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ABSTRACT

Using Dupuit (1843) Forchheimer (1930) assumptions Doanman
has derived equation for drain spacing for steadvy state condition
of discharge. The similar equation using equivalent depth (d) in
place of depth tc impervious laver (D) has been obtained by
Hooghout for steady state condition of recharge.

The Boussinesqg-equation which describes the position of
watertable under non steady state of recharge, has been solved by
Glover Glover assumed an initial horizontal groundwater table as
a result of an instantaneous recharge of rainfall or irrigation.
Dumm solved the same equation for the initial watertable
corresponding to the shape of Fourth degree parabola. This
equation which is known as Glover Dumm equation was wmodified by
placing d in place of D to account for flow convergence in the
vicinity of drains. Thies substitution also made the equaticn
applicable to pipe drainage.

The Boussinesqg-equation was further solved in this report
for the constant and contimuous recharge, constant recharge during
a restricted period and intermittent recharge conditions. Computer
programs are prepared for steady and unsteadv stata condition
using Hooghouts and Glover, Dumm, Glover Dumm and Modified Glover
Dumm equations respectively. Saparate programs are also prepared
for the condition of constant and continuous recharge, constant
recharge during a restricted period and intermittent racharga. The
computer program developed are interactive type and can ba easily

used by field engineers.



1.0 INTRODUCTION

Plants require oxygen as well as water for their growth.
During waterlogged condition oxyvgen diffusion is unable to sustain
root or microbial reguirements of plants for any length of time.
In the absence of sufficient oxvgen, substance such as alcohol and
cvanide may be formed in the plant tissuex and plant growth is
curtailed. The allowable groundwater table is closely related to
the root system of the crop concerned.

It is a well known phenomenon that when an area is
irrigated excessively the groundwater level rises. When the water
table reachas a height, which i1is within the capillary lift of the
s0il, the so0il moisture is brought to the surface where it
evaporates. Salts, which were originally present in the irrigation
water or which were dissolved in the rising groundwater, get
concentrated on the land surface by the so called ’tea kettle
effect’. This causes soil salinity and some times alkalinity which
are harmful to plant growth.

According to Kovda (1977) both the intensity of groundwater
evaporation and salt accumulation processes attain their maximum
in arid climate conditions when the groundwater levels reaches a
depth of 1.5-2.5 m below ground surface. When a saline water table
rises and remains in the root rzone longer than about 48 hours,
resulting in an abnormally high saline moisture condition,

agricultural production is usually seriously affected.

2.0 PARAMETERS FOR SUB SURFACE DRAINAGE
The design calculation for any water table problem requires
knowledge of

a) S0il permeability (if there is wmore than one laver, the



permeability of each laver must ba found),

b) The thickness of each laver of soil and the depth to
impermeable laver,

c) The minimum depth at which the water table is to be
controlled,

d) The design drainage coefficient which is the amount of water
that must be removed in a given period.

e) The recommended period of disposal

2.1 Soil Permeability

For most drain-spacing equations, details of s011
permeability and depth to the impermsable layar are required.
Generally speaking a laver is deemed to be imparmeable if its
permeability is less than 1/10th of the upper laver.

A number of tests for determining the insitu hydraulic
conductivity below a water table have been developed. The tests
which have been found to bes most adaptable use are Guelph
permeameter, auger hole and piszometer test procedure. All these
procedures measure the rate of change ot water level in a hole or
the difference of water level elevation with time under unit
hydraulic gradient. Hydraulic conductivity and transmissivity of
aquifer comprising of gravel and gravelly materials are deterwined
by pumping test. The well pumping method is an expensive tast and
is used mainly for determining the suitability of an area to be

drained by pumping rather than by drains.

2.2 Depth to Impermeable Layer
The effect of depth to impermeable layer below drain on
required spacing of drains has been studied by Galvin (1979). The

results have been presented in Table 1 for value of drainage



coefficient = 0.1 m/day, permeability = .9 m/day. and required

maximum height of water level midway between drains - 0.5 m.

TABLE 1: EFFECT OF DEPTH TO IMPERMEABLE LAYER ON DRAIN SPACING

Depth of impermeable Spacing (meters)
layver balow Drains
(meters) S0 mm pipe 100 mm pipe 200 mm pive

9.5

15.5 15.9 1

18.7 19.4 2

22.0 23.4 2

22.7 26.9 29

WN=OO

These results show that while the size of drain has very
little effect, the depth of the impermeable layer balow the drain
depth has a major effect on the spacing. In fact the drain
spacing can be double if the impermeable layer is 1 wmwmeter below
the drain level and still further increased as the depth to the
impermeable layer increase. Thus, it is quite obvious that
substantial savings can be achieved where the existence of a deap
impermeable layer is known. The information about the existence
of impermeable layer is a prerequisite for rational design
(Drainage manual, 1995).

2.3 Desirable Depth of the Water Table

The aim of drainage installation is the removal of excess
water and salt from the soil for providing a favorable root zone
for plant growth. 1In any irrigation planning it is essential
requirement that water table should be controlled so that it doss
not enter the root zone to cause water logging and =alinization.

The water table positions that a drainage system is



reaquired to maintain are primarily related to s0il type, climate,
crops, cropping intensity and water management. Most crops grow
best with a water table which is below their normal root zone.
However, crops will not be adversely affected by a higher water
table for a short period (FAD, 1980).

The water table depths suggestsd by FAO (1980) for steady

state and transient drainage design are given in Tables below.

TABLE 2: SUGGESTED IRRIGATED SEASON WATER TABLE DEPTHS FOR
DRAIN SPACING DESIGN USING STEADY STATE FORMULA

Crops Watsr table depth
in » below ground surface
fine textured light textured
(parmeable) soil so0il
Field Crops 1.2 1.0
Vegetables 1.1 1.0
Tree Crops 1.6 1.2

TABLE 3: SUGGESTED IRRIGATION SEASON WATER TABLE DEPTHS FOR
DRAIN SPACING DESIGN USING TRANSIENT FORMULA

Crops Water table depth
in m below ground surface
fine textured light textured
{permeable) soil s0il
Field Crops 0.5 0.9
Vegetables 0.9 0.9
Tres Crops 1.4 1.1




2.4 Drainage Coefficient

The design requirement expresses the agricultural function
of the drainage system in terms that can be used as input
information for any of the drain spacing equation (Bouwer, vide
Jan Van Schilfgaarde, 1974). CUistinction should be made between
the drainage requirement (also known as drainage criterion) which
is the total desired drainage intensity for a given field or
region and the design requirement {also known as design criterion)
which is the difference bstwsen the Jdrainage requirement and the
existing natural drainage intensity of a given field. Thus the
design requirement exprassas the drainage deficiency of a tisld to
be absorbed by the drainage system. Drainage criteria can be
avaluated for a stsadv state condition, a falling water table,
salinity control or trafficability of the soil depending on the
main function of the drainage system. The steady state drainage
criterion depends essentially on the rainfall pattern and the
effact of water table position on crop vield. This effect is
difficult to evaluate because it is affected by a number of
factors (like stage of growth, soil fertility level, temperature)
and crop vield is not directly dependent on water table position,
but on 02 and 002 diffusion rates in the soil. These diffusion
rates depend on the s0il water content whicn 1is not uniquely
related to mater table position. Fields within the same sail or
climatic region may have different degres of natural drainage
because of difference in surface drainage, water table depth,
artesian pressure in ground water, ground water inflow, ground
water out flow and leaking irrigation canals etc.

In humid areas drainage coefficient is used in design of

drain. Drainage coefficient is the depth of uatef drained off

from a given area ir 24 hours, found by experience with many



installed drainage svstem. Drainage coefficient are selected with
respect to the degree of protection to be provided for various
crops. For average small drainage project the drainage
coefficient would range from 6 to 25 mm.

An empirical way of adjusting the design reguirement to the
natural drainage intensity of a field has been suggested (Tablie 4)
by Van Someren for Dutch condition (Vide Schilfgaarda, 1974). The
high water table conditions prior to artificial drainage is taken

as the basis for adjusting the drainage coefficient.

Table 4: EXAMPLE OF ADOPTION OF ODRAINAGE COEFFICIENT TO
NATURAL DRAINAGE CONDITION OF FIELD

Minimum water table Drainage Coefficient
depth beslow field {m/day)
surface, observed to
occur several time Grass land Cultivated land Orchard
(three for sxample) dmin=30 cm dmin=40 cm dmn=60 cC®
per critical season {(dmin=depth to water table below
prior to aritificial ground surface midway between thes
drainage (cm) drains)

0 7 7 7

10 7 7 7

20 3 s &

30 NO drainage NO drainage 6

40 No drainage No drainage 4

50 Noa drainage No drainage 3

60 No drainage No drainage 1

70 No drainage No drainage No drainage

The drainage coefficient can be found from a ground water

balance equation as follows (FAQ, 1980):

=T R_ + + _—
os L 4 sc Si Dn

Q = Water to be removed by the on farm drainage system



which is the design drainage rate or drainage

coefficiant,

Rf ] On farm recharge to the groundwater i.e. leaching
water, rainfall and deep percolation resulting
from excessive water application,

Sc = Seepage from canals,

i = Groundwater flow into the area including artesian
inflow,

Dn = Natural drainage which is equal to groundwater

flow out of the area to be drained.

Distinction must be made between the recharge rate required
for salinity control, which should be considered as the minimsums
required sub surface drainage rate and the rate required for the
removal of deep percolation losses from over irrigation.

Generally the value of R, to be used is the highest of the two

f
rates._

2.5 Deep Percolation

Bureau of Reclamation makes use of deep percolation in
estimating the drain spacing. When drainage problem exists on an
operating project and drains are being planned, the build up i
the water table due to irrigatioﬁ application can best be
determined by field measurement. The water table depth should be
measured at several locations in the area to be drained on the da:
before and on the day after several irrigation application. The
average build up shown by these two measurements should be used in
the spacing computation.

In the planning stage of new project’s or on the operating
projects where the noasured build up is not available, the amount

of deep percolation must be estimated from each irrigation



application. The build-up is computed by dividing the amount of
deep percolation by the specific vield of the material in the zone
nhere the water table is expected to fluctuate. Table 5 shows
deep percolation as a percentage of the irrigation net input of
water into the soil. These percentages are based on various soil
texturaes and infiltration rates of the upper root zone soils. Bv
knowing the infiltration rate, hydraulic conductivity of the so0il
in the root zone, the parcolation rate can be known. Making use
of the relationship betwsen the hydraulic conductivity and

specific yield build up can ba calculated.

Table 5. APPROXIMATE DIP PERCOLATION FROM SURFACE IRRIGATION
(PERCENT OF NET INPUT)

By texture

Texture Percent Texture Percent
LS 30 CL 10
SL 26 sicL é
L 22 sC é
- Sit 18 C 6
SCL 14

By infiltration rate

Inf.rate, Deep percolation Inf.rate, Deep percolation
in/h percent in/h percent
0.05 3 1.00 20

.10 5 1.25 22

.20 8 1.50 24

.30 10 2.00 28



.40 12 2.50 31

.50 14 3.00 33
.60 16 4.00 X7
-80 18

2.6 Drainable Porosity

Representative drainable porosity values for uss in
transisnt state equations are difficult to be measured accurately.
Whenever possible and practical, the drainable porositv should be
determined from measurement of drain discharge and draw down of
existing drains or pilot drains. Whare field drain tests can not
be made the following procedure has been recommended (FAO, 1980).

2 limited number of representative undisturbed soil samples
for laboratory determination of drainable porosity should be
collected. The drainable porosity may be estimated from soil
moisture release characteristics of esach soil. The values
determined should be correlated with s0il structure and texture
obtained from the soil profile. The value arrived at should be
comparad with empirical curves developed elsawhere relating
drainable porosity with such factors as hydraulic conductivity,
s0il texture and soil structure and provisional value of drainable
porosity for the various so0il types in the area should be
established.

The values of drainable porosity of soils having different
structure and texture are presanted in Table & which can be used
where first approximation of drainable porosity is needed.

S
Table 6. DRAINABLE POROSITY VALUES AS RELATED TO SOIL
TEXTURE AND STRUCTURE

Texture Structure Drainable
porosity



Clay Massive, vary fine 1
Heavy clay loam of fine columnar
Clay Very fine or fine 1 - 3%
Clay loam prismatic, angular
Silty clay blocky or platy
Sand clay loam
Clay
Silty clav
Sandy Cclay
Slty clay loam
Clay loam Fine and wmadium I - B
Silty loam prismatic, angular
siit blocky and platy
Sandy clay loam
Light clay loam
8ilt
Silt loam Hediume prismatic & - 12%
Very fina sandy loam and subangular blocky
Loam
Fine sandy loam Coarse subangular 12 - 18
Sandy loam block and granular
fine crumb
Loamy sand Madium crumb 15 - 22%
Fine sand Single grain
Medium sand S8ingle grain 22 - 26%
Coarse sand Single grain 26 - 35%
Gravel
% Based on data from the Water and Power Resources Service

(formerly Unitead States Bureau of Reclamation).

2.7 Tolerance Limit

In arid zones water and salts are the main environmental

factors influencing plant growth.

10

The first effect of eaxcess



water in soil is to replace air in the <so0il pores with water
leading to an oxygen deficit. For normal growth of the plant a
minimum oxygen content is essential. Also transport of gasas in
the soil is seriously disturbed as gas diffusion mainly takes
place in air filled pores. The limited exchange of gasas will not
only decrease the Oxygen content but also increass the Carbon
dioxide content. Low Ozcnncentrations and high Cchoncentration
have direct effect on root anatomy. The plant stage is also of
importance for the degree of damage done to plants undear
conditions of excess water. By flooding during the initial growth
stages of barlaey, plants were completely killed, but plants
survived when flooded during the later stages. It is well known
that perennial plants can withstand long periods of water logging
during the dormant phase without any harm the so0il typs may well
influence the reaction of crops under conditions of excess water.
From experience and experiments it is well known that highar water
tables can be tolerated in sandy soils than in loamy or clayey

soils.

2.8 Period of Disposal

Recommended period of disposal for different crops based on
tolerance limit of crops to ponding as per the Indian standard
code (IS 8835 - 1978) are as given in following table

Tab §. PERIOD OF DISPOSAL FOR SOME CROPS

Name of crop Period of disposal
Paddy 7 to 10 days
maize, Bajra and 3 days

11



other similar crops

Sugarcane and

banana 7 days
‘Cotton 3 days
Vegatables 1 davs

e R R W L SR ER e e R R R MR S e S WL M S e e L W A W e g

2.9 Plant Tolerance to Waterlogging

Not much work in India has been done on the relative
tolerance of crop plants to waterlogging. A list of tolerance to
Oxygen deficit is given in Table ® (Cannon 1925). This will be
supplemsntad by data on tolerance to excess €0z, tolerance to
permanent high water table and tolerancs to watesrlogging
(VvanHoorn, 1958; Butiin, 1961; Dhawan 1958).

Table B. Relative tolerance of plants under Oxygen deficit, high
ground water levels based on laboratory axpariment and
fiald tests.

to 0O deficit to excess to high to waterlogaging
(lab.expt.) CO (lab. ground (practical
water experiesnce
levels
(field
tests)
Highly rice citrus sugar cane plum
tolerant willow potato strawberry
suUgar cane broad beans sevaral grasses
Madium oats apple sugar beet citrus
tolerant barley tomato wheat banana
onion sunflower barley apple
cotton oats pear
citrus peas blackberry
sova cotton
apple
Sensi- maize tobacco maize peach
tive peas cherry

12



beans respberry
tobacco date palm
olive

3. STEADY STATE DRAINAGE EQUATIONS

Using Darcv’s law. and equation of continuity the drain
spacing equations are derived. In the potential theory, in order
to get Laplace’s partial differential equation, these two are
combined. The solution of partial differential eqguation vyiaslds
spacing equations and detailed information about the flow system.

In the Dupuit-Forchheimer (D-F) theory (Dupuit 1863;
Forchheimer 1930), simple assumptions are made and, results are
obtained using Darcy’s law and the equation of continuity, without
solving Laplace’s equation. However application of D-F theory,
also known as horizontal flow theory should be restricted to
conditions where the flow region is of large horizontal extent
relative to its depth.

The D-F assumptions states that For small inclinations of
the free water surface, all streamlines in a gravity flow system
are horizontal; and the velocity along these stresamlines is

preportional to the slope of the free water surface but is
independent of the depth (Stuyt, 1991).

3.1 Principles of the Hooghoudt equation

If the drain is placed above the impervious layer, the flow
lines will not be parallel and horizontal as given in D-F
assumptions, but will converge towards the drain (radial flow). In
this case flow lines are longer than they are in the case of
parallel, horizontal ones.

Hooghoudt (1940) has developed an equation for flow to

i3



drains as shown in Figure 1. If the horizontal flow above drain

level is neglected, the flow egquatinon for a uniform soil is

h=-3=:F ..(1)

Foo= -{LIRYZ__ - LISt S V) .. (2)

whers H is for Hooghoudt; ro is the radius of the drains;
and f(D,L) is a function of D and L, generally small compared with
the other terms in this equation therefore, it may be ignored in
practice (Labye 1960).

D
dmemmm e —te e =m- - - - -
ﬂ 1n ) (3)

In this equation the first term represents the head 1loss
due to horizontal flow, and the second term head loss due to

radial flow near the drain.

K 8bL
and
L 1 D
ho= 2 == ln ———=—- --2) --(5)
K ro* 2"

In Hooghoudt’s equation, horizontal flow exists only if the
drain spacing L exceeds (DY2), in which case horizontal flow is
taken over a distanca of (L-D 7Y2) instead of L. Radial flow is

restricted to the region within a distance (DY2)/2 from both sides

14



of the drains. The horizontal flow component increases with the
drain spacing L, and the radial flow component increases with the
depth of the impervious layer.

The hsad loss caussed due to the convergence of flow lines
to a pipe drain can be simulatad by replacing the pipe drains by
varticallv-walled ditches, in conjunction with a reduction of ths
depth to the impermeable layer (D). This results in the following

asquation.

z
Q &

o - ..(8)
LZ

where Kdand Kbaro hydraulic conductivity below and above
the drain lavel, h is the height of water table above drain level
at mid point, q is drain discharge rate per unit area and L is the
spacing of drains.

3.2 Hooghoudt table

The equivalent depth (d) is a function of L, D and r.
d-tables for r =0.1 m and various values of D and L were made by
Hooghout. It is clear from the table that the value of d increases
with D until D approximates at D = L/4, independent of the value
of L. For higher values of D the flow pattern is no longer
affected by the depth of imparmeable layer.

3.3 Nomograph methods

The Hooghoudt table 3js applicable only for the drain
diameter of 0.2 m. For other diameters of drain VvVan Beers has
given two nomographs. The Nomograph given in Fig 2 has the
advantage that d can be determined for all values of drain dia

(ro) and u. Nomograph calculates the d value according to

1S



following formula

PR - R ()

The nomograph given in Fig 3 takes into account the radial
flow near the drain by reducing the drain spacing by a factor

L = L, ¢ ..(8)

- where Lo is the drain spacing without radial flow and C the

correction term for radial flow; C is defined as

L =y-2%0h__ . (9)

Q
and

g
1]

D
D 1In (a‘) | .-(10)

The nomograph has the advantage of also being applicable to

solve the non-steady-state Glover-Dumm equation.
4. NON STEADY STATE DRAINAGE EQUATIONS: GLOVER-DUMM

Drainage equations describing the wactertable in equilibrium
with rainfall or irrigation water do not represent actual field
situation, because watertable constantly moves through the soil in
areas with periodic irrigations or high intensity rainfalls. An
equation that describes the movement of the watertable through the
soil could provide a more accurate method of design. Such a
movement of the watertable through the soil is called a2 non-steady
state or transisnt condition.

The non-steady state of drainage was studied in the U.S.A.
by States Bureau of Raclamation, particularly Gover (Dumm 1954),

in the Netherland by Kraijenhoff van de Leur (1958) and Maasland

16



{1959). The equation that is widely used for non-steady state flow
problams is based on the Dupuit-fForchheimer conditions. This
equation describes - as an approximation - horizontal flow in a
vertical prism in a flow resgion, bounded above by the free
groundwater surface and below by an impermeable laver.

According to conservation of mass the changes of flow in
the x-direction must equal the change in the quantity of water

stored in the column considerad. The change of storage is defined

as follows

As = u Ah .-(11)
change in water stored per unit surface area
during time step

the effeactive porosity of the soil

As

L
Ah

change in watertable lavel during time step

The effective porosity, also referred to as ’drainable
porosity’, represants the total fraction of the soil volume which
are drained as the watertable moves down. The use of a constant
value for i, however, is a simplification of actual conditions
becauss the volume of water which is drained from a soil increases
gradually with an increasa of suction. The result of this
simplification is difficult to assess but the accuracy of the

approximate solutions is found to be good enough for practical

purposes.
Combining Darcy’s law with the continuity equation yields,
sh_ .k &h R . ..12)
ot B 42 u
whare 2
XD T transmissivity qf the aguifer (m /day)
R = recharge rate per unit surface area (m/day)
h = hydraulic head as a function of x and t (m)

17



x = horizontal distance from a reference point, eae.g.

ditch (m)
t = time (days)
I = drainable pore space

Equation 12 is called the Boussinesg-equation which
describes the position of the watertable under non-steady
recharge. When the recharge rate R equals rzero, we get
Sh_ _ KD &°h_ .- (13)
This is the equation (13) which must be solved for the

non-steady state case of the moving watertabple.

4.1 Principles of the Glover=Dumm equation

The initial horizontal groundwater table at a certain
height above drain leval was assumed by Glover to obtain the
solution for equation (13). The initial horizontal watertable is
due to an instantaneous recharge to the groundwaterby rainfall or
irrigation. Subsequent solutions were obtained by assuming other
initial shapes for the watertable. The initial and boundary

conditions for which Equation (13) must be solved are:

1) initial horizontal watartable at t=0, h = R/u = ho
0O < »x < L
2) water level in drains remains at zero level = drain level

t >0, h = 0, at x=0 and at x = L

whare

R,
1

instantaneous recharge pesr unit surface area (m)

= height above drain level of the initial horizontal

© watertable (m)

Equation 13 was solved for these boundary conditions by a

Fourier series in terms of a sine series

18



whore

faster

at any

drains

fourth

4/n is

e
vy
a
4ha 1 -nza t nmTx
hix,t) = --= E: - o sin =-=-= ..(14)
mn n
1,3

a = -T-.KD_ ..(15)

where & is the reaction factor {(per day). The larger & is,
the drainage system rssponds (small L and large K and D).
Equation 14 gives the shape of the watertable at any tiwme t
location x. As height of the watertable midway betwesn the
is considered x = L/2 is substituted into Equation 14

4h, 1 -nfat
h(L/2,t) = = E: o ..(16)
3

..{17)

Dumm 1960 assumed initial water table having shape of a

dagree parabola
‘h e -at
lu F Ta e = 1.16 ® --(18)

Above two equations have a difference that the shape factor

changed from 1.27 to 1.16.
Putting the value of o in equation (18) and solving
h
L=x (-5‘-19-5-) (1n1.16 =2 ) 0.3 .. (19)

t
Equation (19) i= called Glovar-Dumm equation.

Tha radial resistance of the flow towards drains not

19



reachina an impermeable layer is accounted for by replacing D by
the Hooghoudt d. This substitution, makes Glover-Dumm equation
applicable to pipe drainage. It 1is Jjustified because the T{low
paths for steady-state and transient flow may be considerad at
least similar, though not identical. As a result, equation 19
changes into |

L=n (5% (1n1.16 —TE yo 93 ..(20)

T h,

Above equation is called the modified Glover-Dumm equation
it is particularly used to calculate the drain spacing in
irrigated areas. It requires the determination of threa soil
properties K, D and 4, and size of the drains and a drainage
criterion.

Instead of a water-table elevation/discharge criterion, as
used for steady-state equations, the Glover-Dumm esquation requires
as criterion a predetermined water table draw down in a certain
period of time (ho /ht), at what rate the watertable midway

between the drains has to drop after an irrigation to be at the

required new depth boefore the naxt irrigation starts.

4.2 Derivation Of Unit Step Response Function
The shape of water table at any location

nid way batween the drain is given by equation (16) and (15)
It hot 1. (m) in ®q (16) the unit response is given by

2
K(t) = -2- lgnat ..(21)
n n

let time span is discretised by uniform time step 7. The

total response for (t- 7) period will be given by

20



:'Il.h

t o
K(t) = [ Ej i wha (- T) ..(22)

¢ n=1,-3.,5...
lat t- T = v hence -dT = dv

v-tand at T = t, v = 0. Therefore, equation

at T =0,
(22) changes to

2
K(t) = ';!'J Z i.‘“ AV (- av) .. (23)
t n-1,-3,5...

Solution of eguation (23) ‘givas the unit step response

function or discrete kermel coefficient as below

2
K(t) = -3- E: A1 -e70Y .. (24)
n Qa
n-1,-3,5..

4.2.1 Height of water table after { days

Let R be the recharge intensity and 2 be the effective

porosity then the height of initial watertable is R/i. Therefore

from equation (24) the height of water table at the end of day t

is given by (K(t) - K(t-1)), or

o
) 2
k() = S- ¢ -2- Lo (1-0"%h
H n a
n-1,-3,5...
@ g
- -:-:— Lo(1-e™® (t=1)yy . .(25)
n a
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4.2.2 Discharge rate of drain
The discharge of drain (m/day) per unit surface area at
time t is found by using Darcy’s law

-2KD
R CLYZ O N .. (26)

Q
t
Differentiating equation (14) with respect to x gives the

following equation

oG
4h
dh/dx = =--2 E: 1N @t 0y e -0_TX ..(27)
n n L L
n = 1,3,5..
Therefore putting x = 0
4ho = -nza t
dh/dx = --I:— Z o -..(28)
n=>1,3,5..

Substituting equation (28) into equation (26)

h o
q = -259 :_0 ;nza t .. (29Y
t L L . . ’
n = 1,3,5..

rearranging above equation and substituting ¢ the
B8R a nza t
Q. =Se=-c- Z e ..(30)

Solving equation similar to the way equation (21) is
solved. The discharge intensity ;f a parallel drainage system is
found as below

B8RO -nla t 2

q.F =z=-=- Z (1- o )M/n

n=1,3,5..

--(31)

The drain discharge at the end of t days is given by

22



@ 2
g_z_g__g_ Z (1- a" 30 t-1)y, 2 (32)
" n = 1,3,5..
4.2.3 Condition of recharge
(1) Constant and Continuous recharge

The height of water table and discharge rate of drain can
be found using equation ((24)% R) and equation (31) respectively.
{2) Constant recharge during a restricted period

The height of water table for constant recharge during a
restricted period can be found using esquation (25) and the drain
discharge is given by squation (32).

(3) Intermittent recharge

The height of watar table for the condition of Intermittent

recharge is given by

»
h = 2 h(»)} R(m - » + 1) .(33)
v -1
1
m ;" p [RmK(l) + Rm_iK(Z) S R‘K(.)] .. (34)

whare X(2) = K(2) - K(1) and so on.
The discharge rate of drain is given by following equation

m.

e =z a(y) R(m - ¥ ¢+ 1) -.(35)
Y =1

@ = [Ra(1) + R a(2) + .........R‘q(m)] ..(36)

where q{2) = q(2) - q(1) and so on.

23



5.0 REMARKS

This report is. a user manual for design of subsurface
drainage syatem. In this report computer programs are prepared for
steady state using Hooghouts equation and unsteady state condition
using Glover, Dumm, Glovar Dumm and Modified Glover Dumm
equations. Separate programs are also prepared for the condition
of constant and continuous recharge, constant recharge dufing a
restricted period and intermittent recharge.

The design of a drainage system in any area should be
followed by its economical analysis, Keeping this aspect into
consideration the economical analysis of drainage project are also
included in this report. The graphics subroutines also included in
the program. The computer programs developed and included in this
report are of interactive type and are given in Appendix 1. All
these programs are clubbed together as one and can be sasily used
by field engineers.
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L EL F &5 8 R Ao ok ok gk ok ko ok e ok ook R ol ok A ok e ok b ok Ak kG AR R R kK K ki ki i ok ok ol o ok s sk N ol ol ok i ok ok ok ok
C THIS PROGRAMME CALCIH . ATES THE OR&AIN SPACING FOR BOTH UNSTEADY
C AND STEADY FLOW )
(e e b e e 0 e i i i A e ke 0 i 0 0l ol ok K ORI i K koI 80 0k 00K i e i 0 IR IR R0 3 a0 i R K I ko ko e ok ko ok i Ok K
$larqge
sdebug

INCLUDE ’Faraph.Fi’

INCLUDE ’fFgraph.fd’

INTEGER*2 oldcolor, status

INTEGER*4 ogldbgd

CHARACTER*2 str

RECORD/ rccoord/ curpos

DIMENSION Z(100),S(100),SUM{100), SUMC(100)
DIMENSION SUMG(100),SUM@(100)

OPEN(UNIT=1,FILE="UB2.DAT ")}
OPEN(UNIT=2,FILE="UB2.0UY")

statusmsetvideomode( S$TEXTC40)

CALL CLEARSCREEN( $GCLEARSCREEN)

CALL outtext(’text color/monocrome attributes:20")
CAalLlL outtext( ’back:2’ //str // "fore:4")

oldbad=setbkcolor(2)}

oldcolor = settextcolor (4)
WRITE (str,”(I2)" ) 1

CALL settextposition( 23,5,curpos)
CALL CLEARSCREEM({ S$GCLEARSCREEN)
WRITE(x,Kx)

WRITE(* , %)

WRITE(x %)

WRITE (% _»)

WRITE (% %)

WRITE (%= *)

NRITEE*,*) *  PROGRAMME YO CALCULATE DRAIN SPACING

WRITE(*, %)
WRITE(® %)

WRITE(®,*) * UNDER STEADY STATE AND UNSTEADY STATE
WRITE(*, %)

WRITE (%, %)

WRITE(* *)"* DRAINAGE CRITERIA g
WRITE(®, %)

WRITE(x x)

WRITE(*, *)

WRITE(*,*)

"WRITE(% %)

WRITE (%, %)

WRITE(% %) * (PRESS ENTER TO CONTINUE)
READ(S, %)

CALL CLEARSCREEN( $GCLEARSCREEN)

statusTsetvideomode( STEXTC80)
CALL outtext({’text color/monocrome attributes:1")
CALL outtext( *back:3" //str // ’fore:1")

oldbad-setbkcolor(3)
oldcolor - settextcolor (1)

27



WRITE fstr,”(12)7 )} 1
CHL settextprecition( 23,5, curpos)
CalLL CLEARSCREENM({ $GCLEARSCREEN)

o REAL HL,HL1 HLZ,AS

c DIMENSION HL(l),HLl(l),HLZ(l)

cC OPEN(UNIT=1,FILE=’UM.DAT',STATUSﬂ’OLD’)

C QPEN(UNIT?2,FILE=’UH.OUT’,STﬁTUSr'UHKNOHN')

C******tt****t*l****#*t*******i*I!********t*!tx*******t**t**#*X***tt*t*

WRITE(%x *x)
WRITE(x, %)
write(= x)’

WRITE (%, x)
WRITE(x x)
write(x x)’

WRITE(*, %)
WRITE(%x %)
write(x, x)’

WRITE(x %)
WRITE(x x)
WRITE(*,%)"

WRITE(x, x)
WRITE(% %)
WRITE(x *}°

READ(* _%}INCHA

CALL CLEARSCREEN(
IF (NCHA.EQ.1) GO
IF (NCHA.EQ.2) GO
IF (NCHA.EQ.3) GO
IF (NCHA.EQ.4) GO
IF (NCHA_EQ.5) GO

STEADY STATE DRAINAGE CRITERIA

<PRESS 1 THEN ENTER TO CONTINUE>’

UNSTEADY STATE ORAINAGE CRITERIA

- <PRESS 2 THEN ENTER TO CONTINUE>’

DRAIN DISCHARGE FOR INTERMITTANT RECHARGE

<PRESS 3 THEN ENTER TO CONTINUE>'

DRAIN DISCHARGE FOR CONSTANT RECHARGE FOR RESTRICTE

<PRESS 4. THEN ENTER TO CONTINUE:’

ECONOMIC ANALYSIS OF DRAINAGE PROJECT

<PRESS S THEN ENTER TO CONTINUE> "

SGCLEARSCREEN)
TO 200

TO 100

TO 1000

TO0 1500

TO 1400

(at 263543 ¢ *ll***tttt*ltl*tltt*l!’l* 00 20 302002 20 3 A0 2 30 2 ok o ok 3k 3 K K kK e 2 2k i e ol e K N

c PROGRAM TO FIND THE SPACING OF FIELD DRAINS WITH UNSTEADY STATE
100 WRITE(® x)’ UNSTEADY STATE CRITERIA
write(x x)
WRITE (5,°("" DEPTH TO IMPERYIOUS LAYER FROM GROUND SURFACE (DA)I(:
1.:""'8)")
READ x, DA
WRITE (5,°("’ LOCATION OF DRAIN FROM GROUND SURFACE (D) (m):""8)
READ * _Dd
D=Da-Dd
WRITE (5,7 DEPTH TO IMPERVIOUS LAYER BELOW DREINIOY . (m).:2""8)"
WRITE(S *)D
WRITE :5. (' HYDRAULIC CONDUCTIVLITY OF SOl o LI TRV 300 JEDRE . N T
READ *_Hk
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CWRITE (5,7 ("7 TYPE OF CROP GROWM IN AREA.{Give Name). . .....z 8]
READ(®, " (AL12) " YCROP

WRITE(* %)
WRITE(*, %)’
WRITE(* %)

WATER REQUIREMENT OF SOME CROPS'

WRITE(X *)"  WHERT .. oooeoeeeeannans = 0.42 m °
WRITE(X, *x)"  BARLEY AND GRAM........ 0.3 m’
WRITE(*,*)*  POTATO, BAJRA, SORGHUM = 0.5 m °
WRITE(*, %) RADDISH......ccccvcnu-. 0.4m’
WRITE(®,%)" MAIZE......vecececanana- - 0.625 m °
WRITE(*, %)’ PEAS. . uvevvemccocmoncens £ 0.15m ’
WRITE(® %)’  COTTON.....vccccacacann 0.4 m"’
WRITE(®, *x)" GROUNDNUT......c.ceou.. = 0.5m °
WRITE(®,%)®  TIL.veevucoucacacoanesn = 0.25m”’
WRITE(*,%)" ARHAR.....c.coccecaucnn. = 0.33m *
WRITE(*,*)’ BARSEEM........ccvauea. = 0.9m°
WRITE(*, %)

WRITE(*, %)’ PRESS ENTER TO CONTINUE °
READ(*, %)

WRITE (5,”(°’ TOTAL WATER REQUIREMENT OF CROP (m) (WR) ....:""S$)":
READ *, WR

WRITE(%x, *)
WRITE(*®, %)"
WRITE(*, %)
WRITE(x %)’
WRITS(® %)’
WRITE(*, %x)"*
WRITE(*,%x)"
WRITE(x %)’
WRITE(%, %)’
WRITE(x, %)’
WRITE(X,*)”
WRITE(*,%x)’
WRITE(x,x)*
WRITE(* *)"°
WRITE(% %x)"
WRITE (%, *)
WRITE(x x}"
READ (X, *)

WRITE (5,7 ("’
IN):"78)7)

READ * N

WRITE (5,°(
READ *,RI

WRITE(* x)
WRITE(*, %)’
WRITE(*, *)
WRITE(x, *)’

WRITE(* _*}’
WRITE(» »)°
WRITE(* *;°
"WRITE(*. x)

NUMBER OF IRRIGATIONS FOR SOME CROPS’

WHEAT ... .. .ccccnvevencs =
BARLEY AND GRAM........ ki
POTATO . . e e e - s cemneT
BAJRA AND SORGHUM. ... .. =
RADDISH . ... ... veennn-. =

-------------------

s 107 °
3 104°
8 TO 10 °
4 TO 7 °
6 T0 7 °
a4 T0 5’

PRESS ENTER TO CONTINUE

NUMBER OF IRRIGATIONS FOR THE CROP SELECTED ABOVE (

* IRRIGATION INTERVAL (DAYS) (RI)...c.o.vvnecna-a2""8)°

TOLERENCE PERIOD OF SOME CROPS TO WATERLDGGING®

WHE BT

. BRIRA,MATZE,COTTON

AND SIMILAR CROPS......... = 3 days

VEGETABLES. .. . ... c e e
SUGARCANE AND BANANA. . .. ..

Pl

= 1 days
= 7 days
= 7 TO 10 davs °



WRITE(® *)° PRESS ENTER TO CONTIMNUE
READ( % _x)

WRITE (5,7("" MAXIMUM PERIOD ALLOWED FOR DISPOSAL (DAY) (T):""$) ")
READ x* T

DIW=(WR/N)

WRITE (S5,°("" DEPTH OF IRRIGATION WATER GIVEN PER IRRIGATION {m)
L(DIWY:""$)")
WRITE(S,*)DIW

WRITE (5,"(”" PERCENTAGE OF WATER PERCOLATING INTO SOIL (FRACTION)
1(PY:""8)")
READ *.p

R=(DIW%P)

WRITE (5,”("" PERCOLATION OR RECHARGE INTO THE SOIL (GROUND) (R) (
im):*"$)")
WRITE(S,%*)R

WRITE (5,°(’" STORAGE COEFFICIENT (EFFECTIVE POROSITY) {PHI)
1-.:!53)3)
READ =, PHI

dh=R/PHI

WRITE (5,("’ INSTANT RISE OF WATER TABLE dh=(R/PHI) (m)..:""$)")

WRITE(S, *)dh

WRITE(% %)

WRITE (5,7("" POSITION OF STATIC WATER TABLE BELOW SOIL (WT) (WEAT
IHER IT IS AT DRAIN LEVEL OR ABOVE IT (IF AT DRAI
2N LEVEL WT=Dd):’’$)*)

READ *,WT

HI = Dd-WT

WRITE (5,7("” INITIAL HEIGHT OF WATER TABLE ABOVE DRAIN (HITDJ-WT)
1 (m):"78)*)

WRITE(S, =*)HI

H=HI+dh

WRITE (S,"(’" TOTAL HEIGHT OF WATER TABLE ABOVE DRAIN AT t=0 H=(HI

1+dh)(m):""$)")
WRITE(S, *)H

write(x x)

WRITE(%® %)~ IF WATER TABLE IS WITHIN 1 m FROM SOIL SURFACE DRAIN
1AGE IS REQUIRED IF NOT CHANGE DEPTH OF DRAIN
2FROM GROUND SURFACE'

WRITE (% %)

WRITE(S, "("" DO YOU WANT TO CHANGE OEPTH OF DRAIN FROM GROUNMD SUR
1FACE (Dd) (IF YES TYPE 1)......coucnumn..

2:"3)')
READ (5,%) NCHA
IF (NCHA.EQ.1) GO TO 4

WRITE(S, "(° DO YOU WANT TO CHANGE INITIAL HEIGHT Of weTER TABLE
1 OR DEPTH OF ORAIN AT TIME t=~C (1f BOTH TYPE 1,

30



21IF OrLY DEDTH Typg o IF NONE TYPE 3177417
READ(S, %) NOHA
I INCHe.EQ.1) GO TO 5
IF (NUCHA.EQ.2) GO TO &
IF (NCHAR.EG.3) GO TO 7
5 write(x )

WRITE(=x.*}"  IF INITIAL WATER TABLE IS AT DRAIN LEVEL AND IRRIGAT
1ION IS ONLY INPUT THEN ®/PHI WILL GIVE TOTAL HEIGHT AT t=0, IF
2 THERE ARE OTHER SOURCES OF RECHARGE PRESENT (ADD ALL SUCH DEPTH
38 TO GET INI. WATER TABLE HEIGHT AT t=0)’

WRITE(% %)

WRITE (5,"(’' TOTAL NEW HEIGHT OF WATER TABLE ABOVE DRAIN AT TIME
1t 0 (m) :’°8)")

READ *_H

WRITE(*_*)

& WRITE (S,"(’" DEPTH OF DRAIN BELOW SOIL (IT SHOULD BE BELOW 1 m)
1 (Dd) (m):’'$)")
READ x,Dd

7 WRITE (5,°(’"* MAX PERMISSIBLE HEIGHT OF WATER TABLE BELOW SOIL AT
1THE END OF I DAaYS IS (Dm).(m).......:"s)’)
READ *,.Dm
HC=(Dd-Dm)

WRITE (5.'("" HEIGHT OF WATERTABLE ABOVE DRAIN LEVEL AFTER 3 DAYS
1 (HC):""%)") '

WRITE (5, %)HC
C ll**t*x***!****!***l&tltt*t**#**&tt*t*tt***t***tttt**tt***t*t‘l*t!
PAI=3.141592654
. C *t**t***‘t***********t********t*******!*KI!X*X**** LEE EEE S EREFELE LYY T
¢ GLOVER SOLUTION

HL=PQI*SQRT(HK*D*T/PHI)/SQRT(QLOG(l.27323*H/HC))
c BHEARE R R IR AR AR AN KK o o K 2o Ko
C GLOVER DUMM EQUATION
HLlfpﬂI*SQRT(HK*D*T/PHIJ/SQRT(ALOG(l.lé*H/HC))

C !*t**ltttt*ttt!tttt*tt**tttlttt*lt*t*ttttttt***#***ttttlttt*ltltl*

WRITE (5.°("" DRAIN SPACING INITIAL WATERTABLE HORIZONTAL (GLOVER)
1 (HLY.._:7"8)")
WRITE (5,*)HL

WRITE (5,7("" DRAIN SPACING INITIAL WATERTABLE A0 PARABOLA GLOVER
1 DUMM (HL1):""$)*)
WRITE (5,%)HL1

c**l!t!tt*t*tttt*tt*t*ltf**t*lI**t*t*****t*ttﬂtl!*t_t**ﬁl** LR 3 £ 3 3 ¢ 3 3 3P e

c HODIFIED GLOYER DUMM EQUATION
c ASSUME & DRRIN SPACING (L) AND READ FROM NOMOGRFAEM THE o VALUE
C CORRESPONUING TO AK AND L, '

‘ £}
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COF~PAI*SORT(HK*T /FHI) /SQRTIALOG({1.16*H/HC) )

WRITE (5,7(’" COEFF HL2=COF * SQRT d (COF) ... ... e ”’8)7)
WRITE (5,%) COF

[C 303k 2ok, 26 200 200 K 2K K K 0 300 KO N0K KK 0K 350K K i I 0K K50 00 i N S i 20 KKk I N I 00 0 i i R 2 3K kKK o OK K K K

C YN BEERS HAS GIVEN TWO NOMOGRAPHS -FOR CALCULATION OF d FOR ANY

C - PE DIAMETER, MOMOGRAPH ONE GIVES RELATIONSHIP BETWEEN O/u AND

c NOMOGRAPHZ BETWEEN C (CORRECTION FACTOR)Y AND D. HOOGHOUT TABLE

C YES d FOR PIPE DIA OF 0.2 M ONLY

CkXks - 30 2 e 3000 3o 3K O 3 3 oK 3 N0 3 3 2330 o e a0 o b b o e o M R kKO K X
ITE(®, %)

UTE(S, *(*° (NOMOGRAPH1 & HONGHOUT TABLE OR NOMOGRAPHZ, TYPE 1
of 2):""%)")
READ(5,%) NCHA
IF (NCHA.£Q.1) GO TO 10
IF (NCHA.EQ.2) GO TO 20

Caleriak. o b bk ik bk e e kb ke il b i ik bl i sk i sk e i i ke ke i i sl fe e i 20 b o e IR ek die e i sl 23l i i ke i e e sk ok ok ok ok K X

c NOMOGRAPH D/U VER L (AFTER VAN B8EERS) AND HOOGHOUT TASLE
WRITE(*, %)
10 WRITE(S, (" DRAIN PIAMETER (DIA) .. ..o iriiiiiiecaiaaa2""8)")

READ{S,*) DIA
AK =2¥D/(PAI*DIA)

30 WRITE(S, "("° D U RATIO (AK) oo ieeicerocnnann A AAE D
WRITE(S,%) Ak

WRITE (5,°(”” ASSUMMED SPACING {AS)..eovuervececnannn A 3
READ(5,%) A7

TCOF={ (((8%D) /(PAI%AS) )*ALOG(AK) ) +1)

DI=D/TCOF
WRITE(S, (™" EQUIVALENT DEPTH (DI).(m) ... inueccrrcncanae2""8)")
WRITE(S,*) DI

¢ WRITE (5,°("" ASSUMED SPACING VER D U RATIO FROM NOMOGRAPH,

c IEQUIVALENT DEPTH (DI) IS READ AS. .o oo cenrecccncneeaaat"8)")

C READ * DI

HL2=PAI*SQRT (HKXDI*T/PHI)/SORT (AL OG(1.16*H/HC)}

WRITE (5,7(°" DRAIN SPACING FROM MODIFY GLOVER DUM EQ (HL2):’'$)")
WRITE (5,%)HL2

WRITE(S5, "(’° DO YOU WANT TO CHANGE DRAIN DIA (IF YES TYPE 1) DO Y
10U WANT TO CHANGE DRAIN SEACING (TYPE 2), DO YOU WANT TO
2 STOP PROGRAMME (TYPE 2):°"$)") '
READ(S, %) NCHa
IF (NCHA.EQ.1) GO TO 10
IF (NCHe_EQ.Z) GO TO 30
IF (NCHA.CO.3) GC TO 90
C STOF

CHasksr ME Rl Rk Xk 0 0% 5% b % ok ok o 2 3% % o 0 O AR K 0 IR a8 a2 o a0 N K R O
C NOMOGRAPH C vER [ TAFTEFR VAN BEERS)
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40

c

WRITE(S,*) @

LHERTTE(S, "(°° DRAINGGE COSFFICIENT.(WATER TABLE TO BE LOWERED WITH

3 0aY) (dh/T) (m/day) (@)...:""8}")

HLO=SQRT (BRHK*DX¥H/Q)

WRITE (&5,"("" DRAIN SPACING WITHOUT RADIAL FLOW (HRLOY. . _...=""%)")
WRITE (5 *l HLQ

WRITE(S5. "(°" DRAIN DIAMETER (Dlﬁ)...........-...-...-....-:"S}’
READ(S. %) DIA -

AK =2%xD/(PAI*DI1A)

WRITE(S, "("" D U RATIO (AKY . o e oo ecciiemncccnsnannaccsanna2" $)7)
WRITE(S.%) AK

C=D*ALO0G (AK)

WRITE(S, °(”" CORRECTION TERM FOR RADIAL FLOW (C)eveccanaa2"8)")
WRITE(S5.*)} C

H.37HLO-C

WRITE (5,7(”” ORAIN SPACING FOR DESIGN (HL3)...... R A 3 b

WRITE (5,%)HL3

WRITE(S, *(*° DO YOU WANT TO CHANGE ORAIN DIA (IF YES TYPE 1), TO

1STOP PROGRAMM TYPE 2:°°8)7)

READ S _* 5 NCHR

IF (NCHA.EQ.L) GO TO 40
IF (NCH&.EQ.2) GO TO 9C
STOP

END-

ot P23 2828 23 ¢ 4 28 0 50 200 0K 20 300 300 0 206 30 005 3 200 206 32 2 200 200290 200 00 2000 30 20 30 383 300 0 200 300300 20 10 2 3 30 4G 28 2 2 2 2 000 2 e 200 2 3 20 2 e o o

C
c

C
2900

PROGRAM TO FIND THE 0ACING OF FIELD ORAINS WITH STEADY STATE
BY USING HOOGHOUTS EQUATION

202 300 900 300 2K 900 206 36 30 200 300 200 0 200 30 30 3 200 200 200 30 300 207 200 200 200 0 20 e 2 20 20 20 0 0 2 3 30 0 20K 20 0 2 2 3 ke e ke ok i 2k o ke e sl e ok K ok K

ﬂRITE(*,*)' STEADY STATE CRITERI#

WRITE(® %)

WRITE (5, (" DEPTH TO IMPERVIOUS LAYER FROM GROUND SURFACE (DA)Mn
).:""s31%)

READ * DA

WRITE (5,°("” LOCATION OF DRAIN FROM GROUND SURFACE (D4Y(m):=""8)")
READL *,0d

D=0e-Dd

WETTS T T T LTRTR 1L IMOERVIOUT LAYER BOLDW D Di0oouw L Lo Ts
WRPITE (Lo L
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HRITELS . T{77 HYDRAULIC CONDUCTIVITY OF SOIL {mfdavi.......z2""8)")
HEAL |k

WRITE (5,777 INITIAL HEIGHT OF WATER TABLE ABOVE DRAIN (m):=""%)"}
WRITE(S, =)H

WRITE (5.°("7 ALLOWABLE DEPTH OF WATER TABLE BELOW GROUND SURFACE
1 AFTER 3 DAYS (Dm)(m):"’$)")
REAC *.Dm

HC =~ Dd-Dm
WRITE (5.7("° HEIGHT OF WATER LEVE!. ABOVE DRAIN AFTER 3 DAYS {(HC
1:778)")
WRITE(S, ®)InC

WRITE (5,.°("” TYPE OF CROP GROWING IN THE AREA.(Give Name)_:”'S$}
READ (%, ’fﬁlZ) ICROP

HRITE{*, -
wRITE(t,*)' - WATER REQUIREMENT OF SOME CROPS’
WRITE(* %)
HRITE(*.*)' WHEAT .. ... ... - 0.42 m°*
WRITE(x *x)° BARPLEY AND GRAM. . ......= 0.3 m '
WRITE(* *)* POTATO, BAJRA, SORGHUM = 0.5 m °
WRITE(* %)’ RADDISH. . .. i icennnn. = 0.am "’
WRITE (% %" MAIZE . . .. eiineen T 0.625 m °
WRITE(x »;* PEAS... ..... cermcanneaT 0.15m "
WRITE (% %) " COTTON...... beeemarascaT O4 m "
WRITE(% _x)’ GROUNt  T......... el ee.T 0.5 m
WRITE (%, %x)" ) 1 . - 0.25 m "
WRITE(x %)’ ARHAR. . .. .. reeana R, m "’
WRITE(®, %x)" BARSEEM. . ... vrnnnnn. ..T0.9m"*
WRITE (%, %)
WRITE(% *)° PRESS ENTER TO CONTINUE °*
READ (*, x) '
WRITE (5,("’ TOTAL WATER REQUIREMENT OF CROP (m) (WR) ....:""$)
READ #,WR
WRITE(* %
WR.TE(t.t)‘ NUMBER OF IRRIGATIONS FOR SOME CROPS®
WRITE(* %)
WRITE(® %)’ WHEAT . ....0innnn ... 5707
WRITE(® %*)"  BARLEY AND GRAM........ 3 TO 4 °-
WRIE(* %x)°* POTATO. __ .. f e eeeceanena = 8 TO 10 °*
WRITE(* x)° BAJRA AND SORGHUM...... = 4707 "
WRITE(® %)~ RADD ' SHuue. s  tenewnene." & TO 7 "
WRITE(* %x)°* MAIZE . o i it i et ecnean - 4 T0 5 '
WRITE(* _%x)" [ -
WRITE(* x)° COTION. . v vt vennn e - - 5706 °
WRITE(w x)°* CROUNDNUT . . o it e e em e - 470 6 °
WRITE(*_=x)* L 5 -2 °*
WRITE (% _#)° PRHAR. e - 270 2°
WRITE(» *)’ BARSEEM. . ... e reee e T WEEKLY *
Wl TTEit r\
WEITE (% _»)7 PRESS ENTER TO COMNTINLUE

REQD ! w =}
WRITE (5,7t IUMBER OF IRRIGATIONS FOR THE CDOD SELECTED ABOVE

k1)



OO0

1%

lée

60

TN LT TR T

FEAD %N

WRITE (5.°("" IRRIGATION INTERVAL (D&YS) (RID.......... TR 3 R
READ *_RI

OIW={WR/N)

WRITE (5,°(** DEPTH OF JRRIGATION WATER GIVEN PER IRRIGATION Im

1(DIW - "8Y")

WRITE(S,*)DIW

WRITE (5. 7(7° PERCTINTAGE OF WATER PERCOLATING ITNTC S0IL (FRel "I

1(PY:""%)7)

READ *.P
R=(DIW=pP)

WRITE (5,”("" PERCOLATION OR RECHARGE INTO THE SOIL (GROUND) (R

1):”3)')

WRITE(S, *®)R

WRITE (5,°("° STORAGE COEFFICIENT (PHI).... ..cuu-uuu- ceaaez’'S
READ %, PHI

W OTTE(X, %)

wi JTE(*,*)" TOLERENCE PERIOD OF SOME CROPS TO WATERLOGGING'
WRITE (%,

WRITE(*,%*)" WHEAT, BRJRR,MAIZE.COTTON

1 AND SIMILAR CROPS......... = % davs '
WRITE(* %)* VEGETABLES.....-c.c.vunnnn = 1 davs ’
WRITE(®,%)" SUGARCANL ANC BANANS. .. ...T 7 days ~
WRITE(* %) PADDY....... e r e ae e = 7 TO 10 dave °
WRITE(*, %)

WRITE(* x)° PRESS ENTER TO CONTINUE ~

READ( %, %}

WRITE (5,"("" MAXIMUM PERIOD ALLOWED FOR DISPOSAL (DaY) (T}
1.:°'8)°%)

READ x,T

Q=R/T

WRITE(S5, "("' ORAINAGE COEFFICIENT (m/day)..rccecrronnveacas "8Y";

WRITE(S5,%) Q
WRITE(S, ("’ DO YOU WANT TO CHANGE DRAINAGE COEFFICIENT (IF YES

ITYPE 1, IF NO TYPE 20:""8)")

READ(S,%) NCHA
IF {NCHA.EQ.l1l) GO TO 15
IF (NCHA.EQ.2) GO TO 16 .

WRITE(S, *("° DRAINAGE COEFFICIENT (M/dBY).svececrernencaant "8)7)
READ(S,*) Q

WRITE(S, *("° DRAIN DIAMETER (DIA) (M), ..veeecacrnccann. LLrtTET)
READ(S5,*) C1A

PAI=3.141592¢54
k1



cF -0/ {palxpis)

So WRITE(S, "("° D U RATIO (AK) ... cc.n... e Mees N e e nu e H 3 I
WRITE(S5,*) Ak

WRITE {5.7("" ASSUMMED DRAIN SPACING (HL)........coveeuo...2"78)")
READ(S,») HL

TCOF=({((8%D)/(FPAI*HL) I*ALOG(AK))+1)
DI=D/YCOF

WRITE(S5. “{ " EQUIVALENT DEFTH (DI . (M) .. ... irevnenusn T
WRITE(S,*) [

(30 2 e 3 3k 00 i 0 0 3 i 3 i Sl K 3030 i 36008 e 300 i 0 0 0000 Nl 020 200 200 00 20 e e Sl S ke Sk i 20 S 0 0K ok 0 ke o o L

c HOQGHOUDT EQUATI N
HL. = SQRT((8.%XHK*DIXHC + 4_%HK*(HC*HC))/Q)

(30 20 e 2 2 e i 00 20206 36300 202 20000 30 3K 00 3 e S ol e i 2000 30K 20 0 30 N 206 0 3 26 0 0 2 e e o e o ol e A e K R KKk e Rk

WRITE(S. (" DRAIN SPACING (HL). ... ..o ittt irmnananss 2PTEYTY
WRITE{(S,*) HL

WRITE(5, "("" CHANGE ASSUMED SPACING OR EQUIVALENT DEPTM (IF YES
1TYFE 1 IF NO TYPE 2) L L....
2:"$)') ..

READ(S,%x) NCHA

IF (NCHA_EQ.1) GO TC 50

IF (NCHA _EQ.2) GO YO 14

i WRITE(S5. "¢"" DRAIN DIAMETER
READ(E %) DIn
RO=DIA/Z.

--------------------------------

I WRITE(S, "(7" DRAIN SPACING (ML) . ...t it iiencnneaa: 787D
READ(S,%*) HL

COFF = (Q*HL/HK)

YORZ = ((HL-D*SQRT(2))%%2) /({8 *DxHL)
wADIAL = ALOG(D/(SORT(2)=RO))/PAl

HC = COFF*(HORZ+RADIAL )

WRITE(5, ("’ ALLOWABLE HEIGHT ABOVE DRAIN...,........ veeen1 'S)%)
WRITE(S,*) HC

‘WRITE(S, "(""' CHANGE DRAIN SPACING (IF YES TYPE 1, TYPE 2 TO CONTI
INUE)....:z""8)")

READ(S,*) NZHa

1IF (NCHA.EQ.1) GO TC 70 .

WRITE(S, “("° DO YOU WANT TO CHANGE DEPTH OF DRAIN BELOW SOIL (IF
1YES TYPE 1 TO STOP PROGRAM TYPE 2).:"'$)")

REACIE . *) NCHN

IF {NCHA.EC.1) B0 TO SO

IF (NCHe EC.20 GO TO 90

8O WRITE %, ¢° LW DEPTH OF DRAIN BELOW SOIL (Dd) (m? ....... S S
READ * _Ld
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D=De-D

WRITE(S5, "("" DERPTH TO IMPERVIOUS LAYER BELOW DREIN.(m)....:""%)")
WRITE(S5,%) D

WRITE (5,°'("" MaX HE:GWT OF WATER TABLE BELOW SOIL ALLOWED AFTER
1 3 DAYS IS tom).(m):z""%27)
READ *,0m

HC~0d-1

WRITE (5,"("" HEIGHT aBOVE DRAIN AFTER 3 DAYS (HEY s e e e eae o227 78) )
WRITE({5,*}HC

WRITE(S, "('* DO YOU WANT TO FIND THE NEW SPACING OF DRAIN (IF Y
] TYPE 1, TO STOP PROGRAM TYPE 2)...
2:"78)")
READ(5,%} NCHA
IF (NCHA.EQ.1) GO TO 60
IF (NCHA.EQ.2) GO TO 90

C*t#mt#.**t#t#**t**tt****t**ttttlt**tt*l**lt*t**t!*l*k#t#l*#**tt**K*K*

c PROGRAMME CALCULATES HEIGHT OF WATER TABLE AND CORRESPONDING
¢ DR#IN DISCHARGE FOR INTERMITTENT RECHARGE
¥R R K R S OR MK KKK AR AR K RO B K KA K K HOK KKK X XK
100G  WRITE(®,%)’ INTERMITTENT RECHARGE’
WRITE(X, %)
WRITE(S, *('* HAYE YOU PREPARED DATA FILE UBZ.DAT (IF YES tvee 1)
1: 7&Y")
READ(S,*) NCHA
IF (NCHR.EG.1) GO TO 107

L i07 PAI=3.141592654
C REQDI 1,*IN
‘ REAL{L,*}(Z(3).S(I),I=1,N)
WRITE (5.°(’’ DEPTH TO IMPERVOIUS LAYER FROM GROUND SURFACE (DA)
l:ll$)’) -
READ *,DA

WRITE (5,7("" DEPTH OF DRAIN FROM GROUND SURFACE (DAY . anea:”"8) ")
READ x.Cd

D=DA-Dd

WRITE (5,"("° DEPTH TO IMPERYIOUS LAYER FROM DRAIN (D).....:""$)")
WRITE(S,X)0

WRITE(S, “("" DRAIN DIAMETER (PIA}.......ccvmcenn S L ) 2
REALIS,®) DIA .

AK =2xD/(PAIADIA)

WRITEFS. "("° D U RATIO (AR it iannannens s AL 58
WRITE(S. %) AKX

WEITE (5. (""" DRAIN SPACTING (- . oiieeeenaennn e AT IR
READ *.L '
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FCOT = V(T (R¥0) /10ATAL ) Y2 ALOG(AK ) Y41 )
DI- TCof

WRITECS. *("7 EQUIVALENT DEPTH (DI).(m)..oooueonn ..., :"*8)%)
WRITE(S,*) (]

WRITE (5.°(°" HYDRAULIC COMDUCTIVITY (HK)......--..........:"s)’)
READ *_Hk :

WRITE (53.°("" STORAGE COEFFICIENT (PHIJ.......--.-...-.....:"S)')
RERD *_pPH] .

AL*(PHI*PQI*HK*DI)4{PH1*L*L)

WRITE (5.°(°" ALPHA L TP S
WRITE (S.%) AL _

COF=(4)/(PAI*AL) .

WRITE (5,’("’ COEFFICIENT Lo g 3 A
WRITE (5.*) COF

COFG=8/(PAI*%2)

WRITE (5,"("" COEFFICIENT (COFG) . .t ini i iieiia e ceennns ce-.2""8) ")
WRITE (5,%) COFG

READ( 1, %*)N
READ(L. *)(2(J3),S(3),3=1,N)
WRITE(2,12)

FORHAT(lX,'DﬁTE',ZX,’QT VALUES' ,2X, "SUM CT’,2X, "HT *OF WT*,2x,"GT
TALUERTIN, TSUM £ _2x°DIS. RATE")

SUM3~0 .
SUM7+0. 5

DO J-1,N
© SUML~0.

SUM2=0.,
S SUMSTO .

SUM6=O.

DO I=1,100,2

SUM1=8UML4 ((1-EXP(~(I%**2)%AL%xZ(J)))/
SUMS=3UMS+ ( (1-EXP(-(I#*2)=al&Z(1)))/
IF(J.EQ.1)THEN -

SUM2~0.

SUM&~0.

(1%%3) )2SIN(PAINI/2)
(1%x2))

ELSE
SUHZ"SUH2+(((1-EXP(-(I*'2)'RL‘Z(J-1)J)/(I**S)))*SIN(PQI*I/2)
3UH6?SUH6+(((l-EXP(-(I**?)*ﬂL*Z(J-l)))/(I**?)))

ENDIF '

ENDDC

UM I Y= 3UML~ SUMZ ) *COF

SUMGT J) =1 3UMS-SUMS ) *COFG

G1J1m8 - i-T)
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TECOIY LeaLd . YTHE M
SUmL i )0,
SUMIL Y0,
c SUH7=O .
ELSE

SUMCT Y= (SUM(IY*S(3)) /PH]
SUMITSUM34+3UMC(3)
SUMQIIY-(SUMGTIY*S(]))
SUMTCSUMTESUMQC )

ENDIF
WHRITE (2,11)2,SUM(J),.SUMC(J),SUM3,SUMG(I) . SUMRIJ)Y, SUMT
ENDCDO
11 FORMAT(IA4, 22X, 7F9_ 4}
a0 to 20
(3 0 a0 0 0 a2 2 a0 3 Ak o B ok 3 K 28k k3 300 30 0 0 o 80 ok A ik ke 3 a6 W o a0 ok R i A ok e 3 0 30k o D o e ok ke ok K
c PROGRAMME CALCULATES HEIGHT OF WATER TABLE AND CORRESPOMOING
C DRAIN DISCHARGE FOR CONSTANT PECHARGE DURING & RESTRICTED
C PERICD (CRRP)

c*t*txﬂ:t*xxtt*t*ttttt*tttx*t*t***t*t**t!*ttﬂtt*tttttxtxt#t*t**tttt*iuﬂ:
1500 WRITE(% %)" CONSTANT RECHARGE FOR RESTRICYED PERIOD’

WRITE (% _x%)
C OIMENSION SUM(100),SUMG(100)

OPEN(UNIT=2, FILE-"CRRP.OUT")

PAIT3.141592654

WRITE (5.°(*" DEPTH TO IMPERVIOUS LAYER FROM GROUND SURFACE (De)

S 3 I
READ *_DaA

WRITE (5,°("” DEPTH OF DRAIN FROM GROUND SURFACE (Dd)......:’°&1")
READ *_ Dd

O=Da~-Dd

WRITE (5.°(°" DEPTH TO IMPERVIOUS LAYER FROM DRAIN (D).....:""$)")
WRITE(S,=*)D

WRITE(S5, "(’" DRAIN DIAMETER (DIA) ... ....¢.cececncacncnnanans""8)")
READ(5,%) OIA

. AK =2%D/(PAI*DIA)

WRITE(S, ("’ O URATIO (AK)..oiseevecacnnacnsacannna reaue.z "8)")
WRITE(S,%) AK

WRITE (5,%(" DRAIN SPACING (L) ......cuiirecncrcaccnncnanns A
READ * L -

TCOF - ( (€ {S80 )/ iPAIaL 1 2aLIGIAK 1 1+ 1)
0I-0/TCOF

WIRITESS, "7 ot T DEOTE Gl im) e c e emsemc e o e SR
WRITE(5.*) DI
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WRITE (S.7077 HYDRAULIC CONDUCTIVITY OF SOIL (MHEY .. ... .. ... HERE. S I

REQT * _HK

WRITE (5,7("° STORAGE COEFFICIENT (PHI) e e i iiiiaaeea. 277 8Y°
RESD * PHI

Cwxxy ‘1tt***#*X****x*t*txt#t*!xt*xtxt********l***t**t*#**********i*****

13

AL= (PAI*PAI XHK*DI) /(PHI *L*L)

WRITE (5,7("” ALPHA (ALY . ..o Cereanereana A 1
WRITE (5,%) AL

WRITE (5,7("" CONTINUOUS RECHARGE RATE (R).......... cernneal®’S
READ % _R

COF=(4%R) /(PAT*PHT %ALY

WRITE (5,'("" COEFFICIENT (COF ) ueniieieenercnnasancaceaaa..2""8
WRITE (5,%) COF

COFGT(83R) /(PAI**2)

WRITE {5,°("" COEFFICIENT (COFG) . un v ie e oe e i o s s ¥
WRITE (5,%) COFG

WRITE (5,(”" TIME IN DAYS L ) I S e 3
READ *_ N

WRITE(2,13)
FORMAT (1X, DATE® ,2X, "HT OF WT”>.2¥"DIS. RATE’)

D0 J-1,N.1
SUM1~0,
SUM2=0.,
SUM5S=Q.
SUMETO0 .

0O I-1,100,2

SUHl?SUH1+((1-EXP(-(I**2)*AL*(J))}/(I**S))*SIN(PQI*I/?)
SUMS=SUMS+((1-EXP(-(I%x2)*aA_ x(1)))/(I%%2))

IF(J.EQ.1)THEN
SUM2~0.
SUM&=0.

ELSE
SUM2=SUM24( (((1~EXP(~(IA%2#ALA(J=1)))/(1%%3)) 1 #SIN(PRI*] /2)
SUM6™SUME+( ( (1-EXP(~(Ix%2) %Al x(3=1))1)/(1x%2}))

ENDIF
ENDDO _

SUM{ JY= (SUM1-SUM2 Y %xCOF
SUMGT J) r ( SUMS—SUML ) *COF G

WRITE (2,1BY3.SUM'J101.50m5.
ENDDO



19

[l

FORMAT{IA.ZX ,3F9_4)
STOM

END

go to 90

ct*#llx**t*tit***!**!ﬂ!lt#*ttllttltl*tttttti*‘!i*****t’*‘ttttlttl***

c

ECONOMIC ANALYSIS OF DRAIMAGE SYSTEM

C*t**l!*ttt*tt**!tl**tt!tt*ll!!**ttltllll!llﬁltt*lh48*‘!3*!!!‘!!!&*!

1600

c
C

31

WRITE(®,x)" ECOMNOMICAL AMALYSIS®
WRITE(* x)
PAI=3.141592654

FIELD ORAIN
KK KA RKAENK K

WEI;E)(S.'(" DEPTH OF FIELD DRAIN FROM GROUND SURFACE (Dd){m)
1 :27"8)")
READ = _0d

WRITE (5,°(’” TOTAL LENGTH OF FIELO DRAIN (FOL)(m)..... ceea2”"8)°
READ *,FOL

WRITE (5,7(’’ DIAMETER OF FIELD DRAIN (FOD) (m).......c.....2""8)"
READ x=,FDD

WRITE (5,°(’” TOP WIDTH OF FIELD DRAIN (TWT)(m)............2""8)""
READ *,TWT

WRITE (5,"(®® BOTTOM WIDTH OF FIELD DRAIN (BWT)(m)..._ ......:""8$)"’
READ * BWT

FOO=(TWT+BWT) /2

EWD=DJd*FOD*F DL ,

WRITE (5,°("" v OF EARTH WORK FOR DIGGING FIELD DRAIN (EWC) f(cu
im) :"’8$)")

WRITE(S,*)EWD

EWF = (Dd*FDD*FDL ) - (PAI*FDD*FDD/4)
WRITE (5,"(’" vOL OF EARTH WORK FOR FILLING FIELD DRAIN (EWF) (cu
m) :'’°8$)")

WRITE(S,X)EWF

WRITE(x %)

write(x_x)* COST OF EARTH WORK . (CPWD RATES FOR DIGGIMNG): Rs 17 .4/
lcu.m’

writefx_¥)" COST OF EAPTH WORK rCPWD RATES FOR FILLIMNG): Rs 11 .4/
lcu.m’ .

WRITE(* x)

CEWOF =17 . AXEW(

WRITE (5,7("" COST OF ERRTH WIORK FOR DIGGING FIELD DRAIN (CEWDF)
1{(Re)} :-""%)") ' '

WRITE(S _ x)CEWDF

CEWFF-11 AXFwf .

WRIYE = “t77 0 T nb EARTH WORK FOR FILLING FIELD DRAIN (CEWFF)
1R 7T ’
WRITE ¢

41
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P Oouhf «CEWeE

WEITE (6, 7077 ToTal COST OF £4RTH WORK FOR FICLO ORAIN INTTALLaTIO
IN (F1)Y (Red:” 17

WRITE(S,*)}F1

WRITE (5.7("” CGST OF FIELD DRAIN PIPE (FOCY(Re/m)....... -1778)%)
REaD *_FOC

TFOC-FOCKFDL
WRITT (5.7("" TOTAL COST OF FIELD DRAIN PIPE (TFDCI{Rs)....:""$)%)
WRITE(S, *)TFDC

TCIF=F1+4TFDC

WERITE (S5,7(7" TOTAL COST OF FIELD DRAIN INSTALLATION {TCIF) (Rs)
l:;ss)s)

WRITE(S5,*)TCIF

0 2k 3 3 2 3 22 03 3 K 28 K o ok e R 3 0 3 o 3 3 o oK o ok a3 33K K 0K 3 1 5K 2k K K K

WRITE(S, "(’’ DO YOU WANT TO PERFORM COST ANALYSIS FOR COLLEZTOR
ADRAIN (IF YES TYPE 1, IF NO TYPE 2): **%)7)

READ{S,®) NCHA

IF (NCHA.EQ.1) GO TO 32

IF (NCHA.EQ.2) GO YD 33
00200 22 K 3 0 K 20 332 0o a0 ok 2k 2 a0 ok 2 ok 2 ok ok 2 3 3K 8 0 00 K

COLLECTOR DRAIN
0 ok ko ok K 3k

WRITE (5,°("" DEPTH OF COLLECTOR DRAIN FROM GROUMD SUREACT ‘rDd)
1(mi:z’"8)%)
READ *,CDd

WETTE (5.7(77 TOTAL LENGTH OF COLLECTOR ORAIN (COL) rm . ... : "s.
REAC %, COL

WRITE (5,"("" DIAMETER OF COLLECTOR DRAIN (CODY fm)....... "$3°
READ *_CDD

WRITE (5.°("” TOP WIDTH OF COLLECTOR DRAIN (TWCY(m)....... L27'8)7)
READ *,TWC

WRITE (5.°("" BOTTOM WIDTH OF COLLECTOR DRAIN (BWCY{m)}_.....:"" "8}
READ * _BWC

COD=(TWC+BWC) /2

EWCD=CDd%COD®COL
WRITE (5,°("7 VOL OF EARTH WORK FOR DIGGING COLLECTOF DRAIN (EwWCD)

lfcu.mY:""§)Y™)
WRITE(S, *)EWCD

ENCFTfCDd*CDD*CDL)-(PAI*CDD*CDD/4)

WRITE (S5.7¢ " VOL OF EARTH WORK FOR FILLING COLLECTOR {'PAIN {EWCF }
l{cu. mYz->°&) "

WRITE (S $)ECF

WPITE (% =)
Writers 21T T TTOF CapTH WORK (CPWD RATES FOP GIRI1an - o 17 A4

lcu.m’
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[F e

[

0ooOoo

34

writel* »17 COIT OF E6RFTH WORK (CERWD ROTES FOR FILLINZY: Pg 1.4/
tou_m”
WRITE( *x_x}

CEWDC—17 . A¢EweD

WRITE {S."(’" COST OF EARTH WORK FOR DIGGING COLLECTOR DRAIN (CEWC
1C) (Re) :=774)")

WRITE(S_ *)CEWHC

CEWFC™1i.AXEWCF

WRITE (5.7(’” COST OF EARTH WORK FOR FILLING COLLECTOR OR&IN (CEW:
1C) (Re) :77$)")

WRITE (S, * )CEWFC

C1=CEWDC+CEWFC

WRITE (5,7("” TOTAL COST OF EARTH WORK FOR COLLECTOR D&aIN INSTALL
1ATION (CL)(Rs):""$)")
» WRITE(S,%*)C1

WRITE (5,°(* COST OF COLLECTOR DRAIN PIPE PER UMIT LENGTH {(CDC) (4
ls/m).....:"*8)") :
READ *_CDC

TCDC=COC*CDL .
WRITE (5,7("" TOTAL COST OF COLLECTOR DRAIN PIPE (TCODC)(RS):®’s)’
WRITE(S,*)TCOC

TCIC=C1+TCDC

WRITE (5,7 (’"TOTAL COST OF COLLECTOR DRAIN INSTALLATION LTCIC) (¢
1:.’$)') -

WRITE(S,*)TCIC

R****tt*x*#*ttt*t*tt*ttt#*ltt*nt**1!********&************i*ttt
WRITE(S, ("' 0O YOU WANT Tu PERFORM COST ANALYSIS FOR iNSPECTION

1 HOLES ( IF YES TYPE 1. IF NO TYPE 2)
2= 993)0) :
READ{5,*) NCHe
IF (NCHA.EQ.l1) GO TO 34 N

IF (NCHA.EQ.2) GO TO 35
30202k o 2 4 020 A 05 MR SR 20 0200 30 o 0 K R K 3ok 2 00 3o

INSPECTION HOLE
200 020 a2

WRITE (5,7 ("’ TOTAL DEPTH OF MAIN HOLE (DMH) (m) "rg)’

READ *,DMH
WRITE (5,°("" TOTAL LENGTH OF MAIN HOLE (HML) (m) :"'s)’
READ *, HML

WRITE (5,°(”’ TOTAL WIDTH OF MAIN HOLE (WMH) (m) $778)"
READ *, WMH

EWMH=DMH*HML % Wi+

WRITE (5,7("" 10TaL VOLUME OF EARTH WORK FOR DIGGING MAIN HOLE (£
IMH)Y (cu.m):""¢)"

WRITE( S, & YEkHiHd

WRITEf* #" g
writefs =" “0.7 Y EARTH WORK (CPWD RATES FOR DIGGING): Re 17.4/
lcu.m’ '

—_
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WRTTE (% k%

WEXITE (5 (77 COST OF EARTH WORK FOR MAIM HOLE FER UNIT VOLUME (CF
ity ‘Rs/cu.m) 77%)7)

READ(S . *x)CEWMH

CEWMHI ~EWMH*CEWMH

WRITE (5.°("" COST OF EARTH WORK FOR MAIN HOLE (TCEWMHI) (Rs)
1:”$)’:\

WRITE(S, *)CEWMNI

WRITE (5.°("" TOTAL NUMBER OF MAIN HOLES (HN) (m)
READ * HN

sps);)

TCEWMHHNXCEWMH I

WRITE (5,7(°7 TOTAL COST OF ERRTH WORK FOR MAIN HOLE (TCEWMH) (Rs)
l:”$)')

WRITE(S, %X} TCEWMH

BWMHEWMH- (DMH% (HML. -0 . 2) X {WMH~0 . 2) )

WRITE (5,7 (" YOLUME OF BRICK WORK FOR MAIM HOLE (BwMH) (cu. m)
l:lls)l)

WRITE(S, X YBwWMH

WRITE(x, x)

write(* . %)* COST OF BRICKWORK (1:4) (CPWD RATE) = Rs 91i7/cu.m.’

WRITE({x x)

WRITE (5.7("" COST OF BRICK WORK FOR MAIN HOLE (CBWMH) (Rs/cu.m)
1:lls)l)

READ(S . *)CBWMH

TCBWMH=BWMH*CBWMH

WRITE (5,°(*" TOTAL COST OF BRICK WORK FOR MAIN HOLE (TCtwMH) (Re
1:!l$)’)

WRITE(S5,*) TCHBWMH

AP~ { SXDMH% (HML~0.2) )+ (4% (HML-0.2)%*0. 1)

WRITE (5,”(’” AREA.OF PLASTER FOR MAIN HOLE (AP) (sa.m) "'t °,
WRITE(S,*)AP -

WRITE(®, *)

write(x x)* COST OF PLASTER (1:4) (CPWD RATE) = Rs 29.95/ sqa.m.’
WRITE(X, )

WRITE (5,°(°" COST OF PLASTER FOR MAIN HOLE (CP) (Re/sa.m)
l:"S)')
READ(S,x)CP

TCP~APXCP .

WRITE (5.°("’ TOTAL COST OF PLASTER FOR MAIN HOLE (TCP) (Rs)
1:!’s)')

WRITE(S5,*)TCP

TCHHC=TCEWMH+TCBWMH+TCP
 WRITE (5,7("" TOTAL COST OF MAIN HOLE COMSTRUCTION { TCHHC) (Rs)

1:’.3).)

WRITE(S,*) TCHMHC

t’t*.**i*t‘t*t*ttﬂ***t***t*tﬁ***** *

WRITE (5, (" DO YOU WANT TO CONTINUE, (YES TYPE 1, NO TYPE 2}
1:7°8)°)

READ(S5,*) NCHA

I (NCHA.EGQ.1) GO TO 3%

IF (NCHA_EQ.2) GO TD 39
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A RARAKA R AR AN R KRR R AR RN A

TEZI-TCIF+TC IC+TOMHC

WiRITE (5, (" TOTAL COST OF DRAIN INSTALLATION (FIXED COST) (TFC1
_Re)zTS)Y?)

WRITE(S.x)TFC1

TOHC1=TFCl%0_.1
WRITE (5,”("” TOTAL OVERHEAD CHARGES (ENGINEERING CHARGES (10%o0f

1TFCY {Rs)) :="°8)")
WRITE(S5,*)TOHC]

TOHC2=TFC1*0_1
WRITE (5,7("" TOTAL COST OF GRAVEL FILTER (10%0f TFCl [Re)):*"$)"®

WRITE(5,*)TOHC2
WRITE(*, %)

TFC=TFC1+TOHC1+TOHC2

WRITE (5,°("" FIXED COST TOTAL COST OF DRAIN INSTALLATION (TFC)
1(Re):""%)")
WRITE(S5,*)TFC

WRITE (5, (™" TOTAL AREA UNDER 3TUDY (TA) (ha) :"'s)’
READ(S,%x)TA

CTPH=TFC/TA
WRITE (5,7(°" COST OF DRAIN INSTALLATION PER ha {(CTPH) :*'s)

WRITE(S,*)CTPH

WRITE (5,’("® TOTAL LIFE OF DRAINAGE SYSTEM (TL) (Years ., ' I
READ(S,*) TL

WRITE (5,7 (""" RATE OF INTEREST FOR PRESENT AMALYSIS (RI) (FRACTIO
IN) :778)}%)

'READ(S,*)RI

TAR=((TFC*(RIX( (1+RII**TL)))/( ((1+RI)&%TL)-1))

WRITE (5,’(’” TOTAL RECOVERY PER Y 4R (TAR) (Re/year) i e

WRITE(S, *) TAR

WRITE (5,7 ("" .MAINTENANCE COST PER YEAR (FRACTION)(HMANC) (10 % Of
1FIXED COST MAY BE ASSUMED) :"’8)")

READ (S, * YHMANC

AMC=TFC*HMANC
WRITE (5, (""" ANNUAL MAINTENANCE COST OF SYSTEM (AMC) (Rs)

l:lis)!) :
WRITE(S,*)aMC

TAC~TAR+AMC
WRITE (5,7("" TOTAL ANNUAL COST OF DRAINAGE SYSTEM (TAC) (Rs)

l:iﬂs)b)
WRITE(S5,*)TaC

ol 20 2l 20 a0 e e ANk e e i i i el ok k0K k3 3 ok ol ke ok ok ko ek ek k& ok o ok

WRITE(S, ("' DC YOU WANT TCO CHaNGE THE DEFTH OF DRAIN (FIELD OR
I COLLECTOR) TR wDS TveE 1 IF NO TypE DY eyt

BEAD{S, ®) Ml

IF (NCHA.EQ.LY GO T{ 351

LS
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IF (RCHaS FQ.%ZY GO TO 234

WRITE(S, "(’° DO YOU WANT TO CALCULATE THE ANNUAL BENEFITS FROM O
1AINAGE SYSTEM (IF YES tvoe 1) TO STOP PROSRAMM TYPE
22): CE)7)

READ(5.%) NCH#A

IF (NCHA.EQ.1) GO TO 3I7

IF(NCHA.EQ.2) GO TO 99

WRITE (5,°{"" ADDITIONAL AREA BROUGHT UMDER CULTIVATION (pF1) (ha,
l:"$)')
READ( S _*)aR1

WRITE (5,° (" AVERAGE PRICE OF PRODUCE (Rs/Tons) or (Rs/ka) (A
1 :lls)l)

READ *_AP1
WRITE (5,7 ("" ADDITIOGNAL YIELD FROM CULTIVATIUN IN THIS ARFa (
1 (Tons/ha) or (kg/ha) L 3|
READ(S,*)AY1

HNR1~ { AR1XAY 1 %AP] )

WRITE (5.”("' ADDITIONAL RETURN (BENEFITS) FROM DRAINAGE F .JECT
1(HNR1)Y (Rs}:-""%)}")

WRITE (5, * YHNR1

WRITE (5.7("" ADDITIONAL AREA BROUGHT UNDER IRRIGATION UST W
1FROM DRAIN (AR2) (ha):""$)")
READ(S,*)AR2

WRITE (5.7("" ADDITIONAL YIELD FROM IRRIGATIONM (AY2) (Tons/na
1(kg/ha):"’%)%)
READ *_av7

WRITE (5,7¢{"" AYERAGE PRICE OF PRODUCE (Rs/Tons) or {(Re/kod (¢
1 :rss)s)
READ * AP2

HNR2= (AR2*%AY2XAP2 )

WRITE (5, (""" ADDITIONAL RETURN (BENEFITS) FROM DRAINAGE PROJE:
1{HNR2) {Rs):""8)")

WRITE (5, *)HNR2

HNR~HNRL1+HNR2

WRITE (5,7("" NET ADDITIONAL RETURN (BEMEFITS) FR( . DRAT* PRC
ICT(HNR) (Rs):'""8)")

WRITE(S, *)HNR

BC~(HNR/TAC)
WRITE (5,°("" BENEFIT COST RATIO (BC) A )
WRITE{S5,*)BC,

WRITE (5,.7('" DO YOU WANT TO STOP PROGRAMME (IF YES TYPE 1):"'s$)*
READ(S . *YNCHA
IFINCHA.EQ.1) GO TO <0

dummy- ety deomode! $DEFAUL THODE)
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