diameter wells in the Water Works
compound, having some artisian condition.
A stee] reservoir was constructed to store
250,000 gallons, Later on insanitary way of
drawing stored water from tank was eliminat-
ed by a new scheme.

Tubewell Era

The year 1910 opened the tubewell era.

First tubewell was tried in Lahore in
1910. It was a great success. Tubewells are
a marvellous improvement in water sources
and met with great success in  alluvial
plains, due to the strata being re-charged
from rivers, canals, rains and floods and
perennial natural underground drainage
lines. Exception was the salt range extend-
ing to Sargodha, Jhelum and Mianwali
Districts where the ground water is brackish.

By the time we entered the tubewell
stage economic conditions of people rose,
and the allowance of water per capita had

to be increased from 5 to 1o gallons.

urface Water Source
Where ground water source failed, re-
course was had to canal water, It was used
after sedimentation in storage tanks and
filtering by passing water through slow sand
filters. The water from the storage tanks is

20

pumped into high evel tanks of two thirds
daily capacity and then passed into filter-
beds with [iltration rate of j0-35 gallons
per s ft. of filter surface per day. The
filtered water is collected into clear water
reservoir and delivered into the distribution

svsterm.

Post-World War I Water Supply
Schemes

Post-War Water Supply Schemes com-
pleted are as under:—

(@) Openwells : Campbellpur and Shahpur.

(b) Galleries : Rawalpindi, Sailkot,
Khushab Taman, Thaiti Nasrati, Dagh Ismail
Khel, Koi Nara, Hindu-Bagh, Loralai and
Harnal.

(¢) Springs: Thal llaga, Daiwal, Kuror
and Tailokar, Buni-khel Sanwans, Jabi,
Dhokri, Choa Saidan Shah, Choa Katas,
Vehoa, Choa Warcha, Choa Pani, Iort
Sandeman, Barkhan, Ziarat, Pashin,
Chaman and Kalat.

(d) Canal Source: Lyallpur, Jaranwala,
Tandlianwala, Sargodha, Toba-Tek-Singh,
Gojra and Sangla Hill.

(¢) Seepage Wells: D, G. Khan, P.D. Khan,
Bannu and Qilah Saif Ullah.

() Tubewells: Multan, Musa Khel,
Khanewal and Bhalwal.

(g) Dams or impounded reservoirs: (Juetta,
Warcha. '

Developments of Water Supplies after

Q35
In 1937 the rate of Lahore Water

Supply was raised to 30 gallons per head.
In fact introduction of Sewerage Scheme
fixed the rate of consumption at 30 gallons
for cities and 10 gallons in colony towns
and rural areas. This phase improved the
Water Supply Schemes of Rawalpindi,
Sargodha, Lyallpur and Hyderabad.
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Major developments took place in 1935-
1540 due to the extensions of canal system
in Nili Bar and Ganji Bar, and other colony
towns. Water supplies were arranged for
new towns at Montgomery, Okara, Bure-
wala, Arifwala, Mian Channu, Kamalia,

Pirmahal and Mandi Bahaud-din,

Activities during the Second World
War 1939-1945

During the carly days of war for fire
fighting activities, the capacity of distribu-
tion pipe-line was increased along with the
number of f{ire hydrants and static water
tanks.

Priority of construction was Rawalpindi,

Lahore, Multan, Campbellpur, Jhelum,
Gujrat, Lalamusa, Wazirabad, Murree,
Mianwali, Muzaffargarh, Dera Ghaa

Khan, Sargodha, Lyallpur ete.
T

Landing grounds which were equipped
with potable water supply schemes included:

Wah, Dab, Murid, Akwal, Kamra, Basal,
Fateh Jang and Gujrat.

At the tail end of the War in 1944-1945
leave camps were made for recessing soldiers
for 25 days in the Murree Hills and Gullies.
Thus extensions to distribution was done at
Khanspur, Ghora Dakha,
(Upper and Lower) Gharial, Murree IHead-

Barian Topa

guarters, Sunny Bank etc.

Independence of Sub-Continent in 1947

Partition of the sub-continent in 1947
brought in large influx of refugees from
India. Pakistan Government had to
establish Satellite Towns or camps on the
outskirts of the cities and the large towns.
These were developed on modern lines of
water supply and drainage system. Supply
of water was fixed at 5 gallons per head

per day in the camp and 30 gallons in

Satellite Town with adequate number of
fire hydrants.

Proper scwerage was provided for the
disposal of sullage water from these areas.

Hand pumps were provided along the
routes of the caravan that entered into Pak-
istan from Indian territory.

The Camps were established at Harbans-
Chincse

Enough water supply

pura, Walton Camps, Barracks,
Kasur, Shahdara etc.
was arranged at five gallons per refugee per

day and bore-hole latrines were installed.

Post-Independence Period

The work of water supply of urban and
rural arcas remained suspended from 1g947-
57. In 1957 a new organization called the
Social Welfare Works Department was en-
trusted with the development of Water Supply
and Drainage of the urban and rural areas
This Department was
Public Health
Engineering Department, This organization

on modern lines.
reorganised in 1961 as

decided to raise the per capita consumption
and terminal pressures. The following policy

was adopted :—
zallons
per capita
{i) Population 5000-10000 witl
no drainage . 1D
(i) Population with 5000-10000

with existence of drainage .. 15
(i) Population 10000-25000 .s 20
(iz) Population 25000-100000 .« B0

(v} Population over one lac. 30 to4o
gallons per head per day.

Terminal pressure was fixed at go fi. at
the farthest ends in rural areas and 40 ft. in
urban areas.

In case of canal water source such as
Lyallpur rapid gravity filters were introduced
and a scheme was prepared for 1.5 lac gallon
over-head storage tank.



In the cities and towns where the ground
water 15 brackish shallow seepage tubewells
are also installed on the bank of canals and
in the compound of water-works to tap the
scepage from the canal and the sedimentation
tanks,

Seepage tubewells cannot be regarded a
reliable source, as and when the discharge
from these type of tubewells exceeds the
rate of seepage from the canal especially
during the closure period. In case of shallow
tubewells, 8o feet in depth is considered
where it 5 possible to locate the strainer.
In seepage tubewells this principle is ignored
and the location of strainer is made from
the depth from where the water is struck,
About half a cusecs of discharge is vyielded
by 50 ft. long 10" diameter strainer located
within 100 ft. depth from surface.

The first trend in all areas is that without
to  topography,
hydrostatic  conditions to tap natural
resources we should adopt the cheapest
source of water by tubewells.

Free water wells are not at all a reliable
source, as in such cases the scepage is wvery
limited and spring levels encountered are
deep.

In certain sites situated at the foot of the
hills such as Tajozai, Distt. D.I. Khan;
Chindhru, Distt. Mianwali; Chitta-Watta,
Distt. Mianwali; Sethi, Distt.  Jhelum,
surface water percolates from fissures into
the lower stratum, causing deep under-
ground. Here open wells of big diameters
due to more surface arca yield more water
aithough their depth of strata penetrated
is small. Galleries sunk in the water-hearing
sirata can also yicld water but these are
difficult to construct.

In cases where natural drainage lines are
near the surface, well galleries are designed

giving any consideration
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to tap the underground flow across the
Nullahs and get it percolated into a sump
situated on one side of the Nullah at a suit-
able place, protected from floods. Depth
of galleries is kept according to the depth
of underground flow during driest scason
and the depth of the existence of impervious
strata contracted to take maximum advan-
tage of the condition at site. These work
quite satisfactorily in upper reaches of hill
strcams, while in lower reaches these get
choked in no time duc to high turbidity of
water passing over these, depositing clay in
thick layers over the loose infilicring media,
thus reducing the percolation rate. Gallery
source involves sufficient lengths of carriage
mains to gravitate water to the town and
villages. Tn some cases water is to be
lifted in a high level tank to let it gravitate
to the sites where it is to be distributed.

Similarly i the ‘source is a spring we
have to provide gravity mains of consider-
able lengths, 10-15 miles in some cases
increasing even to 30-40 miles. This in-
creases the cost of the scheme and its main-
tenance. Such cases exist in Dera Ghazi
Khan District.

Modern Treads

In West Pakistan we have notso far
achieved the international standard of
purity. This needs resources. The im-
provements needed are:

1. Water purification and treatment on
modern de-Aerators, for water treat-
ment by adding or removing air or
gases.

2. Chemical feeders for removing harmful
chemicals.

3. Pressure filters to increase the capacity
of filtering media.
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4. Gravity filters to affect cconomy in:

(i) The precipitators for sedimentation of
suspended materials,

(if} Separators for removal of precipitates
and coagulents.

(#if} Cont ol cubicals for feeding of chemi-
cals.

(i) Demineralization for rendering brackish
water {it for human consumption.

Use of R.C.C. Pipe Against (1. Pipe
Cast iron pipes need foreign exchange.
We can use R.C.C. pipes by giving more
break pressure tanks in the feeder line to
keep the pressure within range of these
pipes. Collar joints in R.C.C. pipes can take
10-15 Ibs pressure per square inch and
the number of B.P. tanks
This increases the initial cost of the scheme

18 excessive.

as compared with the C.I. pipes in which
this life factor is tlotally ignored. Greater
loss of heads is due to roughness in R.G.C.
pipes and the flatter gradients as these have
to be laid according to the range of pressure
these can bear. At inlets and outlets in
case of hard water there is excessive incrusta-
tion. As saving of forelgn currency is the
main object, the efficlency of C.I. pipes

over R.C.C. pipe is thus ignored.

Water Supply in Hill Areas

‘T'o use metallic pipes with high heads is
costly. Qur resources offer R.C.C. pipes,
Even prestressed pipes have not met with
success, It is uncommon to use local cement
asbes os pipes. Al present we afe getting
foreign-made pipes of this kind till such
time that we arrange cur own industry for
their Some

manufacture, Belgian-made

Asbestos cement pipes are in use. Simi-
larly P.V.(.. pipes have been arranged by
UNICEF but the solution to our demand
is to have our own industry to build this
material locally.

The joints with lead should be replaced
by rubber flexible
Cement Asbestos chaulked joints and in case
of steel pipes welded joints will be a solu-

joints or expandite

tion to cost problem.

Scientific Coordination

Modern trend in water supply enginecr-
ing is based upon scientific investigations
and the data collected by sister org2niza-
tions on water development, such as WAPDA
and WASIT.
Lahore, Agriculture University (Lyallpur)

Irrigation Research Institute

Research carried out by
WHO and other countries can be carefully
studied, to adapt them to our own condi-

can be utilized.

tlons.

(@) Poinis for consideration in planned water-
supply schemes: The present rate of growth of
population in West Pakistan is 25 per cent
per ten years. Butin towns being rapidly

industrialized the growth of popula'ion Is

40 per cent per ten years. In agri-
cultural  rehabilitation, industrialization

and urbanization in the barrage arcas in
Sind, the increase in population is reckoned
as 50%, in 10 years.

(b) Quantity of water per capita: Rate of
water on per capita bases has to be increas-
ed in next 20 years. The following will
he the expected rate per capita: .

(1) Hospitals,
patient per day. For outdoor, 5 gallons per

200 gallons per indoor

patient per day. Mandi towns 30 gallons
per day.

Cities of population abovs 400,000, abou.
6o gallons.

Rural areas of water supply, 5-10 gallons
per day.

(#) Other anticipated facilities needing
more water of which -have to be keptin
view are:
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(i) Eleciric washing machines, plate
washers etc,

(if) Extra industrial water.

(zi7) Water required for atomic reactors.

{ir} Health education in rural arcas for
necessary demand of water for proper
health facilitics.

(v} Fire-fighting requirement in timber
markets, hay stacks, rubber goods, tyers or
mflammable material etc.

(¢) Usgful measures o be adopied in  the

fuiure:

(1) International quality standard for
water to be maintained in towns and cities
and hill resorts.

{11} Preserve ground storage by construc-

tion of dams and avold run-off to sea.
allforestation  to awvoid

denudation and  conserve soil for absorp-

(iii) Provide

tion of water,

(iv) Metermg to stop waste of water.

{v) Advance exploitation of resources
for planning periods and their conservation.

(d) Utility of New Research Meihods:

(1) Utility of Solar energy for de-saliniza-
tion of water where brackish or sea water is
the only source. This may consist even of
domestic solar stills.

(1) Possibilities of using high dry blast
compressed air for boring in water-less areas.

(iri) Utility of electric resistivity in
postulating proposals, 3

(e) Indusiries related to drinking water develop-
ment: Anticipated demand based on census
of water supply pipes, fitting and machinery
for heavy industry of the next two decades.

(f) Economic
tants to be discouraged in routine water

Trends: Foreign consul-

supply problems,

Further Development

As a developing nation we have to keep
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in touch with the most modern rescarches
and experiences of other countrics and de-
velop fast within our resources and what-
ever foreign component which the Govern-
ment provides for arranging materials from
foreign manufacturers.

Help of foreign benevolent agencies has
been carrying us forward but the materials
so arranged are more costly than that which
could be manufactured in West Pakistan.
However, this requires heavy machinery
and plenty of capital investinent and as sucil
foresight has to be used in economic design
of Water Supply Schemes,
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Upper Rechna Doab
Reclamation & Sa]iriity

Control Project
—W. P. WAPDA

Tipton & Kalmbach Consultants to West Pakistan WAPDA have tssued their fourth Project Report dealt

LI

with the salinity control and reclamation of the Upper Indus Plains. The projectis for 2.05 Mullion Acres
of the northern part of the Rechna Doab comprising of a part of Sialket, Cujranwala and Sheikhupura

Districts. The proposals are to install 9273 tfubewells pumping 13103 cusecs of waler.

The capital

cost of the project iy estimated at Rs. 454 million which will include Rs. 224 million of  foreign

T
exchange.

The annual maintenance cost afler the completion of the project will be Rs. 3b mullion.  Brief

details of the Hydrology, Seil and Irrigation of the region i5 given in this nole which 15 extracled from the

project report in quesiion.

Introduaction

Salinity control and reclamation project
No. 4 is another of a series of projects in the
Northern Zone designed to reclaim deterio-
rated lands, control subsurface drainage,
and provide full supplemental irrigation
water requirements by exploitation and
management of ground
Project No. 1,

water supplies.
serving over one million
acres in Central Rechna Doab, was comple-
ted in 1962. Project No. 2 which will serve
aver two million acres in Chaj Doab, 15 now
under construction while two sub-projects
encompassing about three hundred thousand
acres are already in operation. Project No.
two million acres in
Lower Thal Doab is scheduled to go into
construction in 1965.

3 comprising over

The areaof W. Pakistan is about 310,000
square miles, About half of the province is
mountainous terrain—the Himalavan Moun-
tains in the north and the various ranges
and hills along the western border which
extends from the Hindu Kush to the Mekran
Range on the Arabian Sea. The other half
of the province is the alluvial plain of the
Indus River and its tributaries. According
to the 1961 census, the population of west
Pakistan is about 43 million of which 75
per cent live in the plains. The population
is increasing at the rate of 2.5 to 3 per cent
per vear, sufficient to double the population
every 25 to 30 years.

The Indus Plains are essentially flat and
featureless with a slight slope averaging

about one foot per mile toward the Arablan

25



Sea. Natural internal drainage is poorly
devcloped and no perennial streams rise in
the plains. Intermittent drainage channels,
callled “*nallahs”, carry storm runoff to the
rivers during the summer monsoon, but they
are dry throughout most of the remainder
of the year.

Precipitation over the Indus Plains gene-
rally is less than 20 in. annually except along
the edge of the Himalayan foothills where it
ranges from 20 to 35 inches. In the central
portion of the plains the annual precipitation
15 less than 10 inches and in many areas it
is less than five inches. Essentially all of the
runoff of the Indus watershed is derived
from snowmelt and precipitation in the
Himalayas.

The oldest method of irrigation in the
Indus Plains is flood irrigation, locally
known as “sailab” which is restricted to the
active flood plains. After the flood-waters re-
cede, the Wetted areas are planted in grains,
principally wheat. This is the most primi-
tive form of irrigation in the Indus Basin,
dating back thousands of years, but it stll
makes an important contribution to the
agricultural economy. The soil remains
sali-free and relatively fertile because of the
periodic flooding of these riverain areas.

Canal irrigation began centuries ago
with the development of inundation canals
which draw water from rivers during periods
ol high stage for distribution to upland areas
bordering the flood plains.

By 1962 all of the major canal systems
had been converted to weir control. Average
annual diversions from the Indus River
system through the existing complex of canals
are about 8o maf, which are used to irrigate
about 24 million acres. The Northern Zone
accounts for 48 maf. of the diversions to
irrigate 16 million acres, the largest essen-

26

tially contiguous area of irrigation dev-
opment in the world.

Culturable Area of the Scheme

The area in this project also includes
the foothill lands of Sialkot District. It
includes the most famous rice producing
areas of Gujranwala and Sheikhupura
Districts.

The total area included in the project is
2.05 m. ac. of which the culturable land is
1.80 m. ac. The area under commands of
canals (U.C.C., M.R. Link & L.C.C) is
1.65. m. ac and the area presently under
perennial supplies is 33%, of the total and is
equal to 0.6 m. ac. The area irrigated by
Persian-wheel is 0.4 m. ac. and that under
irrigation by private tubewells (numbering
till Jan., 1965 about 6500) is 0.39 m. ac.
Some areas have recently been brought
under tubewell irrigation and these amounts
to 0.034 m. ac. Dry farming (Barani) is
also practised on an area of 0.28 m. ac.

During Kharif about 0.7 m. ac. are
harvested and in Rabi about 0.9 m. ac. are
used giving a cropping intensity of g29.

Irrigated Areas under Command of
Various Canals

The Upper Chenab Canal which flows
through the area commands culturable area
equal to 1.45 m. ac. Part of this area
included in the Iprojccf is 1.3%7 m. ac.

Area commanded by U.C.C. under per-
cnnial irrigation is equal to 0.535 m. ac.
and under non-perennial irrigation is 0.832
m. ac. The rest of the area of this scheme
under the command of L.C.C. and M.R.
Link is non-perennial. The L.C.C. system
irrigates 0,116 m. ac. ML.R. Link irriga-
tion is limited to 0.105 m. ac.

-1'r“ﬁmﬂ#muﬂﬂw-:w.\rmwmkmigw.wmﬂ i

The total
non-perennial area under irrigation is 1.053 {
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m. ac.
canal supplies is 0.600 m. ac.

Irrigation Water Supplies from Canals

The Upper Chenab Canal has its autho-
rised full supply (AFS) for Rechna Doab

equal to 5340 cusecs in Kharif and 1840
cusecs in Rabi. It, however, delivers 5100
cusecs in Kharif and 1600 cusecs in Rabi
to the project areas.
Its break-up is

(i) AFS of Nokhar Branch

equal to .. JI7 cusecs.
(i) AFS of B.R.B.D. Lin
cqual to .. 1040 cusecs.
Water delivered by U.C.C.
Main Line Lower is .. 2683 cusecs.
Total discharge delivered
during Kharif by U.C.C.
is thus .+ 5340 cCusecs.

Water delivered to the

project area during Kharif

from L.C.C. Canal system

is o 723
An area of 0.105 m. ac. will

receive Kharif supplies

from MLR. Link, it may

deliver approximately .. 650
Thus total AFS discharge

during Kharif from all the
canals flowing in the area

CUSCCS,

CUsCCs.

is . .. 6700 cusces.
Rabi supplics as delivered

by U.C.C. equals .. 1600
Use of supply factor equal

to ¢.79 reduces the Kharif

supply of

CUsCCs,

.. 5500 cusecs.
(2020, voo A. T't.)
Using a factor of 0.6 for Rabi,

reduces the discharge to ..  ¢60 cusecs.

(345, 000 A. Ft.)
23

The total area under perennial

The Land and the Soils

The project covers the fertile lands of
Sialkot. It spreads to Gujranwala and
Sheikhupura Districts.

The land can broadly be classified into
three main groups of soil series. line tex-
tured belonging to  Nokhar, Chuhar-
kana and partly to Buchiana series. This
type constitutes 52%, of the total area being
1.066 m. ac. Medium textured soil of
Buchiana series constitutes another 239 or
0.607 m. ac. Only 14% of the land ie.
0.287 m. ac. is coarse textured belonging
to Jhang and Farida series.

- The approximate gross acreage of the
three land use groups in the project area is
given below :—

Disiribulion
Land Use y —_——
Group Soil Scries Groups Acres 9
Finc textured Nokhar, Chubarkana 1,066,000 52
Soils. & finesurface textured
Buchiana.
Medium Buchiana. 657.000 34

textured soils.

Coarse :
textured soil,

Jhang & Farida. afiy,0o00 14

Fine textured soil is ideal for production
of fine variety of rice crops. Out of 0.722
m. ac. cultivated during Kharif, rice is sown
on ©0.483 m. ac. or ncarly 27 per cent of the
area, The rest of Kharif crops constitute 13
per cent making up presently 40 per cent
crop intensity during Kharil.

The land is good for crop, so that during
winter it occupies 34.4 per cent of the arca
equal to 0.617 m. ac., the other crops con-
stitute the rest of 17.3 per cent to make
winter crop intensity of 51.7 per cent. The
total annual crop intensity being g2 per cent.
Soil Salinity

The project area has not generally a

serious problem of surface salts. About 6o
per cent (1.290 m. ac.) of the land possesses
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normal percentage of salts less than o.2
per cent.

Lands with salts between o.2 to 0.5
per cent and more than 0.5 per cent con-
stitute 22 per cent {0.485 m.ac.) and 17
per cent (0.975 mac.} respectively, These
high salt soils are found in Mongtanwala,
close to  Muridke and

Eminabad and on some land on

Sheikhupura,
the down
stream portion of Bombanwala Ravi Link
Canal.

The classification of seil into normal,
saline, non-saline alkaline, saline alkaline are

as under;—-
fercent of

bl
Normal e 43
Saline . 1.0
Mon-zaline alkaline wii Bl
Saline alkaline sw S50

It may be noted that in this region
alkaline soils are spread on nearly 56 per cent
of the area and yet produce excellent crops.

According to the analysis of the project
report, only 10 per cent of the land will need
chemical amendment for reclamation, 40
per cent will need simple leaching and the
rest 50 per cent does not need reclamation
at all.

Ground Water and the Alluvizal
Formation

The average slope of the land is 2 ft. per
mile. Just upstream of M.R. Link, the slope
is still steeper and this area s interspersed
with hill strcams like Deg, Ajk, Bheed, etc.

In foothill areas pediment soil predomi-
nated and some time it exists to a consider-
able depth. In the project arca very thick
clay zones, in some casecs more than 200 ft.
thick, exist close to Pasrur and Narowal
Tehsil and the area adjoining these and
served by Raya Branch now B.R.B.D. Link

Canal (Sec Fig. 1 (4, ), The rest of

a0

the formation, however, contains predomi-
nantly sand of coarse grade upstream of
M. R. Link and cearse, medium to fine in
the main project area. This area has more
saline ground water as shown in Fig. 2.
The storage coefficient as  determined
by WASID is fairly low,
10-15% only. At places it is as low as
It may be due to the

average being

2 to 7 per cent.
presence of thick clay or silty formations,
The permeability coefficient 15, however,
fairly high varying from o0.001 to 0.005 ft,
per  sccond,

below —
Lateral Permeabililics and Specific Yields
Test No. Lateral Specific
Permcability Yield
(cusecs. per sq. ft.)
R-1 . 0020 i
R-6 L0031 .01
R-16 L0048 12
B-17 L0044 5 &
R-13 .DOTI 14
B-1g9 .0038 .00
L-z0 . 0040 .15
R-29 0038 .09
R-43 .DOR2 10
R-44 L0020 .02
R-46 J0028* .02
R-47 L0032 .07
E-48 0026 .03
B-a9 LO0TG -05
R-50 .0041 AR
P51 0018 .10
R-58 ooz E* b,
R-59 L0012 JIT
*Vertical permeability ~=0.00005
**Vertical permeability =o0.00003

Detail is given in Table @
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The ground water quality is excellent
with salts generally less than 500 ppm. up to
a depth of more than 500 ft.  Only that arca
which has no aquifer and possesses predomi-
nantly thick clay flormation as mentioned
above, has saline water with salts varying from
500 10 2,000 ppm,
Region).

(Pasrur and Narowal
Fig. 2 in the text.

Position of Ground Water Level

The ground water in a large tract of the
project area in the districts of Sialkot and
Gujranwala has always remained within
reach of its exploitation by open wells.
Before the imposition of irrigation system
the ground water from the Ravi up to
Shahdara and the present M, R. Link
extending to Eminabad up to the Pasrur
Tehsil existed at a depth less than 2o fi.
The same was the case in the area adjoining
the Chenab.  The depth of ground water in
Gujranwala- D1t was up to 40 ft. and close
to Sheikhupura it was still deeper (See

Fig. 3).

Imposition of the canal system caused a
general rise of ground water at the usual
rate of a foot per year. The ground water
along U.C.C. and close to it, however, rose
much quicker, average 2.0 to 2.5 ft. per
year,

The present position {before scarp No. 1)
is, that in Sheikhupura District, the ground
water is within 5 fi. and in a big area of
Gujranwala, it is within 10 fi. - The water
table in the area of Sialkot District, around
Pasrur, Daska and Muridke up to Shahdara

lies within 10 (0 20 ft. (See Fig. 4).

The ground water in this arca now lies
within exploitable depth by centrifugal
pumps.

g2

Surface Water Resources

The district of Sialkot receives annua]
precipitation of 30 inches per year of which
Bo per cent occurs during the rmonscon
months. The rainfall intensity
decreases towards Gujranwala and Sheiklyy.
pura.

sumimmer

The upper areas of the project near
Pasrur in the South and Daska in the North,
the Deg, Aik, Bheed, ete., bring heavy floods
and often overflow in the arcas arocund
these. The water of these Nullahs is used

to a large extent for irrigation of the lands,

RECLAMATION POLICIES AND PRO)-
JECT DESIGN CRITERIA
The Project Proposals

After considering all aspects of the area,
the proposals for control of salinity and re-
clamation, as put forth by WAPDA, are to
install in the whole area tubewells of varying
capacities. '

The area is divided into six commands.
For each command, the gross area, the
culturable area, the irrigation requirements,
the surface water supplies available, from
canals and the requirements from ground
water, is worked out and on this basis the
number of tubewells of varying capacity
have been determined.

In Table No. 1, the information for all
the six commands is given.

The total requirements for commanded
and uncommanded area are shown sepa-
rately in Lable No. 2. 'The total number of
tubewells proposed 1o be installed, as per
table 2, is 3273 of which 2 cusecs capacity
tubewells are only 312, 3 cusecs capacity are
670, four capacity wells are 986 and 5
cusecs capacity tubewells are 1303,

The ground water utilization from tube-
wells has been kept at about 43% of the

R
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Tasie

Data of Tube weil proposed 1o

All values in A. fi. and

Cross Cultur- Ann. Irr.  Ann. Ann. Designed
Command area able require- canal T/W T/w §
arca ment  delivery  delivery duty b -
Marala Rawvi Link 176820 161620 496600 177500 319100 192 E -=
:
BRBD Link 450050 727440 1345460 425050 920470 151 |
Nokhar Br. U.C.C. 216100 200740  618ogo 175800 442200 142 §
U.C.C. main line 619640 582480 1706140  48g700 1306440 157 §
Mangtanwala U.C.C. 164170 154730 5354540 118450 436090 124
U.C.C. main line upper 147700 120198 372210 155320  2168g0 159 i
Total . 1774480 1657208 5183040 1541910 9641130 867 F
= ' »
Tasie e
Summary of the Project Scarp No. 4
Cross Cultur- Ann. lrr. Ann. Ann. Designed ._ .
Command area able require- canal T/W TiW
arca ment delivery  delivery duty
Commanded arca . 1776450 1657180 5183040 1541910 364130 148
Uncommanded area 273550 142820 464970 — 464970 77
I!
- —
Total 205000 1800000 5648010 1541010 4106100 138 §
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"T'ABLE

osed to E be installed in Scarp No. 4

1, and _
at water courses
Jesigned :
CE‘}F?\ No. of tubewell cusecs capacity
duty - : Installed Ann. o4
o : Total cap. A ft. utiliza-
. 5 2 3 4 5 I cuscc tion
L
132 | o —— e e e e e e e e e e e el e e e e e
151 @ 56 122 156 26 . 360 1252 doeigo 56
i
144 E,:t 57 126 200 306 Giig g2z 2043580 45
157 % 20 55 103 153 534 1391 1007300 44
124 g 121 248 147 354 470 5744 2711270 48
159 % 12 55 12 125 300 1246 Q02200 48
ey § 31 148 47 34 210 814 589470 3y
867 "? R
é‘ 207 655 865 1046 2863 11249 d146080
2
Tubewells {0 be insialled in the arca
Designed Ff} § e - R _ S—
W '
duty § No. of tubewell cusecs capacity :
o e e e Installed ' Anwy. A4
R ' Total cap, A, ft. of utiliza-
2 3 4 5 I Cusec tion
148
77
207 655 865 1046 2863 11249 8146080 45
15 15 121 230 410 1854 1342500 35
130
312 670 486 1305 3273 13103 9888470 43
a5




actual pumpage capacity. The full capacity
of pumps is 13,103 cusecs i.e. 9.49 mal. and
actual utilization is 4.106 maf. excluding the
canal supplies of 1.54 maf.

Design of Tubewells

Tubewells will be installed with reverse
rotary systera, drilled to a depth of 200 to
400 ft. with bore diamcter varying from
22 to 24 inches.

The pump house, casing, will be 14 to
16 inches in diameter, with 2 inch wall
thickness and 60 to 100 [, decp. The bowels
of the turbine pump will be located at a
suitable depth in the housing pipe.

The screen will consist of epoxy bonded
fibre glass, g inches and 10 inches in diameter.
The length of screen will range from 120 to
200 ft. depending upon the capacity. The
screen will be slotted. The number of sloix
per foot will be 180 and their dimensions will
be 3/32 inches X 1} inches. There will
be 4 rows of 45 slots each grouped in three,
equally spaced. The outer diameter of
the screen will be 10} inches and the open
area will be 7.89%,.

Similarly for 83 inches outer diameier
screen, the number of slots will be 144 cach
3/32 % 1} inches, in 4 rows of 36 slots grouped
in threes. This will give an open area of
about 7.6%,. The top of the pump boivel
will be set at 10 ft. below the anticipated
future or ultimate pumping level,

The blank casing will be of the same
material. The coupling will also be of fibre-
glass with threads on the screen or the
casing pipe. As for other details about the
designed head, H. P. of motor, average depth
of bore, etc., the detail is given in Table 3.

The screen will be shrouded to prevent
the fine sand to move in. The shrouding

30

material will be well rounded siliceous
particles.
It is estimated that irrigation tubewell

will have a life of about 40 years and the
pump, motors and motor controls will be
replaced once during that period.

Tubewell will be located at the head of
the water course so that tubewell water will
be mixed with canal supplies wherever it
will have doubtful quality. The approxi-
mate spacing of tubewell will be 3000 ft.
and in some cases even closer,

Cost of Tubewell

In this report unit cost of tubewell
components is not given but total cost of
various items is put forth. The total cost
of the project is Rs. 27.97 crores of which the
dollars component will be $27.7 m, and
Rupees component equal to 147.84 m.
thus nearly 50 percent ¢ost will be in dollars.
Amortization of thc#ijec:t in 35 years and
at 43 per cent interest is worked out equal
to Rs. 19.965 mill. The period of con-

struction of the project is four years during

which interest will be paid continuously,
The total expenditure works out equal o
Rs. 276 m.

During the next five years the project
will continue to be developed and during the
period the interest will amount to Rs. 59.47m.

It s supposed that amortization will
start from the 11th vears and will he com-
pleted in the next 35 years. For this period
every year payment of principal and interest
will be Rs. 20.0 m, which will include
Rs. 7.7m., of foreign exchange.

Cost of Electricity

The operation of 3273 tubewells will need
164.000 H.P of electricity. Large number
of tubewells are already in existence and

o - e S L e e

P R [ R T T T T TR I B BT Y R W TR e g o S P TI a eE  E

AT

——



o 2 i
siliceous 32 ig 3 :
pd E Ef =2 g 8
A-8 m g = bl H
L is 3¢ :
fubewell 3 2 o : i
- : 5 E
ind the 3 EE il !52 $E,
: 2 airig s | s
will be :E = E;EE:.E i 3%; Ei%
s H il $¥ %3
fL] HIFE
A :-i:--\‘t':iﬁ
= 8 B 2 Fa2Lam]
i i . Ei3a2sss
- - 1] [
= o :{;
@ :|‘ 1 {

tubewell
I cost of
ctal cost
vhich the

», and

J4 m.
lollars.

‘s and

. equal
of con-
s during
“nuously.

E

E
head of
ater will [
srever it
approxi-
3000 L

eaual w

¢ project ¢
luring the |
. 30.47m.
wion will
! be com-
his period

 interest |

1 include i

;s will need

+ number

Dash

tence and

GFFLR CHLHRE

JuML 1368 ¢
e .

L

GLuLARLI EEE DRPTH Ta WATLA TANLE




village electrification will also be kept in
view during the scheme. The detailed
estimate of power needed is given in the
project  report.  Tubewell need
169.56 MVA and considering 69.80 MVA
as load of existing tubewells and 33.95 MVA
for willage electnification, the estimate of
requirement of power is put at 2go.22 MVA,
the cost of which works out at Rs. 175.6m.
which includes dollars worth 19.87 m. and
- local currency equal to Rs. 81.04 m.

The Forcign Exchange Componcent is
again about 50%. Amortization of loan in
40 years at 43 interest is considered and it
will result in annual payment of Rs. g.8g m.
to be met from the sale of electricity.

will

TABLE 3
Variable Characieristics and Dimensions of Wapda Propesed Tubewells

i

Total Cost of the Project

The total cost of the project is estimated
at Rs. 454.0 m. of which 49%, will he in
Foreign Exchange.

Maintenance Cost of the Project

After the full development of the project
it is estimated that the operation,
tenance and amortization will amount to
Rs. 65.0 m. per year.

Cost Benefit Ratio

It is estimated that the present harvested
acres equal to 221 will increase 10 472 and
their return will increase from Rs. 353.0 m.
to Rs. 1,195.1 m. It is thus estimated that
the benefit/cost ratio will be 5.2, 1.

maine

Tubewell capacity cusces

Pumnp-Head-ft.

Column pipe dia. in.

Column pipe length-ft.

Bowel dia. in.

Motor horse-power

A pproximate length of casing, ft.
Pump housing casing, 16”

Pump housing casing, 14 =
Slotted tubewell casing, 106"

Blank tubewell casing, 102

Slotted rubewell casing, 89 55 3
Blank tubewell casing, 8%,

Approximate average d of tube- I
well, ft. B S

.0 3.0 4.0 5.0

e By -
0 6 55 70 60 75 g0 85
8 8 8 8 10 10 10 10
50 65 355 70 60 35 70 85
12 12 12 12 15 15 15 15
20 20 30 40 40 50 6o 75
— - — 8o 100 9o - 110
70 Qo 2o 9o — — — s
— - 6o 60 100 100 140 140
—_— - 1111 18 18 25 25
oo 100 6Ho 6o 6o Go Go Go
18 18 10 10 10 10 10 10
go 210 225 235 270 290 325 345
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=1 - Private Tubewells

According to the project estimate, by

]an 1965 about 6500 tubewells had been
! installed
about 1.5 Cusecs.
¢ tubewell is a result of high gains from the

Their capacity 1is
install a

in the area.
Incentive to

It is estimated

About 809 of the tubewells
- belong to farmers owning 20 to 100 ac. and
- only 209, have been installed as a com-
mercial venture. '

In an area of about 0.4 mac. tubewells

have been installed on a large scale. This
i s :
i step has increased the acreage of rice, sugar
cane and wheat crops considerably. The

largest insiallation of tubewclls has been
in the rice producing area where originally
- only 159 of the land was canal irrigated and
709%, was uncommanded.

In the coarser soil with less possibility of
rice production, only 259% of the area is
. commanded by tubewells.

The lowest intensity of tubewell installa-
tion is in the arca unsuitable for rice produc-
- tion, and affected by salts. Those areas, in
¢ proxity to Government tubewell schemes
have also not heen developed.

According to the estimate of Tipton and
Kalmbach, the maximum number of private

the area will be about 40,000,

According to cost cstimate for private
tubewells, as given in the project report,
assurming life of strainer and bore equal to
3 years, life of engine, pump, and black pipe
al 15 vears with 7% annual interest, cost
per acre foot has been worked egual to
Es. 19.83 and Rs. .66 for Diesel and
Electric operated wells respectively.

tubewells needed for the full development of

According to the report:—

i. The objective of the WAPDA pro-
gramme cannot be accomplished under
private development.

Full development will be delaved for 4o
years or more because elements of marginal
utility will interfere with timely installation
of suflicient number of private tubewells to
serve only the best lands.

2. Under private wells programme re-
allocation of existing canal supplies cannot
be made. suggested to
transfer 0. 728 maf. of water to Lower Rechna

The report has

when tubewells are installed in this area.
It will include the full supply of Rabi equal
to o.b mal

3. Private owners will not develop
marginal utility lands needing reclamation
and imitial expenditure,

4. Unless additional power facilities are
provided, private tubewell development will
not prosper.  For 50 thousand tubewells, the
mnitial capital cost of electrification is

mated by the consultants at Rs. 470.0 m.

e5lln

This is again a conservative estimate. It
will include £65.20 m. of Foreign Exchange
and Rs. 160.251 m. local currency. The
foreign exchange now being estimated at

about 669, of the total cost.

This measure will render obsolete some
5000 diesel engine’ prescntly in use,

5. The full exploitation of the ground
water reservoir to support inter-regional
transfer of surface water cannot thus be
achieved under private development.  “The
consequences arc intolerable”.

6. Electrification of private tubewells is
a costly proposition to be undertaken on a
sulficient scale to benefit a significant pro-

portion of villages in the project area.



7. Equitable distribution of natural
resources is only possible under public ex-
ploitation. As private owners sell the water
at 1/3th share of the crops, rich will become
richer and the poor become relatively

poorer.,

8. The economical evaluation shows a
benefit/cost ratio of about 4.5 to I, some,
what less than benefit/cost ratio by public
exploitation {5.2 to 1).

9. The development of down stream
areas will be handicapped as diversion from
the fragmented project will total less than
300,000 ac. ft. per year compared to 728,000

a. ft. per year from the complete project.

Full development of Lower Rechna Doab
cannot be planned without a firm commit-
ment for re-allocation of canal supplies.

10. No concentration of private tube-
wells will return benefits equivalent to those
gained from an efficient public programme.

11. Many of the existing private wells

will be withdrawn from regular service as
the public wells commence operating.

12. Farmers who have experienced the
benefits of cven the crude form of technology
exemphfied by inecfficient, short-lived wells
will not be contented with the status quo,
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Development of Roads
in West Pakistan

By ZIAUDDIN®

Transportation equalises opportunities and products. Ii contributes two kinds of utilities— Place Utility and

Time Utility.,

These are economic lerms which simply mean having goods where they are wanled and when

they are wanted. Consumption of raw maierials, where found is negligible. Transporiation of raw malerial,
al the desived time, to the points of processing and consumpiion, brings both kinds of utilities into play.

Cento countries now knit under RCD are closely linked for geneval economic development,

Reoads and

communications linking them although originally planned for Military Defence, will have far more influence

on economic and cultural well-being of these counfries.

The importance of confhiunication link for

economic improvement is discussed in this article by Mr. Jia-ud-Din.

Communication Key to Development

The essential functions of communica-
tions in regard to goods, equally apply to
the manifold functions and relations of the
people. The economy of a country, its social
order, its culture and all other aspects of life,
fecl the impact of transportation. The reader
of this article might well be amazed at how

- closely interrelated are transportation and

his personal necessities, duties and comforts.
The cost of almost everything he buys is
dctermined in part by the cost and avail-
ability of transportation facilities.

In the recent past, countries and areas,
hitherto isolated, have become closely
associated. Goals of individual nations have
assumed regional bias. Working together

for their common good, has become funda-
mental to the economic and social progress
of nations, as much as the nccessity for
military defence. This is evident from the
formation of CENTO and such other
organisations. CENTO’s original purpose
was military defence, but it has now
increasingly concerned itself’ with economic
development in general. - It has been pri-
marily felt in CENTQO, that communications
form the key to all problems of development.
Agricultural development loses its real signifi-
cance unless products can quickly and safely
be moved within country and across borders.
New industries thrive only in areas where
transportation of goods to potential trade
areas is convenient and quick. Natural

# 8. E. Construction Circle B & R, Multan.
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resources lay fallow unless means of removing
therr to the consumption cecntres are avail-
able. Tt is realisation of this fundamental
fact that has enlarged the scope of com-
munication facilitics in the CENTO
countries and one of the chief aims of the
Organisation is the establishment of highway
LINKS between Turkey, Iran and Pakistan
which are now under construction.

R.C.D. Stresses early Completion
Emphasis on the growth of a wellknit
transportation one of the
cardinal principles of R.C.D. countries.
The Committee on Roads and Railways
in its meeting on 2/4 December, 1964
at Karachi in the R.C.D. Session also
“stressed the necd” of completion of these
road links by 1968. When these links are
completed, the R.C.D. countries will be
potential market for the industrial and
agricultural products of each other. To
compete successfully, each country needs to
have a safe, fast and comfortable internal

system  1s
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transportation system with flexibility and fune-
tional economy. By flexibility is meant the
ability of vehicle to go anywhere a fair road
way is available ; even across ficlds and open
country where going is not rough. In this
respect highway network is more far-reaching
than Railway or any other mode of com-
A truck, loaded at factory
door, can go directly to the door of consignee
with no intermediate handling.  Specially
useful is the truck’s ability to tread its way
through the city streets or farmer’s lands.
Railways, no doubt, are still the backbone
of the transportation system, if onc thinks in

munication.

terms of the total movement of goods, but it
is generally conceded that motor wvehicle
can transport goods for shorter distances at
lower cost than Railways ; and only for long
distances for heavy products-in-bulk the

railways have a cost advantage. In the

movement of small consignments in less than
cart-load lots the motor vehicles have a cost
advantage even over long distances.
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. creased freight charges.

Functional Economy

It would be of advantage to the reader
to explain to them *“Functional economy”
which means low wvehicle operating cost.
Industries must naturally move closer to the
sources of raw material in order to avoid in-
' Many lands would
be unusable or unprofitable for agricul-
tural purposes if cheap transportation did
not enable the products to be taken to dis-
tant markets. In other words, there is a
close relation between transportation cost
and other costs of production of any goods.

This can be illustrated by Figure I,
A

K

Suppose there are two countries A and P
cither of which can produce goods of certain
kind which are sold in market K. Suppose
further that the cost of producing the goods
at A and at P is Rs. 10 per maund and Rs. g
per maund, respectively, and the cost of
transporting the goods from Aand P to K
is Rs. 8 per maund and 10 per maund,
respectively. Although the goods can be
 produced at P for Rs. g per maund, P cannot
compete (supply} market at K for its deli-
vered price would be Rs.g + 10=Rs. 19 per
maund while A can capture the market K for
its delivered price at Rs. 10 + 8 =Rs 18 per
maund. Now suppose each couniry A and P
improves substantially itsinternal transporia-
 tion system and the cost of transportation is
reduced to Rs. 5 per maund in each each
case. A could now sell the goods at K for
Rs. 15 per maund but P can sell the goods
lat K for Rs. 14 per maund. As a result,

]

P now supplies the market at K.

Should the internal transportation system
—mainly the highway nectwork—in any
country in R.C.D. be not adequately flexihle
and far-reaching, and should its cost be so
great as to offset the advantages which that
country in R.C.D. or CENTO has in the
production of its speciality, no exchange
between that country and other allies will
take place. Goods will not be placed in the
hands of that country’s own people also at
competitive rates and thus the process of
production will remain incomplete.

There is, therefore, growing recogniza-
tion today that highway system in West
Pakistan must be strengthened and
modernized Road Essential for Agricultural
Economy of Pakistan:—

Road transport appears to be eminently
snited to the movement of goods in West
Pakistan where Agricultural LEconomy is
predominant and truck transportation is
increasingly becoming an integral part of
process and exchange of goods as shown by
detail in Appendix 2. Appendix 2 is an
attempt to measure the requircments of the
system. Some progress has been made in our
road conditions but we are going too slowly.
For balanced development in tune with the
growth of population and commercial
vehicular traffic, and in order to occupy the
top position amongst Muslim States in
CENTO, RCD and ECAFE, West-wing 0.
Pakistan should have 57,000 miles of metall-
ed roads by year 1981. This mileage should
comprise 2,000 miles 24 ft. wide hardcrust
roads 2,000 miles 18 ft. hardcrust roads and
the rest 12 ft. wide hardcrust roads. This
projection of requirement for 16 years up to
the year 1981 for new and reconditioning
works would mean construction outlay of the
order of Rs. 300 lacs per year. This is over
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double the yearly provision in Third Five
Year Plan. Whereas the Central Government
recogmizes that a very large investment 1s
necessary to create additional road facilities
necessary for the economic growth of our
country sketched in Appendix 3, the task
involverd is so enormous that it could be
conceived only as a long-term programme
extending over several plan periods.  What
are the pm:peﬁts of meeting thesc require-
ments with the revenues in sight. At present
the Central Government of Pakistan imposes
and collects a charge of about Rs.1.50 per gal-
lon of petrol of which about g09%, is assigned
to Central Road Fund—amounting to about
Rs. 200 lacs annually. Of this 159%, 1s retained
for administration and maintenance of the
Central Road Fund Organization and the
rest is allocated to the two Provinces by the
Central Finance Ministry on the basis of
four-part formula i.e., Province’s Area,
Population, Expenditure on roads and
Petrol  consumption—afier approval of the
Provincial Road projects by the Central
Planning Commission. In West Pakistan,
revenues for road purposes are derived from
taxes on motor vehicles, motor transporta-
tion, tyres, and transfer of vehicles. These
revenues amount (o about Rs. 250 lacs
annually, and are not placed in any specific
road fund, but are placed in the General
Revenues. There is, therefore, little likelihood
that porgramme of the above magnimrdﬁ
could be implemented under the current
arrangement of highway support. It will be
impossible to overcome accumulated defi-
clencies in the foresecable future unless the
rate of capital investment is stepped up
sharply. The hmited financial resources
force a need for new financial techniques,

Reoad toll for Development
In their search for means of financing

44

urgently necded road improvements and ex-
tensions, countries like France, Italy, U.S.A .,
Japan, Mexico have turned to “road-10]l”
device. Today similar need, for huge sums
to modernize the heavily travelled roads and
inadequacy of present highway revenue to
finance such expensive projects, is felt in West
Pakistan. No one could deny that motorists
are willing to pay more for roads if by so
doing they can enjoy better and safer service
and at the same time realize savings in time
and in vehicular operating cost. They realize
that toll is merely a financing device to get
improved road quickly now, rather than
tolerate inadequate and unsale standards for
an extended period while the route in ques-
tion awaits its turn for improvement. With
this factual background the modern road-toll
system {as supplementary means to achieve
target of 97,000 miles) seems to have
reasonable  prospects  of  success in West
Pakistan specially in grgas of high traflic
density, long hauls of voods traffic, short
stretches to facilitate tourism or to bypass’
urban congestions, if our prescnt system of
road scheming could be adjusted on the
fjollowing lines:—

{a) Since the toll tax is specific and assured
scrvice, 1t appeals more acceptable if the toll
road is designed and constructed to standards
which will provide appreciably superior
service to that currently afforded or in
prospect on parallel free road. The user of
the toll road expects to obtain substantial
money-saving economics accruing from reduc-
tion in travel time, lower vehicle operating
cost associated with uninterrupted vchicle
maovernents,

(8) The toll road project should be
schemed  as self liquidating venture. When |
from the toll tax, sufficient revenue has ;
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accurnulated to pay principal and interest,
the toll facilily be turned over to the highway
department to be included in the Provineial
Highway system and operated free of toll.
The toll tax must not be continued on such

construction programme of the toll road
which is planned to serve the traffic needs of
90 Vears or so.

(d) The planning of the toll road be done
in conjunction with the Provincial Road

highway in order to apply the revenue to systern  as a whole., By that the Engineering

financing other schemes. and equipment available in the

{¢} Toll charges undoubtedly constitute a
form of double taxation. That is, the user of
1ol road must not only pay the toll tax, but
must at the same time pay the petrol tax,

ete. etc., the proceeds of which will be

Services
province will be used {saving in the cost of
construction of toll road) and this will fit in

with the programme to take up the toll road

later on as integral part of the Provincial
) : Road system. i
spent on improvement of other roads. It

) . r ; f
appears that the only logical solution to the should  be

(¢) Consideration given  to

Tisp e overrment:shold acquiring sufficiently wide strip of land at

situation is
credit to the construction of toll roads a fair
portion of tax earning. It is suggested that a
substantial portion of the amount received
vearly from Central Road Fund should go
to the toll road schemes, otherwise the toll
road users will claim why should the present
users be requi?t:d to pay the full amount way from the encroachment of undesirable !

the time a new toll road is constructed to
permit sale or lease of the land at added value
resulting from the road improvement. This
i3 a potential source of highway revenue.
Such a policy would also permit control an
adjacent land use to protect the travelled |

necessary to finance a modernization er new developments that create traffic congestion.

et

Appendix 3
General Growth of Pakistan

Ttems Last yvear of Last year of Percentage increase in :

Second Plan Third Plan Col. (3) over Col. (2) :

1g64-65 196g-70

- B

: 2 3 1 %_-

Population {Millions) 119 129 14

Gross National Product at factor 44,000 57.000 30

cost (Million rupees)

i

Industrial Production (Million 5.00 12.20 107

tons}

Agricultural Production (Million 45.10 58.50 , 30

tons) ;

Mining Production (Million 5.40 9.70 Go :

toms) _ b
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Our soils contain a lot of sodium sulphate.

incrusiation on the surface of soil. Lozally it is called Thur.

Conserving Solar
Energy with Thur

By A. G. CHOWDHRY and
IFTIKHAR AHMAD

This is visible, pariicularly during winter season, a5 a while

Mr. A. G. Chowdhry and kis associale have experimented to determine the heat conservation properlies of the

wterial and to use this heal for warming water and other purposes.
Even a menace can have some uses.

which so far has been considered useless.

Introduction

The sun is a great reservoir of energy.
It radiates billions and trillions of kilowatts.
This energy is in the form of heat and light.
As it reaches the atmosphere, some of it 1s ab-
sorbed and thé rest reaches the surface of the
earth. Roughly the intensity of solar energy
is about one kilowatt per squarc metre. It
15 possible to conserve this energy, and to
use it for heating of rooms, for air condition-
ing, for refrigeration, for running even small
engines. The sunlight can directly he
used to produce power to run radio and
even to store this encrgy. The great point
in favour of the use of the solar energy is
that it harnessed and used for
practical purposes by cheap and simple
apparatus, This aspecct has been gpecially
kept in mind while harnessing this power.
A reflector of ordinary aluminium . sheets
can be made for Rs fof-. Tt will work
quite satisfactorily. An aluminium reflector

can he

This ts an nteregiing use of ihe Thur

does not get rusty ee.dpll, and can be used
for several years. Brushing a reflector with
clean rag will cause it shine again. '

In this paper the authors have experi-
mented with conserving of solar energy in
sodium  sulphate crystals and to reuse it
afterwards. When sunlight falls on sodium
sulphate crystals these melt, Roughly 5o
calories are required to melt one gram of
Thur (Sodium Sulphate) crystals. When
this melied material is allowed to cool, it
again solidifies reforming crystals yielding
the conserved heat which can be put to

any purpose.

Apparatus used

The apparatus used for the experiments

consisted of an insulated wooden box
blackened inside and containing the sodium
sulphate crystals in an enamelled or a glass
The box was blackened inside and

had a glass lid,

vessel,
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It was provided with four flat reflecting
plates made of aluminium sheets to direct
the sun rays into the box. The plates had
hinges, so that their angle could be changed,
The box was double walled.

The empty space of the same was filled
with saw dust although any insulating
material could be used.

The dimensions of the box and that of
the reflectors were:—

_\{-'; [ =

Box Refleclors.
Outer Inner.
Length cms. 52 32 b2.5
Breadth ,, 40.5 29 40.0

Height
Sodium sulphate from one to 5 lbs was used

l2o.¢ s
32/22.5 19

for experiments. The crystals of this salt
contain about 10 molecules of water such
a5 Naa 504 10H;0. When these are heated
the salt gets dissolved in its own water of
crystallisation and liquefics. On cooling it
again forms crystals. In the figure above
1s shown the box with reflectors.
The Experiments

A number of experiments were performed
by using one to 5 pounds of Thur. The
initial temperature of the salt was recorded
and then it was exposed to the sun on a
clear day from one to 4 hours. The rise in
temperature  was  recorded.  When the

48

temperature of the salt rose to Go-90°C, it
all got melted. It was noted that tem-
perature inside the box in the month of
February rose to 100°C  within fifteen
minutes.

In the month of June the temperature
rose to 120°C whereas in August the maxi-.
mum remained equal to 102°C. '

After the salts got melted, the glass plate
was removed and a vessel containing one
Ib. of water was placed on it. Within ten
minutes the temperature of water rose hy
10-20°C when the box was not insulated and
by 10 to 30°C when it was insulated. The
result of several cxperiments performed are
given in tables 1 and =.

Heat radiation by heated sodium
sulphate crystals

Experiments were also conducted 1o
study the heat radiation by the sodium
sulphate salt. A vessel containing the salis
was kept in the insulated box and the
radiation took place from the top surface
only. The result of these expepiments are
given in table below:—

Salt Exp. one [b.

Max.

Temp. raised 70 ] it fig
Heat dis- Fallof  Fall of  TFallaf  Fall of
sipation fime  temp. temp. termy, Lerap.
in minutes - (0 e °C o

o ba 6.7 Gy fis.0

15 ‘' — 6.5 62.5

40 G1.9 6o.5 G1.5 Go.o
15 — — 59-5 580
fio 56 56.0 s 57-0
75 - 7 56.5 a6y
o 51.5 52.0 54.7 —
105 b — BT i
iz0 47-5 400 g jra
140 - - o6 -
150 4 4h.0 - 48,25
150 — -— 48.5 —_—
180 40 44.0 — 46.0
200 = — 46.5 e
210 — 42.0 = =
290 —_ —_ 44.0 e
-:._A! m— 41_1. ‘; -— =
250 — 40.0 — e
2hi = - 449.4 -
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Precautions in the Experiment

- {1) S:unrays should fall normally on the
i glass plates but as the sun rotates, itis neces-
sary to change the setting aflier every half an
hour if the full efficlency is required. The
ilt of the glass plates also need to be
hanged but an angle of 45" can work all

el

-+

]

‘round approximately.

{(2) Insulation is absolutely necessary.

Human hair can even be used lor insulating

1. Angle of reflector to sun ray 25°C.

the gap between the two walls. A dry saw-

dust is easy to obtain. It was used in this
appafatus.

{31 T e enamelled or glass vessel con-
taining the working - material (Na,;SOy),
should also be insulated. -

(4} While warming water, the bottom of
kettle should
sulphate. The

melted sodium sulphate should be covered

touch the melted zodium

uncovered surface of the

Table 1.—Delermination of Rise of Temperature and Final Temperature of One Lb. of
Waler after Exposing the Thur Crystals lo Sun rays

2. Amount of water used, 1 lb.

i (Without Insulation)
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to reduce loss of heat. It is done by using

a wooden board {0 cover the salt with a

hole to pass the kettle.

(5) During the healing and melting of
salt crystals, thev should be stirred after
every half an hour.

{6) Reflector should be
cleaned for good results.

polished and

{7) Sodium sulphate container should be
placed too deep into the cavity of the box.

s ——

Crystallisation of sodium sulphate salts
When the experiment was conducted in
winter or during hot summer days there was

no difficulty of recrystallisation of salt on

cooling. During August, it presented some |

difficulty due to high humidity.

The crystals were formed by cooling the
solution of sodium sulphate using ice and
0IMEe Watar,
11 hours of cooling. The process of crystal
forming was quickened by adding a few
crystals of the salt in the cooling solution.

Table 2-—Determination of Final Temperature of Thur Crystals and the
Rise of Temperature of 1 [b, of Waler

1. Reflector at 25” to incident ray. 2, Size of front back reflectors 16 % 25 inches.
g ! 2 4 = e z &y
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5 minutes
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INTERNATIONAL HYDROLOGICAL
DECADE

In our previous issue we gave detaills of
the programme of the International Hydro-
logical Decades which is to be followed by
Unesce with active cooperation of United
Nations countries. Some of the recent re-
solutions adopted to further this programme
arc put forth in this volume. The Director-
(General has declared that an International
Hydrological Decade for the period 1963 to
1974 is open as a world-wide enterprise of
scientific co-operation among nalions. A
Co-ordinating Council of the International
Hydrological Decade composed of twenty-
one Member States of Unesco has been set
up. It includes Pakistan. The first Session
of the Council was held from r4th May to
grd June 1g65. The Member States are
mvited to take all appropriate measures to
proceed with the implementation of the
Programme for the training of Specialists and
Technicians to strengthen Institutions of
Research and allocate funds for the present
programme and the long-term programmes.
The Director-General has been authorised to

collect, exchange and disseminate informa-

NEWS & NOTES

tion concerning research on scientific hydro-
logy and to assist in the training of hvdro-
research
laboratory personnel.

logists, workers, technicians and
The Symposia, one
on hydrological rescarch on representative
and experimenial basis and the second on
the hydrology of fractured rocks are being
held in this year. The former will be held in
Budapest from 28 September to 5 October,
and the latter will be held in Belgrade from

7 to 14 October.

this

several short-term expert missions are being

In connection  with Programime
sent to Jordan, Senegal, Madagascar, Turkey
and India. The International Association
of Hydraulic Research will he held in
Leningrad from 6 to 11 September 1g65
and it will deal with some aspects of the
problem. Some other countries of the world
are also taking active interest in the matter.

-4.- # #

ARID ZONE MEETINGS IN JODHPUR

Unesco hasz aided India to estahlish a
Central A id
Last year from 23 to 30 November 1964 the

Zone Research Institute.

ol



Institute was formerly opened when the 20th
and the final Session of the Advisory Com-
mitier on Arid Zone Research was also held
from 3 to 5 December. A symposium on
problem of Indian Arid Zone was held in
which 86 papers were presented. In Pakistan
all our attempts even to obtain copies of the
symposium have not borme fruit. In this
volume we reproduce below some of the
conclusions and recommendations as issued
in the first bulletin of International Hydro-

logical Decade.
After the symposium it was concluded
that the basic problems of Arid Lands are :-
(a) atmospheric, soil-plant-water-

encrgy relationship studies ;

(b) soil fertility as influenced by
microbiological activity, uptake
of nutrients from the soil and
their rapid synthesis in the plants;

——

() saline water and its use in the
production of crops and sclection
of species of legumes with rhi-
zobium flora which will tolerate
high temperature and salinity ;

{(d} climatic adaptation of species of
plants and domesticated animals ;

{¢) nvestigations concerning the es-
tablishment of a drought-intensity
index for plants and animals,
covering a complex of such factors
as atmospheric temperature, soil
moisture, and quicscent state of
wilting in plants.

It was stressed that with regard to water
needs for lIrrigation, Hydrological survey
should be intensified to determine ground
water, water-bearing rock formations and
water quality. In the Arid Zone there are
generally resources which can be exploitated.
There are ample scope for the utilization of

h2

R i

solar and wind energy for the desalination
of brackish water and generation of electri-
city. Investigations on organic compounds
to control evaporation from soil and water
surfaces need greater investigations.

& = *

JOURNALS OF HYDROLOGY AND
OF HYDRAULIC RESEARCH

Hydrologist will be pleased to learn that
recently two quarterly periodicals have
started to appear. A journal of Hydrology
published in Holland has started to appcar.
It is a result of the interest created by the
United Nations Arid Zone Programme.
This journal is publishing articles connected
with Hydrological Science.

The contribution of the Internationals
Association for Hydraulic Research for the
promotion of the Science on Hydraulic needs
no introduction. During the last 30 vears
of its existence, it has continued to become
popular throughout the world. At present
its membership stands at hundreds of practis-
ing hydraulic engineers. This organization has
also started a journal of Hydraulic Research
which will be welcomed by all connected
with the promotion of Hydraulic Science.

# W *

ENGINEERS VISIT TO U.S.S.R,

Four Pakistani Engineers and Saentists
visited U.S.S.R. iIn May 1963 and spent 18
days in the Soviet Union. The delegates
included Dr. M. S, Qureshy, Mr. Sayyed
Hamid, Brig. M. Z. Khan and Nur-ud-Din
Ahmad. Dr. Qureshy has got printed his
impressions of the tour in the form of a
booklet “Control of Salinity and Ground
Waters in the Agricultural Lands of TJ.S.5.R.”
which is separated into mnine chapters.

e —
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These deal with Irrigation, Drainage and
Reclamation in Uzbekistan, Azerbaijan and
The method of Salinity and
Ground Water Control in the collective form
and the growth of cotton crops are discussed.
Full chapters are devoted to afforestation
and sheep breeding. The last chapter gives
the conclusions and recommendations for

other areas.

control of salinity and ground water for
agricultural production, afforestation and
sheep-breeding.

F * ®

SYMPOSIUM ON MASS CONCRETE
Special Publication No. 6

American Concrete Institute has pub-
lished the procecdings of this Symposium
which constitute collection of 14 papers
printed in a booklet of 424 pages. All the
important aspects of Mass Concrcte are
discussed by various authors. The book is
available from American Concrete Institute
P.O. Box 4754, Redford Station, Detroit,
Michigan 48219. Cost §15.00.

* £ =

CBITUARY
Laie Khawaja Mohammad Afzal

On the 4th of June, 1665

in 1927,

Sub-Divisional Officer.

Khawaja Mohammad Afzal
Excctive Engincer, Kalabagh Division, died in a car accident
near Sargodha. By his untimely death the Irrigation Department
has been deprived of an excellent young officer.
capable engineer and of amiable personalities. Born at Sialket
he graduated from the Engincering College of the
Technology Moghalpura and joined the Department in 1944 as a
He was promoted as an Executive Engineer in 1955 and was

e was a

posted to the Panjnad Division. During the 12 years as Executive Engineer he held
charge of various Divisions including Burala, Lyallpur, Chunian, Kasur, Sargodha,
Lyallpur Drainage, Jhang, Muzaffargarh and only recently a year carlier had joined

the Kalabagh Division.

The deceased officer has left behind a widow and 4 children. May his soul

rest in peace.

(&)



Elemients of Engineering Geology
By |. E. RICHEY,
Sir Isaac Pitman & Sons Ltd., London, 1964,
This elementary book deal:, with rock
; m:ittrmla: their structure, H‘lC:lg[h and
other physical characteristics, The book
deals with site investigations, rainfall
and ground water, catchment area,
reservoir and sites dam sites, etc.  Foun-
dations on sedimentary rock and crystal-
line rock are discussed. The last chapter
deals with open excavations. A chapter
on tunnels is also added.
: % % *

Large Dams in Austria

Published for Osterreichische Wasserwirt-
chaftsverband by Springer-Verlay, Wien 1,
Molkerbastel 5, Austria. English text 171,
pp- 41 If. Seven folding plates. Stout paper
covers. Price £3 125, od.

" In this book 41 dams are included.

"l"tcllnir:H description in most cases s
companied by drawing and photo-
raphs,

ac
E
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Recent Books of
Engineers Interest

Kempe’s Engineers Year-Book 1965

Edited by C. E. PROCKTER, M.LE.E,,
M. I. Mech. E., under the direction of
B. W. Pendred, M. 1. Mech. E., M.LS.IL
Published by N.lorgan Brothers (Publishers)
Ltd., 28 Essex Street, Strand, London,
W.C. 2. Two wvolumes, 3,000 pp. Price
gos, 6d.

This is a most useful English language

references boek for all engineers connected

with engineering material and hydraulic

construction.

* # *

Problems in Hydraulics and Fluid
Mechanics

By J. R. D. FRANCIS and P. ?\.'ﬁ[].\:'['t_'}yr
Published by Edward Arnold (Publishers)
Ltd., London, 1964, 154 pp. with numerous
figures. Price 24s. net.

The book contains worked examples for

engineering students at degree levels on

the subject.

# e %

Dams in Japan, 1064

Published b}f the Jﬂpﬂﬂﬂﬁ(‘. National Com-

mittee on Large Dams 1, 1-Chome, Shiba
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lamura-cho Minalo-ku, Tokyo.
This book contains illustrations and brief
descriptions of 35 large dams recently

completed in Japan. The trend towards’

arch, buttress and fill type dams includ-
ing the significant rise in the use of
pumped storage are discussed.

# 3 #

Long-Term Storage

H. E. HURST, R. P. BLACK and Y. M.
SIMAIKA., Constable & Co. Ltd., 10-12
Orange Strect, London, W.C. 2 145 pp.,
21 ff., 12 appendices. Price sos net.

Hydrologists will find this book of parti-
interest. It is three
authors who have spent their whole

cular from the

working lives studying the hydrology of
the Nile.

Similarity in Sediment Transport by
Currents

Hydraulics Research Paper No. 6.
By M. SELIM YALIN.

Her Majesty’s Stationery Office. 24 pp., 8 7.

Price g+, net.

This 15 a research paper foreword by
F. H. Allen, recently Director of Hydrau-
lics Research at the Wallingford, Eng-
land,

undertaken in the interest of pure scicnce

The paper describes the research

and 1z an attempt to provide standard
references to assess the validity of laws
formulated for practical application,
This paper will be of greater interest to
research workers rather than to those
concerned with the design of the con-
ventional models. It also that

the theory of the dimensions can be

shows

used in studying any mechanical pheno-
nena,

Water Power Development, Vol, II: High-
Head Power Plants, Midget Stations
and Pumped -Storage Schemes

By E. MOSCGNYT.

Sccond Edition. Akademail Kiado, Buda-

pest. 1,146 pp., 748 ff. Price §18.00.
The author of this book has already
issued volume [ on
Plant.
in 1963 and contains photosraphs and

Low-Head Power
The book came into the market
diagrams of many dams. The present
volume deals with Iligh-Head Power
Plant. A third volume is also expected
which will cover most aspects of dams
and tunnel design and their construction.
These water power development treatise
will be

such that no

hydro-power
engineer can neglect them. These are
richly illustrated.

* * *
Measurement of Liquid Flow in Open
Channels,

Part 4A : 1965,

Venturi Flumes.
B. 5. gbBo. British Standards Institution,
Sales Branch, 2 Part Street, London, W. 1. 8g
pp., 9 ff. Price £2 25 od.

non-suhscribers,

Thin Plate Weirs and

Postage extra to
~
This is the fourth of a series of booklets
intended to cover all methods of measur-
ing liquid flow open channels and will
constitute a Britizh Standard of
great value and importance.
# # #

Iew

Chemistry of the Soil, 2nd Edition

Edited by FIRMAN E. BEAR. American
Chemical Society Monograph No. 160,

[y ]
(11



Reinhold  Publishing  Corp., 430 Park
Avenue, New York, N.Y. 10022. 1964.
515 Pp. $20.00

This is a book contributed by several

famous authors, It is the bhest collection

af

reference material on soil chemistry
avallable and will be useful to the pro-
fessional soil scientists and students,
= b kS
Turbidites
By A. H. BOUMA and A, BROUWER
Publishing  Co,,
52 Vanderbilt Ave., New York 22, N.Y.
1964. 204 pp. $12.50.
Contribution of sediment deposited [rom
turbidity currents of the type of density
current which moves along the bottom
slope of bodies of standing water. The
book 15 of general interest to soil scientists.
* * *

Amnerican Flsevier

Soil Science Dictionary

Edited by OBREJANU, G. ¢ al. Rumania
Publishing House, Bucharest, Fumania, g1
pp. 1064 $7.25
exchange rate).

(about “at official
This dictionary was assembled by the
Rumanian Soil Scientsts at the tme of
8th  International Congress of Soil
Scicnce, which gives equivalent soil terms

for five

langnages—English, F:‘f!nr;h .
German, Rumanian and Russian. It 1s
a good- beginning for an international
understanding of the terms.

L] * &

Physics and Chemistry of the Earth,
Yol 5
By L. . AHRENS, FRANK PRESS, and
5. K. RUNCORN Macmillan Co,
6o Fifth Ave,, New York 11, NY. 308
pp. 1ub4, $15.00,

The publication contains 6 topics, three

-of which are of special interest to soil
chemist, physicist and mineralogist,
# B &

5oil Physics
By. L.-B. REVUT.
Publisher, Leningrad.
Kopecs.
from the Victor Kamkin Bookstore, 1410
Columina Road, N.W., Washington, D.C.
20009. $1.35).

This hook is meant for a large range of

(In Russian}. Kolos

319 pp. 1064, 79
(The book may be purchased

readers such as Soil Scientists  and
Scientific Workers. It deals with the
solution of the problem associated with
cultivation of soil, its irrigation and
melioration.
!t = #
Hunger Signs in Crops, grd Edition
By HOWARID' B. SPRAGUE, Editor-in-
Chief. David Mckay Co., 750 Third Ave.,
MNew York, NY. m‘fﬁ?‘?’v"
15,00,

462 pp. 1064

Each chapter of the book deals with the

nutrient deficiences of a particular crop
or group of crops and includes a discus-
sion of the causes and conditions under
which a given nutricnt deficiency symp-
toms may occur.  The book is illustrated
with colour plates and black and white

shotographs,
I gral
# 4 P

Bituminous Materials: Asphalts, Tars
and Pitches, Vol, 1
By A. J. HOIBERG
Published by John Wiley & Sons Ltd
Green House, Stag Place, London 5.W.
October 1964. 9} in X 6 in; pp. 432 :
illust. numerous; tables; references; indices.
Price 1325,

This 12 a contritbuted hook in - which
various experts have taken part to write
different chapters.

[
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