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ANNUAL REPORT FOR THE YEAR 1985-86

"

SECTION A

Title of the.Schemé

i

ICAR sanction No. and
Date

Date of commencement of
the Project

Date of Completion

Sanctioned grant for the
complete duration of the

project

Sanctioned grant for the
year for which the report

is prepared

1

|
i

|

¢ All India Co~ordinated

Research Project on Agricul-
tural Drainage under actual

farming conditions on watershed

j basis, (ICAR), Regional Centre,

(KAU), Karumady. P.0O, Alleppey

District, Kerala State.

Original sanction No.F 4=5/77
AE dated 20-3-1981 of ICAR.

Revised sanction No. 4-14/80 AE
dated 22-10-1982 of ICAR.

- Further order No. 4-2/85-<AFE

oo

01-12-1981

31-3-1990

29.7 lakhs

3 lakhs vide order No. 4-2/85-
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7. staff position as
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Sl. pName of pest
Ne. ~ ;
1 2
1. Assoc. Professor
‘ (Agrl.Engg)
2. Asst. Protessor (Agron.)
3. ASSt. Proresscr
(agrl .Engg.)
4. Tarm Assiscant (Agri)
senior Grade
5. Overseer (Civil) Gr.TI

Draughtsmay (Ciwvil) CGr«lX

Farm Assistant Gr.IT

— s = Em =3

on March,

emen == e

1986
Nz. NO. g;- Scale
@ of Name of incumbent of
sanc- posts posts . ' a
tioned filled vacant pay
post
3 4 5 6 7 '
1 1 - sri. E.K. Mathew, 1950~-2950
Assistant Professor
1 1 sri. U.Jayakumaran 1500-2685
i 1 - gri. T«. Haju 1500~2685
Janior Asst. Prof.
3 1 - Sri. A.N= Ayyappa&m  : i 975-1720
pillai
sri. R.Mmadhavan pillai
1 - 1 - 8251430
1 - 1 - 700-1140
2 2 - sri.K.G. Muraleedharan 675-1125

pilled

Sri. vV.J. Rajamohan

sri. T.J. Mathew

Sfi. ¥.0. Shahul Hameed

Date Of

wn  en  wm e e

1-10-'84 till
date

25-3-82 to
30)=4-85

1-10~'84 til}
oot

26=-5-04 £
9~6-85
10-6-85 to
till dale
vacant since
inception
vacant since
inception
1-2-82 to
16=-6=85
1-2-82 to
16-6-85

17-6-85 to
date
17-6=85 to
+ill date

e 0
cild
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14.

sSurveyor

Technician Gr.III

Typist Grade I

Assistant Grade I

Peon

wWatchman

Driver (LDV)
GYr« 1T

Sl
Sr i

Sria

Sri.

Sra .
S

Sy ie

K.Vasudevan

K.Aravindan

P. Natarajan Pillai

KKz

Ke

.
M.

M.
N.

Mary

Govindan

Vasudevan
Mohammed Haneef

Mohammed Haneef

Raveendran

€ A Chacko

M‘

K.V

Yavier

rumaran

f <3 &

675-1125

'675-1125

- 780-1320

780-1320

550-800

550~-800

640-~1000

vacant since
inception
9.-12-82 to till
date

A0-15-82 o

till date
17-4-82 to
31-5-85

15-7=85 to till
date

5-9-84 to till
date

7-4-82 to 26-11-85

7-12-8b to
till date

12-4=82 to 6=12-85

16-11-82 to
till date
7-12-85 to
till date

28=2-85 to
7-1-86
8=1-86 to
till date



8. Financial information
i) Expenditure statement from the year of comrencement to
198586
s1. Sanctioned UniVersity . o . 1l e 1
No. « Tt grant for sanction Expenditure gzpsnoé“iig
the year sancticned
grant
1. 1981-82 1,28,3100.00 36,000.00 7,242.85 565
2. 1982-83 4,78,200.00 £,37 ,000.00 1,26,509.58 26 .45
3. 1983-84 3,83,800.,00 3,83,800.00 2,4%,.951.89 63 .82
4, 1984-85 3,80,200.00 3,80,200.00 3,38 U08.35 88.90
5., 198t-86 2,86,800.00 2,86,800.00 2,61.094.23 91 .04&%
ii) Expenditure statement of the year 1988-86 from 1-4-1988
to 31-3-1986.
Sl. Bucget sanctioned ICAR University Total Expen-
No. Head grant for sanc- sancticn Expen- citure
the year tion diture as % of
the
sanctio-
ned - -
grant_
A. Pay and Allowances
1. pay of Officersg
2. pay of Estt. g 1,985,300 . 1,95,3QQ 1780Q2.48 91.14%
3. Allowances § {
Total 1,95,300 .. 1,95,300 178002.48 91.14%
B. TA 10,000 aw 10,000 3905.80 39.05%
C. Recurring 31,300 T 31,500 31454.90 99.86%
contingencies
D Non-Recurring 50,000 wis 50,00D 47731.05 95.456%
Contingencies =
Grand Total 2,86,800 “in 2,86,800 261094.23 91.04%
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SECTION B

PROJECT AREA = A Braef Description

B.i. Kuttanad

guttanad tract is a deltaic alluvium formation of four
river systems viz. iMeenachil', 'pampa ', tManimala', and
1achen Coil' and the low lying area in and around 1yempanadu
rake, The total area of guttanad tract is about 870 sd. km.
out of which 290 sg.km. is under garden lands, scattering all
over the tract and is lying 1 to om above the sea level, used
mainly for coconut cultivation and habitation. The remaining
portion which was under submergence was progressively reclaimed
as polders by constructing ring bunds. These polders lie about
0.5 to 2m below mean sea level and the impounded water is
drained out by using 1ocally manufactured axial-=flow pumps.
The area of each polder unit ranges from 75 to 500 ha and the
total area under polder cultivation is estimated as about
520.89 sg.km. The whole area is criss-crossed by rivers,
channels, canals and other waterways. ‘The general topography

of the area is flat and level.

The total watershed area of the above four rivers is
nearly 5,000 sq.km. and ‘discharge theilr water into guttanad
region. After flowing through a net work of canals and
channels, they join the vembanad rakes The catchment area has
an annual rainfall varying between 280cm to 380cm. A good
part of the rains, 60% to 70% are received during south West
monsoon resulting in floods and most often submerging the low
lands. The Kuttanad reglon experiences fairly uniform temper-
ature throughout the year ranging between 21°C and 36°C. The

mean relative humidity is high and is about 70%.

The Vembanad Lake which is the non reclaimed part of
the Kuttanad extends between Alleppey and Cochin with an area
of 80 sq.kms. This lake is connected to Arabian Sea at cochin.
The water in the ;ake is saline except during the monsoon
season when the sﬁrface water is sweetened by flood water.
When the flow in the rivers dwindles from the month of December,

the saline water from the sea intrudes the entire ared due to
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tidal action. The salinity in the northern parts of Kuttanad

goes beyond limits of tolerancs for rice cultivation from
January onwards and it spreads rapidly to the southern parts.

G
fwj

The surface water remains saline till the first flood washe
it during the succeeding South West monsoorn.

The soil is acid sulphate in nature and is having high
acidity. Three major prdblems encounteréd during cultivetion
in this area are

1) high aeidity

2) damage caused by flcods and

3) intrusion of saline water during the fag end of

crop period.
Kari Lands '
The whole Kuttanad tract is differentiated into three

types of lands, nramely Karappad. Kayal lands and Kari lands.
The Kari land occupieskah area o nearly 7,000 ha. They are
located in the Taluks of Shertala , Ambalapuzha and Kuttznad
of Alleppey District and vaikom and Kottayam of Kottayam
Tistriet. | ‘

The Kari lands are a unique agricultural tract with
Kari soils - black charcol coloured organic soil. These lancs
gre gulbe similar to’ that of Kuttanad région with respect to
topography, formation, climate and vegetation, but the
organic matter content of the soil is very high.

Tt is believed that this soil was formed and developed
in the distant geologic past when thg a¥Yea was covered by
dense forest vegetation. In the succdeeding geological ages,
the sea advanced and engulfed many placges. After thousands of
years, the sea receded exposing the doastal region and pzart
of the present midlénds. During this geological upheavals,
the entire forest area was submerged £3r below the ground and
thereafter silted uptb varying levels.

The profile of Kuttanad alluviym ¢onsists essentially
of alternating layer of clay and sand, admixed with varying
proportions of organic matter. The clgy is usually a grey,
dark or bluish blatk in colour, This &lluvial formations
exist in layer varying upto 30 metres #n depth underlain by
sand stone and mottled clay of tertiary formation. gEill

distinct, the Kari soils can b2 readilsr be discerned by the
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deep black charcoal colour, due to high organic matter content.
decomposed organic matter O

The top soil is admixed with well
the tune cf 10-30%. But, underneath, the top laver is the

partially decomposed, fibrcus plant residues containing less

than 50% mineral matter. ltence, these soils are both mucky
* 4

and peaty in nature. n some places, large _0gs of wood
locally known as tgandamaram' occur embadded in the sub soil.
Beneath this layer, the s0il- is an admixture cf gand, organic
matter and clay and still deeper it becomes river sand.
gari soils are extremely acidic in reaction with rH

ranging 3-4.5 and “the pH reduces further when the soil gets
{a

dried up. It is found that the extremely low pil on drying LS

due to the production of free sulphuric acid by ox idation oL

sulphur compounds in the soil. The fertility status of the

soil is poor. Besides, the soil contains toxic concentrations
of Fe' Al and toxic organic products.

Biii.The Pro ject Area . xavil ThekFlumpurai Fadasekharam

Biii. ,
1,0cation and Area

.

The project ar=a is a Eypilcal representative tract of
kari land with an area of (19.99 ha. The prcject area comes
under Ambalapuzha village cnd Talukx of Alleppsy District. Ic
lies 4 Kms. east of ambalaguzha. Jurction on National Highway
47. The padasekharam 15 pagirclec by arbalapuzha~Thakazhy
road at north, Kalathil thodu at east, Keril +hodu at south
and Karumady thocdu at west.

Biii. Physiography and Hydroloc s
o "

The project field 'S 16catadd 1 to 1.5m below mean sea

level. The water collecterl in the project area is drained out

by pumping to nearby canals using ayial flow pumps (petty

and parah). There are Lwo ‘pumping cutlets, one with a 30HP

and the other with 20HP axdial flow p mp. The former is
installed on the ring bund of Karnmady thedu and the latter OL

the ring bund of Kari thodui. Two draiinage chanrels, with aa
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BRiii.

d.

8 :
average width of 2.5m and a depth of 0.7m, are inter connected
and lead water to the pumpin

small drainage channels which opens LS

g bays. There is a net work of

into the main drainage
channel.
The land has got almost an even topography .

The water level in the surrounding water. ways will be
higher by 1 to 1.5m than that in the paddy fields during the
season Of cultivation. The havoc of flood, over topping and
breaching of bunds and flooding of paddy fields are antici-
pated during the period ¢f SW monsoon . Tnundation of salt

water and damage of crcps are experienced during the period

January %O March.

Climate

i

The project area experiences a yploal tropicall climate.
The monthly mean of the weathel parameters for the period from
1976 to 1984 and that for the period from 1985 January to
March 1986 is given in table A. The monthly changes in

climatic parameters have also been illustrated through fig. &

and B.

Land Holding &nd ptilfdzation

From the survey conducted at this station and fram the
records available wit:h Rev2nue Department, it is found that
altogether 125 cult lvators are there in the project Area,
farming 75.238 ha oft paddy fields. when the tenureship of the
land is classified Tbased cn the evtent of holding, it was seen
that a substantial number of holding fell pbelow 1 acre. out of
125 Nos. of holdings, 75 holding wers with an average extent
of 1 acre Or below; that and 35 noldings were with an average
extent between 1 #cre apd 2.5 sope. Only 15 holdings were
with mean acreage above Zab BOrEs The, averagedsinge ef:r hokding
#s20.601 ha (1.43) acres).

The total arca of the prroject field is 88.919 ha and
actual paddy fie:ld is 75.238 haa. The rest of the land is
occupicd by roacis, trenches ard reclaimed dry lands. The dry
lands are used:foy human habit.ation and for the cultivation oOf .

perennial crops:. mainly coconuit.
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MOWTHLY VARIATIONS OF WEATIIFR PARAMETERS IN TIT PROJECT AREA

(a) Total Rainfall cm.

JAN. I'E3.

MAR. APRL. MAY JUNE

JULY

SEP.

AUG QCT, NOV . DEC 5 Total

' Mean
A- .85 Bed7 4.96 12.56 31.42 €61.67 54.97 41.35 28.11 29.5¢9 21.80 695 300.5
B 7.08 1.2 0.898 7.73 1.83 85.02 43.89 24.81 32.05 29 .51 12.48 4 .05 225.74
¢ 0D.05 6.08 - = = - - - — s - -

(b) Montahly mean maximum Temp °C

& 34.0 33.52.34:55 35.04 33.92 30.86 30.35 30U.85 31.85 32.44 BT «8Y S8 & 16 B e
3 32.19 32.25 33.74 32.2 31.7  28.37 28.74 28.87 29.57 30.26 30.77 32.32  30.92
C 32.16 32.89 33.03 . - - ” - - - = - -




(c) Monthly mean minimum Temp °C

oo

JAN. FEB. MAR.  APR. MAY JUNE

JULY AUG, SEPT. OoCT NOV . DEC . Total
e Mean
4 92.12 23.38 25.23 25.58 25.96 24.73 2395 24.41 24.87 25.61 24.60 23.49 24.52
B Z1.38 22.5 23.68 24.0 22.4 27 wd 2332 23.61 23,5 293,48 22.87 21.81 22.28
c 21.65 22.64 24.45 - - - - - - - - - =

‘(d) Monthly mcan cvaporation (mm)

A 3.74 4.14 4.78 4.94 4,96 4.24 4,31 4.14 4.38 4.36 4.01 3.6 4 .30
B - B05  4.51 5.62 & 73 4.17 5,47 3.95 4.22 3.36 3.29 3.35 4.31
c 3.43 4 .28 4.94 - - - - - - s o - £
A = Monthly mean for the year 1976 Lo 1984
B = Monthly mean for the year 1985
Cc = Monthly mean for the year 1986
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Cropping
The one and the only crop raised in the wet land is

paddy and there is 100% coverage under HYVS.

501l Characteristics

The soil of the project area is typical Kari soil. A
soil monolith from O-2m depth has been drawn from the project
area and has been displayed in a glass/depth, the soil is
clayey and black in colour due to high organic matter content.
The clay type is the expanding one and large cracks are formed
on drying. From 60-90m cepth, lot of wooden debris, undecom-
posed organic material, are scen embedded. Below that, the
sQil is an admixture of clay, sand and organic matter. From

the depth of 1.5m onwards, the soil is almost of the river

sand type.
/box. From the visual observation it is seen that from
0 -60cm.

SECTION C

Objectives of the Project

To comprehend the effect of a surface and subsurface drainage

gystem on the movement of soil liguids.

i. To study the effect of surface and subsurface drains in
preventing the rise of toxic products from sub-surface

scil into root zone.

ii. To study the effect of surface drains in removing the

toxic products alreadw present in the root zone.

iii. To study the influenc: of sub=-surface drains on lowering

water table and its effect on growth and development of

roots.

To study the pattern of hydrological cycle occuring in the

water-shed area and its importance and influence on- the

drainage.

To develop a feasible technology for the layout of sub-

surface drainage system suitable to pcat and muck soils.

i. To develop the criteria for the dgsign of sub surfacc

drains in peat and muck soils.
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Tdades

A e

To

To

To evaluate the types of drains (such as tile drains, PVC
pipes etc.) and size and spacing of slots on drains sui-
table for the lay out of subsurface drains.

To evaluate the filter materials to be used for the layout
cof subsurface drains.

To decide upon the depth and spacing of the layout of sub-

surface drains.

To develop the criteria f£or the design of auxiliary
structures of subsurface drains.

develop criteria for design parameters of surface drainage

develop the drainage pattern required for different Crops

ii.

iii.

To determine the drainage requirement of rice Ccrop under
static and fluctuating conditions of water levels.

To study the feasibility of changing monocropping pattern
to diversified cropping and to develop agro-technigues

required for the diversified croppind.

To fix up the drainage requirements of the competent

crops of diversified cropping.

To evaluate the feasibility of using the return flow from

drainage for irrigacion in relation to water guality ratings.

To evaluate the socio=economic benef its acorued from the

drainage projects.

SECTION D

eSS

TECHNICAL_PROGRAMME FOR THE YEAR 1985-86

I. Technicalwprogramme for the year 1985-86 @s approved in the

previous annual workshop.

l.

Ccontinuation of ongo1ng pro jects for collection,
analysis and interpretation ofsdata pn SOig pKOpertles,

drain functioning, pump outlet, crop growt}1 and yield.
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2. Evaluation on the Suitability of different filter
materials for sub-surface drainage.

3. Analysis of drain discharge and water table data under
different spacings and lengths with a view to find the

diameter requirements of tile drains.

II.BRIEF TECHNICAL PROGRAMME OF THE PROJECTS EAKEN UP AT THE
CENTRE DURING 1985-86.

e e e ettt

Sl. Title of the Title of the Season Page

No. pro ject problem NG

1. Survey and characteri- Periodical changes
sation of quality of in the quality Dec. 82
water in the project of surface and s

to
area. §ubsurface‘water Cont irm-
in the project .
areas. iy
2. Preparation of Seasonal fluctu- Jan. 82
water contour map ation of ground to
and hydraulic map water table with Continu-

of the project area. reference to sur- ing
face water level
and characteriza-
tion of aquifer
in the project

area
3. Development of a : a) Assesgment of Decc. 34
suitable technology hydraulic proper- to
for the subsurface ties of the tile Continu~
drainage system in drainage system ing
the Kari lands of _
Kuttanad b) Effectiveness Dec. 84
of tile drainage to'
Continu-

system in the per-“*:
formances of paddy 41
Cropn An the Kard

land
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Title of the Projsctk survey ard characterisation of

quality of water in the project

area.

Title of the prcblem ¢ Periodical changes in quality of
surface anc sub surface water in

the project area

Qb jectives:

1) To assess the periodic cnanges in the quality of floodirg

water, drainage water and ground water.

2) T identify tre fluctuat ‘on in the quality of water during

the periocds of fallowing and Culcivation.

Practical Utility

The study‘will give useful information the quality of
water moving in the project area ard enable to study the impact
Of guality of water on the ecology of the area. The informatian
thus obtained can serve effectively in the planning of culti-

vation in the Project area.

Iechnical Programme

Water samgles will ke 2rawn at weekly intervals from

the observation wells, piezome=ers, drainage channels and

waterways and its Juality such as pH ang EC will be assessed.

Opservations Taken

pH and EC of the watoer samples torbe estimated at

weekly intervals.

Date of Starting _ : December, 19€2

Date of Completion s Throughoux

Progress of Work

Water samples were drawa at veekly intervals from

the waterways surrounding tha project area and from the
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Table 1(1)

pH of Water Samples at Weekly Intecrvals

=2 =3 em  em  @m =™ ks cm omam o=

= ew e mw @a  cm = oo mm e i TS &m mm e oD om mm em en

_— Karumady Karithodu Kalathil Drainagc
thodu thodu channel
18-4-85 6.21 5.80 3.76 4.42
27-4=85 5.39 5.84 3.66 4.72
£=5-85 6.39 6.16 3.96 4.73
16-5-85 6.45 €.57 5.79 5.57
22-5-85 6.47 5.07 7.05 5.90
29-5-85 6.29 5.02 5,24 6.46
5-6-85 5.99 5.43 4.70 4.78
15-6=-85 5.83 5.88 5,44 5,54
21-6-85 5.97 4,13 3.95 4.69
17-7-85 = 7.64 . 6.52 7.58 6.85
24-7-85 6.88 7.41 6.56 7.04
31-7-85 6.56 7.10 T 27 7.31
23-8-85  6.84  6.54 6.37 6.35
2-9-.85  6.35 7 .24 6.57 6.40
9..9-85 6.06 €.40 6.29 5.86
16-8-85 6.61 6.31 6.38 6.48
23.9-85 6.17 - 5.71 5.90 6,14
30-9-85 6.05 5.15 © 4.80 5.17
8-10-85 6.68 6.59 © 6.46 6.08
14-10-85 - 6.57 5.58 L B.12 | 6.13
18-10-85 . 5.97 5,10 7.76 4.59
26-10-85  6.50 5.95 4.21 5.20
31-10-85  6.69 3.86 6.34 . 4.15
6-11-85 7.43 7.35 7.45 g
13-11=-85  7.39 7.46 6.40 6.80
20-11-85  8.50 8.10 ~ g8.10 7.15
28-11-85  9.08 9.25 9.30 9.03
6-12-85 7 23 4.63 . 1.20 6.65
11-12-85  7.28 6.77 5.39 7.63
18-12-85  7.31 6.90 T .28 €.84
27-12-85  7.64 7.35 7.33 6.76

1-1-86 6.94 6+53 T.10 Tx16
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Tate arwnady Kar: thodu
2= C=B55 L« 26 0.96
30=9-85 {1,598 1.14

20-11~85  0.29 0.37

I
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27-12-85  0.50 1.34
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5=2-86 e 053
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rigure 1(1)

periodic changes in pH of water in different water podies wrt time
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Figure 1(2)

per-odic changes in pH of water in different water bodies w.r.t time - kKalathil thodu

and Drainage channel
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Figure 1(4)

f periodic changes in EC &f water in different water bodies wrt time -
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£ield itself. They were +hen enalysed for the pH and EC
<alues, the data oI which are presented in table 1(i) and

1(2), The graphical reprzsentztion of the data is shown in

Fif-TL1) o 1(4). The pH values fluctuated between 5.5 £
7.5 apd at times crossed these limits. The rH conditions
during this cropping sesson were better than the previous
vears and hag roflected in the overall yield obtained from
the project area. The heavy reins occured from late June toO
middale sentember has improved the soil conditions by way of
1caching the acidizy of the soil. The EC values fluctuated
betueer 0.5 to 2.5 mmhos/cm while occassionally they went
beyconG these 1imits. The EC of the drainage channel was
found to follow tha sane fluctuatiors of that~of the outside
water bodies. This cou-d be because of the good leaching
oncmred during the heavy rains prior to the cropping season.

rlooding the £ield prior =0 the cropping season can provide

5

retter soil conditions £0r Crop growth in Kari lands.

RESTALCH PROJECT NO.2

Title 8f the Project . preparation of water table contour
map and hydraulic map cf the project

ared.

o

~t.le 27 the Problem . Seasonal fluctuations of ground
water teble with reference to
surface water level and characteri-
sation of aquifer in the pro ject
area "Kavil Thekkumpuram padase-
kKharam".

b jectiven

a) otudy on the seasonal changes in ground wzter with

refarance to surface water movement in water ways outside.

3} Sceconal changes on the level and movement of water in

P
O

o ol o]

NAYS .
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c) Identification and characterization of aquifer, if any,

existing in the project area.

Practical Utility

This study will enable to understand the changes that
take place in ground water after the layout of the surface and

sub surface drainage system.

Technical Programme

In order to record ground water table fluctuations,
observation wells will be installed at a depth of Im. using
40mm . or SOmm,pvc'pipeS'at 100m apart. The pipes will be
perforated with 6mm holes at 10 x 5cm. spacing and will be
wound with nylon ropes/coir to prevent clogging. Water‘level

in these wells will be recorded at weekly intervals.

Observation to be Taken

Water levels in observation wells, waterways and

piezometers will be recorded at weekly intervals.

Date of Start . June 1982

Date of Completion ¢ Till the scheme work is completed

Progress of Work

Twen£y foﬁr opservation wells had been installed in
three bandé to monitor ground water table fluctuations. Since
then observation have been recorded on water levels in these
tubes at weekly intervals. The locations of the dbservation

wells are shown in fig. 2(1).

' The field was flooded from April 85 to Sept.85 and
nence no observation was possible during that period. However,
readings were recorded from Oct. 85 to Feb. 86. The data is
presented .in table 2(1). The surface water level in the
project area was always lower by 0.5 to 1.0m. than that of the
water bodies outside the project area during the cropping
seaéon.' The movement of groundwater with reference to the
water level of the surrounding water body is graphically shown

throucgh fig. 2(2) and 2(3) for the cropping period. The upward
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Table 2(1)

Ground Water Table level in the Project Area (as read from Surface Bench Mark

Flevation = 1000 cm. )

Mcnth OBW1 OBW 2 OBW3 OBW4 OBWS ORW 6 OBW 7 ORW 8 OBW 9 OBW1C OBW1l OBW12 Mean
1 2 * 3 4 5 6 7 &8 9 10 11 12 13 14
Aprilr 8 ceeeen—— Flood Fallowing =—=—=-===
Mavy L " "
June a " u
July ¥ i n
* Aug . 1 n "
Sept. " " "
Dot " 814.5 €817.9 8Q7.0 828.1 &8l0.2 Bl8.0 815.0 £13.2 810.2 B8l18.3 FPlob« 816.72 Blb .2
Nov . - 8l4.4 820.2 811.8 829.3 ©8ll.6 B24.6 B20.6 B20.6 812.8 £11.9 G S520.9 819.,3
Dec. % £19.8 B24.4 815.3 Bl3:.0 Bl5.8 824.0 £823.7 B22.7 819.2 821.8 *» 825,58 822.0
Jan. . 86 812.0 8l6.4 805.5 821.3 803.5 802.5 804.5 812.0 816.0 814.0 ™ 818.0 811.5
Feb. " 820.6 ©22.2 803.8 g28.3 B8l3.5 820.5 8Z22.5 882.8 825.0 @G21.5 * 824.0 820.4
March % Fl00=- FloOo= FloO- Floo- Floo- Floo-= Floo- FlOo0-= F1l00- FlOO=- Floo- FloO=-
ded ded ded ded ded ded ded ded ded ded ded ded
Mean 8l7.1 B20.2 £808.7 820.8 dl0=2 817.9 Bl7.3 8l8.3 Ble.7 819.7 821 .0 817.7




Montch
April
May
May
June
July
Aug
Sept.
oct .
NOV .

DecC.

= = s ocma cmw

naw 20 OBW € ORW 21 ORW 22 ORW 22 OBRW 24 Mean
Mud Flooded Flooded Flooded Flooded Flooded
" it 1] 111 i 1]
[} 1" L3} 131 1 fi
i i1} 114 ! 1" 131
1] 1" 1 " n 1}
111 it i i3] 13] 11}
" 818.0 Damaged 813.8 813.7 832.5 819.5
L 824.6 & 8i6.5 817.8 838.9 824 .5
il 824.0 L - 820.2 837.9 827.1
u 802.5 " = 800.0 rlooded 801 .3
k- 820 .5 W 8160 826 .5 822 .3
L Tlooded H Flooded rlooded rlooded -
817.9 815.2 812.3 836.3 -
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Montch OBW 13 OBW 2 oBRw 14 OBWmlg ORw 177 ODTlE ) OBW 19 o Fﬂe;nm o )
April 85 memmeem e e= PlOod Fallowing ————e==—e=e=

May H " "

June " " "

July " i "

August® " 1

Sept. ™ T b

oct, ® 816.0 817 .9 804.7 Flooded 818.6 809.5 823.7 B3l .2 817 .4

Wov. B 818.9 820 .2 806 .6 = 813.5 el13.4 827 .8 B29.6 . . 818.6

Dec. " 821.2 824.4  811.7 " 813.8 815.8 833.2  826.0 © 820.9
Jan. 806 808 .5 816.4 gl1 .0 - 8066 817.0 823.0 813.5 8l3.7

Feb. & 822.0 822.2 8166 . 815 .9 821.8 831.0 885.5 824.2

March " Flocded Flooded Flooded i Flooded Flooded Flooded Flooded Flooded

Mean 8173 820 .2 810.2 813.7 BlSw5 BZ7%TF 828.0

= Tem = == e oem



Table 2(2) Table 2(3)

sur Face water level in waterways, waich Burrace water level in the Drainage Channel
surrounds the project area (As read from (as read from Bench Mark Elevation =1000cm)
surface bench mark elevation 1000 cm)

Month WI, WL, DCq oc,

April 85 858.5 854.5 855.0 3¢4.0

May J o P B66 «3 867.5 878.9

June " 882.0 880.7 B3 7 877 .8

July " 873 .5 869 .3 872 .8 886.0

Aug. 881 .5 877 .5 876 .0 590.0

Serit. 864.9 860 .6 834 .8 849.0

Oak.s M 8778 81 2.9 1820 807.8

Now, *° 889.4 883 +9 196.5 810.1

Dec. " B33l 878.5 808i5 819.8

Fan .. 86 873.6 869.9 790.0 804.9

Feb. " 859 .8 854.8 819.8 831 .8

March © 852 .4 347 .6 837 «3 846 .5

Mean 872.44 868.04 834.9 847 .22
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movement of water in the soil due to the hydrostatic pressurc
exerted by the high water level of the outside water bodies
could not be quantificd because of the intermittent flooding
and dewatcring of the field practiced by the farmers for
leaching the field during the cropping season. Thus, the
contribution to the groundwater by the components of the flood-
ing water and the contribution by the hydrostatic pressure tend
to make the water level in the observation wells to an equili=

orium with the water level in the field. chcc, a definite

Ny ttcrn of oubmourfaco water movement in thc prOJOCt area could
— :

n t be traccd. Jowever, it was noticed that the wator levels

| in the observation wells wcre higher as the distance of these

‘wells increased from the mein drainage channels. The above

facts can be easily visualised from f£ig 2(4). The monthly
average values of water table elevations are given in table
2(2) to 2(8)s

RESEARCH PROJECT NO. 3a

Title of the Project : Development of a suitable technology
for the sub-surface drainage system

in the Kari lands of Kuttanad.

Title of the Prcblem ¢ Assessment of hydraulic properties
of the tile drainage system.

Objectives

a) To estimate cifferent rarameters of hydraulics of the

tile drainage system in Kari lancs.

b) To evaluate the perfarrance of tile drainage system in thc

project area.

c) To collect information to develop a viable technology FOY

the sub surface drainace system in the project area.

Practical Utility
This is the basic study for gatherlng all parameters

of hydraulics of tile draingge system. The information

collected and compiled car be utilized for defiving a suitable
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tedhnblégy for sub-surface drainage system in Kari lands.
Further, this will serve as the basic data for further field

experimentation on tile drainage.

Technical Programme

considering the locations and availability of farmers'
field for in situ experimentation, it has been planned to lay
9 lines of lateral tile drains. The first six lines will be
at 15m. apart (15m. spacing) and the remaining at 30m. apart.
The first five lines will be of 75m. long and the rest 100m.
each. The initial line designated as 1B15 will be a buffer
line and so are the 6th and 9th designated as 6815/30 and
B2 |
as 2Eqg. 3Eq5. 4E15, 5E15 are the experimental lines of 15m.

respectively. The 2nd, 3rd, 4th and 5th lines designated

spacing. The 7th and 8th lines designated as 7E?O and 8E3O

are also the experimental lines for 30m. spacing... Further

replication for lateral drains of 30m. spacing or same other

_else cannot be planned because of the geometry of the location.

All lateral drains will run at a slope of 0.2% and at
an average depth of 0.875m. The drains will be provided with
a sand filtér of an average thickness of 10-15 cms all around
the drain. All lateral drains will qpen into collection drums
separately. The drums will be inter connected by collector
drains (PVC pipes) of 110/160mm. dia laid at 0.4% slope and
this colléctor drain will drein into a sump from where the
drainage water will bé punped out into the adjoining canal

using a suitable pump.

. The tile draiq is of baked clay, 0O.6m. long, with
bell mouth at one epd (125 mm. outer dia and 100mm. inner

dia). . They are provided with 15 nosy of 6mm. holes in three

bands of 5 holes eacb, on the one third periphery area.

A series ofﬁébservation wellg will be installed in

1

the: field to record %ubsidence of graundwater.
i

Observations to be Recorded

-3,), Rate of discharge of draining water of the individual

Araing
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c) Time elapsed for achieving steady state condition of

ground water.

d) Computation of hg, hygt, K Of soil, g, effective porosity

(p), drainage intensity factor (a), transmissivity ()«
e) Maping of water table

f) Graphical representatiors (1) gvs t, hvs t, g véh

g vs Tive
h
Date of Start s December 1984
Date of Completion . Till the scheme ends

Progress of Work

A suitable location was first selected in the project
area 'Kavil Thekkumpuram Padasekharam' for conducting the
above experiment. The representative area is of about 2.5 ha.
The area>m@s then subjected to compass survey and the align=-
ment of tilé drains, collector drain and sump etc. were

demarked. The lay our of the drains jfs shown in Fig.3L1)«

Laying of Tile Drains

Tt was planned to lay 9 lines of lateral drains out of
which 5 lines are of 75m. long and four lines of 100m. each,
considering the geometry and availability of the land. Lines
were marked on the field and excavations done as per specifi-
cations. The trench cross sections a§ initial and final
points are shown in fig 3(2). The trench elevations at zero
length and 75m. length of 75m. lines were fixed at 7.435 m
and 7.285m. respectively, thercby givfng a slope of 0.2%. The
trench elevations at zero length and }OOm. length of 100m.
lines were fixed at 7.485 and 7.285 respectively, thereby giving
a slope of 0.2%.toTthem aleo.c After giving-a -fizal:levelding

to the trench bottom, river sand was gpread to a 10cm. thick-

ness all along the trench bottom. Letels were taken at
frequent intervals to see that the sl@dpe was maintaijiired throu-
ghout. After spreading the filter, tilesdrains of baked clay,
60cm. long, with bell mouth at one end (125mm. outer dia and
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100mm. inner dia) provided with 15 nos. of 6mm. holes in
three bands of 5 holes each, on the 1/3rd periphery area
were laid with the tail of one into the bell mouth Of the
other. The bell mcuth of the first drain was covered

with gunny bag to prevent entry of soil into it. A close
watch with the dumpy level was done throughout the layinj
process to ascertain that the correct slope was maintained.
After laying the tile drains, filter was spread again cver
the drains to approximately a thickness of 8cm. as shown

in fig. 3(2). The trench was then back filled. 'Nine such
lines were laid as abov: with the first five lines having
75m. length and the rest four lines with 100m. length.

The lines lBlS, 6815/30 and 9B3O will serve as buffer lines
whilé the rest as experimental lines. The laying of all
the drains were done in such a way that their outlets are at

same elevations.

Laying of Collecygr Drair

The collector drain was laid in a line perpendicular
the drain lines. The trench was excavated and a 0:4% slopec
was given for the colleztor pipes. Based on the design
calculations and the availability of pipes in the market,
110mm. pipes were used for the first 60m. and 160mm. pipes

were used for the rest of the length.

Installation of Collection Drums

Empty Bitumen barrels (5pcm. dia) were used as
collection drums. All ths tile drains (bottom) enter into
the collection drum at an elevation 7.385. The point at
which the collector entcrs at different drain line ends
differ and is a function of the collector line slope.
Figure 3(3) illustrates the entry of the drain line pipe
and the collector line pipes into the collection drum at
5E15. Table 3(1) shows the different elevations at the
collection drum and f£ig. -3(4) shows the .vertical section of
the collcctor line. The collection drums facilitate the
measurement of drainage flow from each tile drain linc.

After installing the collection drums at pre-determincd
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Figure 3(3)
COLLECTION DRUM AT 5E15
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Table 3(1) Elcvation on Colloctor Line

T T 7 T Tcoricetor T Tcd1icctdr” GollécEer T Aarred "Tile Eleva-" "FIE- ” Bafradl — Barrel . -
Distanco centre top bottom boltom tion (kottom) O length .
0 9B, 7.03 7.085 6.975 6.875 7.385 8.23 8.38 . 1805

30 8, 6.91 6.965 6.855 6.755 " 8.235 8.385 1.63

60 7E 6€.79 6.845/ 6.735/ 6.635 " 8.235 8.385 1.75

30 6.87 &.71
T / 5 5 .5¢C oL ] . . %

90 6315/30 GJ.ET 57 6.59 6.49 8.255 8.405 1.915 ]
105 5B, ¢ 6.61 6.69 6.53 6.43 " 8.165 8.315 1.885
120 “Bys 6.55 6.63 6.47 6.37 . " - 8.27 8.42 2.05
135 3E, . 5.49 B 57 6.41 6.31 ' 8.215 8.415 2.105

1 :
150 2E, 6.43 6.51 6.35 B .25 - 8.27 8.42 2.17
165 131: 6.37 845 £.29 6.19 " 8.27 8.42 2.23
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2) Refer to table 3A for elevations % i
' 3.
cectional elevation along the collector drain s sinms S i
. 4.5%
rigure 3(4)
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elevations, the collector pipes and the tile drains were

joined to the drum and the trench was back filled.

Drainage Sump Construction

I

A drainage sump was constructed with a view to
collect the drainage flow from the collector drain ard to
pump it out from there to the adjacent 'Karithodu'. The
sump was designed subject,to the space limitations available
at the site. The collector drain enters the sump at an
elevation of 6.34m. The sump was constructed with concrete
rings of 110cm. outer dia and 100cm. inner dia with a height
of 40cm. Figure 3(5) illustrates the installed sump. The
. deepest ring acts as a stilling basin (40cm,_) and the
effective storage depth is 1 metre. A 5 H.P electric motor

pump is used to drain the water.

- Installation of Observation wells

A series of observation wells were installed in the
experimental site to record the fluctuations in the water
table elevations on the event of draihage. The general
pattern of the installation of the observation wells are
shown in figure 3(6). They have beén Spaced perpendicular
to the drain at 0.4m. s/8, and S/2 where S is the spacing.
Three such lines of observation wglla have been installed at
/4, /2 and % L, where L is the Yength of each drain linc.
The observation wells have been made.with 1.5m. long, 40mm.
PVC pipes. Five mm holes with a spaging of 10cm. have been

drilled in 6 bands at the bottom 50@m. length and coir was
wound around it with the bottom of Bhe tube covered with

polythene covering.

Sieve Analysis

Sieve analysis of the river sand and the base
material was done in de0101ng the psuitability of the river
sand used. Tables 3(2) and $(3) show the result of the
analysis and figure 3(5) shaws the grading curves drawn.
Spalding (1970) suggested thé£ the most reliable criteria

for the design of filter dgsign gre those of the United
States Waterways Experimengal Sketion. Tre dagsiy ‘
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Table 3(2) - Sieve Analysis of River Sand Filter

Sieve
sizc/ 5.8 2 g 500 106 45 45  Total
WL Qe
tained mm mm mm micron micron micron micron

(gm)
- == = o == == == camy - I e - L T - =Y :q :':. .m - - = - - s L) L N - T B =
Sample 1 121 207 .5 380.5 24%.,5 457.5 4.25 13.5 1429:75

Sample 2 2.5 214.5 357 190 295.5 2.42 10.58 1151 .5
Sample 3 29 222 412,5 266.5 413.5 3.83 18.17 1441.5
Sample 4 68.5 209.75 380.5 23L.5 377.h 2.92 12.82 128&.5

Total 362  860.75 1520.5 94}.5 1544 13.42 55.08 5307.25

% Retained 6.82 16.22 2B.84 17 .74 29.09 0.25 1.04 -

Cumulative .32 23.04 51.88 69.62 98.71 98.96 100

% retained

Table 3(3) Sieve Analysis qif Base Material

Sieve

size/wt. 5.6 ~2° 1 500 106 45 45
retained mm mm mm micron micron picreon micron
- (gm)

s cm e a e Emerm 00 e e ot e wma e ow oo

e em  wm s om2 e a3 S e em B cm em

0.045 1.875 18.114% 0.597 1.681
0.066 1.654 19.77¢) 1.519 1.673

Sample 1 O O
0 O

Sample 3 O O 0.555 1.410 18.873 1.540 1x718
O O
0O O

Sample 2

% rceta- Ded3 7 80.40 o8 7.18
ined '

Cumulative% ‘
retained O O 0.23 723 87 .63 92.81 100

=® ot em @ h em  cw e

= w= e == w4 em e om e e e e

22.314
24,682
23 « 585

70591
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The design criteris =re

DlSF .5 D855 = (1)
< e el
D;sF = 20 Dy 35S (ii)
D5gF = 25 DgqS e (1i1)
DggF = 5 DygS —w==  (iv) where D;¢F is the size of

particle in filter, 15% passing sieve .and Dg5S is the size of
particle in scil, 85% passing sieve.

The first three criteria represent the filtration
quality and the last one represents the adequacy of the
hydraulic conductivity. Tae differsnt particle simee a8 por

the above criteria is given below.

Dy o7 = 0.25 mm D, 5 = 0.125 mm
D85F = 2,75 mm D855 = 0,40 mm

From the above particle sizes it can be seen that all
the above criteria have becn satisfied and the filter used is
adequate in terms of filtration guality and hydraulic condu-

ctivity.

Data Processing

Just after the completion of haryest of the paddy crop
in the experimental area, continuous drainade pumping started
on 21-1-86 which was continued upto 26-1-8€. Observations
like drainage flow through the tile draina and water table
recession in the 122 observation wells were recofded at hourly
intervals. The féadingsﬂinterpolated from this data at 5-hour
interval are given in appendix I. 'The above data was then
sub jected to vigourous analysis for f£inding the hydraulic
conductivity using steady state equations since the water table
movement and dra-n discharce conditions showed a relatively
constant behaviourm towards the later part of the cantinuous
drainage. The steady state conditions are because of the
continuous recharge from the outside water bodies ipto the

experimental arez which is peculiar to the Kuttanad conditions.



The analysis was based cn Hooghoudt's equation which

is

g = 8 Kch + 4 12 vhere

NIA

S 5
= discharge in m’day
equivalent depth (m)

= hydraulic condactivity in m/day

R Q
1

= hydraulic head in m at mid point of the drains

spacing of the drains in m

0
il

The above cquation when divided ky h wvill give an
equation to a straicht line which is

~ i

- G 7w A o
g/h = 8 Kd + % {d" vhere 4£K 1s the slope of the

(6]
n

line from where K valUe can be calcélated since spacing 1s
known and 8 Xd is the in:ercert fromiwners K& value. and
subsequentlyz‘d‘ value cen be calculeated.

The observations suclh: as discnzrge and hvdraulic head
at mid spacing were drawn egainst time. The dlscharge and
thé hydrauliec head at mic spacirg of drains -were interpolatad
at 5~hour intervals from -he abovs grapn and typical samples
are represented thrcugh fig. o 3(n) to 3/11). The diecharge
versus hydraulic head relationghip A ccrresponding time i3
also drawn and is shown i1 £la. 3(i2; and 3(13)., The g/n
versus h relationship almogt Zollowad the =owogoudi's eguacicn
and thus the K valtve and 4 value wzarc caloulated. A typical
g/h versus h relartionship is shown in Zig. 3J714) and 3(1

The computed valucs of diffczrent parameters are shown

in table No. 3(4).

Computed valuegs

Tile Line ) -
Parameters ML
~ ™ A . T Y 7m pm)
“E15 3Ty5 %5 SoT: Iy BE,.

4K "0.0227 0.0292 0.0231 0.0272 0.0054 0.0085
7]
.
8 kd 0.0031 0.0012 0.002: -0, 0039 3. 5- -_‘:Or") 0.0C0N1
52

K(m/day) 1.275 1.6406 1.30CC 1.5312 1,211%  1.912%
Kd(m?/day>o.osas 0.C340 0.0622 -0.1106 0.004 0.0107
4.85 % o 0.33 0.56

R e e e e e e e = e e - - we e s & SRR ST

d(cm) 6.94 2.07

* values are nor taken for further anelysis since d valve is
minus
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Figure 3(12)

Discharge versus hydraulic head (3E15)
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Tible NO.3(5)

g%%u§s of hydrauLic”hgad and d}ﬁchﬁ;qg at _different time

HOL 2B 5

o

Time q i = 4 Lt
© mm/day cm cm mm/day TAL Zndutes

14 - 62.4 42 Gt 5.08
19 10 60.1 43 5.65 Bl
24 el 567 44 65.78 5,30
20 8+5 53.9 45 695 5.43
34 8.1 51.5 46 7 3, .55
e 7.8 49.8 47 T w23 5.65
44 g.6 48,4 48 7 .43 587
49 75 47.2 49 7B 5 a2
54 gans 46.3 50 Vil 5,04
59 7.4 45.6 51 7 .88 B
64 7.4 44,9 52 8.08 6431
69 7.4 44,3 53 Bedd 6.47
74 7.4 43.8 54 8.48 65.63
9 743 43,4 55 8 .68 6.78
84 7B 43.1 56 8.90 6.95
8% 723 42.83 57 93 B
94 1s3 42.7 58 28 & ad3
99 7.2 42.5 59 9.68 7 b

104 T2 42.3 60 ) aih = T 52

109 Tl 42.2

114 T ul 42.1

119 7.1 42.0

124 Tl 41.9

D e



1able No.3(6)

hvdraulic heac and discharge at different time

ey

. yalues ©

for 3E15

Time . Q n h d gq
mm/day cm cm T omm/day lit/minute

24 - 59.3 38 4.85 3,79
19 10.2 56.8 39 5.05 3.95
2 9.1  53.4 40 5.25 4.1
29 8.2 51.0 a1 5.45 . 4.26
34 W 49,1 42 5.65 ' 4.41
39 6.9 47.3 43 5.85 4.57
A4 6.5 45.7 a4 6.05 4.73
10 6.2 44.5 45 5.9 4.92
54 6.0  43.5 46 6.55 5,12
59 5.8 . 43,6 - 47 6.8 5,31
54 5.8 41.7 48 7.1 5.55
59 5.8 40.9 49 7.4 5.78
74 5.7  40.3 5Q 7,75 6.05
79 5,6 39.8 . 51 . 8. . 6.33
84 5.6 39.4 52 g8.45 6.6
89 5.6 39.0 53 6.85 6.91
94 5.6 38.7 54 9.2 7.19
99 5,5 38.5 55 9.6 ‘7.5
104 5.5 59,3 « 5B 10.0 7.81

109 5.4 38.1 57 10.35 8.09

114 5.4 37.9

119 5.4 57 .7

124 5.4 e




Table No.3(7)

Values of hyvdraulic head and discharde at different time

for 4P ¢

R —— -

e g h h g 13/
Lme mm/day cm cm mm/day minute
L& - ES5.B 36 Rl 2.89
.2 T +6 513 38 3.95 3409
24 6.5 47 .5 38 4.15 324
29 5. 45,3 39 4..35 3.40
34 SHe 43,7 40 4 .55 B 355
39 5 0 42.3 41 4.78 B:73
434 L+ 8 41,1 472 4,98 389
49 4.6 40.3 43 5500 4.56
54 4.5 39,56 44 548 4,28
5¢ 4.5 3B .6 45 Sl 6.48
G4 4.2 38.3 46 €.03 dsT1
59 4,1 3 8 47 £ +38 4,78
V% 4.C "37.3 48 €.52 5.33
/9 4.0 36«9 49 735 5.74
o2 3 9 35:5 50 7 9.3 6 .2
ele 348 36,7 51 E+53 6.66
94 3 3 8652
29 8.8 38 .29
104 307 358
109 3ot 35.5
14 =6 35.3
19 3 =l A ]
24 3.6 85,0
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Table No.3(8)
Values of hydraulic head and discharge at different time

= Ex _
Lor Q;Eil 5

Tine q h h g R
T mm/day cim cril mm/day lit/minute
14 - 58 .3 41 3«23 2.52
19 6.5 54.3 42 3.4 2.66
24 6.0 52 .00 43 2408 2.80
a9 5.4 505 44 A wso Z2.91
34 4.9 49.3 45 395 3.09
39 4,6 48.4 46 4,20 It
L4 4.3 47.6 47 4,43 3.46
49 4.2 46.8 48 4.7 S w7
54 4.0 46.2 49 58 391
59 348 45.5 50 538 4,20
54 Feod 45.0 il &x13 4.48
59 3.6 44,5 332 . 6.18 4.83
74 2.5 43.9
79 2.4 L3 .4
84 3ud 43.0
89 a3 42.6
94 3.2 42.3
g9 3 . 41.9
04 3 41.5
168 Sal 41.1
14 Bl 40.7
119 2.0 40 .4
24 " 3.0 40.4




Table No.3(9)
values of hydraulic head and discharge at different time

for 784,

. g h h q LBy
A= mn/day i cm mm/day minute
14 1.53 19.8 20 0.42 0.88
19 1.41 49,2 30 0.46 " 0.96
24 1.31 47.9 31 0.49 1.02
29 T2l 16 .6 32 0.53 1.10
34 1 .14 45,5 33 0.57 1.19
29 1.08 43,7 34 0.61 1.27
44 1 .01 42.0 35 065 1 .25
49 0.95 £1.7 36 0.69 1.44
54 0.91 40.5 37 0.73 1ad
59 0.86 39.4 33 0.78 1.63
G 0.81 38.4 39 0.83 1.73
69 0.76 37.5 40 0.87 1.81
74 0.71 36.5 41 0.91 1.92
79 0.68 355 42 0.97 +02
84 0.64 34 .6 43 I 1 Z510
89 0.60 33.8 G4 1.06 921
94 0.58 23.0 45 1.11 P
99 054 32.2 46 1.16 2.42

104 0.51 31.4 47 1.23  2.56
109 0.49 30.8 48 131 2.73
114 0.46 30.1 49 1.39 2.90
119 0.45 29 .5 50 .54 3.21




o
L2

Tabl=2 No.3(10)

Values of hydraulic head and discharge at different time

for 8g,,

o a —;3 “h ‘ q lit/
nn/day om mm/day minute

14 1.65  43.0 22 0.55 1.15
19 L 54 42,0 23 Q.57 l1.1¢
24 1.44 40.5 24 @) 1225
29 1.34 35,1 25 063 131
24 1.25 3780 26 066 1:38
38 s L8 26450 27 D568 1.42
44 110 33,40 28 Qsfl 1.48
49 2 .03 34,2 29 Uo7 1.56
54 0.96 330 30 Q.79 1.65
S 0.9 .26 34 0.84 1.75
€1 0.84 31.0 32 0.9 1.88

RS, 0s8 30.:10 353 0.96 2200
74 0.76 29.20 34 101 2.10
9 Oals 28.20 25 1.07 A 2.23

4 0.7 27 .40 6 Lel3 2455
S 0.68 26.5 37 119 2.48
4 0.66 28270 48 1.26 2.63
S 0.63 25,20 39 1 .33 271

4 0s:861 24.2 =0 1.4 292
109 0.6 39 .5 11 1.47 3.06
114 0.59 228 12 1 .52 321

116 0.56 2250 A3 1.68 3.4

124 G5 21 5
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Title of the Project

co
(@)}
i
s0

The average value of hydraulic conductivity is thus computed
as 1.463 m/day. The valtes of discharge and hydraulic head
at identical values of time and values of g in mm/day and
litres per mimice at identical hydraulic heads arc given for
each tile drain in table No. 3(5) to 3(1C). Another important
-cature noticed in the project area is that the water table at

zero pumping is not 1evel and showed a slope towards the

0

farther side from the outside waterbody. When tile drains

arc installed in this area there is always a backflow through

~he drains towards the farther side since the tile drains
offors relatively no resistence to flow. This can be casily
identified from the f£ig. 3(16). The values corresponding to

the figures are given in appendix IT.

RESEARCH PROJECT No. 3b

Development of a suitable techno-

o0

logy for the sub-surface drainage
system in the Kari lands of

ruttanad.

Title of the Problem

0o

Effectiveness Of tile drainzage

system in the performance O

paddy crop in the Ka ri land.

Objectives

a) To assess the incremental yield of paddy due to tils
drainage svstem.

b) To study the influence of the tile drainage in the

pattern of growth of roots of paddy Crop.

c) Tc study the growth pattern of paddy crop under Lile
drainage system.

d) o study the effect of tile drainage in the improvement

of roo:t zone profile of Kari lands.

r:ctlval Ucility«

A remarkable improvement on the growth and yield of
Acly crop and also on the fertility of root @ ne has been
revealed from the pilot study on sub surface tile drainage
system in the projecc arca. Hence, this detailed experiment

will being out the magni.ude of incremental productivity
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of Kari lands with laying of a suitable tile drainage system.
The studywillialpo hekp to evaluate the economic feasibility
of the project.

v

Technical programme

Paddy crop will e raised in the field laid out with
the lateral drains, giving uniform package of practices in
the whole experimental ares 2.5 ha). "The standing crop
will be divided into different strips of 5m, wicth along the
drain line. The first strip designated as Ty will fall 2.5 m.
on either side of the centre of the drain lire. The second
strip, T2, will fall betwsan 2.5 M. and Sm. frem the drain
~ine on either side and T, will fall between 5m. and 7.5m.
from the drain line on ei&her side. Hence, lateral drains of
15m. spacing will have three treatments Tl' T2, T3 and 4 repli-
cations (4 experimental lines). For drain lines with 30m.
'spacing will have 6 treatments (TlmT6) ith 2 replications.
The different attribus-es Of growth and vicld of padd:- crop
will be recorded for eack strip. Thc pattern of growth of
roots will be studied at different stages of growth. The prc
and post cropping soil quelities will be cs:zimated +o 885738
the improvement of soil fertiliky.

Observations_to be Recorded
a) Growth and yield attributes of paddy
) Assessment of growth of paddy roots at different intervals.

c) pPhysio-chemical analysis of soil.

d) Monitoring of quality of drainage and irrigation water.

Date of Start : December 1984

Date of Completion ¢ December 1987

Progress of work

The essential layout of the ¢¥periment is as given
in project No. 3a @xcept for the type of Observations. Day
and night pumping throughout the cultivatiqgn season was
Started along with the broadcasting of the paddy seeds and
were continmued upto 10 days before harvest. Observations
like height of the plant, number of hills/dg.m, number of
panicles/Sqg.m, average penicle/hill, grain weight/ha and



straw weight/ha were taken and subjected to statistical
analysis. The analysis was done separately for 15m. and 30m.

spacing. The results of the analysis are represented through

table 3(11) to 3(22).
‘Tt has been found that there was no significant

variation for any parameters i between the drain lines

(15m. spacing) and all the parameters exéépt number of hills/
Sq.m. were signif icantly superior to the control plot. In
the case of 30m. spacing the grain weight upto 15m. Baomex
ﬁR&imxkﬂmaxwxsiﬁxmmxxmxgggkx&x&xxxxm&m&k and straw weight
upto 30m. from drain was found superior to the control plot
while all other parameter were found insignificant. Tt could
be concluded that a 15m. spacing will give an additional
yield of 1.93 t/ha of gr.in and 10.3 t/ha of straw. The
offect of drainage was shatistically superior to the control

plot upto 15m. and then started declining.

Water samples from cach tile drain were collected at
fortnightly intervals and they were analysed for its EC and
pH. Figure No. 3(171 is a graph of EC versus time and it
could be seeh and concluded that the soils‘which were closer
to the outside natural bodies of water drained lesS salts
than the one which is farther. This is becausé of the higher
water level outside the farming area creating a natural inter-
nal drainage and to some oxtent washes the soil. The graph
of pH versus time, . fig. 3(18), gave almost identical values

of pH for ecach drain excepnt for 7E3O where the acidity level

was comparatively very high.

water samples from the drainage sunmp were also
collected daily and were snalysed for EC and pH. The values
are drawn against time and are showh as Fig. 3(19) and 3(20) .
Tt could be seel that the EC values of the drained water were

between 2 to 4.5 nmhos/cm and pH va lues were between B.p LD
G«Ds
A comparison oOf the weekly average values of EC of

the drained water and the irrigatiochn water shown in £ig. 3(21)

ind icated that a substantial amount. of salts can he leached
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Table 3(11)

Ttem: Height of the plant in cm. (15N spacing)

Rq R, Ry Ry Rg Re Mean
Tl 06.25 98.34 99.16 94.59 93.83 g1 .57 95.62
T2 89.58 87.59 95.75 92.59 80«0 99.67. .92.61
T, 89.03 89.7 96.5 27 4 94.49 95.92 93.78

Control T, 8l.5 76.0 73.75 77.25 82.17 88.16 79.81

Total 356,41 351.B83 365.16 361.43 360.99 375,32

aross = 2170.94

variance Table
DF SE MS F ratio F table Remarks

Rlock 5 81.838 16.368 0.962 2.9
Treat 3 935,156 312,719 .18.320 329 T-Significant
Error 15 255.222 17.015
Total 23 1272.215



Rl R2 R? R4 R5 R6 Mean
Tl 88 125 114 85 92 138 107 <33
T2 146 G4 11 72 118 134 113 .0
T3 122 106 118 108 112 100 113 20
control T4 84 60 104 84 128 96 92 67
Total 440 386 450 350 450 468
Gross = 2544
variance table
DF SS MS ® ratio F table Remarks
Block 5 2616 523 42 1.244 2.9 Non signi-
ficant
Treat 3 1521.33 507.111 1.205 3.29 Non signi-
ficant
pEFOr 15 6310.667 420.711
Total 23 10448.00
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Table 3(13)

9
Item No. of panicles/m (15m spacing)

Rl R2 b 7 R4 PS Ré Mean

T1 568 752 764 592 536 760 678.67

T, 746 586 740 500 810 700 690 .33

T3 606 534 664 778 772 620 662.33
contrel T4 420 220 480 392 576 el6 450.67
Total 2340 2092 2648 2262 2854 2696

Cross = 14892

DF 5S MS T ratio F tavle Remarks
Rlock 5 108100 21620 1.952 2.9 -
Treat 3 233120.667 77700.88¢ 7.Cl6 3.29 T=Sigris

ficant

Error 15 166141.333 11076.0Q89
Total 23 507362.00

CD = 129,48 panicles/m2
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Table 3(14)

Ttem: Average panicles/hill (15 m spacing)
Ry R, R4 Ry Rg Rg Mean
T, 6.45 5.97 6.70 6.88 6.91 o P ) 6 .40
T, 5.11 ©.23 B&.49 6.94 7.37 He22 6.23
T3 7,21 5.04 B5.63 T.200 682 €.20 6:386
control T, 5:0 3.67 4.6l 4,67 4.5 6.42 4.81
Total 93,77 2081 23.43 25.69 25.67 23 v35
Grossly 148.82
DI 55 MS F r8tie T table Remarks
Block 5 3.94 0+7886 1128 2+ v
Treat 3 10.484 3485 5.317% 3.29 T-significant
Error 15 9,859 0«57
Total = ‘24,283 -
&D = 1.00 panicle/hill



Tahle 3(15%)

Grain wt. (t/ha; -~ 15m spacing

Rl RZ RE R4 RS P6 Mzan

Tl 6.89 6.83 & .10 5:87 7.8 ®.77 el

T2 T 67 5.66 7.09 5,47 Q.73 7,42 Al

T3 4,33 4,65 65.88 w2 8:16 5.05 6.21
Control T4 4,84 2 .63 STy 4,71 5«50 &.12 4,87
Total 23 .13 19.82 27.48 22.96 31«22 25.36

Groes = 151 .57
Ver iance table
DF 58 MS fF P Remarks
ratio table

Block s gLy 3.94 3.S7 2.9 R~Sigs
Treat 3 19.91 b« 64 65.69 3.29 T=81G
Error 15 14.88 0.99
Total 23 54,52

CD = 1.23 t/ha
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Table 3(16)

straw wt_(t/ha) - 15m spacing

Ry R, R, Ry Rg Rg Mean
T, 19.14 26.62 28.34 20.16 22.58 20.76 22.93
T, 20.10  21.50 24.78 18.40 30.88 25.16 23.47
- T, 22.00 18.75 28.32 30.60 28.72 19.74 24.69
control T, 12.20 9.40 12.80 16.60 12.84 16.52 13.39
Total 73.44  76.27 94.24 85.76 95,02 82.18
Gross = 506.91
- Yariance table
DF - gs MS F ratio F table Remarks
Block 5 100.64 20.13 1.26 2.9 -
Treat 3 487 .47 162.49 100,20 3.29 T-8ig.
Error 15 238.,S9 15.93
Total 23 827.10

CD = 4.81 t/ha



Table 3(17)

_Height of the plant (Cm; (30m spac ing)

Ry R, R, Ry Mean
Tl g95.67 92.0 9.5 91.67 92.%7
T2 87.33 93,67 100.33 99.0 95.08&
Ty g4 g3 w4.18 098.0 92.83 95,21
TLAL 93,33 93.5 93,17 93 .. 17 93,29
T5 85.67 100.17 97.0 99,5 g5 .58
T6 35.5 Q0.5 98.5 96 .83 92.85
COntrOlT7 77.25 77.83 78.0 88.16 80.31
Total 619.58 641.83 657.5 661 .16
cross = 2580.07
veriamce table
DF SS MS F ratio T table
Block 3 1583.:37 5 .12 D % il
Treat 6 638.01 114 .67 5 63 2.66 Signdfiics
rrror 18 311.20 T 17.29
Total 27 1152.59

Ciulh 2 B8
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Teble 3(18)

No. of hills/m® - 30m spacing

Rl RZ R3 R 4 Meanl
T, 80 104 D44 132 115
T, 88 148 108 1606 126
T3 120 104 112 88 106
T, 148 96 92 100 109
T5 128 56 92 104 95
T6 136 120 92 ice 114
Control
T7 34 136 120 96 109
Total 784 TE4L 760 788
3ross = 3096
variance Table
DF 55 MS I ratio TF table Remarks
Block 3 84,57 28.19 e lids 3.16 NS
Treat 2150.86 358.48 Qs 7 2 .66 NS
prror 18 1 13803.43 766.86

Total 27

lel138 .86




Tible 3(19)

AVQ]T age pan J__C l '\Zb.l:‘ .'.l—,\,”‘mw.

= 30m spacing

=

4.93
B.27
¥

>

A0

e -4

~J

Ty FuZb iy 65213 P il
af
Tr B.41 9.5 6.04 5.8
=)
1 S o E 6.78 4.5
r_[6 D« 0O ,1.9 Q. * o

Conpkrol 4

i 2.7 4.9 c.472 62
7
Dokt ] 48.18 43 .69 A P | 41 .77
Cross = 174.74
Variance table

DF S3 18 F rztio F tahle Remarkes
31iock e £ B | 45 0.53 3.16 NS
Treat € 14 .41 2.0 0.88 2405 NG

~J
°
\
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Table 3(20)

Total 27 550572

No. of panicles/m - 30m spacing
Ry , R, R, R, Mean
T, 760 512 133 788 698
T, 812 928 728 640 777
Ty 172 772 608 632 696
T, 778 692 564 776 702,58
Ts 820 559 556 612 630
Tg 908 708 624 492 683
ConErel T7 392 336 588 cl6 483
Toea] 5242 4480 4400 4556
Gross = 18678
y§yiance table
DF ss MS F ratio F table Remaris
Rlock 3 654168 2138¢ 1.32 3.16 NS
Treak 6 202573 33762 2,14 2.66 NS
Error 18 283831 15768




Teble 3(21)

po]
et R - S

crain Wt;mﬁ/ﬁiijéom spacing

e A R

Rl Rz R3 RL} Mezan

T1 71 <09 §.57 6.07 7 i o)

T2 g.,43 10.03 6,01 8,83 8.53

Ty g.64 7.69 5.45  5.66 7.11

T, 7.06  4.43 5.98  7.62 6.27

Tg 6 .45 5 238 5,14 6.93 5.98

T6 9.05 7 .04 83.10 8.41 8.15
control T7 4,71 6 .07 4,33 6G.l2 5 wdid.
Total 52.43 49 21 42,08 51.04

DF 55 Ms B oratio P table Remarks
Block 3 9.07 c Pxi - S B 3.15 N
Treat 6 33.34 5.56 4.63 2468 significant
rrror 18 21.61 1420
Total 27 64,02

c.D = 1.63 t/ha



Table 3(22)

Straw wt. t/ha = 30

m spacing

Rl 7_R2 R3 Ry Mean
Tl« 24.52  20.64 2200 19.52 21.67
T2 31.44 3032 25.64 24 .68 28.02
T, 30.88 26.56 1o Bt - 19.20 94,23
T4 27 .40 24 .32 15,20 24 .60 22 .88
T5 27 2.8 20.84 21 .64 23.16 21.98
T6 26,44 25+ 88 21 .64 23.76 24 .43
control T7 16 .60 12.12 10.08 16 .52 13.83
Total 179.56 160.68 136.48 151.44 628.16
variance table
DF SS MS F ratio F table Remarks
Block 3 139.21 - 46.40 6.3 316 significant
Treat 6 453.72 75.62 10:26 2.66 u
mrror 18 132.68 7«37
Total 27 725.61

C.D = 4.03 t/ha



water Sample Datea

< 80 ¢
Table 3(23 )

Taken at Fortnightly Intervals

Ec(mmhos/cm} values

(Collected from tile)

water Sample Deta raken at Fortnightly Interval

(Coilected £rom tiles?)

pH Values

. Date
L,ocation
21=13m85 5.]11-85 23-11=8% 10-12--85 6=1-86
7 3 il 2.6 &
1B15 2,6( 1.80 2 ’2 2 sk
2E15 3B 2.40 2 .40 2.5C 2«50
a4 3 C Re b 2.4
3E15 2.94 3.30 3.00 3 e 4
2 C 39 . 20 LA
4E15 2.13 & 2( 3.90 5 2.40
5E15 2e2d e &) 4,80 510 3 .50
6B 4,80 4,510 5,10 5 2+ 10
15/30 o
7E30 6.06 6.0 B w3l 4 .80
4,5 4. — 4 .40
8E3O 4.9% .80 80 4
QEBO 4.35 ==

Date
LOCatIom "53] 10-65  5-11 -85 26-11-85 10-12-85 6-1-8¢
1B, 6.6 7.42 - 8.30 6.20 -
2E15 6.10 7.65 7 o3 6 .40
38,¢ 6.10 7.38 7.30 6.20
8 7.30 8.49 9.35 6.10
S8, 5.90 8.37 8.34 4.10 -
A
6815 30 6.49 8.61 5.30
TE4, 2.43 2.40 4.60 5.80 :
8E. 3.56 g.80 8.65 5.60
9B, €.11 - -
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sammle data taken daily fr

Tablewi(25)

83 =@

50 izt

om the drainade SUMp

FC (mmhos/cm)

Date
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Table 3 (26)

Water sample data taker. daily from the drainage sump

pii values

Date PH Date pH Date pH
21-10-85 - 15-11-85 = 9-12=85 6.9
29-10-85 6.5 16-11-85 6.4 101 25 7.5
13-10-85 5.6%7 17-11-85 7.8 11~12-85 7.1
24.10-85 6.4 18-11-85 5.6 12-12-85 6.8
26-10-85 7.1 19-11-85 7.6 13-12-85 6.6
27-10-85 7.5 20~11-85 7.6 14-12~85 6.4
28-10-85 7.07 21-11-85 7.9 15-12-85 6.5
29-10-85 9.1 22-11-85 7.5 16-12~85 6.3
30-10-85 7.2 531185 T.7 17~12-85 7.1
31-10-85 7.9 24-11-35 7.9 18-12-85 6.7
1-11-35 7.8 25.11-85 7.5 19-12-85 5.9
2-11=85 B.2 26-11-85 7.7 20~12-85 6.6
3.11-85 7.7 FPall s FuT Fwml G5 7.3
4-11-85 8.1 28-11.-85 7.3 22-12-85 7.2
5-11-85 8.4 29-11-85 6.9 23-12-85 7.5
6-11-85 8.0 30-11-85 7.0 R 6.7
Tl I=BE G .5 1-12-85 7.6 25-12-85 6.7
8-11-85 7.7 2-12-85 6.7 261285 6.6
9..11-35 7.4 Beel] Gl 7.1 T TB5 6.5
10-11~85 - 421285 7.6 26-12-65 7.0
11-11-85 7.6 5wl 285 7.6 PG =1 IS 7 2
15=11=85 7.4 6-12-85 1 30~12-85 6.6
13-11-85 8.1 7-12-05 6.6 31=12-85 6.8
14-11=85 7.8 {=12-5 7.3 1-1-86 6.9

Bl Tl

3-1-86
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Figure 3(22)

PH of faily water samples collected from drainage sump

during cultivation
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Tab.e 3(23)

Weekly averages of EC and pH of irrigation and drained

Irrigation water Drained water

bate EC pH BC oH
mmhos/cm mmhos/cm

26-10-85 .86 B wd o 2.41 6.94
3-10-85 1.14 SiPc S 2 .46 T B
6~11=-85 0.32 6.63 2.42 7 .84
13-11-85 0.36 7 61 2 85 5.47
20-11-85 0.38 7.€0 3.34 7«81
28=11=85 1.68 Qe 23 3.82 738
6-12-85 2.24 & .25 4,71 Tad?
11-12-85 2.13 6.54 4.35 6.94
18-12-85 2.45 7.C0 3,43 650
27-12-85 1,51 7 <38 4,43 6 .88
1-1-6 2.45 547 3s 1. 6 817
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Figure 3(22)

Weekly comparison of pH between irrigation and drdined water
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Soil sample cata
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Table 3(2a)

-aken at different time

EC (mmhos/cm)

Date

21--10--85 5-11--85 26=11-85 10-12-85 1-1-86

1315 on the line
1515 moddle

2E15 on the line
2E15 middle

3E15 on the line
3E15 middle .
LElS on the line
4E15 middle

3335 on the line
5315 middle
5815/38n the line
6&15/30 middle
7830 on the line
7E3O middle

8330 on the Line
BEBO middle

9B? on the line
Control

&
.

O
O

0.99

1208

o O
o
N

°
(e8]
20
C

':) . 4 8 ;j
e 13
0.9

0+ 723

© D80

Q0«37
O =20
026
D35
0.40

(028

0,75

0.61

Cel2

0.87

0«92
0«65

0.70

50,84
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Figure 3(23)

: | H
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Table 3(29)

soil sample data taken at different time

pH values

Location 21=-10-85 10-12-85 7-1-86
1315 on the line 6«05 HsB0 5.54
1B15 middle Gad2 5.90 Ba
2E15 on the line Ba13 580 6«06
2Eq 5 middle 5o 5.80 5«16
3E;5 on the line 4.32 S0 8410
3E15 middle 6.21 4,80 5.69
4E15 on the line 5 40 4,20 580
4E15 middle 4,88 S a k) 6.14
5E15 on the line G:52 4.30 B 10
5E15 middle 5.94 550 5.66
6B15/3Oon the line 5.26 5.80 2+26
6B, 5 /5 middle 5.77 4.90 5,70
7E3O on the line 5«36 4.60 5l
7E3O middle 5«10 4,40 550
8E30 on the line 6 .26 4.30 5.58
BEBO middle 6.20 5.40 L e
9E30 on the line 5632 4.801 5.43
control 4 .50 5.80 500
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. 94 .

throuch the sub surface drainage system. While the EC of the

irrigation water fluctuated between 0.3 mmhos/cm to 2.2 mmhos/cm
the EC of the drained water ranged between 2.4 to 4.7 mmhos/cm.
The same comparison of pH values, as can be seen from Fig.3122);

chows relatively same pH values which ranged between 6 toO T i

Soil samples were also collected at fortnightly
intervals from pre determined spots to monitor the changes in
its quality. They were taken from a 15 cm depth. The EC and
pH values are drawn against time and are shown 41 Eig. 3(23)
and 3(24). The EC valucs continued to reduce since pumping
apd started rising towards the end of the season as the pumping
intensity reduced. It was also noted that the EC values for
the soil samples on the drain line were comparatively less than
the EC values of soil samples at the mid spacing. The pH
values of the scil, though remained at acidi: level, were not
very harmful for rice prejuction. It could be noticed that
the pH was comparatively more acidic at drain locations than
that at the mid spacing wiich might be because of the aeration
at drain locations due to the drastic lowering of water tables

at that locatior. on pumpinge.

SECTION E

SUMMARY

_ Invest igation ofi the qua ljty variaticn of the water
in the project area was continued. The assessment was mainly
focussed on the acidity and salinity of flooding water and
the groundwater. he pH values fluctuated between 5.5 o 7.5
and the EC valuzs fluctuated betweagn 0.5 to 2.5 mmhos/cm and
at times crossed these limits. Sedsonal fluctuations of
groundwater table with reference tq surface water level was
also monit ared during the reportinq year. The field was
flooded from April 85 to Sept. 85 and hence no observation was
possible during that period. During the cropping period the
field was almost saturated and the surface and the ground water
in the field was found to keep the .same elevation and hence
a clear cut groundyater»movement was pot traceable. lhe water

1



r 83 3
levels in the polders werc always lower by 0.5 to 0.75 m than

that in the nearby waterways.

‘ . The experiment on the "pevelopment of a suitable
technology for the sub surface drainage system in the Kari
lands of Kuttanad" has revealed that the average hydraulic
conductivity of the area is 1.468 m/day. The discharge and

the hydraulic Hgad relationships were cstablished. It was

found that thch was no s gnlflcht variation for any Crop \-\\\

growth parametecrs in between the drain lines for a 15m spacing
and all the parameters exccpt number Of hllls/m were signif i-
cantly superior to the cortrol plot. In the casc of 30 m
spacing-only the grain welght upto 1bm from the drain line and
the straw weight upto 30m from the drain linc was found superior
to the control plot. It could bc conc luded that the 15 m spacing
will give on additional yield of 1.93 tons/ha of grain and 10.3
tons/ha of straw. The effcct of drainage was statistdecallyy

' superior to tha control plot upto 15m and then started declining.

Tt was found during the analysis of data that the soils
which were closer to the outside natural bodies of water drained
less ‘salts that the soils which were farther. This cbuld be
because of the higher water lével.outside the farming area

WX creating a natural internal drainage.

The analysis of the water samples from the drainage
sump has shown that the EC values of drained water were between

2 to 4.5 mmhos/cm and the bH values were between 6.5 to 8.5.

A comparison ofivgekly average of EC of the drained
water and irrigation water has indicated that a substantial
amount of salts can be lgached through the subsurface drainage
system. While the EC of the irrigation water fluctuated bctween
0.3 mmhos/cm to 2.2 mmhoé/ém,‘the mC of drained watcr ranged

between 2.4 to 4.7 mmhos/cm.

Soil samples were also collected at fortnightly
intcervals from the experimental arca to monitor the changes irn
the quality. The EC values cotinued to reduce since pumnping
and started rising towards the end of the season as the pumping

intensity reduced. It was als» noted that the EC values on the

7

/

/
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drain lines were comparatively less than that at the mid spacing.
The pH values of scil, though remains at acidic level, were not

very harmful for rice production.

SECT'ION F

problems Encountcred during the year under report

Therc was only one cicpping season due to the flood
during June-Sept. and hencce the research activities in thz
ficld had to be limited tc during that period. The field
activity was mainly centercd around the observations on crup
data and drainage data of +he already laid tile drains. The
experiment on filter studies co1ld not be taken up FOr ths

want of favourable time.

5 ek
i

SECTIaN- G

- oA,

Tachnicai Programme 1986-87

1) continuation of —he ongoing projccts.

a) Monitoring of periodical changes in the quality of
surface and sab-surface v ater in the project area.

b) Monitoring of seasonal  -uctuations of ground water
table with reference to surface water level.

c) Assessment of hydraulic pwoperties of the tile drainage
system. ' '

d) Theoretical prediction o drain performance in terms of
water entry quality of th e drain.

e) Effectiveness of tilz drai inage system in the performance
of paddy crov in the Kar., land.

2) Evaluation of the suitcoilii:y of different filter materials

for the sub-surface drainag =.



Since the experiments conducted by sub-surface tile
drains wer= found effective, it is very essential to deepen
the existing channels to serve as a collector drain for the
tile drains. The tile drains are akdd at a depth of 75-90 cm
below the ground level and the existing- open channels are
below lm depth. An approximate estimate of R.80,000/- has

already been submitted fo- approval.
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APPENDIX I_

Discharge at Shour interval in mm/day for different tilc

§£§ins
Time Tile No. . .
2E) 5" 3E15° 4E;5% 5Ejg TE34® 85, ©
14 11.4 11.8 10.2 8.9 o 2.2
19 10.0 10,2 7.5 6.9 1.8 1.5
24 sl 8.l 6.5 6.0 145 1.4
29 8.5 8.2 5.9 5.4 1.4 o
34 8.1 7.5 5.4 4.9 i
39 7.8 6.9 5.1 4.6 1.1 .
44 7.6 6.5 4.8 4.3 1.0 1.0
49 7.5 6.2 4.6 4.1 1.0 1.8
54 g.5 6.0 4.5 4.C 0.9 0.9
59 7.4 5.9 4.3 3.9 0.9 0.9
64 7 A 5.8 4,2 3.7 0.8 0.9
59 7 .4 5.8 &, 3.6 0.7 0.8
74 7.4 5a 4.1 Bk 0.7 0.8
79 7.4 5.6 4.0 3.4 0.7 Oe7
84 7.3 5.6 3.9 3.4 0.6 0.7
89 7.3 5.6 2.9 3.3 0.6 0.7
94 7.3 5.6 3.8 P 0.5 Gia
99 T a2 5.6 2T 3.1 0.5 0.7
104 7 o2 5.5 3.6 3.1 0.5 0.7
109 7 o 5.4 3.6 3.0 0.5 0.7
114 7o 5.4 3.6 3.0 0.5 o M

* 15 m spaeing

@ 30 m spacing
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Hydraulic heads at > hour interval

g em S SR e e BB ™ em s s ows em S S

s % i Head (cm) N
OBW 111~ 0BW 112 opw 113 oy 114 OBW 115
S 621 G253 58 2 562
44,0 59 .7 50.8 31 .5 49.0
38,86 B4 il +8 45.6 43.5
34.9 e 4,3 41.5 38,7
S« 54,0 51.8 59 .2 28 .0
29.6 526 50.0 38.56 32 .0
28 .0 bl & 48,6 37 .8 29,5
26.9 500 47 .4 S o1, 27 .5
26.0 49,0 L6.6 36 .4 25 .6
2545 48.0 t5.9 36.0 24,2
25.2 47.1 '5, 3 35.6 _ 2o.8
23,0 46,2 4.9 S5 21,9
24 7 45,5 ¢4 .5 35:2 24 .0
24.5 4,8 ad, 2 dBwd 20 .2
24,3 da Lz “3.5 34.9 196
24 .0 43.6 43.8 34.8 i P
23 .8 43.1 St 34.8 18.4
23% 2 42.7 13,5 34.7 18 .0
2343 e w3 3.4 34,7 1745

10 2 42.0 %3 &3 34.7 172
114 22.9 41.7 13.2 34.7 16 .8
418 22w 41.5 ] 34.6 l16.4
124 22,5 41 .3 13 .0 34,6 LB

A

he subscrips of Oobservetior wells denotes the following

1) First digit indicate s th2 OBW line.

2) Second digit indicat=s the drain line,

3) Third digit indicates th pPosition of
drain line towards tne laft,

the CBW from the
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Time e Head (cim)

oBW. 121 OBY: 122 Or 4. 123 ORW 124

P - T T T T - e s emem  em em em ma s mEm Emea

14 55.9 57.5 62.0
1 45.5 48.8 59.3
24 29.0 43.6 55.7
29 34.0 B0 8 B3 .8
4 30.4 97,77 51.4
9 27 .4 35,8 49.6
44 25.0 34,4 48,1
49 23.0 39,2 46 .9
54 37 .5 32.4 46.0
59 o ) 3
64 19.0 31.6 44
69 18.3 3 7
74 17.6 31.1 43.1
3 6
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102 1.5 .0 30 .0 41 .1
114 14.7 289 40.9

119 2
124 14.0 29.8 40.7
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onw 132

e = e em

54.8
46,2
- 40.1
36,3
33,7
31.8
30.4
29.2
28.6
28,3
27.9

e e

OBW 134

53,8

503

- 47.2

44,9
42.6
40.5
38.6
370
35.4
34.2

35,0

Sl.6
205
28.5
28.6

OBW 135
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Time 1cad (Cm)
oBwW 141 OBW-142 OoBW 143 OBW 144 OBW 145
la 25 .0 56 .5 54 .5 B .7 850:5
19 175 53 1 nlwl 48 .0 44 .2
24 16.0 49.8 4.0 379 40.8
29 4,8 46.7 2.0 34 .6 38.0+¢
34 14.0 44,2 L 32:6 3642
39 13.4 42.1 3.0 31.1 34.3
deo 1246 A}« 5849 200 32l
49 el 38.5 38.4 29 .k 210
54 11 .8 370 38.1 28.6 2945
59 11 .3 3546 27 28.2 28.2
64 [ P 34.4 37.0 278 26.8
69 11.0 33 .3 37 .4 27 .4 25.4
74 108 32.4 Sk 272 24 .C
79 10:8 31.5 36.9 24 +0 PR
L 10.4 | 304 36.7 26,9 21 .5
89 103 30.0 48.b6 2647 202
94 102 7053 36.5 ib o 19.2
99 10.0 786 36.3 25.4 18.4
104 9.9 28.0 36l 26 4l 19 5
10e 9.8 27 .4 359 295 177
114 9.8 _ 27 .0 3500 7 2547 17 <)
119 i s 356 25.4 16 .3

124 9.6 26.4 35.:5 20 xd 16 3
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Time Heacd (Cm)
SoT151 oBW 152  onw 153 OBW 154 oRW 155
14 1.3 53 56 .0 620 56.2 53.0
19 S.4 49 .4 50.9 54.5 48.7
24 8.9 44 .6 59.9 52.8 45.1
29 8.7 40.8 59.0 . 51.4 42.3
34 8.3 37.8 58.0 50.0 40.1
39 8.2 35.4 B9 .1 48.7 © 38.3
44 8.2 3.6 56.2 47.3 36.4
49 8,0 31.8 55,2 46.2 " 34.8
54 7.9 30.4 54.3 451 ©33.5
59 7.8 29.2 53.3 44 .1 32.3
64 7.8 28.4 52.4 43.2 31.1
69 7.8 27.6 51.5 42.3 30.0
74 7.8 26.8 50.7 41 .4 29.0
79 7.8 26,2 19.9 40.5 28.0
84 7.8 25.8 19.3 39.8 5T o2
89 7.8 - .25.4 48,6 39, 26.5
94 7.8 -25.0 8.0 88,5 25.7
99 7.8 24.8 47 .4 37.9 25.1
104 7.8 . 24.7 46.8 37.3 © 24.5
109 . 7.8 24 .4 16.2 36.8 24.0
114 . 7.8 24.0 45.7 36.3 23.6
119> 7.8 24.0 45 .7 86,3 23.6
124 7.8 23.6 14,6 3545 93,7
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Time Head (Cm)
OBW 161 CBW 162 OBW 163 OBW 164 OBW 165
14 51.3 54.8 55.6 44,3 46,2
19 47 .4 53.3 B5.4 42.6 42.2
24 44,6 g2 .1 54,7 40.8 39.1
29 42.0 50.9 53.9 39.4 36.5
34 40.0 49,5 53.1 - 38.2 33.2
39 38.2 48,3 5§2.2 37.0 i
44 36.5 47,2 Bl.2 35.8 29.2
49 35.2 46.3 501 © 34,7 276
54 33.7 45 o3 49.1 - 33.3 26.1
59 . 32.5 44,5 48.1 32.8 24,7
64 31.4 43,6 47,2 31.7 23.5
69 30.4 43.0 46 .4 30.9 22.5
74 29.5 42.3 45,5 30.0 21.6
79 23.5 41.6 44,6 29.3 20.9
84 27.8 41.0 43.7 29.6 20.2
89 27.1 40.6 43.0 28.0 19.5
94 26.5 40.0 42.2 27 .4 18.¢
99 25.8 39.5 41.5 26.7 18.3
104 25.3 39.1 40.7 26.2 17.8
109 24.8 38.6 40.0 25,7 17.3
114 24 .4 38.3 39.4 25.3 17.0
119 24.0 38.0 38.7 7 16.€

124 23 & 37, 38.2 24.6 16.3
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Time Head (Cm) _ e
OBw 171 ORW 172 OBRW 173 OoBW 174 OBwW 175
14 19.1 43.9 £4.0 41.0 41.9
19 17 .4 39.5 4£3.0 38.2 37.2
24 16.5 35.9 21.0 35.1 32.6
29 15.9 33,4 39.3 32.8 29.0
34 15,5 31,6 57.8 31.0 26.6
39 15.4 30.0 36.2 29.4 24,6
44 15,2 26.6 34,7 i 22,8
49 14.9 27.5 $3.9 26.1 ol .5
54 14.7  26.6 21.8 24,7 19.9
59 14.5 25.7 30.6 23.4 18.6
64 14.3 25 29.5 2243 kv
59 T84 24.5 28,5 21.9 16.5
74 13.9 24.0 27.4 20.3 15.7
79 13.7 23.5 6.4 19.3 14.9
84 13 .8 28 .0 25,5 18.6 14.1
89 13.4 22.5 24 .8 17.9 13.5
94 13.2 22,1 23,7 r.5 12,8
99 13.0 21.7 22.9 16.7 12,3
104 12.8 21.4 22.1 16.2 1l
109 13.6 21.1 21.5 15.7 11.4
114 12.5 9. 20.83 15.2 11.0
119 12.5 20.7 20.2 14.8 10.6
124 12.5 20.6 19,7 14.5 10.5
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Time e Head (Cm) e e e
UBW 181 OBW 182 OBW 183 OBW 184 OBW 185
1 43,2 40.5 42.0 39.3 36.5
19 38.8 36.8 41.0 38.3 34.6
24 35.6 34.1 40.0 37.4 32.¢
29 342.7 31.8 38.9  36.4 31.C
34 30.5 29.8 37.8 35.5 29.4
39 20.6 28.1 26.9 34,2 28.0
an 27.0 26.5 36.0 33.8 26.7
49 25.4 95 .9 35.1 33.0 25.5
5¢ 24.1 24 .0 34.2 32.1 24.3
59 5 23.0 33.3 31.3 23.2
64 21.3 22.0 32.5 2.4 72,1
59 20.1 21.1 31.6 29.5 .
74 19.0 20.3 30.9 28.6 20.1
79 18.0 19.5 30.0 27.8 19.1
8¢ 17.0 18.9 29.2 27.0 18.2
89 16.0 18.3 ~ 28.4 26,2 17.4
94 15.2 iy 27.6 25.4 16.5
99 14.5 1% .3 26.9 24.8 15.6
04 13.8 16.56 26,2 24.3 15.0
09 138 16.0 25.5 23.8 14.4
114 12,7 15.6 24.8 23.4 13.7
119 12.3 15.2 24.0 230 13.3
124 120 14.8 23.3 22.7 13.0

The subscrips of observ:tior, wells denotes the following
1) First digit indicate - the OBW iine
2) Second digit indicat s the drain l:ne

3) Third digit indicates the: pdsition of the OBy from
the drain line towards tre lett



Time  opw 211 O0BW 212 CGEW 213
14 579 68.4 86.5
19 27.2 66.4 63 .7
24 93 .01 65.1 61.0
29 212 64.5 58.7
34 20.2 64.2 - 56.8
39 20.0 64.2 - 55,4
44 20.0 64.0 54.0
49 20.0 64.0 52.8
54 20.0 64.0 51.8
59 20.0 B35 51.1
64 19.8 63 .3 50.5
69 19.8 62.6 50.0
74 19.7 51.8 49.5
79 19.6 60.2 49.0
84 19.5 57.4 48.5
89 19.5 54,5 48.2
94 19.5 - 52.2 47.9
99 19.4 50.4 47.8
104 19.4 49.0 47.6
109 19.4 47.7 47.5
114 19.3 46 .4 47.4
119 19.3 45.1 47.4
124 19.3 44.1 47.4

Hezd (Cm)

= o= e s e

TOoBW 214

67.0
Bl 46
39.0
olsd
56 .0
4.0
54.0
331
52:3
l«b
B
50.0
49.2
48 .4
47 .6
46.9
46.2
45 .4
44.7
44,0
43 .4
42.7
42.1

OBW 215

e e = e eem

74.2
71.8
69 .8
68.8
68.0
67 .4
66.9
66.6
66.2
66.0
ED.0
65.0
64.2
63.4
62,2
59,6
530
47 .4
42.0
38.0
34.6
32.0
28,8



e Head(em) T
OBW 221 OBW 222 OBW 223 OBW 224 OBW 22%

14 22.8 45,2 57.0 71.9 63.6
19 21.1 38.0 63.5 69.9 58.5
24 20 .4 35.0 60.2 68.2 54,4
29 30,1 33.0 - 57.2 66.7 50.5
34 19.¢ 32.0 55.1 65.1 47.0
19,77 31.6 53.3 63 .4 44,2

| 19.5 51.4 52.0 61.6 41.6
49 19.2 31.2 50.8 59.8 39.4
54 19.0 31.0 49.9 58.2 37.2
59 18.7 30.8 49,2 56.5 35.5
54 18.2 30.7 48.6 54.5 33.8
59 17.0 30.4 48.2 52.4 32.4
74 15.5 30.2 47.8 50.2 31.2
79 14.3 30.0 47.5 48.0 20.0

84 13 .4 29.6 7.3 46.1] 29
89 12.8 29.4 47.0 44,5 28.0
o4 1203 29.3 46,7 42.9 2 =

99 12.0 29.2 46 .6 41.5 26 .4
104 11.8 29,0 46.5 40.5 25.0
109 11.4 28.7 46.5 39.5 25.5
114 i 28.5 46.5 38.7 25.0
119 11 .0 28 .4 45.5 38.4 24.8
124 10.8 28.4 46 .4 38.3 24 .4
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Tirme Head (Cm) I
_ _ _ _OBW 231 _ _OBW_ 232 _ OBW 233 _ _OBW_ 234 _ OBW 233
14 13.0 63.0 68.0C 57.4 58.6
19 9.8 57.8 65.9 52.4 51.7
24 9.0 53.6 63.8 47.3 44.0
29 9.0 50.2 61.9 44.0 39.0
34 9.0 47.0 60.2 41.4 33.8
39 9.0 44.4 58.7 39.1 31.4
44 9.0 42.0 57.2 =+ 37,3 29.0
29 9.0 40.0 55.8 .  35.8 26.8
54 9.0 38.2 54.5 34.6 25.0
59 9.0 36.4 53.2 33.5 23.4
64 9.0  35.2 52.0 527 22..4
69 9.0 54,3 51 .0 32.2 21.4
74 9.0  33.2 50.0 31.7 20.6
79 9.0 32.4 49.2 31 .3 19.8
84 9.0 31.4 48.3 30.9 19,3
89 9.0 30.8 47.5  30.6 18.8
94 8.8 30.0 46.7  30.4 18.4
99 8.8 29.4 45.9 30.2 18.0
104 3.8 28.9 45,3 30.0 17.8
109 8.7 28.4 44.6 29.7 17.5
114 8.7 28.0 44.1 29.6 17.0
119~ 8.6 27 .4 43.6 29.5 16.9
124 8.5 57 8 43.2 29.4 16.9

P T e em  wa e mm e @3 o= [ emcom e em em o@= e = wa =



Time _Head (Cm) “ L A :
OBW 241  OBW 242 OBW 243  OBW 244 OBW 245
14 54.6 61.5 63.7 64.6 50.0
19 50.4 59.5 63.0 62.5 38.6
24 46.8 57 «6 62.4 59.5 33.0
29 43.4 55.5 61.8 55.8 29.0
34 40.0 53.4 61,2 52.6 26.0
39 36.8 51.4 60.6 49.8 23.6
44 34,2 49,4 59.9 47.4 21.6
49 31.9 47.6 59,2 45,4 20.4
54 29.6 45,7 58.6 43,4 19.6
59 27 .4 44.2 57.9 41.6 19.0
64 25.5 42.8 5% 3 40.2 18.6
69 23.9 41,5 56.6 38.6 18.2
74 22.4 40,2 55.9 37.3 17.9
79 21.0 39.0 55.1 36.2 17.5
84 19.6 37.8 54,4 35.2 17.4
89 18.4 36.9 53.7 34,2 17.2
94 ¥ 0 35.9 53.0 33.5 17.0
99 16.2 35.2 52.4 32.9 170
104 15.4 34.5 51.6 59,3 190
109 14,6 33.8 51.1 31.7 16.9
114 13.8 33.3 50.5 31.1 16.9
119 18,41 32.8 49.9 30.5 16.8
124 12.5 32.5 49 .4 30.1 16.3



34
39
44
49
54
59

64

74
79
84
89
94
99
104
109
114
119
124

= e es o = e EE ) e e e avews  E @

== = e o oem  wn ms

Head (Cm)
ORW 251 OBW 252 OBW 253 OBRW 254 OBW 255
110 63.8 64,5 5951 60.9
9.6 6l .0 64,2 C 87.2 56.8
9.6 56.8 63.7 53 .7 D37
2.6 53.0 63 1. 54.3 - 50.7
9.5 49.8 62.4 52.8 48.4
c.4 47.0 61.7 51.4 46.2
9.4 44 .6 602 502 44 .4
9.4 42.5 60.3 48.9 42.5
9.4 40.6 59.5 47 .6 41.0
9.4 382 586 46.5 3946
9.4 37 T < 45,5 3840
9.4 36.4 57.1 44,5 37.4
9.4 35.0 56.4 43,6 36.4
9.4 34.0 5.0 43.8 35.5
9.4 33«0 54,8 42.0 34.6
9.4 32.0 53.9 41.3 33.9
9.4 3142 53 .1 40.5 83.2
9.4 30.4 52:3 399 325
9.4 296 515 39%2 31.8
9.4 29.0 50.6 38.7 31.3
9.4 28.6 49,7 38.2 30.8
9.4 28«0 48.8 B81+8 30.4
9.4 27.6 48.0 37.5 30.0

=
> om cm e SN eme e
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Time _Head (Cm)
ORW 261 OBW 267 ORW 263

14 51.3 51.9 57.5
19 48.1 51.0 56.7
24 45.0 502 55.9
29 42.4 49 .4 55.1
34 40 .4 48.6 54.4
39 38.5 47.8 53.6
44 36.8 47 .0 52.8
49 35.3 46.0 52.0
54 34.0 45,2 51.2
59 32.9 44 .4 50 &
64 3240 43.6 49.8
69 31.2 497 48.9
74 30.4 41.9 48.1
79 29.8 41.0 47 .4
84 99 .2 40.3 46 .6
89 28.6 39.4 45.8
94 28.2 33.6 45,1
99 IT 7 37.8 44,2
104 £ ) 37.0 13,5
109 26.9 36.2 12,7
114 26 .6 35.4 41.9
119 26.3 34.5 43 .1
124 26.1 33.7 40 .4

Bl 264

50.2
43.8
47 .2
45.8
44,4
43,1
41.8
40.6
39.2
38.0
36.8
35.5
34.2
33.2
32.2

31.2
.2

w
o
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O

NN NN
[N 0t
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O U NN v SO

N
ul

OBW 206
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Time ) Head (Cm)
OBW 271  OBW 282  OBW 2¥3  OBW 2E4  OBW 275
14 51.0 47.0 39.4 41.0 44.0
19 49.5 45.4 37,9 39,1 39.4
24 47.6 44,5 36,6 37.4 36.4
29 45.3 43.2 35.4 35.8 33,9
34 42.1 42.0 34.2 34.1 31.4
39 41.0 40.8 33.2 32.5 29.2
44 39.2 39.7 32.1 31.0 27.4
49 37.4 38.6 51 .1 29.4 25.6
54 36.0 97,5 30.1 28.0 24.0
59 34.5 563 29.2 26.8 22.4
64 33 o1 35,2 28.3 25.5 21.4
69 32.0 34, 27 .5 24,5 20.2
74 30.8 33,2 26.8 23 .5 19.3
79 29.6 52.3 26.0 39,5 18.4
84 28.6 31.5 25.2 21.5 17,58
89 27.7 50,7 24 .4 20.8 16.6
94 6.7 29.¢ 58,7 20.0 15.7
99 25.8 29.1 23.0 19.3 15.0
104 25.0 28.r 99,3 18,9 14.3
109 24.1 97,57 21.6 18.0 187
114 23.4 27.0 20.9 17.4 18.1
119 22.8 26,3 20.2 16.8 12.6
124 29,1 25.7 20.1 16,3 59 4
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e e L PERO(CM) S
ORW 281 ORW 287Z OBRW 283 ORW 284 ORW 285
14 46.2 46,9 46.3 40.2 37.6
19 43.1 45.1 45.3 39.3 35.0
24 40.2 43.2 44,3 38.3 32.3
29 37.0 41.3 3.3 27 .10 30.0
34 34.3 39.4 42.4 35.6 29.6
39 32.0 37.9 41.5 34.4 25.7
44 30.2 36.4 40.5 38,1 24.0
49 28.4 34.8 39.6 32.0 22.6
54 26.4 33.4 38.6 31.0 1.1
59 25.0 32.1 37.8 30.0 19.8
64 23.6 30.9 37.0 29.1 18.5
69 2.3 29.7 36.2 28.3 17.3
74 21.0 28.6 35.2 27.5 16.2
79 20.0 95 25 34.3 26.8 15.3
84 19.0 26 .7 33.4 26.1 14.3
89 18.2 25.7 32.6 25.4 13.4
94 19 vk 24.8 31.8 2.8 12.8
59 16.6 24.0 31.0 24.2 12.2
104 16.0 23.1 30.2 23.6 11.2
109 15.3 22.4 29.4 23,0 11.0
114 14.6 21.6 28.6 22.6 10.4
119 14.0 21.0 27.8 57,0 “9¢8
124 3.4 20.2 27.0 "19.8 X5 .3
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Time Head Cm) S =  )
oBw 311 oBwW 312 OBW 313 onw 314 OBW 315
14 64 .8 69.2 74.7 70.6 71.0
19 56.8 66.5 73.6 £6.3 66.0
24 51.4 63,9 72.7 61.1 61.8
29 47 .6 61.1 71.8 56.9 57.6
34 44.8 58.8 70.8 53.2 54.2
39 42.5 56.5 69.8 49.6 50.6
44 Al B 54 .4 68.9 46.8 47.6
49 39.0 52.7 68.1 44 .4 44.8
54 37.5 51.1 67 .2 42.5 42 .4
59 36.3 49.6 66.3 40.8 40.4
64 34.8 48.3 65 .4 39.6 38.4
69 33.8 47.0 64.7 38.8 36,6
74 32.8 45.8 64.1 38.0 35.0
79 31.9 44.6 63.4 37.2 33.4
84 31.0 43.6 62.8 36.6 32.0
03 30,2 12.8 62.2 35.8 30.6
04 29.5 42.1 61.7 35.2 29.4
¢g 28.9 41.5 61.% 34.6 28.4
10¢ 28.3 40.9 60.€ 34.2 27.5
109 77 .9 A0 .4 60.5 33.7 26.5
114 27.6 38.9 £0.0 33.4 25.7
118 27.2 89.4 59 .6 33.0 25.0
124 27 .0 39.0 59 .3 32.8 24,4
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en @m mm e em  Ta  wm e Tm em s e e cm e ema == em owm @ o P

Head (Cm)

st e e A R AR T s

oBW 321 OBW 322 ORW 323 ORI 324 OBW 325

e e . e em  we e O, = w@ [ em = e e S T P . T

65.6 72.3 75 .4 70.2 67.0
57.8 7€.9 74.5 67.2 61.0
51.9 68.4 73.6 63.6 55.6
66.1 72.7 50.2° 50.6
64 .1 71.7 57.1 46 .4

ias
~J
°

n

i
w
®

62.0 70.8 53.9 42.5
60.0 ' 69.8 51 5L 39.2
58.1 £8.8 48.2 36.0
. 56.3 45.9 33.4
20.0  54.6 43.6 30.8
27.0 52.9 47.8 28.8
25.0 51.5 40.0 27.0
23.6 50.1 38.7 25.3
22.1 . 48.8 37 .4 24
20.6 47 7 6 95,2 22.6
19,3 45 .7 51 .8 35.2

18.3 45 .7 61.1 34.2 20.5
17.4 44.8 60.4 33.4 19.6
16.6 = 44.0 59.8 32.4 ° 18.8
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ovn ©
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w
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L] °
w0 O W

Ul O

1§ .0 43 .3 58 4.4 R 18.0
15.4 472.6 58.4 31.4 17 .4

14.8
13.9

2k« 16«8
57.0 30.8 16 .4

o
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ur O
Ul
~J
o
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Time , Head (Cm) .
O0BW331 OBW 332 OoBW 333 OBW 334
14 823 V0.3 74.5 72:4 61.0
19 e d 67 «3 Ta i 0.3 54.0
24 43.7 Gaud T o7 68.6 46.0
29 38.6 600 70.6 65.9 40.0
34 34,2 56 6 69.3 65 .3 35 .4
39... 30.8 53.4 68.1 63 .1 31 6
44 24 +3 50.4 £6.9 Bdwd 28.4
£9 24.2 47 .5 E5.7 6047 25.4
54 g = 44 .7 64 .4 59 .1 23«0
59 19.8 4244 G300 B7 5 2ix»t
64 180 40..5 Bl .6 56.0 180
69 167 38 .6 60,2 54.5 17.8
i £5.5 37 58 .0 5342 16.8
79 14.6 356 S 51.9 i8.8
84 138 34.1 DY S0 15.0
89 13.4 32 42 56 .0 49 .4 14.2
94 12.8 2L+ BE -2, 48,2 15
99 e 3.8 54 .3 47.0 1352
104 11.8 30.0 53.7 5 8 12.8
109 Lila3 292 52 .2 4.8 1263
114 10:8 28.4 52:7 43.8 12 .0
&4 10.4 2747 52x72 42,9 11.5
124 10.0 27 w3 &1 .8 42.3 11.2



Time

34
39
94
99
104

109

114
1ie

124

s 118

Head (Cm)

oBwW 341

ORW 343

ORW 344

ORW 345

66.8
62«5
58.8

64.4
5942
54.5
49.6
45.4
42.0
38.5
. 35.7
33.0
405
28.4
26 .5
IR
23.4
22+ 2
21«0
20.0
19.0
18.4
L# «B
167
16.0
18 .6



Time - Head (CM) e e

oBW 351 OBW 352 OBW 353 OBRW 354 OBW 355
14 65.6 63.8 59 .4 68.9 66 .4
19 61.6 67 .3 58.6 68.3 65.3
24 57 o3 €5.6 5% +5 67.8 64. "
29 53.4 63.8 57.1 i 63.3
4 50.0 62.0 56,4 66.2 62.1
38 47.2 59,9 55,5 64.9 60.7
44 44,4 57.8 54.7 63.4 59.C
49 41.8 55.9 53.8 62.0 57,2
54 39.6 54,2 53.0 60 .4 4.8
5 37,5 52.4 52.0 59.0 53.0
54 35.4 50.6 51 .0 57 w2 51 .0
69 33 .4 48.9 49.9 BB .5 48.8
74 o 47 .2 48.8 53.9 47.0
18 i W 45.7 47.8 593 EE 2
84 23.4 44,3 46.7 B0al 43.3
89 26.8 43,0 45 .6 49.0 41,7
94 25 4 41.6 44 .4 47 .4 39.8
99 24 .6 40 .4 43 .3 45. 38.2
104 23.0 39.2 42.3 44,3 36.7
108 31 .8 8.2 41.2 42.6 35 4
114 2140 37 .2 402 41.0 34.1
119 20.0 36.2 38.9 35,3 33.0
124 19.4 3842 B 27.6 299
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_Fead (Cm)

OBRW 361

OBW 3€2 OBW 363

(o)
O
(@)
(o))
O
(Sa}

60.2 60.5
59.8 60.5
59.4 60.5
52.8 60.5
53.3 60.5
57 .9 605
57.1 60.5
56.5 60.5
55.8 60.5
55,1 60.5
54.3 60.5
53.6 60.5
52.8 50.5
£1.8 58.5
50.9 58.5
50.0 53.5
49.2 58.5
18,2 58,5
47.2 58.5
4% .3 58.5
45,4 57.5
44,2 56.3
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Time _Head (Cm)
OBW 371 OBwW 372 OBW 373 OBW 374 OBW 375
14 . 49,8 55.0 52.0 - 483.8 16.0
19 39.4 53.0 51.6 44.5 10.8
24 33.0 51.2 51.3 41.6 8.2
29 2982 49.5 51.2 1 39.1 7.3
34 25.4 47.8 50.8 37.2 7.0
39 23.0 46 .5 50.6 35.8 (68
44 2130 45,2 50.4 34.6 2L
49 19.4 44,0 50.0 33.2 €.1
54 20.2 43.0 50.0 32.0 €.0
59 172 42.0 49,5 30.8 5.8
64 16.5 40.8 49.0 29.6 5.6
59 15.8 39.7 4.4 28.6 5.4
74 15,2 38.7 47.8 97 .5 5.2
79 14.8 37.6 . 47.4 26.6 5.0
84 14 .4 36.¢ 46 .8 25.8 4.8
.89 14.0 35,9 46.2 25.0 4.7
£t 13% 35.0 45.6 24,5 4.6
99 . 13.0 34,2 45,0 23.9 4.5
104 17.5 33.3 44.2 35 .l 4.5
109 : 12.32 32.4 43 .4 23.0 4.4
114 11.8 31.€ 42,7 29.7 4,4
119 11.5 30.8 41.6 22.4 4.2
124 11.2 30.0 40.4 55, 0 W
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Time Head (Cm)_ e e

OBW 361 OBW 382 OBW 383 ORW 334 OFW 385

. a em e wm em mm @@ wm o= em em  en e =m =3 = em em e am  @m e . @m 63 6T sos

14 8.6 43.3 45.2 37.6 2¢.0
6.8 38.4 44,7 35.7 z5.6

24 5.8 34 .6 44.0 34 .4 22.6
5.2 31.9 43 .3 -33.1 30.0

34 4.8 29.7 12.6 3.2 27.5
7 ' 45,3

N
68
jos
I
[\
L]
()
w
=
o
Ul

. 1
49 - 4.5 25.8 41 .2 30 .4 21.2

1 23.7 9.1
4 23.2 8.5
7 " 22.7 8.0
.1 22.2 7.5
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APPENDIX TI
Hydraulic heads at different times of pumping

s & o ea mm @n em am mm mm e @3 em ews  ©5 eam mm emetosm ome @m @ e e oms s s @0 s e

OBW No. O hrs. 24 hrs 74 hrs. 124« hrg

111 61.25 3G.6 34,77 22.5
. 63.25 . 57.4 45.5 41.3
113 . 63.75 57.6 44,5 43.0
114 63 .25 45,6 35.2 34.6
115 62.50 43,5 21 .0 16.1
121 61.75 39.0 17.6 14.0
135 62.75 . 43.6 31.1 29.8
123 £82.75% -.1"-55.7 43.1 - 40.7
124.. - 61.25 47.0 29.4 26.7
125 . 55.75 . 46.0 25.4 18.5
131 62.25 . 13.7 9.1 8.9
132 61.25 1 274 25,7
133 57.50 51.0 37 .4 34.4
134 60 .25 47,2 30.5 24.8
135 - 58,75 20.6 17.4 16.8
141 . 58,25 16.0 10.8 S
142 . 59.25 49,8 32.4 26.4
143 58,25 44,0 gl 35.5
144 . 60.25 37.9 27 42 26.3
145 - . 40.8 24.0 16.6
15L 59.75 8.9 7.8 7.8
152 60.75 = 44.6 26.8 .23 .6
153 62.75 59.9 50,7 44 .6
154 . 58.00 - 52.8 41,4 35.5
155 56.00 - A5 29.0 ¢ 1oy
161 54,00 - - 44.6 29,5 23.5
162: .- 55,50 . 52,1 43 . 3
163 56 .00 54,7 45,5 38,2
164 - . 45.50 = 40.8 30.0 24 .6
165 48.50 - 39.1 21.6 16.3
A9 L & LB0 16.5 13.9 12.5
172 47.50 35.9 24.0 20.6
173 .4y 44,00 41.0 27 .4 19.7
17E e, 42,50 35.1 20.3 14.5
175. . . 44,50 32.6 15.7 10.5
181 . . “-45.50 . 35,60 19.0 12.0
182 A9 B wie 34,1 20.3 14.8
183 42.50 40.0 30.9 28 .3
184 40.00 97.8 28.6 997

185 38.00 32.8 201 13.0

T == Em e s oem  oewm en €3 e ows L I I S



ORW NO. 0 hrs, 24 hrs. 74 hrs. 124 hrs
211 63.0 2510 19.7 19.3
212 70.0 65.1 61 .6 ‘ 44,1
213 68.5 61.0 ‘ 49,5 47 o4
214 70.0 59.0 ' 49,2 4241
215 55 .0 - 69.8 ' G6d.2 ¢ 29.9
221 65 oD 20.4 ibeh 10.8
222 68.0 35,0 30.2 28.4
223 68.5 60.2 47.8 46 .4
224 74,0 68.2 D02 38.3
225 68.0 54 .4 ‘ 31.2 24.4
232 64 .0 - 9.0 9.0 - 8.5
232 68.50 53 .6 33 w2 ' 27.3
233 8.0 63.3 50.0 , L)
234 61 5% 47 .3 31.7 29.4
235 5300 44.0 20.6 16.9
241 L Y 46 .3 224 , 1255
2472 62,5 57 .5 4042 32 uD
243 4.5 62 o4 55.9 -+ 49,4
244 65:0 5935 37 i 301
245 60.0 "33 L0 17.9 1€.8
251 58.5 9.5 9.4 9.4
252 65.0 56,3 350 - 27 .6
253 64 .5 63.7 ' 56.4 48.0
254 E0 »5 53 .7 43.6 3.5
255 60.0 53 1 36.4 30.0
261 64 .5 53 .80 30.4 2641
262 53.0 5210) 41. 9 337
263 52 .0 58.5 o 48.] : 40.4
264 58,5 5051 34.2 25.9
265 5045 49,9 . 22.4 « 17.2
271 Bl &7 .5 30.8 . 22k
272 45 .0 44 .5 B i ; 2567
273 40.0 36.6 26.8 2041
274 40.5 37 .1 230D 16.3
275 47.0 36.4 19.3 12.1
281 48.0 40.2 21.0 13.4
282 47 .5 43 .7 28.6 20.2
283 44 .0 44 .3 35 .2 27 .0
284 40.0 38.3 27.5 15.8
285 38451 323 : 36 w2 943

k4
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312
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Wors
"’4,/5
T2622
T
Tioeil
T .05
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oW s
73.25
T3t
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66715
Ti xS
T4 .25
7575
5T « 25
bt) ”E‘.
£9.75
6050
62,00
67 .00
66 .50
60 .50
61 .00
57 =20
57 s 20
59,50
54 .00
52 .50
57«00
5.).-00
52 +00
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45,50
39.50
42+ 50
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387
47 .8
2l:b
552
4.4
21«8
38.2
27 .6
14.:0
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