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ANNUAL REPORT FOR THE YEAR 1986-87

SECTION - A

L. Title of the Scheme

2. ICAR sanction no. and

3. Date of commencement of
the project.

4. Date of completion
5. Sanctioned grant far the

complete duration of the
project.

1' prep--red.

c All India Co-ordinated Research

J

project on Agricultural Drain-

age under actual farming condi-

tions on watershed basis, (ICAR)/

Regional Centre, (KAU), Karumady
P.O., Alleppey District, Kerala

State.

Original sanction No.F.4-5/77/AE

®dated 20.3.1981 of I.C.A.R.

Revised sanction No0.4-14/GO/AE
dated 22.10.19C2 of ICAR.

Further Order NO.4-2/05/AE dated
1.U.19Co6.

01-12-19ClI .

© 31 .3 .199 ».

}

0 29.7 lakhs.

5 AE dated 1.0.1906 of 1.C.A.R.



7. Staff Position during 1986-87.

No.of  No.of No.of Scale
Name of post ~o"'° , post m posts Name of incumbent of
No. tioned fined vacant pay
post -
1. assoc.Professor 1 Sri .E .K.Mathew 195"—2950
(Agrl.Engg.)
2. Asst.Professor 1 1 Sri.Maahusudan Nair 157'-2685
(Agronomy).
3. Asst .professor 1 Sri.T.D.Raju 15"n-2585

(Agrl.Engg)

'l. Farm Asst. (Sr .Gr. )1

5. Draughtsman
(civil Gr.n) 1

6. Farm Asst.Gr.n. 2

7. Technici-:nGr.in. 2

O. Typist Grade-I.

Sri.R .r’adhavan pillai

1) T.J.Nathew

2) Sri.k.0.Shahul
Hameed.

3) | .Krishnadcumari

1) K.Vasudevan

2) K.Aravin dan
3) K.P.Sreedharan

®) Thcmas Scaria

Smt.K.K.Mary

700—41140 Vacant

675-1125
/7

//

//

] /7
Nair ,/

/7

73C-132J

Date of

975-1726 10.6 .£5 to

joining

1.1..81 to till

date

27.9.66 to

1.10 .81 to

— since
inception.

17.6.85 to
12.9.36 to

1.9.86

till
date .
11.7.06 to //

9.12.82 - 19.5.86

10.12.82- 19.5.86

3.5.86 to till
date .

5.6.86 to

15.7.85 to 3.6.07



(1) (2) (3) (4) (5) (6) (7) @)

UJ. Assistant Grade-i 1 1 .. Sri.K.Govindan 780-13 22 15.7.85 to 3.6.1987.
1 . taa-Asi>t.c-r . XX. 1 1 .. K.Kiinju Pillai 675-1125 1.1.86 to till date
11. Driver (LDV Gr.l111) 1 1 .. K.V .Kumaran 640-1000 G.1.86 to 15.6.1907
14 PpPeon 1 1 .. M.Moharnmcd Haneef 550-800 7.12.05 to till date
13 . watchan 2 2 .. 1) N.Raveendran 16.11.85 to .till date

2) C .A .Chacko 7.12.35 to till date
i . Overseer(Civil Gr.1 .)1 825-1430 Vacant - since in

ception.



O. Financial Information:-
NFAY* oil  cArnmoi Tit
i ) Expenditur & statement fjrorn— ----—-- Y o

to 1906-07:

Expend iture

Si. v Sancﬂon?d UniVersity Expenditure aL %
No Year EF LRt t8 sanction L Eé‘ﬁEg‘iu%rH' £l
the year . grant.
5.65
1. 1901 -02 1,20,100/- 36,J0-/- 7,242.05
>. 1902-03 4,70,200/- 4,37,0J0/- 1,26,5-0.50 26 .us
3. 1903-0-1 3,03,000/- 3,03,0 j/~ 2,4-,951.09 63 .02
*e 1904-05 3,80,200/- 3,0 ,200/~ 3,30,008.35 SRR
5. 1905-06 2,06,J0j/- 2,06,0"' B/ - 2,61,f94.23 91.04
6. 1906-°7 3,50,00 :/- 3,50,u ). /- 3,23,997.91 95.57
i) Expenditure stac.em.nt of the year 1906-37 from
1.4.06 to 31.3.1907.
_ Expenditure
S Budoet Sanctioncd *CAR Univer- TXDtel
S i head A P sAnRe- =SiitéN. exDAnd-i- aS % °f
the year tion. sanction ture sanctioned
grant.
1) sSalary 1,72,0307- 1/72,000/- 2,23,969.53  130.21%
2) T.A. 10,0 jO/-
1 ,000/- C/124.65 81.24%
3) Recurring 6D,3X'/-
Contingencies 607000/ - 47/149.53 70.50%
4) Mon recurr-
ing Cont: 1/00,000/-
1/00,000/- 44/753.80 41 44%
Grand Total : 3,50,000/- .. 3,50ToCn/T"I''A
997.91 95.57%

The Excess payment in pey and allnw-

vide Order no,3/16/07/ae dated 25 Was iftcurred
Director General (Engg.), 1.C.a.r * of Assistant

5/
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PROJECT AREA ~ A BRIEF DESCRIPTION.

jcJttanad:-

- . K?ittanad tract is a deltaic alluvium formation of
fmr river systems viz* 1IMeenach.ill/ 1pampal, 1IManimala |,
and 'Achen Coil' and the low Ilying area in and around
Ivcmbanadu Lakel. The total area of Kuttan ad tract is

about C7j sg.km. out of which 290 sg.km. is under garden

lands, scattering all over the tract and is'lying 1 to 2m
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 locally manufactured axial-flow pumps. The
area of each polder unit ranges froga 75 to 5'V0O ha. and

the cotal area under polder cultivation is estimated as
about 52 .39 sq. Km. The whole area is criss-crossed by

rivers, channels, canals and other waterways. The general

topography of the area is flat and level.

ihc total watershed area of the above four rivers
Is nearly 5, jj Sq .pm. and discharge their water into
xuttan-jd region. After flowing through a net work of
canals and channel;:, they join the Vembanad Lake. The
catchment are. has ur. annual rainfall varying between
2G.cn to 3J cr.. A gocel part of the rains, Gj% are re-
ceived during south Went monsoon resulting in floods and
.rest often submerging the low lands. The Kuttand region
experiences fairly uniform temperature throughout the

year ranging between 21°C and 36°C. The mean relative
humidity is high and is about 7 )%.
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The vcnbanod Lake which 10 the non-reclaimed part

of the Kuttanad extends between Alloppey and cochi n with
In area of C sq.Kki. This 1 1ke Is connected to Arabian
Soa at Cochin. The water in the J ice IS saline except
during ohe monsoon somun when the surface water is sweet-
ened by flood water. Phon the flow In the rivers dwindles
from the month of d crirber/ the saline vaster from the sea
Intruder the out:ire i1re » out to tidal action. The salinity
In the northern p-irl.s of Kuttanad goes beyond Ilimits of
tolerance for rice cultivation from January onwards and it
spreads rapidly to the southern parts. The surface water
remains saline till the first flood washes it during the

succeeding south west nonsoon.

The soil i1s acid sulphate in nature £nd is having
high acidity. Three major problems encountered during

cultivation in thj.s area are:

1) high acidity
2) damage caused by floods and
3) intrusion of saline water during the fag end of

crop period.
B.ii )Kari Lands

The whole Kuttanad tract is differentiated into
three types of lands, namely Karappadam,Kayal lands and
Kari lands. The Kari land occupies an area of nearly
7/3:0 ha. They are located in the Taluks of Shertallai,
Ambalapuzha and Kuttanad of Alleppey District and vaikom

and Kottayam of Kottay an District.

The Kari lands are a unigue agricultural tract with
Kari soils - black charcol coloured organic soil. These
lands are quite similar to that of Kuttanad region with

respect of topography, formation, climate and vegetation,

but the organic matter content of the soil 1 s very high.
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rt 13 believed that this soil was formed and developed
-n the distant geologic past when the area was covered by dense
'm.-esC vegetation. in the succeeding geological ages, the sea
ccvanced and engulfed many places, hfter thousands of years,
th sea receded exposing the coastal region and part of the

-rerert midlands. During this geological upheavals, the entire

r-n t area was submerged far below the ground and thereafter

sJittjd upto varying levels.

The profile of Kuttanad alluvium consists essentially
of alternating layers of clay and sand, admixed with varying
proportions of organic matter. The clay i1s usually a grey,
dare or bluish blaclc ir. colour. This alluvial formations exist
in 1 jycis varying upto 3~ metres in depth underlain by sand stone
and mottled clay of tertiary formation. Still distinct, the
pari soils can be readily be discerned by the deep black char-
coal colour, due to high organic matter content. The tcp soil
S ad.mixed vith well decomposed organic matter to the tunc of
11-3.,%. But, underneath, the Lop layer is the partially decom-

posed, fibrous plant residues containing less than 5J% mineral

natter. Hence, these soils are both mucky and peaty in nature.
In some places, large logs of wood locally known as 1lKandamaraml
Dccar embedded in the sub soil. Beneath this layer, the soil 1is
INn admixture of sand, organic matter and clay and still deeper

Lt b ecornes rivcr sard.

I'jri soils are extremely acidic Iin reaction with pH

ranging J .5 and the pH reduces further when the soil gets
fried up. It is found that the extremely low pH on drying 1is

due to t.ie Production of fret, sulphuric acid by oxidation of

sulphur compounds in th, toil. The fertility status of the
moil™is poor. Besides, the noil contains toxic conccntra-
Jdg 1» i:oxic organic produe br>e

111 — —P— -fir— Kavil Thckkumpuram Padasekharam.



D.i-ii(a)

(b)

Location e nd Ari-O : * _ _ ,
-------------------------------- typical representative tract*
The pro jecu arcd 1j]

JG 99 ha. ThCr [jTOjCCt
of 1'..n land with on urea of

ar\.i cernes undej aml_bLIJ'i_'iBH’ZUO village and Taluk of

: : . i/ns cast of Jimoalapuzha
Alloppc-y District. It 1ires .. Kins.

_ _ P 7 The pddasckharam is
Junction on national Highway

N .neui by ;,n,ir.lrpn-ha-ThaKa2hy road at north, leal*
thil thodu at c-vt, Karl thodu at south and Karumady

thociu tL west.
physionraphy and Hydrology :e-

The project ficJd. n is located 1 to 1 .am below mean

sea level. The water collected iIn the project area is

drained out by pumping to nearby canals using axial
flow Dumps (petty and puah). There are two pimping
outlets, one witn a 3 HP and the other with 2fHP axial
flow pump. The former is installed on the ring bund
of Karumady thodu and the latter on the ring bund of
Kari thedu. Two drainage channels, with an average
width of 2.5m ana a depth of =>.7m/ are inter connected

and lead water to the pimping bays. There is a net

v/ork ofsmall drainage channels which opens out 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 tho season of cultivation. The havoc

of flood, over topping and breaching of bunds and
flooding of paddy fields arc anticipated during the
period of SW monsoon. inundation of salt water and

damage of crops are experienced during the period
January to March.
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s.lti(c) Climate
The croject are- st™~rionccc a typical tropical

The monthly .ean of the weather parameters

for the rnriod from' 1976 to 19C5 anc that for the
from 19# January to narch 1907 J.s given In

I table-a. The I1ronehl;,* charges in climatic parameters
| have also t>een iJisstratcd through fig-A and B. ,

E .11l(d) Land Holding and y tiliz aticns -

Frorr -che survey CGndueted at this station and from
the recarls avail dale with Revenue Departmenti i1t 1Is
found .-hat altogether 1-5 cultivators are there In the
project Area, farming 75.23 3 ha of paddy fields. when

I the tenures hip of the. land Is classified based on the

I extent of hole v, 1t mo seen that a substantial num-

I ©r of h 1n .. fed 1'-v icTi.. Out of 125 nos.of

I holding , -5 holding were wj th .n avcrag* extent of

1 1 ucr- o. below eh t and 35 holdingp were with an
averag- ext fef between | or. and 15 acre. Only 15
holdings v/cr- wjtl mean acreage cbo/e .3 acre. The

| average size of holding 1s J.f 1 ha $1 .*n acres).

I The total *roa of the project fielci 1s CO0O.919 ha.
and actual p ddy :1ald 1s 75 23G ha. The rest of the

I land 1s occupied by *oads. trenches and recl aimed dr]
, lands. The dry Jsrds are used for human habitation
1 and uor the cultivation oi perennial crops, mainly

cocornt,

3-111 v)) Croppine,

h- on©® 'nri th* orly cro: raised 1In the vjet land
Poddy m1l -htrc e«a | $ covQ®fdl under tt/g
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Table - A.

MONTHLY VARIATIONS OF WEATHER PARAMETERS IN THE PROJECT AREA

(a) Total Rainfall cm.

Total

Jan. Feb. March April May June July Aug S<_ct. Oc Nov. Dec. me aH «

A. 1.7b 4.39 4.57 12.00 20.46 65.26 53.06 39.73 20.51 29.59 21.07 5.55 292.62
B. 0.16 j.36 3. 6 0.00 9.04 35.96w 24 .40 2-,.5 33.6-, 15.12 19.0., .02 175.92

C. - - 1.10

(b) Monthly mean maximum Temp.°C.

A. 33.32 33 < . 3b. 47 3b.76 33 .70 3 .61 3 .19 3'.*%,7 31.62 32.22 31.76 33.61 32.55
B. 31 .1:- 32.09 33 .03 32.0 32."3 29.CT 29.2 23.35 29.33 <, - K 31.1 J
32.3 32.0 33.14

Contd
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(c) Monciily ft 4n m! ninum T\-nio. °C =

Jan. Feb. March Aprid. May June July Aug. Se*pt. Oct. Nov. Dec. 'II\'/IotaI
_ ean.
22. 5 23.29 25. 7 25.-.2 25.C_ 24.-,3 23.39 2*:..33 2..73 25.-1 2-..30 23.32 2-..27

B. 21.65 22.6-. 2. ..5 22 .4 25. -2 23.93 2-1.. 24.39 2-1.16 2. .53 23 .1 73.2;: 23.63

Cc. 22.1- 22.63 2-. .55

(21) Monthly rri-an cvaperation (mm) -

3.77 -..23 = 0D S.'e! 4.94 *.-.23 --.39 -1.13 4.37 ,.22 3.94 3.2 4.20
3. 3. -3 .23 --.9-. S.2S3 -,.97 .31 -. 3 3.95 -.52 3.57 3.13 3.11 4.11
CcC. 3. 1 3.79 ...6
3 = Monthlynear, for the year 197G to 1905.
3 = Monthlymean lor theyear 1906.

C = Monthlymean for the year 19 37.
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Monthly m$m for ch< (1) Tot & rain fall
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Figure -

Mean monthly variation
and evaporation in
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A S O N 3

(a)

in total rainfall
the project area



35

3 -
/ O
\ ¥ 0
/ 5
/ > =
o
Q
11 c
n o 2
30 c
>
E
g
5 "
¢
27 {- h
! u
26 i- 9 -
T -
on L w =
3
AN -A G
N AR L QfZ—-r> S\ g
23 > c
>
&
=
p=
21
20
J K A M J J A S O N D
Figure - (5)

Mean monthly variation in maximum and minimum temperature in
the project area



B-111 (f)

i 14
Soil Churacturj.btlksi— J
Tr. soil of the pi § at Is typical Kari soil. J
sox_ monolith from C .2m df pth has been drawn from thJ
project re ud has been displayed iIn N k°x -M
Freni the. vibu J oh.-crvaLion it i1s seen that frora 0O-j|
depth/ thf 1lii is cl yey <1 blach in culoux luc toj
lii.jh organic matter content. Thu clay type is the J
pandJuj cm, end ].rgc crachs arc formed on dryingB”™H
From 60-«90m dc ieh, lot of wooden debris, undocompoaj
organic meter ial, arc seen embedded. Below that.* JD
soil la an admixture of clay, sand and organic matt”S

From tlu depth oC 1.Gm onwards, the soil is almost oj

the river sand type.

oECTIO!']l - C.

Objectives ov the project:

10 to comorehcr.d the effect of a surface and subsurf tee

drainage system_on the movement of soil liquids :

)

i)

to study che effect of surfac<_ and subsurface drains
in preventing the rise of toxic products from sub-

surface soil into root cone.

To study the effect of surface drains in removing

the toxic products already present in the root zone

ii-i) Tc study the influence of sub-surface drains on

lowering water table and its effect on growth and

development of roots.

to study the pattern of hydrological cycle cccuring in the

watershed area and its Iimportance and influence on the I

drainage.



TO develop a feasible: technology for the layout of sub-

Ncfaccdrainage system suitable to peat and muck soils:

1)

i)

iii)

1v)

V)

to develop the criteria for the design of sub-

surface drains in peat and muck soils.

To evaluate the types of drains (such as tile drains,

pyc pipes etc. ) and size and spacing of slots on drains

suitable for the lay out of subsurface drains.

To evaluate the filter materiols to be used for the

nt

layout of subsurface drains.

to decide upon tha depth and spacing of the layout of

sub-surface drains.
to develop the criteria for the design of auxiliary

structures of subsurface drains.

To develop criteria for design parameters of surface

Drainage ?

TQ develop the drainage pattern required for different
crops:

1) To determine the drainage requirement of rice crop

i)

iii)

under static and fluctuating conditions of v/atcr levels.

to study the feasibility of changing monocropping pat-
tern 1o diversified cropping and to develop agro tech-

niques required for the diversified cropping.

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 irrigation in relation to water

quality ratings.

To evaluate the socio-economic benefits accrued frcm
the drainage projects.



m» VITeR | LG—>7e
TECHNICAL PROGR MME, yOP JL b —d— "

, uj,f 07 35 approvod
Technlea] prigrammc for the_ y» | Jup-q F—-—---

in the prevjous annual wotkshop:

1. Performance ~.valuation e>f t)io executed sub
: : /e i wi]l bo carried
drainage system in the farmers smH er

out on the following aspects.

a) periodical changes in v/ater gqguality as inf£l c¢

by the drainage system*
b) Fluctuations in ground v/ater table.

c) Assessment of hydraulic properties of the tile

drainage system.

d) Theoretical prodiction of drain performance in

terms of v/ater entry quality of the drain.

c) Effectiveness of the drainage system in the

performance of paddy crops in ""ari lands".

2. Evaluation of the suitability of different filter
materials far sub-surface drainage including the

criteria for their design and economics of various

filters.
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-J.c centrc durinj 1906-07 . -

Title of che
O1CV _ct

Sjrv .v and cha
1j:1U sisaticr.
ut ; ictitey of
v/.-te-' in the
crcjt _ct area.

Preparecion of
I-:tcr contour
r -p anc hydr~u
1 .c cap in chc
project arc -.

Devcl mjpmec.nt of
suxtable

tc chnolorry fc

SUbSUrf I0C

dr ,‘ ye sys tern
the Kiri

C-'ids of

Futt aii y) .

Oy ‘Leu .

technicalprogra~rie of the projects taken up at
Title cf the _
-Durationr.--- -Page no-
problem. -
Periodical changes in Dec.1932
the quaiity of surface to till 13
water in the project end of the
area. scheme.
Seasonal fluctuation Jan.1932
of ground ./.-iter table to till 28
with reference to ~ur~ the end of
face ani subsurface the scheme
emD.r Ic'c- in the
pt jj_c * area -
JV rrm' at of ny*- Dec.1904
<"-iv.lic proocrtics to con- 8
of th'. Vile drain- tinuing,
dc system.
b; Effee civ. ness of
tile dilinage Dee .1904
systen in the to con- >0
performance of tinuing .
p ®ma crop in
the Kari lends.
c> Evaluation of
liffeicnf filter
t'-.i -'s to find 70
|C IOmni1c
- Uity il-
eluding its do-
~if <cj I1t_ri,i
for :he sub -
Pif-ce 1 v nagc



TJtX. m the :roj cw 5 Survf >

ter In the roject
quulj ty of. wa Prol

\rc i.

Title of the- problem 3 p.xloclical charges in quality of

Mar Lnc» ond subsurface water 1iIn

th* i1ro loct area.
3] (OCt-IvC: 1
o o 1' p jlodic changes xn thequality of xlooding
w.c< >, drainage viator indgroundwater. 1

) 'c ident-ify die fluctuation in the quality of water

during the y~riocis of fallowing and cultivation.

rnN'reeled utility; m
The ncy .all - un_ful Information on the qualit;
a tor . -jc -Jc area and enable tc study the
1 10'ct .. g e o f J ;e on the .eolegy cf the area. ibe
m. .formai: j. th' - e, serve effectively in the pi; n-
i, cf c<j.civc q - . project area.
xcch>o'cax jpro£ - *

Water senpics wilLl Lc drawn at weekly intervals from

the cbservatio i wells, p cucmeterc, drainage channels and

wniair i“ays no 1'. cnelicy such as and EC will be

assessed
jbpexrvatjons tqlmen,

pH and EC of the water sample to be estimated at
weekly intervals,

Date of starting - December 1932



Qjz completion s Throughout.

?racres s of wcrk :m

Water sanples were collected at weekly Intervals from

r -<3eterm!ned places for studying the periodic variations

h. pH and EC. in all cases the pH values were slightly

cidic and ranged between 5 to 6.5. The surface drained

ter also has shown the same values of pH as that of the
onaside waterbodies. The time based fluctuation of pH is
graphically represented in fig.I(l) and 1(2). The EC values
lave ranged between 3.5 to 2.5 mmhes/cm (Fig. 1(3) and 1(4)).
In this case also the values representing the surface drained
water followed eho same pattern of fluctuations of the out-

.'dc w..carbody suggesting that the contribution of surface

rainagc in removing salt from the soil is negligible.

if water sampl.s at weekly intervals

Date Karumady Kari thodu Kalathil Drainage
thodu. thodu cha nncl
GC S.23 5.03 6.16 5 .37
1 1teuld 5.33 5.3] 6.02 4.05
17.4,86 5.00 3.41 C.30 3.70
i -.0G 5.93 5.60 6.30 4.70
3 .4.06 G.35 6.46 6.73 5.44
0.5.06 6 .35 C. 4 6.14 4 .95
16 .5,06 C.92 6.70 6.31 6.69
s .5.G6 6.61 6 .50 5.60 5.33
2-.5.06 N33 a.42 3.67 G.70
rm G 3.54 3.66 3.60 3.56

Contd
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Nnrdin age

Dat” K?L‘gg‘g'dy i(haorc:u Katlhaotdhull channel e
(1) (2) (3) (4) )
.12.6.86 4 94 3 55 3.48 4.70
19.6.86 6.67 5 05 4 .61 5.92
26.6.06 5.77 5.81 3.57 5.88
3.7.86 5.81 4.60 4.80 5.33
10.7.86 6.27 4.85 4.40 5.85
17.7.86 6.80 6.26 6.37 6.71
24.7.86 6.6 6.75 5 .34 6.86
31.7.86 5.98 6.00 6.65 6.78
7.8.86 6.93 6 .30 4.15 5.28
14.0.86 Flood Flood Flood Flood
21.8.86 6.48 6.00 6. 20 6.38
28.8.86 6.72 5.95 6.35 6.30
4.9.56 6.88 6. 20 7 .00 6.93
11.9.86 6.4 9 C.53 6.00 6.71
18.9.86 5.83 6.10 5.65 4.78
25.9.86 6.37 6.85 6.60 6 75
3.10.86 6.47 5 .85 6.00 6.03
9.10.86 7.10 5.95 6.85 5 90
16.10.86 6.57 5.30 6.85 5 88
23.10.86 6.80 6.75 6.55 6 05
30.10.86 6.83 5.50 6.15 5 98
6.11.86 6.97 6.25 6.60 5 95
13 .11.86 6.75 6.50 6.60 5 ot
20.11.86 4.63 6.20 3.60 6 65
27.11.86 6.43 6.10 5.55 6 08



, *»8&
2.86
| " 136
— o
1.X387
J -
; 137
: J
sj i1 -37
p,”.d7
2 7
J. ' -G/
Se3 .87
12.2 .87
1 .5 .C7/
28.3.07

(2)

6.83

6.33
6.97

. 33
.30
.33
.65
.27

.63
.70

N NN NN o o oo

.13

7.00
6. CO
6.05

.90
.35
.65
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Figure - 1(1)

Periodic changes in gH of watfr in_different water bodies wrt
time Karumaay thodu and Karithodu
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| 1 periodic changes In EC of
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research PROJECT mo»2m

Title of the project : preparaf'i*-on (r)l{ water tjjjbl® contoun |

map, and hydraulic map of the pro-

ject area.

Title of the prcflblen . Seaaop&] fluctuation of ground

water table with reference to SUr-

face water level and characterisa-
tion of aquifer in the project area

"Kavil thekkumpuram padasekharam®” «

Objectives - 3

a) Study on -tho seasonal changes in ground water with refer-

ence to surface water movement in water ways outside.

b) Seasonal changes on th«. level and movement of water In

waterways.
c) Ildentification and characterisation ofaquifer, 1if any/

existing in the project area.

practical utility

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

subsurface drainage system.

Technical programme:-

IN order to record ground water table fluctuation
observation wells will be installed at a depth of Im Uc

ing 40mm or 50mm of pvc pipes at 100m apart. The pipc”h

will be perforated with 6mm holes at. 10 x 5cm spacing and
will be wound with nylon ropcs/coir to prevent clogging
Water level in these wells will be recorded at weekly

iIntervals.



Observations to be taken : Water levels In observation wells

waterways and piezometers will be

recorded at weekly intervals.

Date ci starting : June 1982

Date of completion : Till the scheme work is completed

progressed work:-

The field is installed with 24 observation wells in
3 bands at 100m apart to record the water table fluctuations
the observation iIin these wells had started since its insta-
Ilation. A definite pattern of grouncivator movement with
respect to the outside waterbody could not be traced since
water movement was affected by the drainage pumping. The
movement of ground water with reference to the v/ater level
of the surrounding waterbody is graphically shown through
figure 2(2) and 2(3) for the cropping period. The monthly

average values of water table elevation arc given 1in table
2(1) to 2(111).
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Figure - 2(1)
) Location of observation,wells in the project arc-
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NOV. It
Dec.

Jan. 1987
Feb. 't

March

Mean

whound water

CBWiI

S25.9
829 .6
330.5
827 .6
331 .0

829.12 832.80

OBW?2

(3 )

329.3
335.5

c3 7

332.7
331 .5

table

03 W3
(4)

807 .8
514 .4
823 .8
S15.6
82S .0

31 :-

Tabic - 2(1)
level in the project area (as read from surface
bench mark elevation = 1C-'0 cm.)

OBW4  oaw5s O3W6 O03W7 03ws 03W® 10 11 03WI2 Mean
(5) (6) (7) (G) (5) (10)(11)(12) (13) (14)

//

//

//

e/

//
321 .0 805.5 809.5 823 .5 819.3 060.8 822
3 8.8 812.1 615 6 627.4 822.9 869.1 828
329.0 820.7 313.3 826 8 823.5 S75.8 831
323 .( 817.4 810.3 S'2.1 821.5 371.4 826
828.0 530 .0 818.0 827.5 G29 5 827

817.52 825.96 817 .74 814 .34 .325.46 623 .34 369.28

Contd. ..



Month

April 86
May !
June
July a
Aug. !
Spot. "
Oct. -
Nov . a
Dec. "
Jan. <87
Feb.
March "

Mean

oBwWI3 OBW2

800.8 829.3
809.0 835.8
811 .7 834.7
807.5 832.7

.- 831 .5

807.25 832.8

OBWI 4 OBW!I 6

811 .0 825.8
819.1 027 .8
828.0 827.0
819.2 823 .2
831 .0 832.0

821.66 827.32

OBWI 7

—: 32

OBWI 8

Flood fallowing

//
//
/.

//

//
816.5

823 .8
828 .1
624 .0
82S .0

824.08

//

//
//

//

//
825.0
826.3
829.8
326.0

830.0

827.472

OBWI 9

831.5
837 .8
836.3
631.6
326.5

332.74

Kean

819.99
825.66
828.06
S23 .46
829.83
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rioiith OBW20 O3W6 OQW21 03'.722. OBVf23 OBW?4 MP-bn
Aprrl 1505 Flood fallowing

May I

jure I

July It

August: I

Seen - I

Oce. L 801 .3 309.5 733 .8 825.8 805.1

L ov. I 806.3 015 .3 793.1 836.9 812.98
Dec. I 310.7 810.3 799.0 G35.8 015.95
jar. 1967 803 .0 SIC-3 731 .2 032.6 009.28
Feb. 1 307.0 818.0 800.0 032.0 814.25
March I ®» oo e
7 805 .36 £14.34 797 .4 032 .62

Contd
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Table = 2 (ii) Table - 2(iii)
Surface water level in waterways, which Surface water level in the "“rai
surrounds the project area (as read from Channel (as read from Bench
surface bench mark elevation - 1000 cm). Elevation - 1000 cm.)
Month WL~1* WL-4 DC-1 DC-2
April 1986 839 .5 836.1 833 .9 844 .9
May " 858-3 354 -5 8a9 .6 862 .4
June " 876 .0 372.0 878 .0 883 .0
July " 874.1 070.7 877 .9 853 .9
August " 863 .5 864.3 667 .0 87 2.0
Sept. ) 061 .3 357.6 848 .0 S53 .0
Oct. 1 669.5 665.3 738.3 795.7
Nov. 1 882.5 376.5 796.5 313 .6
Etc. " 886.5 083 .5 310.0 316.3
January 07 872.6 364.0 SO-! .6 808 .8
February " 045.2 040.5 783 .3 789.7
March 1 827.5 824.0 757 .5 703.0
Mean 863.04 859.00 CM .57 824 .71

* Reference points arc given in Fig.2(1).
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Figure - 2(2)
rov.-ircnc ci groun: wat”™r table in che project area wrt time
?nc_ surrounclinj wac”rbocy level (Karumady thodu)
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Figurc (3)

Movement of ground v/ater table In_the_ pr_oject area v/rt time
and_ surrounding waterbody”™ 1c-vel (Kari thoeu )
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RESEARCH PROJECT

_ L Ul a sujtable techno-
Title ol tlie project . Dcvelopne ht &r
logy for the sub-surfa.ee- drainage
system in the- K «i |jr'ds
Mrid .

Title of the problem Assessment of hydraulic properties

of the tile drainer- system.

Objectives:

a) To estimate different par.ureters of hydraulics of the

tile drainage system in Kari lands.

b) To evaluate the pc-rfor nuncc of tile rain'"age >Yystern in

the project area.

c) To collect information to develop a viable technology

for the sub-surface drainage system in the project area.

practical utility;

This is a basic study aimed at gathering valuable
parameters of the hydraulics of the tile drainage- system.
The inforrration collected and compiled can be- used for de-
riving a suitable technology for the design of a sub-surface

tile drainage system for the Kari lands of Kuttanad.

Technical programme:

Planning was made to lay 9 lines of parallel tile
drains. The first six lines were to be spaced at 15m and
to have 75m length and the remaining were to be sparc'd at
30m and to h*e 100m length. The initial line designated as
1B15, the sixth Iline designated as 6BI5/30 and the last line

9B30, were laid to function as buffer lines to minimize the
boundary effects. The lines designated as 2el5/ 3° 4el5

and 5E15 are experimental lines of 15m _
n o -an ) ] sP~cing and the Ilines
7e30 and 3e30 arc experimental lines of gnT'V' .
XXnes o Qm spacing.



purser rcolicstion of£ parallel drains of 30m spacing or some

oth~r else"could not be planned because of the geometry of the

jGcacicn-
All tM© -»bovc dr2ins wore to run cit g slope of 0»2/0

an-- at an average depth of O.C75RL The drains were to bo pro-
vided with a cane filter of an average thickness of 10-15 eras,
all around the drain. All the parallel drains were to open

into separate collection sumps where the. discharge measurements
were to be made. The collection sumps were inter connected by
PTC pipes of 110/160.7117 dia. laid at 0.4% slope which drain into

a rrain drainage sump from where tha drained v/ater is pumped into

the outside waterbody.

Tne tile drains ar_ of baked clay, 60m long, with bell

mouth at one end (125 ran outer dia. and IOOMM inner dia). These
drains arc provides: with 15 gos.of 6 holes in three bands of

5 holes each, on the 1/3rd periphery area.

A scries of observation wells were also to be installed
ir. the experimental field to record the subsidence of ground

water.

6, Obserydtlons to be recorded;

a) Rate of di.cfv.rgc at each collection sump,

c) W.t.r ;bi' re 71i1.9gs at c¢c .eh observation -well,
c) go;iputetior. of'trans.Tiissivity, hydraulic conductivity,

rmiring.. j ,Lvi.ojtiy f iCLor arid effective porosity.
/. Dcily O3 start . DccciaPcr 1984

B. Late of completion : Till tne end of the scheme.

9. Progressist work :

The instill tion of the drainage system was com-
rd' I:or'l " ;riri- 4 ¥36 ,n-j th-. complete, layim procedures
L" n'-stioned in the Annual Report 1905-36. The layout

I
i r* is given in figure 3a(l).



Oi a cl*iiki:

, hirvCGt of U.C paddy
just aft. r the compl' tJO.'i _ .
1,lluuy drainage uumping
crn in the exporimtntd aro.l cowedi nh-r-*-
_A) P _ _ _ H nnl-o 2.3.19b/. ObGCif
St.il*tod on 11.2.1937 Which '"is continued ujjl

o o o , I-51p dr ajns uU-» water

Vici.'nij like oj'oiuanc flow through th. tu-

. _ _ _ o ,ul | @ wore r ecorded at
t ihle. recession jn the Jobsciv itjun we.ll-

'‘Urtv.cc-nc timyv IV,. ,< * m?¥* il.terpol-Jtcd from this

,1..he aohi. i.v. r.,,1 1, iiven j.. .pp-ndix-Il « Th.- general

u.n-.tein Of iIn J.-nph .ir ,/n ‘e, _u-0h rgt versus time and water

tibli r..0o....;--.lon 1. i'lj.ipai'.t N.tw*.. u '® *I >c versus time (fig 3a(i
to Ju(5) ) in.lic c¢.'1 til .t eho'- 1i.. continuous recharge- towards
eh-, dr.iiiu from the outside waterbody wb n the drains .-.re loca-

te 1 nearer to th> wuucsidc v/.it<.i;boeV e The intensity of this re*
eh irg. reduces as die di-'t iiio. ol the drwins j.ncreases and ceas
or becomes riecilitiiblc at a cortajn distance away from the watei
body. This re attributed to the fact that the outside watcrbodfl
iIs cicory about Id above tnc vcrage water table elevation in
the field. Th_ above feet car. be inferred vhcn a comparison id
rnr.de for the a Vtiau: t ard h versus t graphs drawn for 2elb5
and 7e30. In the ca. cf 'ZI1,:;, '* drain close to the outside
Wcitcrbody.. the discharge and the v/ater table height tends to
become constant towards the latc-r stages while in the case of
7f30 which is far way from the main waterbody, the discharge a«n

the water table height above the drain at mid-spacing tends to

become zero. The drainage flow through the drain 7e30 is a
case of nonstoady state. The theoretical approach to the ana-
lysis of non-stc-aoy state is given in appcndix-2. The g versus

h graph for 7e30 is shown'in’'figure 3a(6).

3,-:<330cCEOSWi:(t$g:. The In q vs T and in h vs t graph for 7e30 s
shownin .fig.3a(7). The graphical and mathematical analysis of
the problem is aiso given in ajpcndix-2. Prom the * NN

the following parameters were found.
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Table 3al(i)

values oi pisch argi. at different hydraulic heads.

55

60
55
50
45
40
35
3Q
25
20
15

10

2El 3* 3E1 5* 4e 15* 5E15* 7e3q™ 8e¢30°
raV o ~T.it/ mm/  lit/ mn/ lit/ mrv let/ mn/ it/ rrur/ lit/ -
d ay minute day minutv: day minute day minute dav minute day minute
11.50 3.96 12.00 9.33 oo oo 9.20 7.19 3.75 7.81 em oo
10.00 7.21 9.30 7.27 7 .30 5.70 5.00 4 .69 2.15 4.48 3.30 6.88
9.35 7.30 0.40 6.56 5.30 4.53 4.90 3.03 1.70 3.54 2.45 5.10
9.00 7.02 /780 5.09 5,10 3.93 4.30 3.36 1.40 2.92 1.95 4.06
S.5Q 6 .64 7.12 5.55 4.55 3.55 4.00 3.13 1.20 2.50 1.65 3 .44
7.00 5.09 6.60 5.16 4.10 3.20 3.70 2.S9 1.00. 2.08 1.40 2.92
7.00 5.47 6 .20 4.34 3.80 2.97 3.40 2.66 0.30 1,67 1.35 2.81
5.75 4.49 5.60 4.33 3.50 2.73 3.00 2.34 0.65 1.35 1.00 2.08
4.70 3.67 2.90 2.27 2.60 2.03 0.50 1.04 0.80 1.67
2. 20 1.7 2 2.00 1.56 0.40 0.83 0.65 1.35
0.30 0.63 0.55 1.15
0.20 0.42 0.40 0.83
* 15 m spacing
@ 30 m spacing



Table - 3a(2)

Values of discharge and average hydraulic head at identical values of elapsed time

2e 15 3E15 de 15 5E15 7e 30 6e 30
q “ i ~T- i
(mm/day ) (m) (mm/day) (m)! (mm/dav)(m)! (mrr/day) (m) e (m (mr/day) (m)
0 0.69 . 0.67 .. 0.65 . 0.67 . 0.66 . 0.65
20 9.70. 0.59 8.60 0.56 6.10 0.56 6.50 0.62 2.30 0.6 2 3.30 0.60
40 9.10 0.51 7 .40 0.48 5.10 0.50 5.20 0.57 1.75 0.55 2.35 0.54
60 8.70 0.48 6.90 0.43 4.60 0.45 4 .50 0.52 1.50 0.52 1.95 0.50
80 8.50 0.45 6..60 0.40 4.20 0.42 4.10 0.47 1.30 0.~8 1.7C 0.46
100 8.30 0.43 6.40 0.37 4.00 0.39 3.9Q 0.44 1.15 0.44 1.50 0.42
120 8.10 0.42 6.30 0.36 3.90 0.37 3.70 0.40 1.05 0.41 1.35 0.3S
140 7.90 0.41 6.10 0.34 3.30 0.35 3.50 0.37 0.90 0.38 1.20 0.35
160 7.80 0.40 6.00 0.33 3.70 0.33 3.40 0.35 0.60 0.35 1.05 0.32
180 7.70 0.39 5.80 0.32 3.60 0.32 3.20 0.33 0.70 0.3 2 0.95 0. 29
200 7.50 0.38 - 5.70 0.31 3.50 0.30 3.10 0.31 0.65 0.29 0.60 0.26
220 7.40. 0.37 5.60 G.30 3.40 0.29 2.90 0.29 0.55 0.27 0.7E 0.24
240 7.30 0.37 5.50 0.29 3.30 0.23 2.80 0. 28 0.50 0 «2hr 0.70 0.21
260 7.10 0-36 5.30 0.26 3.20 0.27 2.70 0-.26 0.45 0.22 0.60 0.19
260 7.00 0.35 5.10 0.27 3.10 0.26 2.50 0.25 0.40 0.19 0.55 0.16
300 6.60 0.34 5.00 0.26 2.90 0.25 2.30 0.23 0.35 0.17 0.50 0.14
320 6.60 0.34 4.80 0.26 2 .8u 0.24 2.20 0.12 0.30 0.15 0.40
340 6.40 0.33 4.70 0.25 2.60 0.23 2.00 0. 20 0.2- 0.12 0.35 0.09
360 6.20 0.32 4.50 0.24 2.50 0.22 1 .90 0.19 0.2c 0.10 0 lo 0.07
380 6.10 0.31 4.30 0.23 2.30 0.21 1.80 0.18 0.20 0.03 0.20
400 5.90 0.31 4.10 0.22 2.20 0.20 1.50 0.17 0.15 .. 0.15
420 5.70 0.30 3.90 0.21 2.10 . 1.-.0 0.16 0.10 .. 0.10
4*0 5.60 0.29 3.80 0.21 2.00 1.30 o 0.05 .. 0.05
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Figure 3a(4)
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Figure - 3a (6)
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1) Drainage intensity factor 0.14 1y

2) Kd = o0o.W /d-y -
3) (effective porosity) - 2« 9C%

4) d (equivalent depth) =2.1 rm.

5) k (hydraulic conductivity)= 0.19 rq/day.

The generalized equation q = 2 . Kdh holds good for tm
L2

drains which are away from the effect of recharge phenomenon
which has been dbuerved to happen upto a distance of 45m away
from the main waterbody. Since the design has to accomodate
for the worst conditions/ the hydraulic parameters computed can
be successfully used for finding the discharge for any hydrau-

lic head. This can be verified for values of the drain lines

AE15, 5e15/ 7e30 and 8e30 (table 3a(i)).

RESEARCH PROJECT 1'0.3Db.

1. Title of the project : Development of a sujrablo teohnoJoga
for the sub-surfacc drainage system

in the Kari lands of Kuttanad.

2. Title of the problem . Effectiveness of tile drainage sys
tern in the performance of paddy

crop in the Kari land.

3. Objectives:

a) to assess the incremental yield of paddy due to tile

drainage system.

b) To study the growth pattern of paddy crop under tile

drainage system.

c) TO study the effect of tile drainage in the improve-

ment of root zone profile of Kari lands.

4- Practical utility;

Earlier studies in this line revealed a remark-
able improvement ,on the growth and yield of paddy crop and

also on the fertility of root zone. Hence, this detailed



exceriment will being out the magnitude of incremental

productivity cf Karl lands with laying of a suitable drain-
age system. The study will also help in arriving at an

optimum spaaing of tile drains.

Tccn”™ical programme:

Paddy crcp is tc be raised in the field laid out
with the lateral drorn3, giving uniform package of practices
in the whole experimental arc-c. The standing crop will be

divided into different strips of 5m width along the drain

line, The first strip (treetrr.ecnt T-1) will fall 2.5rn on
either side ~f the centre of thedenin line. The second,

Ti, "./ill fall between 2.5m and 5n frcrn the drain line on
either side and t3 ;ild fall between 5m and 7.5m from th-
drain line on either side. pence, lateral drains of 15m spac-
ing v/ill hr/, four treatrents tl1l,t2,t3 and a control and'4 repl
cations (4 expos: men'-al lines). The drain linos v/Zith 30m
spacing vdlIll have 7 treatments (Tl to T7) with 2 replica--,
cions. T?s. diff; reiit yruv/fh parameter o will be recorded for
each strip and analysed. The changes in the soil qualities
v/ill be estimated an assess the Improvement of soil fertility.

ObscrvjLions so ba recorded ;

a) growth and yi..ld parameters of paddy.
b) Physicochemical i’'alysis of soil,
c) Mo.nibaring of quality of drainage and

irrigat joa v.ntf \.

Date of start e bcccmbci 1904.
Date of completion : Till t,i » sshcme ends.

Progress of ’'Jork:

The experimental field was subjected to continuous
pumping throughout the cul hivaaion sea.H»n, ODbservations

lit. go,Of p 1l .per/m2, go.of pan:jcl js/m* . height at



—1 52 x—

_ _ j & > pawioXt-'* yi/.j »
maturity, length of panicle, grain-* |

_ _ j Mrre r(cordeel arid subject,”®

straw weight and 100 grain weight were

-lwric. V/nS CIOfjO L'CpuTrdtCly i

to statistical analysis. The aiialy->i-

15m and 30m spacing. The results of the analysis are repre-
sented in Appendix-3. The paddy crop raided in the f
mental plot was visually very healthy wnen compare h the
crop raised outside the expc-riMKnt.il area during the growing
season, however, the crop w.s severely attacked by the P.PH

tov/ardc the latiar stages i.or the .Zirit of timely prophylatic

measures. The BPH attack in t)jr control plot wjs not au sevc
as that of the cxpcrimcnt.il plot. This unexpected factor is
reflected in the statistical analysis. Howuvtr, the trend

shows that there is an average increase of 560 sig of addition
grain yield/ha due to the introduction of sub-surface drainag
The 100 grain weight analysed from the experiment was found

significantly superior over to chc IluO grain '/eight of the

control plot.

With a view avoid all the controllable setbac]:s the
station is planning to provide the farmers with inputs like
seeds, fertilizers and plant protection materials for the nex
cropping season. These inputs will be made available to the
farmers in the experimental area and will be applied under
proper supervision from the station scientists so that a uni-

form package of practice can be given to the experimental are
and the control plot.

water samples from each tile drain were collected at

fortnightly intervals and they were analysed for its EC and

Figure No.3b(l) is a graph of Ec of drained water from differ'

ent drains versus time for the year 1985-86 and 1986-87. | t
could be seen that the soils which werP N D
closer to the outside
natural body of water drained less saii-» N _
that the one which
is farther. This could be because of + -um

r thc higher water level
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outside- the farming area creating a natural internal drainage
and to some extent washing the soil. The same observation was
noted in the last reporting year also. This observation sub-
stantiates comparatively higher yields at places where there

iIs a nearby waterway or drainage channel/ as reported by this
station in the earlier reports. The graph mentioned above also
gives an idea on the reduction of salt content of the area con-
trolled by the drain 7e30. The graph of pH of drained water
from different drains versus time for the year +985-86 and
1986-87 (figure No0.3b(Z))/ gave almost identical values of pH
for each drain (5.75 to 7 for this season). A comparison has_

shov/n a remarkable improvemint in the acidity level of the soil

controlled by the drain 7e30. The higher pH levels arc because
of the submerged condition of the soil during cropping season
which prevent entry of air into the soil system prohibiting

oxidation and formation c£ acidity.

Weekly monitoring of EC of irrigation v/ater/ drained
v/ater (sub-surfice drainage) and surface drainage v/ater was
also done during the cropping season. The EC of irrigation
water was then compared with that of the sub-surfacc drainage
water. The comparison shov/n in figure 3b(3) has indicated
that a substantial amount of salts can be leached through the
sub-surface drainage system. The same values for the year
1985-86 is also incorporated in the graph for easy compariscn
of reduction in aalt after one draina< c season. The EC values
of irrigation v/ater remained same with respect to time while
the EC values of sub-surface drainage v/ater has come down the
level which proves a reduction in the salt level of the soil
after one drainage season. On an average, the difference
between the EC of drained v/ater and irrigation water was 2.25
mmhos/cm which quantitatively amounts to 1440 ppm or 1440 mg/
litre. This is equivalent to 144 kg of salt/ha/cm of drained

water .
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rr nncicd bt'tv/LLD Q»2 tu 2,4
The EC valuos of irrigation water N N r N

mrrihos/cm for the season unc tn

between 2.4 to 4,0 inmhos/cm.

study on the amount of sal”®
The graph 3b(5) gives a

. _ ainage jysta.i is incorporate
tliat can be leached if airface dr J 1y P

_ ] that the surface drain.
in the project area. It could be ->een

. iri, ,Hiinn, to the removal of salt
age system <cbts nee contr ibuee anytiin J

from the soil. The EC vein.r oi >ufface drainage v/ater and

irr igation water remained same throughout the, reason. The sur-
face drains g.,t its volume of water from the rlooding water
normally used for irrigation purpose and washing the cop soil.
The top 5—410cm of the soil is already in the washed condition
due to the regular practice of the farmers of flooding and
dcwatcring the fields. Moreover/ the flooding water docs hot
get any opportunity time to percolate down and hence to pjjck
the salts. The high water table condition also contribute fqcj
not allowing the flooding wat« r to move down. The above nMen-
tioned reasons disqualify the effective use of surface drains
as an alternative solution to the sub-surfacc drains. Howev
the surface drains can be economically a™d effectively used &S

collector drains for the sub-surfacc drains/ provided they arc

deepened and widened.

A Close study cf the weekly values of pH of Irriga-
tion water, subs-urface drainage water and the surface drainage

water leads to the following inferences. The m wvalucs of

sub-surface drainage water and irrigation water remained

identical and the values ranged between 6 to 7.5. The air-

face drained water remained S-Ijlz—ii%tn_“:)l; .aCidj.c and the valucs

ranged between t.,75 to 6.5. mho <="-n
_ .. , : _ _ “ 15L on drying during the
intermittent flooding aid drvim .

aryrng practiced by the- farmers
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r. icioe-rLcd cjfifdtiL., and this acidit} is washed ar.d
— 1 incc the surf-cc drain:- and hence it iIs slightly acidic
I'' 't _ surfncr ..rain:- u.o.ieributc to the removal of aridity

he fC end p¥ values of daily water samples collected

e e ir.a~_ rump which gets its water from the sub--surfact
. -je.i)'". system. _r, sh./.,, -n figure 30(7) and 3Db(3). it could
ste.i ;hnt eh tain arch]cr. *s controlling wuc salt than the
*j -tir if* probl .T. gets automatically controlled
- euvcle at50', during which there, is always submerged
Fj'll r ;:<plcr ‘'.duj.i V], *xyr rimeukal site and a control
V. LOr-ri «f. ¢ dry! n* t'® soil tnrough drainage* was also
*'i'5 - 1 study was conducted with regard to
-* ' H5m--"" -1~ s,:It: or. drainage. The tables shov;—
> - -+ ' e ’ii. jrer.nu: 1, a irean table rccrc*--
e .N b'ble 3b(vi). it has been
e | . i*1ij '-ir.* ieduction in chlorides r_cm
| -"enial clot wv.ii.r, c:.;,p.*rer- co that of the control plot
"1 er'ail! et" c. 'u”™ mere or the soils just above
| B he .jO-x, *'j ] yu round more for the soils
*rf -tne *'XV. *> 1 ur o0. 15m spacing. This may be
ited to .ie fct "ut <i iIintensive drainage in this
- = r.. ehme s —n**% exio .tioi. ruojltinci :.n higher toXxic
-n --r;,,.. -on - 'cT _ leeched out bv further irriga-
r e *| 11

N jcctud turing the cropping
"~ rrx Ji 5BIcrc «'Yjin~ vni m ilyscd Cor :iriding the

' *or | ni.r luncche<i out incl -he result IS shown in
1c *3* (,-n ;.



T<g1>1 3b (i ) -
Water sample dota takcj
(Collcctcd fror

L valuu a

Location 53.10.36 6 11.36 20.11.C6 4.1 2.06 10.12 .86
2E15 6.10 6.35 6«20 7.00 °-30
3e 15 6.10 6.30 6. 20 6.55 6.30
e-E15 6. 25 6. 20 6.15 6.60 6.00
seis 6. 20 6.25 G.lo 6.90 6.40
7e 30 6.50 6.15 G.05 5.85 6.75
3e 30 6.30 6.25 6. 20 6.45 7.00

EC Valu.- (mmhos/era.)

Location 23 .10.36 6.11.36 20.11.36 4 12 .36 10.12.86
2E15 1.90 2.10 2.60 2.50 2.CO
3e 15
e 1.80 2.50 3.30 3 .20 3 30
4e 15 1.

e 00 2. 80 3.80 400 3. 90

5E15 2.10

3.45 A CO 4 50 480

7e 30 2.10

3.40 5.30 4 70 5 o5
S8E30 2.25 3.90
5.00 4 70 5 44



Dote

9.10.56

16.10.56
23.10.56

30.10.56
6.11.36
13 .11.35
20.11.36
27.11 .56
5.12.06
11 .12 .56
13.x2.36
25.12.05
1.1.1957

9.10.36
16.10.86
23.10.86
30.10.56
6.11.36

1J»1z.C6
2r'. 11 .06

27.11.06
3.12 .06
11 .12.06
No-it. 6

.12.06
1.1 .1907

watv-r

irrigation

7.59
7.36
6 .GO
6.53
6.51
6.05
6.97
C.66
6.34
6.0-2
6.51

7.45
7 .33

.74
.67

17
.00
.63

.31
.95

(3
.00
.31
.02
.64
.59

OO0OpRL MNP O O O - » O O

Table

and drained water

57 4-
3b(ii).

Weekly averages of pH and EC of
(19G6-07).

DH values

uater

Drained v/ater

7.45
7.52
7.1-2
7.01
6.95
6.02
6.9 2
6 .94
5.74
6.71
7 .30

7. 23
/a04

EC (rmihos/crn)

WWwWw w NN N ND NN W W
o ) . .
o1

fo ta i

Average:2.25mmhos/cm

irrigation

Difference

.14
.16
.3 2
4G
.44
.03
.05
.28
.10
.29
.49
22
.31

©O O O o O O o o o o o o o

.74
.65

.63
.86

.09

.24
e

.30
.45
.30
.60
.35

NNEFEPRPFE DN DN P P NN

w
N
©

T z rm




Tabl.i -

Wec]cly av”~r Kios pH and EC of irrigation wijt.kr. - uCN

Di'oinuuc Water arid sub-~urfa™u :

Subsurface drainage

Surr Ice ur<ain«rj-
water (from collc-c-

Irrig.1tion v/'ti.r (from

watc r r]r.jill:g(. channel) tion sump).
(-*)-- (4)" ~
(2) )
9.10.06 7.59 5.90 7.45
16.10.06 7 .36 5.00 7.52
23.10.06 6.00 6.05 7.12
30.10.06 6.53 5.98 7.01
6.11.06 6.51 5.95 6.95
13 .11 J3G 6.05 5.95 6.02
20.11.86 6.97 6.65 6.92
27.11.86 C.66 6.08 6.94
4.12.86 6.84 6.25 6.74
11.12.06 6.42 5.00 6.71
10.12.06 6.01 0.4 2 7 .30
25.12.06 7.45 7.23
1.1.19 J7 7.53 6 !55 7.04
EC (mmhos/cm.)
ay (2) (3) (4)
9.10.86 0.74 0.02
16.10.86 0.67 0.70 3.48
23.10.06 1.17 110 3.32
30.10.06 1.00 1.00 2.80
6.11.86 0.6S 0.15 2.94
13 .11.86 0.31 0.45 2.177
20.11.86 0.55 021 2.55
27.11.06 1.73 1.00 3.32
4.12.06 2.00 1 63 3 .53
11.12.86 2.31 1 93 3 .53
18 .12.86 1.02 0.74 3.61
25.12.86 0.64 3.62
1.1.07 0.59 3.49
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Table - 3b(iv )

Water sample data -taker, daily from thc_drainagc

Sumo. EC {ramhog/cm 4

Date E .C. Date E.C. Date E.
0.10.36 3.30 3.11.86 3.13 9.12.86 3
9.10.06 3.65 9.11.86 3.03 19.12.86 4
10.10.06 3.57 10.11.06 em 11.12.06 3
11.10.36 3.25 11 .11.06 e D 12 .12.06 3
12.x0.0S 3.60 12.11.36 ee 13 .12.36 3
13.10.06 3 .55 13.11.36 e 14.12.86 3
14.10.06 3.65 14.11.06 oo 15 .12.06 3
15.10.06 3.10 15.11. 6 3.30 16.12.86 3
10.10.06 2.55 16.11.06 3.30 17.12.06 2
17.10.06 3.07 17.11.06 3 .35 18.12.06 3
10.10.CG 2.55 10.11.06 3 .55 19.12.06 3
19.10.06 2.02 19.11.06 3.20 20.12.06 3
20.10.06 3.10 20.11.06 3.43 21.12.06 3
21.10.06 -..00 21 .11.06 3.20 22.12.06 3
22.10.86 e 22.11.0G 3.20 23.12.86 3
23 .10 =6 1.17 23.11.06 3.60 24.12 .06 3
2+*ml0 e 6 © .00 24 .11 .06 3.30 25.12.06 2
25.10.06 3.00 25 .11 .06 3.75 26.12.06 3
20.10.06 3 .50 25.11.06 3.63 27.12.86 3
27.1 0-336 2.90 27.11.06 3.00 20.12.06 3

.10.06 | ,62 27.11.06 3.53 29.12.06 3
29,10.66 mm 29.11.06 3.02 330.12.06 4
30.10.06 i .60 30.11. :6 3.20 31.12.06 3
31.10.0G 2.65 1.12.86 3.75 1.1.07 4
J,11.r6 75 2.12.86 3.20 2.1 .07 4
2.11.06 237 <.12.06 4.18 3.1.07 3
3.11 .06 2. 90 1.12.86 3.00 4.1.07 4
4.11.r6 3.30 5.12. Ir 3.15 5.1.07 4
6.11.86 2.95 6.L2.85 3.00 G 1.07 4
6.11 .06 2..,5 7.12.06 2.70 7 1.07 4
7.11.J6 2.50 0.12.86 3 .85

.95
.70
.90
.36
.00
.08
.85
.36
.69
.85
.95
.95
.03
aS)
.78
.13
.63

.13

.80
.95
.70

.50
.95

.10
.10
.95
. 20

.20
.10
.30
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Pate

m«JO. L't
J.IU.i 6
10.10.06
li .10,...6
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. -.1u.06
e-..1."- 06
-6.10.06
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li'dU.CG
20.10.16
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22.12.86
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C.18

6.45
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7.53
6.73
7.28
7.05
7.93
7.30

7.13
6.30

0.05
7.98
7.15
7.60
6.98
6.65
6.58
7.95
/.88
0.13
0.30
8.03
C.00

8.15
7.60

7.40

7.63

6.95
7.03



Table 3Db(vi)

Mean table of soil analysis data
Trﬁlit Treatment Cl SO4 Ca Mg.
1 On the line 15m spacing 2.13 794.50 3.05 10.00
2. Mid-spacing of 15m. 2.50 643.00 1.28 2.78
3. Or. the line 30m spacing 2.31 503.00 1.07 2.64
Mid spacing of 30m. 3.79 563 .75 1.67 3.09
Con trol 4.16 665.25 1.75 4.05
C.D. 0.76 99.02 1.27 3.09
Tabic 3 b(vii)
Drained Water sample - Samples taken from the tile drains.
dh EC CO03 HCO03 Cl- S04 FG Ca

(mnhos/cm) (me/lit) (m-c/Z1lit) (mc/Zlit) (ppm) (ppm)

2E15 6.40 3.10 T 3 .44 19.90 526 100 1.12
1E15 6 .20 3.00 3 .4a T 24 .79 522 20 1.56
IEIS 6.15 3.60 T 5 .16 67. 34 465 79 2.04
SE15 3.x 5 4.50 T 3 .44 42.10 541 53 .24 3 .36
7/E30 C.15 5.70 T 13.76 52.54 503 T T

3230 7PN o "I M 1.72 41.44 556 203 T
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Figure - 3Db(7)

EC of daily water samples collected from drainage sump curing cultivation
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Figure - 3b(G)

pH of daily water e inpl* s collected from_drainage sump luring cultivation
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Titlt. wl Lh oioject . C
J oS filth -J T,<C. 1H'1*>1,n" | 3
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IEv.it_ uf Lrit jp'Ob'.tU rreU -LIOI j_r J 11 tri'yi f-.lltr.r- raj
o1 > U fir. )] 1ts uC'.r om.ic suital

LW ji 13131 jt 'mde: i'jri critcr:

j_l Lur o -

hj.et V- T .tU‘b 1% ff'.ckivs I"Css and eog]
i elie’ -a 1 1 j,ity of different cn-“
v lope iiifr ie!ln u-ed ind it->
dcsiyi, criteri -e

Pi ctical ulj.lity =

OoOn. - t: .. t*in f rr; which ir.cri.mrr. the cost per
hc'~tmre of cml rub-iu.i y:o tide di-.:-innn._ system is the
dv iormrmt. iJ 1 'j-w- The :tuoy car. throv; light into
effectJvoners uf LL- LiV'Jopc m~terinls used and can sug

an econ .-nic Aiy vi able ervr.jon. material.

Technical nropranuri.. :

The filter rr.atc.ciol will be statistically tested by tS
p.adcmiced Block eesiyn technique. Each block consists of
treatrn a ts ana there ’'-o0il be three replications. The treas

rents are:

Sea sand all around the drain
I Sea sand around the joints only
N River sand all around the drain
v River sand around the joints only.
V. Paddy straw around the joints only

Vi Coir fibre around the joints only

Vi No filter materials.



The TJ.lt.cr materials were selected according to the

local avail daili-cy. Each treatment is a tile line of 40 M

length and is spaced at 15m. The drainage flow and the sub-

sidence of water tabic v/Zill be studied from each treatment.
The yield data also will be collected from each treatment.
6. Ibservatlons to be rccordcd :

7.

8,

1.

1, rater table elevations.

20 Drainsee liew

3-. Crop vyield daea

late of start : January 1987
Lateof completion . December 1990.

progress of e .mrk:

The layout of etc experiment is shown in figure 3c(l).
Too e.:pcrim ntai area is in the 'Kavil Thekkumpuram pada-
scr.hararnl which is a true representation of 'Kari soils"’,
and is of about 1.2 ha. There are altogether 22 lines and
each, lire i1s of 40ii length and is spaced at 15m. The *"lie
orair.s ere baked clay pipes, GOcn long with bell mouth at

Oic end (12.; mn outer ~ia and 100 mm inner dia) provided

with 15 nos.of OGm holes in three- bands c¢cf 5 holes each, on

the J./Jrd periphery arc,.. There were laid with the tail of
oao into tha hr 11 mouth of the other, with the bell mouth
pointing few ir k; the .own stream end. The tile lines arc
j—r-r> o O» -lopa iew-jrdn the down steam end and discharge

into col le :s1:1 sumps undo of concrete rings of 60 cm inner

0.l ri.tci c The filter materials used Jn each casewas



Laying of filter materials :

a)

b )

d)

River sand :-

There are two tro”~tmr rits with river sand. in one cubq

the river sand is spread all around the drain. in this mod?;
of application the river sand is first spread in th< trench
to a 10cm thickness and then the tiles are laid to the
correct grade. Over this u 10cm thickness of river sand is
again spread and the trench is then backfilled. in the

other case'/ the river sand is applied at the joints only

with a 10cm thickness above and below the bell mouth of the
drain. About 0.0 75/m"Vm of river sand is required when
spread all around and 0.015m”~v/hen spread around the joints
only.

Sea sand ;-

In this case also there are two treatments and the

mode of application is essentially the same as above except

for the material used.

coir fibre

This is a material locally available and is made after

beating the coconut husk and is a raw material for making

coir. The fibre is wound around the joints of the tile
drains. About 380 gms.of coir fibre iIs required to com-
pletely wound one bell mouth joint.

paddy straw

Paddy straw is also tried since it is cheaply and
easily available locally. The wrapping method is essentia-

Ily the same as that of the coir fibre- except that the

material required per joint is only 300 gms.

The execution of the above work was only just comple-

ted and the observations can be done from the next season

onwards.



e f - sand -round the dr Ur
. SEnd ='rcund the joints o

“1'1Ver SEnd' -U  :round the cc-
e r.rver sand around the joints |,

- Coir nbrc around the joints |,

Pa.dy straw around the joints

“° filter natcriiil.
* Buffer line



Tho monitoring of qu.il-'1} °J i.r L1°*1 n Ul-'lIr.agg

water were ooi.tlnueu. "if v ortt 'mo <* niJ r,J® JOCLI* aed on
the acidivy and sal 1.Je/ -f irrigation «,.*» dr aJ,.ayt, wati
Tte EC value's ranged L -to n to 2-'- Cor the i
go', ion We.'cidl . The :"(.race 'l 'i-iifc'. wuot.-t .-i-o0 jolluw”~d the
outturn oil f.lvcuirat Lanu of U.u jlrjq -1i °i- ruggesting
ui'ie cc ntr.ibuc.ion of. surface. '.ir-jjn in :ci.oviny the Suit fc
tiite soil is nonljfjih]e- 2i't oH 1J 'cH or I Jigd.ion =]

tece dr lined v:iut- r v ,;*c¢c slightJ.y "Cxr'ic wuio r-jnged between

to 6.5.

As fir os tn> pound wuttr movt.-,";or;L ir» the project ¢
vins concerned Vj.t.i reup.rt to the* outside wvritor bodies# a dg

nito pattern could not h orneed. The ground' mjtor movement

was greatly aff-'coc ley rho ir.linage puinoir.g .

The e::pc-L'ir,itnc on tlic 1Development of a suitable tec$

nology for the sub-surfoco drainage system in the Kari land
jcittanadl has reve-—. A Lhoru is a continuous recharge
the outside v/atorbody towards the cropping area and that t
.Intensity of this recharge reduces as the distance increase*
The drain? located nearer to these waterbodies also get a
tain amount of recharge. The recharge becomes negligible bed
a distance of approximately 45m. Thus drains nearer to the

waterbody experience more or less a steady state condition *

those away experience a non-steady condition

me mathematical analysis of the data collected fr®

drainage pimping has given the following hydraulic paranteo
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1) Drainage intensity factor 0.14 days'l
2) Kd 0.40m2/day
3) -y (effective porosity) 2.96%
4) d (equivalent depth) 2.1m .
5) K (hydraulic conductivity) 0.19 nv/day.

The generalized equation g = 2n Kdh/L2 holds good for

the drains which are away from the effect of recharge phenome-
non. Since the design has to accomodate for the worst condi-
tions/ the hydraulic parameters computed can be successfully
used for finding the discharge for any hydraulic head. The
paddy crop raised in the experimental plot was visually very
healthy when compared with the crop raised outside the experi-
mental area during the growing season. However/ the crop was
severely attacked by the BPH towards the later stages for the
want of timely prophylactic measures. The BPH attack in the
control plot was not as severe as that of the experimental plot.
However/ the trend shows that there is an average increase of
560 kg of additional grain yield/ha due to the introduction of
subsurface drainage. The 100 grain weight analysed from the

experiment was found significantly superior aaocr to the 100

grain weight of the control plot.

With a view avoid all the controllable setbacks the
station iIs planning to provide the farmers with inputs like
seeds/ fertilizers and plant protection materials for the next
cropping season. These inputs will be made available to the
farmers in the experimental area and will be applied under
proper supervision from the station scientists so that a uni-
form package of practice can be given to the experimental area

and the control plot.
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The analysis of sub-surface drained wut, i nnuw.u In.c

the soils which wi re closer Lo the outride, riatur -1 y

water drained Iv_ss salts than the ones which w« ia forth-i.

This could be because uf the highc i watcr levei out-d .ie th<

farming area creating a natural internal draiii'jgi.. -inl to ”“ome
extent washing the soil. The sarx observation noted in
the last n ixarting you also. This observation substantiates
comparatively highi-r yl; Ids at jdr.ces where triere is N nearby
waterway or drainage channe |l as r< parted lay this :t ution in thg;
earlier reports. The relative diffc renco whicli was observed

the casi of EC of the drained w.jt r from different drains was

not seen in the case of pH values and they remained identical

and s lightly acidic. The higher pH levels are because of the
submerged condition of the soil during cropping season which
prevent entry of air intothe soil system prohibiting oxidation;'

and formation of acidity.

The comparison of EC values of irrigation water and the
sub-surface drained water irdicatcd that a substantial amount
of salts can be leached through the sub-surfacc drainage system
On an average/ the difference between the EC of sub-surfacc
drained water and irrigation water was 2.25mmhos/cm which was
quantitatively equivalent to lie kg of salt/ha/cm of drained
water. The EC values of surface drainage water and irrigation
water remained same throughout the season indicating that the
surface drainage does not contribute anything to the removal of
salt from the soil. The surface drains get its volume of water
from the flooding water normally used for irrigation purpose
and washing the top soil. Thetop 5-10cm of soil is already
in the washed condition due to the regular practice of the faH
mers of flooding and dewatoring the fields. Moreover, the

flooding water does not get any opportunity tine to percolate

down and hence to pick up the salts, me high water tabic
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condition also contribute for not allowing the flooding water
to move down. The above mentioned reasons disqualify the

effective use of surface drains as an alternative solution to
the sub-surface drains. However/ the surface drains can be
economically used as collector drains for the sub-surface

drains, provided they are deepened and widened.

A close study of the weekly values of pH of irrigation
water, sub-surface drainage v/ater and the surface drainage
water leads to the following inferences. The pH values of sub-
surface drainage water and irrigation water remained identical
and the values ranged between 6 to 7.5. The surface drained
water remained slightly acidic and the values ranged between
5.75 to 6.5. The soil on drying during the intermittent flood -
ing and drying practiced by the farmers gets acidified on aera-
tion and this acidity is washed and dumped into the surface
drains and hence it is slightly acidic. The main problem is
thus found to be controlling the salt than acidity. The acidity
problem gets automatically controlled with rice cultivation

during which there is always submerged water.

From the data so far collected by the station, it is
found that the sub-surface drainage system can be effectively
and successfully used In the Karl lands of Kuttanad provided
that the cost factors are reasonable. Studies for minimizing
the cost have already been token up in this direction. One of
the main factors which increases the cost of the system is the
use of filter materials around the drains. An experiment has
already been laid out for finding the economic:ally viable and

locally available filter material.
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SECTION " F

Tcchriicud programe 1987-88.

Monitoring of periodical changes in the quality of surface

and sub-surface water Iin the projcct area.

monitoring of seasonal fluctu-itions of ground water table

with reference to surface water level.

Assessment of hydraulic properties of the tile drainage

system.

Effectiveness of tile drainage system in the performance Df

paddy crop in the Kari land.

Evaluation of different filter materials to find i1ts econo-
mic suitability including its design criteria for the sub-

surface drainage system.

studies on the changer, of soil chemical properties with

respect to time on sub-surface drainage.
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Average head at 20 hour interval in mlor dlff<ren

tile drains

Time 26 15~ 3E| 5* AE| 5* S5E15* 7E30d> BE3Q®
0 0.69 0.67 0.65 0.67 0.66 0.65
20 0.59 0.56 0.56 0.6 2 0.6 2 0.60
40 0.51 0.48 U.50 0.57 0.56 0.54
GO 0.48 0.43 0.45 0.52 0.52 0.50
130 0.45 0.40 0.42 0.47 0.4 b 0.46

100 0.43 0.37 0.39 0.44 0.44 0.42

120 0.4 2 0.36 0.37 0.40 0.41 0.3c

1-10 0.41 0.34 0.35 0.37 0.38 0.35

160 0.40 0.33 0.33 0.35 0.35 0.32

1SO 0.39 0.32 0.32 0*33 0.32 0.29

200 0.30 0.31 0.30 0.31 0.29 0.26

220 0.37 0.30 0.29 0.29 0.27 0.24

240 0.37 0. 29 0.28 G. 28 0. 74 0.21

260 0.36 0.28 0. 27 0.26 0.22 0.19

280 0.35 0. 27 0.26 0. 25 .19 0.16

300 0.34 0.26 0.25 0.23 0.17 0.14

320 0.34 0.26 0. 24 0.22 0.1 5 0.11

340 0.33 0. 25 0. 23 0.20 0.12 0.09

360 0.32 0.24 0.22 0.19 0.10 0.07

380 0.31 0. 23 0.21 0.17 0.0

400 0.31 0.22 0.20 0.16

420 C.30 0.21 - —

440 0.29 0.21

* 15m spacing.

(> 30m spacing.
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A-gj, at 20 hour interval Iin meters

for different observation wells

_ Heed (m)
TiNn's
CRW 111 O3vr 112 O3W 113 O3W 114 OBW 115
0 0.65 0.64 0.62 0.67 0.68
20 0.34 0.54 0.44 0.35 0.35
40 0.26 0.47 0.39 0.31 0.26
60 0.23 C.43 0.38 0.28 0.20
30 0.21 0.40 0.37 U.27 0.16
100 0.20 0.38 0.36 0.27 0.14
120 0.20 0.37 0.36 0.26 0.13
140 ne23 0.36 0.35 0. 25 0.12
160 0.19 0.36 0.35 0. 25 0.12
180 Uu.lo9 0.35 0.35 0. 25 0.11
200 0.19 0.35 0.34 0. 24 0.11
220 0.19 0.35 0.34 0.24 0.11
240 0.13 0.34 0.33 0.24 0.11
260 0.10 0.34 0.3 3 0. 23 0.10
280 0.18 0.33 0.33 0.23 0.10
300 0.17 0.32 G.32 0.23 0.10
320 0.17 0.31 0.3 2 0.22 0.10
340 0.17 0.31 0.31 0.21 0.09
360 0.17 0.30 U. 30 0.21 0.09
3C0O 0.17 0.29 0.30 0.20 0.09
400 0.10 0.29 0. 29 0.20 0.09
420 o.ir o. 20 0.2 i 0.20 0.08
440 d.ig 0.28 U.28 0.19 0.00
450 | )G 0.27 0.27 me 0.00
Thf . nb crj]'Ls rtf obst'iv.ii ion wells denote tlie following s
1. pin ,.. dj ,ii innio 'i,r ; iho obse >vation well line number
2. 'V ,.,,; mj.nl- jridtc ie fine .lriin line number

- Third lj.jie indicate Mm frosition of the observation
-mii |L,n-r.. Q. .r, the dr tin line towards the north.
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fire . Head (M)
OBW 131 OBW 132 OBW 133 OBV 134 OBW 135
0 0.60 0.60 0.58 0.56 0.61
20 0.11 0.32 0.47 0.40 0.23
40 0.06 0.24 0.39 0.32 0.19
60 0.05 0.21 0.34 0.27 0.18
60 0.04 0. 20 0.31 0.24 0.17
100 0.04 0.19 0.29 0.22 0.17
120 0.04 C.19 0.28 0.21 0.17
140 0.04 0.13 0.27 0. 20 0.16
160 0.04 0.13 0.26 0.19 0.16
180 0.04 0.17 0.25 0.19 0.16
200 0.04 0.17 0.25 0.13 O.lb
220 0.04 0.16 0.24 0.13 0.15
240 0.03 0.16 0.24 0.18 0.15
260 0.03 0.15 0.23 o.ie 0.15
280 0.°3 0.15 0.23 0.17 0.14
300 0.03 0.14 0.22 0.17 0.14
320 0.03 0.14 0.22 0.17 0.14
340 0.03 0.13 0. 21 0.17 0.13
360 0.02 0.13 0.21 0.16 0.13
380 0.0 2 0.13 0.20 0.16 0.12
400 0.02 0.12 0.19 0.15 0.12
420 0.02 0.12 0.19 0.15 0.11
440 0.02 0.12 0.1G 0.15 0.11
460 0.02 O.ii .« 0.14 0.10



Tik Hr-ad (m)
OBW 141 OBW 142 CBW 143 O3W 144 OBW 145
0 0.6 0 0.64 0.55 0.55 0.65
20 0.16 0.48 0.45 0.31 0.25
40 0.11 0.40 0. JG 0. 25 0.18
GU 0.09 0.39 0.7 5 0.22 0.15
8u 0.09 0.30 0.J4 0. 22 0.13
iuo u. 08 0. 28 0.33 0.20 0.13
120 0.08 0. 26 0.32 0.20 0.13
140 3.08 0. 25 0.32 0. Zu 0.13
160 0.08 0. 24 0. 3u 0.19 0.12
180 0.07 0. .3 0.30 0.19 0.12
200 0.07 0.23 0. 29 0,1 9 0.12
220 0.07 Uu.22 0. 28 u.18 0.12
240 0.07 0.21 0. 27 0.18 0.11
260 0.07 0.21 0. 27 0.18 0.11
260 0.07 0. 20 U. 26 0.17 0.11
300 0.06 0. 20 0.25 0.17 0.11
320 0.06 0.19 0. 24 0.16 0.10
340 0.06 0.18 0.23 0.15 0.10
360 0.06 0.18 0.22 015 0.10
360 0.06 0.13 0. 21 0.14 0.10
400 0.06 0.17 0.20 0.14 0.09
420 0.05 0.17 0.20 0.13 0.09
440 0.05 0.16 0>s 0 0.13 0.09
460 0.05 0.16 . 0.13 0.09
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P PP R R P R R R R
NW A g N0 o ©

_CD O O O O © O O O O o o o
- . . . .

B P
o B



Tiin

20
40
GO
CO
100
120
140
160
130
200
220
240
260
280
300
320
340-
360

380
400
420
440
460

OBW 161

o NN N W W AN O
N DN
o ~ N W o %O o N O

P P P R R R R
o o N o0 @ © ©

©C O O O O O O 0O O © ©O O © 0O o oo o o o
0) o

o O
PR R
W A O

0.12
0.11

OBW 167

O O O O ©O © ©o O O o OO o OO0 oo oo o o o

.93
. 40
.4 3
.40
.37
.35
.33
.3 2
.30
.29
.28
. 27
. 27
.25
. 25
. 24
. 23
22
21

.20
.18
A7

.16
.15

86 s-

Head

(rn)

O3W 163

O O O O o O O O O 0O © 0O O OO OO OO0 oo o o o

.61
.99
.04
.50
47
.4 3
.40
.36
.35
.31
.28
. 26
. 24
.21
.19
A7
17
A7
.13

11
.09
.07
.06
.04

OBW 164

.60
.46

.37
.32
27
.25
. 22

.20
.19

A7
.16
.15
.13
12
11
.10
.09
.07
.06

.04

© O O O O © © © 0O O O O o ©O oo oo o o o

.03

o
R .
° o
N



20
40
60
80
100
120

140
160

180
200
220
240
260
280
300
320
340
360
380
400
420
440

460

OBW 171

0.33
0. 28
0.17
0.15
0.14
0.12
0.12
0.11
0.11
0.11
.10
.10
.09
.09
.09
.08
0.08
0.07
0.07
0.06
0.05
0.04
0.04

©O O O o o o

OBW 17 2

0.60
0.39
0.31
0.27
0.24
0.22
0.21
0.19
0.18
0.17
0.17
0.16
0.15
0.14
0.13

0.12

0.09
0.08
0.07
0.05
0 .04

0.03
f'.0:

Head

.60
.53
.43
.37

.33
.30
.27
.24
.22
.20
.18
.16
.14
12

O O 0O O O 0O 0o o o o o o o

0.06
0 .06
0.04
0.03

0.005

(rrO

O3W 173

OBW 174

O O O O o o O O o oo o o o o o

.55
41
.33
.28

. 23
21
.19
A7
.15
.13
11
.09
.07
.05
.04
.03



He'id (i.i)

Tmc- .
OBW 101 OBW 182 ox T8 OBW 184 OBW 18

0 0.54 J.5b 0. 53 0.50 0.51
20 0.15 0.32 0. 49 0.46 0.41
40 0.15 0.26 0.45 0.4 2 0.43
60 0.11 0. 23 0.41 0.30 0.27
80 0.08 0.21 0.38 0.34 0.23
100 0.06 0.20 0.35 = 0.32 0.19
120 0.05 0.18 0.3 2 0. 29 0.16
140 0.03 0.17 0.30 0.28 0.13
160 0.02 0.16 0.27 0.25 0.ia
180 0.02 0.14 0.25 C. 23 0.10
200 0.02 0.12 0.22 0.21 0.08
220 0.10 0.20 0.19 0.Q7
240 0.09 0.18 0.17 0.0
250 a a 0.07 0.16 0.15 0.0
280 0.06 0.13 0.13 0.0
300 . a 0.05 0.11 0.11 0.0
320 a a 0.03 0*09 0.09 ..
340 aa 0.02 0.07 0.07 ..
360 a a a a 0.05 0.06 4 A
380 a - a « 0.03 0.03 a a
400 - a a a 0.01 . )
420 - a 2 a 2 a o .
440 aa 2 a 2 a

460 aa a a i



TIIE oo _ Head (m)
OBW 211 O3W 212 03W 213 OBV 214 OBW 215
0] 0.70 0.63 0.70 ) oo 1.06
20 0. 23 0.52 0.60 0.73 0.70
40 0.20 0.49 0.48 0.66 0.60
50 0.19 0.40 0.46 0.63 0.57
80 0.18 0.39 0.44 0.62 0.56
100 0.18 0 .30 0.44 0.61 0.56
120 0.18 0.37 0 .43 0.60 0.55
140 0.18 0 .36 0.42 0.60 0.55
160 0.10 0.36 0.42 0.60 0.55
180 0 .13 0.35 0.41 0.60 0.55
200 0.17 0.35 0.41 0.59 0.55
220 0.17 0.35 0.*%,0 0.59 0.55
240 0.17 0.34 0.40 0.59 0.54
250 0.17 0.34 0.39 0.58 0.54
280 0.15 0.34 0.38 0.58 0.54
300 0.16 0.33 0.38 0.57 0.54
320 0.15 0 .33 0 .37 C .56 0.54
340 0 .15 0.32 0.36 0.56 0.53
350 0.15 0.32 0.35 0.55 0.53
380 0.15 0.3] 0. 35 0.55 0.53
400 0.14 0.31 0.34 0.54 0.53
420 0.i4 0. 30 0.34 0. 54 0.53
440 0.J4 0.30 0. 33 0.53 0.52
40 em 0. 30 N mm



Hewn (m)

inie OBW 221 OBW 227 OBW -25 OBW 224 OBW 225
0 0.02 0.8J 0.67 0.81 0.74
20 0.21 0.61 0.5*. 0.67? 0.35
40 0.19 0.4 4 0. -4 0.57? 0.30
60 0.18 0.-11 0.35 0. .8 0.28
30 0.18 0. O 0.36 0 .4cC 0.27

100 0.18 0.40 0.35 0. 44 0.26

120 U.18 0.39 0.35 0.43 0. 25

140 0.13 0.39 0 .34 0.43 0.25

150 0.19 0.39 0.34 0.4 2 0.25

130 Uu.19 n.39 0. 33 0.4 2 0.24

200 0.19 0.38 0.33 0.41 0.24

220 0.19 0.33 0.32 0.41 0.24

240 0.19 0.38 C.31 0.40 0.24

280 0.19 0.37 0.31 0.40 0.23

300 0.19 0.37 0.30 0.40 0.23

320 0.19 0.36 0.30 0.39 0.23

340 0.19 0. 36 0.1.9 0.39 0.23

360 0.18 0. 36 0. 28 3.38 0.22

380 0.18 0.35 0 .28 0.38 * 0.22

400 0.18 0.35 0 .27 0.3e 0.22

420 0.18 0 .35 0. 27 0.37 0.21

440 0.18 0.34 0.26 0.37 0.21



Head (m)

Time
OBW 231 OBW 232 OBW 233 OBW 234 OBW 235
0 0.65 0.65 0.69 0.62 0.63
20 L .06 0.47 0.49 0.38 0.22
40 J .06 0.34 0.42 0.28 0.17
60 0.06 0.28 m0.40 0.24 0.15
80 0.06 G. 24 0.38 0.22 0.14
100 0.06 0.21 0.37 0.21 0.14
12C 0.06 0.19 0.36 0.20 0.13
140 0.06 0.18 0.36 0.20 0.13
160 0.06 0.17 0.35 0.19 0.13
180 0.j6 0.16 0.35 0.19 U.13
200 0.76 5 .15 0 .34 0 .19 0.13
220 .06 0.15 0.34 J.19 0.13
240 0.06 0.15 0.33 18 0.13
260 0.06 u.14 0.3 2 J.18 0.12
280 j .06 0.14 0.32 0.18 0.12
300 ). 26 0.14 0.31 0.18 0.11
320 0. 06 0.13 > 31 0.18 0.11
340 .06 0.13 0.30 0.17 0.11
360 .06 M 2 (".30 0.17 0.10
380 J. >6 0.12 1 29 0.16 0.10
400 0.06 12 -j. 29 0.16 0.10
420 m).06 0.12 (.29 0.15 0.09
440 3'.06 1L m. 28 0.15 0.09



Ho-id (n)

Tii v
Oil: --J OBW 2-.2 onw 2-.1 OBW 244 OBW 24*

1tu i U < .06 0.69

) 1 N L o) « .04 0.29

3G .30 .02 0.19

6 ) i ?r< < .33 0.59 0.15

J u. 23 1i. 29 .50 0.13

1- - 0.19 . N5 n.50 0.13
12 17 .23 5-. 0.13
| O .22 .53 0.13
16 :j .13 n 1 .51 0.12
luo 0.12 . /u ;> 5'j 0.12
20J 0.12 ('.-:3 0.12
22J G.12 J.19 .48 0.12
2«j o.ll ,.18 .46 0.12
260 J.1x C.17 .45 0.12
280 0.11 ' 17 G.45 0.11
3q; 0.1 ) 0.16 J e 1 0.11
320 0.10 0.15 en3 O Ix
3-.0 Jel>’ 0.14 0.-12 011
360 2). 10 0.14 0.41 011
380 0.09 0.13 0. 40 011
400 G.09 C.12 4 .39 Q.10
420 0.08 0.12 9.38 0.10
440 0.08 0.11 0.37 0.10
460 °° 0.40



93 [ —

1IN € e Head (m)
OBW 251 OBW 252 OBW 253 OBW 254 OBW 255
0 0.67 C.68 0.67 0.66 0.66
2G 0.06 0.50 0.63 0.59 0.35
40 0.06 .,.35 j.57 0.52 0.28
60 '6 .28 0.51 0.45 0.25
80 0. 06 0. 23 0.46 0.40 0.23
14u 0.06 0. 20 O."-rD 0.36 0 .22
120 0.06 J.19 Ue36 0.33 0. 21
140 0.06 0.17 0Jl 0.31 0.21
160 0 .06 0.16 0. 20 0.30 0.20
180 J. J6 0.16 0.25 0. 28 C. 20
roo 0.06 0.15 0.23 0.27 0.19
220 0 .06 0.15 0.21 0. 26 0.19
240 0.06 0.14 0.19 0.25 0.18
260 0 .06 0.1 ‘c 0.17 0. 24 0.18
280 0 .06 0.13 0.15 0. 24 0.18
300 0.06 0.12 0.14 0. 23 0.17
320 0 .06 0.12 0.12 0.22 0.17
340 0.00 0.11 0.10 0.21 0.16
360 0.05 0.J "’ 0.09 0. 20 0.16
380 0.05 0.1 u 0.07 0.19 0.15
=100 0.05 0.10 0.06 0.18 0.15
420 0.05 0.00 0.05 0.17 0.14
4'rO 0.05 me °e O.J7 0.13



— 94 ®-

S e N He.jd (m)
Tune B —
) OBW 261 02W 262 OBW 263 obv/ 2C'x OBV/ 265
Li 0 .66 0. 50 0.65 0.70 0.68
20 0.-i5 0. 43 U.Ox U.G5 0.45
*Q 0.37 0.36 0.6 2 0.57 0.33
60 0.32 0.3 L O.CC 0.50 0.26
CO 0.28 0. 28 0.58 0. 5 0.22
100 C. 25 0. 26 0.55 0.40 0.19
120 0.23 0.14 0.52 0.36 0.17
1-0 0. 22 0.23 0. mj 0.34 0.16
160 0. 2j 0.23 0.-N 0.32 0.14
180 0. 20 0.22 0 . *X 0.30 0.13
200 0. 20 0. 21 0.1 0. 28 0.13
220 0.19 0.20 0.30 0. 25 0.12
240 0.19 0.19 0,35 0. 23 0J2
260 0.13 0.18 0.32 0. 21 0.11
280 0.18 0.17 0. 23 0.19 0.10
300 0.17 0.16 0. 26 0.17 0.09
320 0.17 0.16 0.24 0. 15 0.09
3-10 0.16 0.15 0.21 0.13 0.08
360 0.16 0.15 0.le 0.11 0.07
330 0.15 0.1X 0.15 0.09 0.07
400 0.15 0.13 C.13 0.07 0.06
220 0.14 0.12 0.10 0.05 0.05
40 0.13 0.12 0.08 0.06 n ni



Time Head (m)
OBW 271 OBW 272 OBW 273 OBW 27 4 OBW 275

0 . 0.69 0.64 0.65 0.63
20 oo 0.65 0.56 0.50 0.41
40 .. 0.58 0.48 0.41 0.31
60 0.2 0.52 0.4 2 0.35 0.25
80 22 0.52 0.39 0.30 0. 21
100 0.21 0.42 0.35 0.23 0.20
120 0.21 0.33 0.32 0.26 0 .18
1 10 0.20 0. 35 0.30 0. 23 0. 16
160 0.19 0.32 0 .27 0.2 2 0.15
180 mj.1 8 ,0.30 0. 25 0. 20 0.13
2CG 0.17 0, 27 0.22 0.18 0.11
220 0.i6 0. I'- 0. 20 0.16 0.10
240 1.1 6 m > 0.17 0.14 0.08
260 Cmi= W. 20 0.15 0.12 0.07
280 i A ).1.3 0.12 0.10 0.06
300 0ei 0.1G 4-. 10 0.09 0.05
320 0. L3 0. <; 0.07 0.07 0.03
340 0.12 0.11 0.05 0.05 0.02
3GO < 1i O.1i Uu.0o4 0.03 0.02
300 G.iO <.00 0.02 .
400 ~Ju 0.06
42, 1). 09 0.0 .
440 0 .0b (i.02 .



Time Head (in)

OBW 28i O-lw 282 OBW 283 OBW 284

0 0.63 0.65 0.72 0.63
20 0.:] ‘.5 2 0.70 0. CO
-.0 0.30 (9.4 2 0.63 0.54
6U 0.2b 0.36 mJ).65 0.45
GO 0. 2u 0.33 0.G1 0.4 4
luu 0.18 0.30 u.57 0.40
120 0.16 0.2C 0.53 0.36
0.15 0.25 U.45 0.33

IGu «J. 14 0. 2 0.a- ;.31
1ISO 0.12 u. 22 0.40 0.28
200 u.12 0. 20 0.35 0. 26
2 20 0.11 u.19 0.3 2 0.25
240 0.10 0.J7 0 .28 0.23
260 0.08 0.16 0.24 0. 20
230 0.08 0.1-, 0.21 0.19
300, 0.06 0.13 0.18 0.17
32J 0.05 0.11 J.14 0. 45
340 0.04 0.10 ]2 0.14
360 L .03 0.08 0.10 013
380 0.02 0.06 0.C7 011
400 0.05 0.05 0.10
420 0.~6 0.03 0.08
440 0.01 0.07

0.64

0.49

0.39
0.28
0.25
0.23
0.20
0.18
0.16
0.15
0.13
0.11

0.10
0.08
0.07
0.05
0.03
0.02



20

40

60

80
103
120
140
160
100
200
220

240
260
280
300
320
340
360
380
40'./
42 J

4 vj

97

Head (m)

OBW 311 OBW 312 OoBW 313 OoBW 314 OBW 315
0.75 0.76 u.77 0.76 0.76
0.4 8 0.67 0.74 0.60 0.52
0.38 0.61 0.69 0.48 0.42
0 032 2. 56 0.55 0.40 0.33
0.3 3 0.52 0.61 0.36 0.26
0.27 0.50 3.58 0.33 0.23

. 26 0.48 0.56 0.32 0.19
0.25 (3.4 C 0.54 (3.30 C.16
0. .6 ((.53 (3.30 0.15
3.23 0.45 0.51 0. 29 0.15
»e Q9 > .44 0.50 0.29 0.14
0. z.2 n. M 0.4 9 0.2G 0.13
0.22 '£3 iJ.49 0.20 0.13
21 0.4 2 r8 0. 27 0.12
.21 U. 41 0.47 0. 27 0.12
.2 0 <% 4 -i. ,c 3. 26 i1

.2 J J .« oy ") e exO 0. 25 0.11
.19 . L5 1] i 5 0.25 u. 10
0.19 0.31& 1'. 44 ". 25 U.1G
m. JO o/ m. x4 2-i 0.10
) ml u.3 6 1.43 o. 23 0.10
1.17 ;5 12 0. 22 0.09
i. LC . 34 ‘1. ra 0.2 2 0.09



Time

t) J
uJ
1<5

200
220

26'J
280
300
320
340
360
380
400
42 0
¥ !

460

OBW 321

u.75
0.53
J. 39
O-3U
0.24
0.19
0.15
0.12
0. 1c
1m-9
.00
0. o7
0.06

w. 06
0.05

O0.Q-i

-JeO~*,

.03
.03

.02
.02
.u2
.02

©O O o O o o

OBW 322

°J.7-.
.CO
0.61
.55
0.51
u.47
's]. 3
.30
.37
0.35
0.33
J. 32

.30
0.28
0.27
0.26
0. 25
0. 24
0. 23
0.22
0. 22
U. 21
0.21

(m)

OBW 323

-,
72
. 07
.62
.58
51
-m.51
).48
J.47

45

4 2
J e

0.39
5.37

0.36

0.33
0.3 2
L-.30
m29
C. 28
. 26

OBW 32'j

ji. 74
-.62

. 33
. 28

25
. B8

--.10
0.17
5.16

.15

15
0.14

.13
*5.13
0.12

. 10
.1C
.09
.09
.08

© O O o O

OBW 32

0.72

0.50Q

0.33

0.23

0.17
0.13

0.10
0.08
0.07
0.06
0.06
0.05
0.05
0.05
0.04
0.04
0.04
0.03
0.03
0.02
0.02
0.02

0.01
O.01



Time

20
40

60
80
iju

12 ,

10')

OBW 331

0.72
0.41

0.25

C.16
0.1 0
0. 7

Ko Q™

Me

At

** O—e
OoBW 332

99 .

Head (m)

OBW 333

0.71
0.65
0.57
0.49
G.42
2.37
0.33
'l *3u
0. 28
0. 26
u e 2%
0. 22

. 20
u.19

A7
''.15
3.14

0.12
m.1

i.07
.05
(i.ri4

OBW 334

0.73
.66

.55
.46
.3 8
.36
. 23
. 24

© O O o o o o o

21
19
.16

. 15
.13
12

N ©O O o O

11

.07
0.06
"1 05
0.04
0.(03
3.02

OBW 331

.72
41
.26
17
.15
.09
.07
.06

©O O o O O o o o o

.05
.05

o

0.04
L .04
1J.03
0.03
0 .03
3.02
0.02
0.02
0.02
0.01
>1.01
0.01
0.01



—F —W

j

Time

20
40

GO
8u

100
120
1.0
160
180
2J0
220
240
260
280
300
320
340
360

380
400

420
440

OBW 341

o O O

©O O o O O o o o c

.78
.26
al

.06
.04

.03
.03
.03
(33
.03
.02
.u?2

.02

©O O O O o o o o o

.02
.02
.02
.02
.02
.02
.01

.01
.01

N

OBW 34 2

0.74
0.60
0.45
I'l.3 6
0.29
0.2 4

0.19
0.17
0J 5

12
11
1]
.09
.00
.07
.Q6
.05
.05
.03

.03
.02

©O O O O O 0O © O o o o o

100

Head (M)

OBW 343

0.72
0.69
j.62
o . 955
(4.40
0. 42
0.37
0.32
0. 29
.26
23
0.21
0.19
17

0.13

J.12
0.10
0.10

0.08
0.06
0.05

OBW 3>14

.75
.63
.51

4 2
.35

. 29

©O O O O O

o

. 26

.20
.18
A7
.15
14
.13

OO O o o O o o

11

0.09
Ooe CB =

0.07

0.06
0.r5
0.04

. 0.03

OBW 34!

0.72
0.57
0.46

0.36
'..29

0.24
0.20
0.17
0.15
0.14
0.13
0.11

0.10
0.09

0.08
0.07
0.07
0.06

0.05

0.05
0.04
0.04
0.03



w> OcS

xx A
«* 101 Mrl
*
Head (m)

Time O3W 351 OBW 352 OBW 353 OBW 354 OBW 355

0 .73 3.74 0.75 0.08 0.77

2', 0.58 3.67 3.72 0.21 0.65

40 0.4.- 0.58 0.67 m0. 28 0.56

61 j .35 0.50 J. 61 0.29 0.47

03 1. 28 0.42 9.55 0.29 9.40
1V ] 0. 23 «9.36 0.49 0.29 0.35
120 0.19 0.3l ‘44 0. 28 0.30
i»nN 0.15 0.27 .40 0.26 0. 26
16,: 0.13 0.24 ). 36 9. 25 9. 23
183 11 "21 0.32 0.23 0.20
2. .1-0 0.19 .29 0.22 0.19
220 i ".17 C.27 e .21 0.17
24 '0.09 0.15 0.24 0.20 0.16
26C . j3 .13 0.21 ".10 0.14
230 j. 17 J.12 3.18 3.17 0.13
303 3.07 O.i ; j. 16 J.15 0.12
32j i., )6 jD 0.13 0.13 0. 11
340 6 j.oi u.ll Oil J.' 19
360 .05 . 6 J. 08 0.09 >3
380 a > . e >.06 9.08 0.07
4Q0 J. . 37 i.04 J. 36 i).06
420 i3 2 W2 0.95 ). 35
44 j _3 1 ». '3 9.04



Tine

2%,
40
60
00
100
12j
140

16:

220
240
260

200

300

320
340

360
300
400
420
440

4 60

ORW 361

0.10
0.09
0.08

0.07

m0.06

- 102

1 M
08W 362 OBW 363
0.77 O'.76
<.72 .75
mi.6C .72
6.’ .60
U.54 -.64
.49 m..60
0.45 .57
4 0.53
J. 37 -.5
«J4 47
.31 .--m3
28 .40
-4 .37
0.26 .33
23 ".3 0
MG 127
0.15 n.24
0.13 0.20
0.10 0.17
0.00 0.15
>.06 0.11
0.05 0.08
e >.05
®e. 0.02

(m -

#t

OBW 364

.73

.63

.52

.38

33

. 3J

26

. 25

.23

. 20

;.19

17

.15

.14

.12

.10

.09

.07

.06

.04

.02

.02

CBN 365

0.71

0.35

0.23

7.10

.12

® (

ft«



Head (m)
rune e e e e e
OBW 371 qbv; 37 2 OQW 32?3 OBW 374 OBW 375
n ' 46 L« T2 0.69 0,70 0O 43
27 .06 0.53 0.66 0.27 0 08
40 1-05 --40 0.60 0.23 0 05
60 AL 05 n.33 0.54 0.22 0 03
30 -05 'L27 "'.48 ‘w20 0 02
100 .5 .23 n.43 0.18 0 o1
120 J.05 .20 .30 0.16
MO 0.~5 .18 .35 ' 15
| fi -17 ‘.32 0.14
POO j-04 .15 0.28 12
20J 0* \ AN 0. 26 11
2N -.04 12 .23 1
2*0 04 11 n.21 09
263 0 M3 C.I 1C . 8
J3 i. 39 1.16 o7
N 0.03 j7 .13 Ce >6
33J . .03 O.CG 11 ..05
3 j.o03 5 ). '9 04
'j 2 m(03 m’'7 11.1>3
,. 02 2 S5 1.0,2
1,02



104 -

Head (m)
Time
OBW 301 OBW 102 OBW 303 OBW 30 OBW 305
e 65 160 79 .67 1.67
2J 9. ‘a .1.26 .67 .46 J. 5]
.. J3 .22 . 6j 0.1 vV C

GO J. 2j Co , .30 j.30
00’ 2 .10 .56 .35 '.24
1 - 17 .53 1.33 .19
12; vij2 -.15 ..,9 4.33 0.15
i 2 .15 .'.*16 .31 0.12
160 2 .13 -3 . 20 .10
10 -1 12 0.4 .26 '".08
2"0 . 51 11 .37 -4 ".06
22" 1 1 .34 .23 0 .05
Wi .- 10 ".31 . 20 0.04
260 oo ~.08 . 20 .10 0.~3
200 °nm . ./ .25 r.16 0.03
30 oo *no6 0. 23 0. 14 0.02
32 e °m " .55 . 20 0.12 0.
34 ] oo -CP 0.10 13
360 oo J.J3 O'. 15 j.o8
300 o 0.03 0.13 ;. 07
400 . .02 3.11 0.05
420 o 0.02 0.09 0 03
440 oo 0.01 i .u7 0.01
460 °e° °° °e° .51 «®
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UpEITDI X - 2,

Theoretical approach to non-steady state condition

The actferenuial cruetion for non-steady state flow,
as derived on rnc of the tupuit - Forchheimer assumption
IS

KD -

2 - R 0;: (a)

when the rear uro- <« L_— R r-auals zero

KD

where (b)
KB = tuansr r 1 j. . thr aquifer (rn'Vday)
P - ivcheiy- Imi - fi unit surface area (ir/day)
%
n = hydraulic -a function of : and t (m)
v — hfriz g cfl 4<i..;;m ae from the centre of drain
h = fume (' mr'-)
4 i 3nal " r M, jcc (@O2Ilir.icnsion less)
The :'jl it! =i fane :".on (b) 1s found by clover which
IS given wr low e
-2 3t _ _
3,5,1 e Gin a* x ...(c)
n
~1
Where % s factor, days =~ ) where
2
L th b
For the water t >Lc m L M=y betwenn tte-: drains at any
time t, x = L w.dh e Hir
2 n - T1 "3,5 1 e"n
)4

Apparently the due w> m o' equation (d) decreases

) . : . , the second and next term will
with increasjt/j n. I'-

bo rompar atuvcl; snnall W neglected. Thu® equation

(d) reducr-.f., i-o

<0)

ht - 4 qt*
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o (9)

H o i : C iij

°g -oale and time (t)

s t r a i

Whore
(h)
VQ . .
h-/<'r«-uidc conductivity K, plot qt
* ' 10n™ Jp ylolJE a draught line when most of
19 vCy - ° th,; JradJn3 e ‘rou”™ the soil below the dra:
Thcr”nz - -1 =r T2
1Y — U
Once .. _ Kd Vr.iue ir. known, the -*v
r-~rr* o N [ " the effective
' y Cin b- -"'",,no -r°rn equation (h).

The rg-. alert dcnth rf  Can hr

can bf found outfrom the
eron d = £,
J2 In /4 h- Jwhere
T r. L= 1 + 1
u
rr N T/v -~=h " bCIr'S the, rBdius of the drain.
| D> I/* Then t, iIs tahen as 1y 2.
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The hydraulic conductivity k is then found out by
dividing uhe Kd value by d.

From the graph of g versus h, the straight portion is

because when most ofthe water flows to the drains through the

soil below the drain level.
Therefore Kd =3 L2 where =0,002125 (from graph)
h 27 h
= 0.002125 x 302 = 0.3044 mz2/day

2 X7 :

From the graph In h versus t and In q versus t., the oC values

(slope of the line) are obtained as 0.00519 hour-1' and 0.00625

which are numerically equal to 0.12456 days-1 and 0.15 days .

2
But oC = A Kd

mvV L2

Therefore - *— Kd - qbg268 and 0.0223 rcspec-
oC 1

tivelye The average effective porosity is thus calculated as

0.025.

The equivalent depth d is calculated from the expres-
sion (j) which yields.

d = 2.10 m.
Therefore K = 0.3044/72.1 = 0.145 rr/day.

Similarly, the values of 8e30 are as given below

g/h = 0.003375

Kd = 0.4834m2/ day
N/ = 0.037

d = 2.10m.

N = 0.230 rr/day.

Thus the following average values of different hydrau-

lic parameters ore arrived at for the experimental area.
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Drainage intensity factor

Kd value

-y
d
K

(effective jDorosity)
(equivalent depth)

(hydraulic conductivity)

0.14 days_1
0.40m2/day
2.96%
2.1m
O.lISnr/day.
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A PPENDIX - 3.

Mean table of Plant Growth and Yield Attributing Characters (15m).

m"':TC'
Mo.of Hr. at No .of Grain Straw Panicle no.of 100 grain
Treatment plants/ maturi pani-O yield yield Jength Grains/ weight
m“ . tv cm. les/m*“ MT/ha MT/ha (cm) panicle (gms)
2.5m iron drain
line to cichor 126.67 90.00 321.67 3.91 5.12 22.58 98.47 2.76
side .
2-8m €O 5Sm oor. oo 90.23 223.33 3.99 1 .47
Oither si is . . . . . . 1.40 84.76 2.81
5n to 7.5m on
cither side. 125.00 89.3b 315.00 3.77 4.18 22.78 98.00 2.89
20.55 82.72 2.60

) 133 *33 86-58 3 .00 3.60 -,.55

.D. (0.05) _i*g * N.S. M.S. M.S. M.S. N.S. 13.32 0.13



Tr.

T]

T2

T3

T4
(Control)

Total s

DF
Block 5
Trcat 3
Error 15
Total 23

ltem no.of
I I 111
100 90 120
120 120 160
150 90 100
60 110 90
430 410 470

Gross 2980.00

SS MS

9683 .33 1936 .67

2483 .33 827.78

8816 .67 587.78

20963.33

—: 110 :—

Mean

126.67

136.67

125.00

108.-3

plants/m*" - 15m spacing.
Y Vv Vi
140 150 160
100 160 160
90 160 160
130 110 150
460 5S0 630

Varlanco Tablc

F ratio

3.29
1.11

F tabic

2.90
2.29

Eilnarks

Significant.

Non-sicrifleant



1 in AV, V V1 Mean
O 95 -x 30 .3 S5.0 90.3 86 .5 90.00
98 .2 92 - o_ "] s-: .7 81.6 87 .3 9Q.23
-J5.d 95.2 9 .I 77 .2 83 .4 87 .4 89.35
t_ 39. , Ob O-1. 2 91.0 69 .7 86.6 86 .58
(Ccrxrol)
Total ; 375.--0 377.60 373.30 337.90 325.00 347.80
GL O- 37 .00
Variance Table
55 OS F ratio F table Remarks
9lock 52-x . .7 120- .39 5.06 2.9C Signifleant.
Tra t 50 .86 16 .95 0.69 3.29 Hon-significant
“rror 15 370.20 6B

Total 23 005.54
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n
ltem : No.of panicle s/m"- 15m spacing
Tr . |1 111 IV Vv V | « *J
240 260 310 370 340 41C —C1 .67
330 290 390 5*0 320 400 02t Ff
T3 200 300 360 2/0 350 410 215.00
Ta 360 390 310 390 300 350 i5j .00
(control)
Tot al 1130 1240 1370 270 1310 157C1

Grot'S Jj 7090.00

irier.ca table

DF CS oS r r tio F tab Jv M. jvH
nlock 5 27''87 ,50 5 :n .50 1.75 2 90 rignifiz
viaat 3 ,33 1JO1.Q C.V: 3 ~0 v-T~0 1011j.1 1C , mi
Error 15 /079 .17 rd1. b

Totnl 23 7H66 . 1)0



Tr . | I ) 111 1V V VA Mo an
T1 21.97 2-1 .85 22.88 21 .50 20.10 23 .18 22.58
TCZ 23 .12 21 .65 19.66 20.03 21 .35 22.56 21 .40
r3 23 .20 22.39 21 .72 22.70 22.10 23 .78 22.78
T-i 17.23 22.00 19.83 22.30 20.70 21.25 20.55
(Control)
Total 36.5 2 91.39 82.09 86.53 84 .55 90.77
Gross = 523.85
Variance table
DF SS MS F ratio F tabic Remarks
3lock 5 11 .96 2.39 1.19 2.90 Non-significa
Treat 3 19 .75 6.58 3.28 3.29 Non-significa
Error 15 30 .07 2.00

Tot al 23 61 .78
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Item : No.of grains/panicle - 15m spacing.

Tr. I |1 111 IV V VI Mean

= ——p
T 103 .60 126.40 101 .11 88.10 76.90 94.7 96.47

T2 97 .33 85 .10 83 .22 69.10 79.60 94 .2 84.76

T3 100.60 98.80 95.30 94.70 92.10 106 .5 96.00

T4 67.70 90.00 75 .88 91. 22 87.50 84.0 82.72
(Control) .

Total 369.23 400.30 355.51 343 .12 336 .10 379.40

Gross 2183 .66
variance table
DF SS MS F ratio F table Remark:

Block 5 717.16 143 .43 1.22 2.90 Non-significant
Treat 3 1274.08 424.69 3.62 3.29 significant
Error 15 1759.45 117 .30
Total 23 3750.70

CD = 13.32 grains/panicle



Grain yield MT/ha — 15m spaclncf

IV V VI Mean
Ti 4 .6 24 3.815 3.115 3.399 4 .367 4.3 40 3.94
= 4-.355 3.749 3.4S6 & &S 3.815 4.4 27 3.99
(3 4. 231 3.399 P4 3.4 21 4.077 4.252 3.77
4 .712 3.093 3.-.21 3.137 3.399 3.837 3.60
(Conrrol)
Toral 13.43 14- .06 13 .25 13.50 15.66 16.86
Gross - 91 .82
Variance Table
DF SS F.S F ratio F table Remarks
Block S 5.23 1.06 17.69 2.90 Significant
Tre at 3 0.58 0.19 3.23 3.29 Non-significant
Error 15 0.89 0.06

Total 23 6.75



Stray; yield MT/ha 15m spacing

Tr. I |1 111 AV Vv Vi Mean
T]_ 3.5 3.6 3.9 4.8 6.3 8.6 5.12
T2 5.7 3.5 3.6 2.9 5.9 5.2 4.47
T3 4.0 3.6 5.2 3.2 4.7 6.2 4.48
T/. 4.45 3.5 3.15 4.5 6.15 5.6 4.56
(Control)
Total 17.65 14.20 15.85 15.40 23.05 25.60
Gross = 111.75
" DF SS MS F ratio F table Remarks
Block 5 26.72 5.34 5.54 2.90 Significant.
Treat 3 1.72 0.57 0.60 3.29 Non-sicrificara
Errors 15 14 .47 0.96

Total 23 42 .91
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100 grain weight (gms) - 15m spacing
Tr » I |1 111 AV \/ Vi Mean
1. 2.672 2.761 2.792 2.595 2.843 2.919 2.760
13 2.765 2.788 2 .825 2.749 2.905 2.830 2.810
3. 2.835 2.989 3.035 2.658 2.925 2.914 2.890
4 .control 2.646 2.498 2.566 2.733 2.471 2.677 2.600
Total 2.730 2.759 2.805 2.684 2.7eb6 2.835

Gross = 65.39

Variance table

o r SS MS F ratio F table Remarks
Block 5 0.06 0.01 1.06 2.90 Non-significant
Treat 3 C.28 0.09 8.22 3.29 significant.
Error 15 0.17 0.01

Total 23 0.50

COh = 0.13 c¢jms/100 grain.
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Mean table of plant growth and yield attributing characters (30m).

No.of Ht.at No.of Grain straw panicle No.of IOOgrain
Treat. i ] i i ] ]
No Treatment plants/ maturi- panic- vyield yield length grains/ weight
' m ty cm. lc/ m~ MT/haMT/ha (cm) panicle (gms)
1. 2.5m from drain
line to either 138.33 03.18 391.67 4.44 6.63 21.74 86.08 2.78
side.
2. 2.5m to Sm on 160.00 86.70 370.00 4.35 5.90 22.72 104.33 2.86
either side.
3. > to 7.5m on 133.33 89.48 373.33 4.52 6.53 22.59 95.74 2.80
either side-
4 7.5 to 10m on
) ] 133.33 92.32 325.00 4.52 5.62 21.77 S3.16 2.86
either side
5. 10 to 12.5m on
. ) 148.33 S6.42 343.33 4.36 5.54 22.12 S9.80 2.86
either side.
6. 12.5 to 15m on
] . 125.00 89.87 363.33 4.34 6.15 22.99 100.45 2.79
either side.
7. Control
108.33 86.58 350.00 3.60 4.56 20.55 82.72 2.60

(No drain age).

C.D. N.S. N.S. N.S 0.38 N.S. 1.41 N. S. 0.16
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Item . Mo.of plants/m2 - 30m spacing
|1 111 Y VvV \VA Mean
1 150 100 1-10 160 140 140 138.33
IcO 170 100 160 150 140 1ICO.00
160 | 00 110 160 90 130 133.33
A 120 100 110 150 130 120 133.33
T5 170 160 22U 120 130 90 148.33
-0 200 150 ICO 120 00 100 125.00
Ly ou tia 20 120 uo 150 105.33
(Control)
a’o VO CO 620 G7G
! Jo.1L WH.L
1-J Lel) c Remarks
Block 5 5076 .19 104" 1.0° 1. 534 Mou-s.ignj ficant
7ra'l 6 9/60.25 3 — 1.51 2.421 Mon-significfi nt
Error 30 30392.43 101" O

Total 41 45 247 -.62
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Item Height at Maturity (in cm.)
Tr - I I 1 111 r/
T 90. 99.2 90.0 86.
T2 81. 89.6 91 4 87 .
y i |/ .
€3 33 . 39.8 AWV . W a;
t 4 86. 92.5 93 .6 92.
TS 88. 30.1 85.0 S7.
t6 87 . Q7.0 93 .9 87 .
T7 89. 88.6 94 2 91.
(Control)
Total 607. 626 .8 636 .7 619 .
Gross 3747.3
Variancc table
DF SS MS Flratio
Block 5 124.07 24. 81 0.90
Treat 0 281 .68 46. 95 I . n
Orroi 30 821.89 27.33
Total 41 1231,63

30 n sapcing

97.3

91 4

30.

95. 2

85.0

90.6
69.7

614.6

F table

2.53 4

| i

VI Mean
1-0.8 93.13
76.9 86.70
0 B
94 .4 92 .32
91.c 66.42
92.1 89.87
86.6 86.58
641.9
Remarks

Ncn-signifleant
“;srn-sianif _c:nl
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Table ~ 2.
0
Mo.of panicles/nr - 30 m spacing
Tr. I | 11 Y \% VI Mean
TI 340 510 350 410 380 360 391.67
t 2 320 400 380 400 310 410 370.00
?5 350 3S0O 360 410 340 400 373 .33
T &5 320 320 360 320 290 340 325.00
T5 330 250 450 310 390 320 343 .33
T6 470 390 230 3CO 420 370 363 .33
t7 360 390 310 390 300 350 350.00
(Control) - -—- — - - — .- -- - -
Total 2490 2650 2440 2540 2430 2550
Gross ; 15100
variance table
DF SS MS F ratio F table Remarks
Block 5 4790.48 958 10 0.29 2.534 Non-significant
Treat 6 17357.14 2892.66 0.88 2.421 Non-significant
Error 30 98242.85 3274.76

Total 41 120390.48
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Iltem Length of the rmir'l r. (.in cm.) 30m spring
Tr. RI |1 111 TV vV VI .peon
T 20.10 21 .45 21 .15 23 .1S 21.75 22.79 21.74
i
T2 21 .35 23 .66 23 . 22 22.56 22.18 23 .35 22.72
T3 22.40 23 .00 20.17 23 .78 23.75 22.41 22.59
T4 21 .40 21 .21 19. 27 23 .66 23 .63 21.41 21.77
TS5 20.71 19 .01 23 .67 23.79 23 .34 22.19 22.12
T6 21.85 23 .65 22.20 25 .54 24 .30 22.30 _2.9r
t7 17 .23 22.00 19 .32 22.30 20.70 23 .23 20.55
(Control )
Total 145.04 153.98 1- 9.51 162.63 159.C5 153.6¢C
Groiis 926.79
Vorijnc* table
DF 83 PS r'tie t j.eia Ren oT O
Block 5 30 .1 6.03 . .21 - .be'-
Tree t G 2-. .3b . .05 . .03 det\ Sic.nn ic: i %
Error 30 42.92 1.43
Total 41 97.39



i | | | | Vv Vv V1 Mean
1 73 .90 50 GO 10 91.70 82 .60 95.40 68.0e
rer
‘¢ o 79 .60 113. 8c U 4. ‘) 94 .20 91 .30 122.20 104.33
Ca 91 .10 100 .1 715U 106 .50 112 .60 91.30 95.74
24 75 .90 Ce 07 .77 102 .50 113 .80 77 .10 83 .16
(e 73 .90 c3. 7 107 .50 99 .20 100 .50 97 .10 89.80
S —
Tw or .oJ 101 .-u 0J <90 t 110 .20 117 .CO 96 .10 100.45
7 (Cor.tr''-)C7.70 90. CO Yo 91 .22 S7 .50 84.00 82.72
Total *° = 70 531 90  git* Z~ 698 .52 706 .30 664.20
crc 33 & 990 .s3
warimee tabl.e
D? So MG F ratio F table Remarks
Block 5 2415 .20 483.04 *.54 2.534 Significant.
Treat 6 2531 .10 421.85 2.31 2. 421 Non-significant
Error 30 5479 .37 182.55 -
Total 41 10.425 .57
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Grain yield MT/ha - 30m spacing

Treatment | I 1 111 IV V VI Mean
T 4.428 4.493 4 .296 4 275 4.559 4 559 4.44
t 2 3.968 4.297 4.625 4.275 4.406 4.537 4.35
T3 4.012 4 581 4.734 4.319 4.647 4.844 4.52
T4 4.078 4.122 4.734 4.725 4.997 4.909 4.52
t5 4 .099 4.034 4.493 3.968 4 .6 24 4.9 53 4.36
t6 4.471 3.749 4 .712 4 .165 4 .362 4.603 4.34
T7 4.712 3.093 3.4 22 3.137 3.399 3.837 3.60

(Control)

Total : 29.77 28.37 31.02 28.41 30.99 32.24

Gross : 180.80

variance table

DF SS MS t F ratio F table Remar)
Block 5 1 .74 0.35 3.34 2.534 Signlficar
Treat 6 3.68 0.61 5.90 2.421 Signific ar
Error 30 3 .12 0.10
Total 41 8.55

C.D. : 0.38



Tre atment I

11 6.30 7.20

T2 5.90 5.70

T3 4.70 7.15

T i 4.50 5.00

T5 3.90 x.00
5.70 5...0

t7 (Control) -..45 3 50

Total 37 .95

DF

Block 5 A-1-

Treat 6 19.97

Error 30 57.51

Total 41 101.52

Straw yield

MS

1.83
3.33
1.92

38
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30m spacing' (MT/ha.

|1 1V
.00 3.60
.60 5.20
1-0 G. 20
.90 4.90
.30 3.45
.50 4 .70
.15 4.50
.65 37 .55

Vari once table

F ratio

2.50
1 .74

47

. 20
.70

.30
.00

.80

.0Q
.15

.15

Vi

7.70
7.30

8.40
6.30

6.80

7.60
5.60

49.70

F table

2.534
2.4 21

Mean

6.83
5.90

6.53
5.62
5.54

6.15
4.56

Remarks

Non-significant

Non-significant
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100 gram weight - 30m spacing

Treatment 1 111 1V V VI Mean
TI 2.843 2.534 2.678 2.919 2.763 2.914 2.78
T2 2.642 2.876 2.974 2.830 3.037 2.789 2.86
£3 2.925 2.846 2.746 2.865 2.674 2.772 2.80
T4 2.892 2.844 2.803 2.995 2.963 2.648 2.86
t5 2.952 3.080 2.617 2.799 2.831 2.895 2.66
6 2.789 2.733 2.989 2.834 2.71 7 2.694 2.79
¢ 7 2.648 2.498 2.566 2.733 2.471 2.677 2.60

(control)

Total s 19.69 19.41 19.37 19.97 19.46 19.39

Gross :: 117.28

Variance table

DF SS MS F ratio F tabic Remarks
Block 5 0.04 0,01 0.45 2.534 Non-significant
Treat 6 0.31 0.05 2.95 2.421 significant
Error 30 0.52 0.02
Total 41 0.87

CD 0.16



Tr
TI
t2
T3
t4
th
(Control)
Total
DF
Block 3
Treat 4
Error 12
Total 19

TI

T2
TI

T4

rS

A PPENDIX - 4.
SOIL ANALYSIS DATA.
Item - Chlorides (m.e/1it)
K Ne e®e°
| I 1 111 1V

2,59 2.22 2.59 1.11

2.96 2.59 2.22 2.22

2.59 2. 22 2.22 2 .22

4.07 3 .33 4.44 3.33

4.81 2.96 5.18 3.70
17.02 13 .32 16.65 12.58

Gross = 59 .57
SS r:s F ratio F table

3 .09 1 133 4.25 3.49
13 .85 3.46 14.32 3.26

2.90 0.24
19.84

CD = 0.'76

= On the lino of 15m spacing.

= Min-n acirig of 15m

= On the 1!no of 30rn spacing .

= Mid-npicing of 30m.

= Control.

Total

8.51
9.99

9.25
15.17

16.65

Remarks

Mea n

2.13
2.50
2.31
3.79

4.16

Significant

Significa

Nt
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Sulphatc (SQ4) (ppm)

Tr. | ] 111 1V Total Me.in
1. 770 770 792 846 3178 794 .50
2. 6 25 659 667 621 257 2 643.00
3. 537 579 610 606 2332 503.00
4. 404 537 777 537 2255 563 .75
5 613 632 716 700 2661 665.25

mtal 2949 3177 3562 3310

Gross = 12998.

DF SS MS F ratio F tabic Remarks
Block 3 39374.6 131 24.87 3.18 3.49 pon-signifi
cant.
Treat 4 13 2359.3 33089.03 8.01 3.26 significant
Error 12 49559.9 4129.99
Total 19 221293.8

ChD = 99.02



Total

DF

Bloc k 3

Trcat 1

Error 12

Total 19

3.28 2.5cC
1.12 1 .48
1.08 0.86
0.64 1.04
0.92 1. iC
6 .0-1 7.36
Oro”s =
SS Mc
5. 29 1.76
9.91 2.30
8.1 2 0.Co
22.91

1 IV
4 .12 Je-"1
- 32 1.20
1.16 1.16
%‘vv k. O 68
1 .96 2.72
12.86 9.00
3C. 28
F ratio
2.6
3.61

TV?tal **0an

12.2 3.05
5.12 1.28
2.8 1.07
6.65 1.67
7 .00 1.75

F tabic RemorKm
J .49 Non-slgnifl

3.26

cant .

Significant



0) G I 1> "'1
Tr
1. .
, Ti . i TI T11 1/ Total IK-an
3. 1 G .08 JO0.60 9,04 14 . 28 40.00 10.00
4. " m 3.12 1.04 .0 i 2 .96 11 .12 2 76
5 3 o< 72 2.04 2.88 10.56 2 64
1 1. o2a 9.16 10 . Kk’ J.oSs 15.50 3.69
Total 5 .29 3.72 6 .00 7 .44 19.40 a. 65
Total lb .00 20. 24 32.16 290.24
Oora®yF" = 96.64
DF
Block . DF ss 1S F ratio F tabic Re mar ks
Treat Block 3 37.82 12.61 1.98 3.49 non-cj.gnifi
Error 1 cant.
Total 1 Treat 4 146.45 36.61 5.75 3.26 significant.
Error 12 76 .43 6.37
Total 19 260.69

ChO = 3.89



