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ANNUAL REPORT FOR THE YEAR 198586 

SECTION A  

l Title of the Scheme 

2. ICAR sanction No. and 

JJte 

3. Date of commencement of 

the Project 

4. Date of Completion 

S. Sanctioned grant for the 

complete duration of the 

project 

All India Coordinated 

Research Project on Agricul 

tual Drainage under actual 

farming conditions on watershed 

basis, (ICAR), Regional Centre, 

(rAu), Karumady. P.0, Alleppey 
District, Kerala State. 

Original sanction No.F 45/77 

AE dated 20-3-1981 of ICAR. 

Revised sanction No. 414/80 AE 

dated 22-10-1982 of ICAR. 

Further order No. 4-2/85AE 

O1J21981 

31-3-1990 

29.7 lakhs 

6. Sanctioned grant for the 	3 lakhs vide order No. 4-2/85- 

year for which the report 	AE dt. 1-8-86 of ICAR. 

is prepared 



NO. 	No. 
of 	of 
posts posts 
filled vacant 

Name of incumbent 
Scale 
of 

pay 

Date of 
joining 

4 
	6 
	 8 

Staff Position  as on MarCh, 1986 
7.

NO. 
of 
sanc-
tioned 
post 

3 

Si. Name Of post N.. 

5. overseer (Civil) Gr.I 

1 1 - Sri. E.K. Mathew, 
Assistant professor 

Sri. U. jayakumaran 

1 	Sri. T.. aajU 
Junior Asst. prof. 

1 	 Sri. A.N yyapp&fl 	975-1720 
pillai 

Sri. p-Madhavafl pillai 

I 

1 

2 	- 	Sri.K.C. Muraleedharan 
pillai 

Sri. V.J. RajamOhafl 

r' 	1Ar\ 
- .L -x . 

700-1140 

675-1125 

Sri. T.J. Mathew 

Sri. K.0. shahul Hameed  

1-10-'84  till 
date 

25-3-82 to 
3 4-85 
1-iO-'84 till 
MR"" 

2&-5- -Y 

96-85 
10-6-85 to 
till (3dL 
Vacant since 
inception 

Vacant since 
inception 

1-2-82 to 
16-6-85 
1-2-82 to 
16-6-85 
17-6-85 to 
4- 

17-6-8517-6-85 to 
till date 

1. ASSOC- professor 
(Agri .ngg) 

2. AsSt. PrOCs° (Agron.) 

3. Asst. proieSSCr 
(gr1.Engg.) 

4. Farm AssiSaflt (Agri) 
Spflior Grade 

1 

I 

1 

5. raughtSfl1a (Civil) Gr.II 1 

6. Farm Assistant Gr.II 

1950-2950 

1500-2685 

LZOO-2685 



. Surveyor 
	1 

9. Technician Gr.III 	2 2 

6751125 vacant since 
inception 

675-1125 9-12-82 to till 
date 
10-12-82 to 
till date 

Sri. K.Vasudevafl 

Sri. K.Aravifldan 

10. Typist Grade I 	1 	1 	- 	Sri. P. Natarajafl Pillai 	780-1320 

Smt. K.K. Mary 

11. Assistant Grade I 	1 	1 	Sri. K. Govindafl 	780-1320 

12. peon 	1 	1 	- 	Sri. G. Vasudevan 	550-800 
Sri. M. Mohammed Haneef 

13. Watchman 	2 	2 	- 	Sri. M. Mohammed Haneef 	550-800 
Sri. N. Raveendran 

Sri. C.A. Chacko 

Sri. M. Xavier 

Sri. K.V. Kumaran 

17_82 to 
31-5-85 
15-7-85 to till 
date 

5-9-84 to till 
date 

7-4-82 to 26-11-85 
i i' I J_ 	-7 R. L. 

till date 
12-4-82 to 6-12-85 
16-11-82 to 
till date 
7-12-85 to 
till date 

14. Driver (LDV) 
Gr • III 

640--1000 28-2-85 to 
7-1-86 
8-1-86 to 
till date 



B. Financial information  

i) Expenditure statement from the year of corrjrrcemeflt to 

1985-86 

Si.  Year 
No. 

Sanctioned 
grant for 
the year 

University 
sanction 

Expenditure Expenditure 
as % of the 
sanctioned 
grant 

1.  1981-82 1,28,100.00 36,000.00 7,242.85 5.65 

2.  l98283 4,78, 200.00 37 000 . 00 1,26 509.58 26.45 

3.  1983-84 3,83,800.00 3,83,800.00 2,4 	951 .89 63.82 

4.  l98485 3,80,200.00 3,80,200.00 3,38.008.35 88.90 

5.  1985-86 2186,800.00 2,86,800.00 2,61O94.23 91.04% 

ii) Expenditure statement of the  year 1985-86 from 1-4-1985 

to 31-31986. 

Si. Budget 
No. 	Head 

sanctioned 
grant for 
the year 

ICAR 
sanc-
tion 

University 
sanction 

Total 
Expen-
diture 

Expen-
diture 
as % of 
the 
sanctio-
ned 
grant 

A. 

1.  

Pay and Allowances 

Pay of Of f icers 

2.  Pay of Estt. 1,95,300 .. 	1,95,300 178002.48 91.14% 

3.  Allowances 

Total 1,95,300 . 	1,95,303 178002.48 91.14% 

B. TA 10,000 lo,003 3905,80 39.03% 

C. Recurring 31,500 31,503 31454.90 99.86% 
Contingencies 

D Non-Recurring 50,000 50,003 47731.05 95.46% 
Contingencies 

Gran. Total 2,86,800 2,86, 8010 261094.23 91.04% 



SECTION 

çT AREA 
 A Brief Description 

B.i. 	IJ 
s a deltaic alluvium formation of four 

Kuttanad tract i  

river systems viz. 'MeeflaChl', 'pampa', IManimala', and 
'Achen Coil' and the low lying area in and around 1VeUafla 

du 

Lake'. The total area of Kuttanad tract is about 870 sq.km
. 

out of which 290 sq.km
. is under garden lands, scattrirg 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 sub-mergence was progressively reclaimed 

as polders by constructing ring bunds. These polders lie about 

0.5 to 2m below mean sea level and the im
pounded water is 

Pumps- drained out by using locally manufactured axialfl0 pumps. 
75 to 500 ha and the 

The area of each polderunit ranges from  
total area under polder cultivation is estimaed as about 

520.89 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. 

The total watershed area of the above four rivers is 

nearly 5,000 sq.km
. and discharge their water into Kuttanad 

 

region. After flowing through a net work of canals and 
ad Lake. The catchment area has 

channels, they join the vban  
an annual rainfall varying between 280cm to 380cm. A good 

part of the rains, 60% to 70% are received during South West 

monsoon resulting in . 
 floods and most often submerging the low 

lands. The Kuttanad region experiences fairly uniform temper- 

ature throughout the year ranging between 21°
C and 36°C. The 

mean relative humidity is high and IS about 70%. 

The vembanad Lake which is the no reclaimed part of 

the Kuttanad extends between Alleppey and Cochin with an area 
Sea at COchifl 

of 80 sq.kmS. ThS lake is connected to Arabian  

The water in the lake is saline except during the 
mOflSOOfl 

season when the surface water is sweetened by flood water. 

When the flow in the rivers dwindles from the month of pecembel 

the saline water from th sea nrudeS the entire arca due to 



tidal action. The salinity in the northern parts of ittanad 
goes beyond limits of toleranca 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 

ashes

it during the succeeding South West monsoon. 

The soil is acid sulphate in nature and is having high 

acidity. Three major problems encountered during cultivatiCn 

in this 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. Karl Lends  
The whole Kuttaflad tract .iq differentiated into three 

types of lands,. namely Karappad 	Kayal lands and Karl lands. 

The Kari land occupies all area o nearly 7,000 ha. They are 
located in the Taluks of Shertala ., AmbalapUZha and IKuttanad 
of Alleppey District and vaikom and Kottayam of Kottayam 

District. 
The Karl lands are a unique agricultural tract with 

Karl soils black charcol coloured organic soil. These lands 

are quite similar to that of i<uttanad region with respect to 
topography, formation, climate and veettion, but the 
organic matter content of the soil is Very high. 

It is believed that this soil was formed and developed 

in the distant geologic past when the area was covered by 
dense forest vegetation. In the suceing geological ages, 

the sea advanced,and engulfed many places. After thousands of 

years, the sea receded exposing the oastal region and part 
of the present midlands. airing this geological upheavals, 

the entire forest. ara was submerged far below the ground and 

thereafter silted upto varying levels. 
The profile of Kuttanad alluvi41nl consists essentially 

of alternating layer of clay and sand, amixed with varying 
proportions of organic matter. The cliy is usually a grey, 
dark or bluish blak in colour ?  This iluvial formations 
exist in layer varying upto 30 metres 	depth underlain by 

sand stone and mottled clay of tertiar:y orrnatiofl.. Still 
distinct, the Karl soils can be readily be discerned by the 



deep black charcoal colour, due to high organic matter conte.t, 

The topsoil is admixed with well decomposed organic matter to 

the tune of 1030%.. But, underneath, the top layer is the 

partially decomposed, fibrous plant residues containing less 

than 50% mineral matter. Hence, these soils are both 
mucky 

Ifl some places, large loga of wood and peaty in nature.  

locally known as 'Kandamarm' occur embedded 
in the sub so!_' 

Beneath this layer, the soil is an admixture of sand, organic 

matter and clay and still deeper It becomes river sand. 

Karl soils are extremely acidic in reaction with pH 

ranging 34.5 and the pH reduces further when the soil gets 

dried up. It is found that the extremely low p11 on drying 15 

due to the production of free sulphuric acid by oxidation of 

sulphur compounds in the soil. The fertility status of the 

soil is poor. Besides, the soil contains toxic coocefltrati0 ns 

of F Al and toxic organic products. e  

Diii .Tbe project Area 	
Kavil The}kUmpura11 padasokharam 

Location 	 
a. 	

and A rea 

The project area is a typical rep:esEfltattVe tract of 

Karl land with an area of L)..99 ha, The project: area comes 

under AmbalapUZha village cnd Talu7c of Alleppoy District. It 

lies 4 J<ins. east of AmbalapUZha Junction on NaiOflal Highway 

47. The padasekhar&m is e:~circle6 by Anbal3PZhaThazhY 

road at north, Kalathil thodu at east, Harithodu at south 

and Karumady thodu at west. 

	

Biii Physiography 	 _LY 110 10 

s located 1 to l.5m below mean sea 
The project field  

level. The water collected in the 2oject area is drained Out-

by 

ut

by pumping to nearby canals using axial flow pumps (petty 

and parab). There are two pumping cutlet, one with a 3OHP 

and the other with 2OHP ax-ilal flo p:mp. The former is 
installed on the ring bund of IKarumadY thodu and the latter on 
the ring bund of Karl tbod. Two drainage channels, with an 

Bill. 



average width of 25m and a depth of 0.7m, are inter connected 

aid lead water to the pumping bays. There is a net work of 

small drainage channels Which opens ou into the main drainage 

channel. 

The land has got amoSt an even topography. 

The water level in the 
5rounding water, ys will be 

ddy fields during the 
higher by 1 to 1.5m than that in the pa  

season of cultivation. The havoc of flood, over topping and 

breaching of bundS arid fiooding of paddy fields are antiCi 

pated during the period ef SW monsoon. 
inundation of salt 

water and damage of crops are experienced during the period 

January to March. 

iii .Clirnate 
The project area experiences a typical tropicel climate. 

The monthly mean of the weather parameters for the period from 

1976 to 1984 and that for the period from 1985 January to 

March 1986 is given in table A. The monthly changes in 

climatic parameters have also been Illustrated through fig. A 

and B. 

iii.Land Holding and Util!ati0n 
— 

d.  From the survey conducted at this station and from the 

records available with ReisSUe Department, it is found that 

LTat0r are there in the project Areal 
altogether 125 cult  
£ arming 75.238 ha o paddy fields. When the tenureShJp of the 

land is classified based on the xtflt of holding, it was seen 
ntial number of holding fell below 1 acre. Out of 

that a substa  with an average extent 
125 Nos. of holdiflS, 75 holdingwers  

of 1 acre or below that and 35 
oldiflgs were with an average 

extent between 1 bore and 2.5 cre. Only 15 holdings were 

withmean acreage above 2.5 acre. Tag 	
0(ahg 

s0.601 ha (1.4 acres). 

The total area of tao piroject field IS 88.919 ha and 

actual. -paddy 	 d is, 75.238 h. The rest of the land is 

occuplod by roaaa, trenches ar.,d reclaimed dry lands. The dry 

lands are used :Eor human habitation and for the cultiVati°5 of 

perennial cr0p3. mainly OCOSt. 



TABLE A  

MONTHLY VARIATIONS OF T'TEATiIER PARAMETERS IN THE  PP 31'CT AREA 

( 
	

Total Rainfall  cm. 

JAN. F, MAR. APRL. MAY JUNE JULY AUG SEP. OCT. NOV. DEC. Total 
Mean 

A 0.35 3.77 4.96 12.56 31.42 61.67 54.97 41.39 28.11 29.59 21.80 6.95 300.5 

B 7.08 1.2 0.898 7.73 1.83 85.02 43.89 24.81 32.05 29.51 12.48 4.05 	225.74 

C 0.05 	6.08 

(b) Montly mean maximum Temp °C 

A 34.0 33.5234.55. 35.04 33.92 30.86 30.35 3U.6 31.85 32.4431.87 33.76 32.74 

B. 	32.19 32.29 33.74 32.2 	31.7 	28.37 28.74 28.87 29.57 30.26 	30 77 	32.32 	30.92 

C 32.16 32.89 33.03 
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(c) Monthly mean minimum Temp °C 

JAN. FEB. MAR. APR. MAY 	JUNE 	JULY AUG. SEPT. OCT. NOV. DEC. Total Mean 

A 22.12 23.38 25.23 25.58 25.96 24.73 23.95 24.41 24.87 25.61 24.60 23.49 24.52 

B 21.38 22.5 23.68 24.0 22.4 22.2 	23.32 23.61 23.5 23.48 22.67 21.81 22.28 

C 21.65 22.64 24.45 

(d) Monthly  moan cvapOratiofl  (mm) 

	

A 3.77 4.14 4.78 4.94 4.96 4.24 	4.1 	4.14 4.38 4.36 4.01 3.6 4.30 

B 	5.05 4.51 5.62 4.73 4.17 	5.17 3.95 4.22 3.36 3.29 3.35 4.31 

c 3.4 4.2R 494 	- 	 - 

A 	Monthly mean for the year 1976 Lo 1984 

B = Monthly mean for the year 1985 

C = Monthly mean for the year 1986 
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(1) Total rainfall (2)EaP0ratb0n 
Monthly mean for the  o.\ 

period 1976 to 1984 	 0 X 
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evapOrati°fl in the project area 



1985 

31 

30 

29 

28 0 

27 
E 
0 

26 

25 

24 

23 

22 

21 

1 

mean C)r tt e period 1875 to 
1984 

20 

Mean monthly 

F N A N C CT A S C N 13 

() 
variation in ma~~!F'Tm and minimum temperature 

IIU the pro leCt area 	- 



13 

Bill. Cropping e.  
The one and the only crop raised in the wet land is 

paddy and there is 100% coverage under HYVS. 

Bill Soil Characteristics 

f.  
The soil of the project area is typical Karl soil. 

soil monolith from 02m depth has been drawn from the project 

area and has been displayed in a glass/depth, the soil is 

clayey and black in colour due to high organic matter content. 

The clay type is the expanding one and large cracks are formed 

on drying. From 6090m depth, lot of wooden debris, undcom 

posed organic material, are seen embedded. Below that, the 

soil is an admixture of clay, sand and organic matter. From 

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

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

SECTION C 

Ob ectives of the Project 

1. To comprehend the effect of  a surface and subsurface drainage 

yatern on the movement of soil liquids. 

I. To study the effect of surface and subsurface drains in 

preventing the rise of toxic products from subsurface 

soil into root zone. 

ii. To study theeffect of surface drains in removing the 

toxic products alreadT present in the root zone. 

ill. To study the influence of subsurface drains on lowering 

water table and its effect on growth and development of 
roots. 

2. To study the pattern of hydrological cycle occuring in the 

watershed  area and its importance and influence onthe 
drainage. 

3. To develop a feasible technology for the layout of suh 

surface drainage system suitable to peat  and muck soils, 

1. To develop the criteria fr the dQsign of sub surface 

drains in peat and muck soils. 
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ii. To evaluate the types of drains (such as tile drains, PVC 
acing of slots on drains sui pipeS etc.) and size and sp  

table for the lay out of subsurface drains. 

iii. To evaluate the filter materials to be used for the layout 

of subsurface drains. 

iv. To decide upon the depth and spacing of the :Layout of sub-

surface drains. 

v. To develop the criteria for the design of auxiliary 

structures of subsurface drains. 

4. To develop criteria for dsiqn parameters of surface drainage 

5. To develop the drainage pattern required for different crops 

i. To determine the drainage requirement of rice crop under 

static and fluctuating conditions of water levels. 

ii. To study the feasibility of, changing rnonocroppi-flg pattern 

to diversified cropping and to develop agro.techfliqUeS 

required for the diversified cropping. 

iii. To fix up the drainage requirements of the competent 

crops of ditersified cropping. 

6. To evaluate the feasibility of using the return flow from 

drainage for irrigaLion in relation to water quality ratings. 

7. To evaluate the socio-economic benefits acrued from the 

drainage projects. 

SECTION D 

TECINICAL2GRAMME  FOR THE ThR,  198586 

I. 	chnical'prOgrarnme for they ear 1985-86  aLs EprOved in the 

previous  annual workshop. 

1. Continuation of ongoing projects for collctiofl, 

analysis and interpretation of,-,data on soi. properties, 

drain functioning, pump outlet, crop grcwthi and yield. 
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2. Evaluation On the suitability of different filter 

materials for subsurface drainage. 

3. Analysis of drain discharge and water table data under,  

different spacings and lengths with a view to find the 

diameter requirements of tile drains. 

II.BRIEF TECHNICAL PROGRAMME OF THE PROJECTS TAKEN UP AT THE 
CENTRE DURG 198586. 

Si. Title of the 	Title of the 	Season 	Page 
No. project 	problem 

	No. 

1. 	Survey and characteri- 
sation of quality of 
water in the project 
area. 

Periodical changes 
in the quality 
of surface and 
subsurface water 
in the project 
area. 

Dec. 82 
to 

Continu-
ing 

2.  Preparation of 
water contour map 
and hydraulic map 
of the project area. 

3. Development of a 
suitable technology 
for the subsurface 
drainage system in 
the IKri lands of 
Kuttan ad 

Seasonal fluctu.- Jan. 82 
ation of ground 	to 
water table with Continu-
reference to sur ing 
face water level 
and characteriza-
tion of aquifer 
in the project 
area 

a) Assesment of Dcc. 84 
hydraulic proper 	to 
ties of the tile Continu. 
drainage system ing 

b) Effectiveness Dec. 84  
of tile drainage 	to 
system in the per.Continu-
formarices of paddy ing 
crop In the Karl 
land 
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RESEIRCH PROJECT 70.1 

1. Title of the Project 	Survey and cbaracterjsatjori of 
quality of water in the project 

trea. 

2. Title of the Prcblern 	Periodical changes in quality oi 

surface and sub surface water in 

the project area 

1) 
To assess the periodic changes in the quality of flooding 

water, drainage water and ground water. 

2) To identify the fluctu 	in the quality of water during 
the periods of fallowing and culrivatjon. 

4. Practical Utiliy 

The study will give useful information the quality of 

water moving in th project area and enahe to study the impact 

of quality of water on the ecology of the area. The information 

thus obtained can serve effectively in the planning of culti 
vation in the project area. 

S. Technical Programme  

Water samples will be drawn at weekly intervals from 

the observation wells, p.iezomeers, drainage channels and 

waterways and its quality such as pH and EC will be assessed. 

5. Observations Taken 

PH and EC of the water samples torbe estimated at 
weekly intervals. 

7. Date of starting 	December, 1982 

3. Date of  Completion 	Throughout 

9. Progress of Work 

Water samples were drawn at weekly intervals from 

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

Date 

pH of Water Samples at Weekly Intervals 

Karumady 	Kar ithodu 
th odu 

Kalathil 
thodu 

nra ± n agc 
channel 

18485 6.21 5.80 3.78 4.42 

27485 5.39 5.84 3.66 4.72 

4585 6.39 6.16 3.96 4.73 

16585 6.45 6.57 5.79 5.57 

22585 6.47 5.07 7.05 5.90 

29585 6.29 5.02 5,24 6.46 

5-6--85 5.99 5.43 4.70 4.78 

15685 5.83 5.88 5.44 5.54 

21685 5.97 4.13 3.95 4.69 

17-785 7.64 6.52 7.58 6.85 

247-85 6.88 7.41 6.56 7.04 

31785 6.56 7.10 7.27 7.31 

23885 6.84 6.54 6.37 6.35 

2.985 6.35 7.24 6.57 6.40 

99-85 6.06 6.40 6.29 5.86 

169-85 6.61 6.31 6.38 6.48 

239-85 6.17 5.71 5.90 6.14 

30985 6.05 5.15 4.80 5.17 

8-10-85 6.68 6.59 6.46 6.08 

141085 6.57 5.58 6.12 6.13 

181085 5.97 5.10 7.70 4.59 

2640-85 6.50 5.95 4.21 5.20 

3110-85 6.69 3.86 6.34 4.15 

611.85 7.43 7.35 7.45 7.24 

13-11.85 7.39 7.46 5.40 6.80 

201185 8.50 8.10 8.10 7.15 

284185 9.08 9.25 9.30 9.03 

642-85 7.23 4.63 7.20 6.65 

1142.85 7.28 6.77 5.39 7.63 

181285 7.31 6.90 1.23 6.84 

2742.85 7.64 7.35 7.33 6.76 

14..86 6.94 6.53 1.10 7.16 



Date 
KarJmaY 

thodu 

Karithodu Ka1atil 

thodU 

8-186 6.23 5.80 6.13 

15.486 6.82 6,10 6.56 

30i86 6.86 6.79 6.55 

6286 7.23 7.28 6.88 

13286 6.94 6.30 7.01 

19-2-86 6.87 6 .90 6.36 

27286 7.12 1.29 6.00 

6-r3-.e.6 6.78 6.50 6.45 

133-86 6.55 (-).36 6.40 

2O-3-86 6.83 ,-.'/0 6.90 

26-3-86 5.99 3.60 7.36 

Drainage 

channel 

6.25 

6.44 

6.33 

6.81 
	I 

6.91 

6.12 
5.46 

5.15 
4.21 

5.40 

4.43 

Drainage 
channel 

3.68 
3.00 

1.50 

1.50 

2.18 
1.28 

1.65 

1.65 

1.65 
1.05 

0.98 
1.05 

0.81 

0.87 
0.826 

1.29 

18 

Table 1 (2 

EC2 water  mPle  at weekly, 

Date 

18-485 
274-85 
4585 

KarumadY 
thodu 

9.60 
1.05 

1.05 

KaritbodU 

3.30 
1,20 
1. 20 

valathil 
thodu 

3.90 
4.05 

2.10 

2.55 
16-5-85 1.05 

22-5-85 1.85 3.15 1.20 

29-5-85 1.78 1.80 1.20 

5-=6-85 1.55 2.40 2.10 

15--85 1.25 1.5 1.35 

21-6-85 1.30 1.80 2.10 

17-7-85 0.90 1.05 0.90 

24-7-85 1.05 1.05 0.90 

31-785 1.30 1 .05 1.05 

23-8-85 0.87 0.34 0.90 

2-9--85 0.90 0.90 0.90 

9-9--85 0.84 0.66 0.8,1 

16-9-85 1.27 i.2Q 1.35 
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Dte 

2385 

riirna.dy 

1.26 

tar. thodu 

0.96 

i<aiathil 
t hodu 

1.17 

Drainage 
channel 

1.07 

309=-85 0.98 1,14 1.17 1.08 

04085 1.11 1.17 1.20 1.09 

1.13 1.23 1.17 1.16 

181085 

 
2 ,09. i,4 3.78 1.25 

264085 0.74 1.17 1.20 1.16 

31085 1.29 1.14 1.17 0.95 

6.1185 0.24 0,30 0.15 0.120 

:34185 0.32 0.15 0,40 0.20 

?01i85 0 0, 58 0.39 

.±185 0.44 1.56 1.50 1.47 

6-32-65 2.79 2.25 1.89 2.19 

111285 1.27 2.22 2.07 2.07 

34285 1.24 2.90 0.74 2.28 

271285 0.50 1,.34 1.08 2.01 

11u6 0. Li 2 2,64 1.89 1.58 

0.38 0.19 1.11 0.56 

15186 0.32 1.50 0.69 1.51 

3O1B6 0,25 0.39 0.57 0.91 

6286 0.53 0.53 1.44 0.81 

132-86 0.18 0.33 0.27 0.65 

0.13 0.19 0.39 0.69 

27-286 0.17 0,14 0.28 0.19 

6386 0.20 0.48 0.39 1.35 

0,16 028 0.22 1.29 

203-86 0.59 0.66 0.35 1.61 

26186 3.13 3.40 041 2.75 

* 
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Figure 	i) 

Periodic changes Ifl pH of water in different 
water bodiES wrt time 
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FigUre  1(2)  

Per--
odic changes in pH of water in different water bodies w.r.t time Kalathil thodu 

and Drainage channel 

Cropping season 
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Figure 1(3) 
periodic changes in EC of water indifferent water bodies wrt time 
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Figure 1(4) 

periodic changes in EC of water in different water bodies wrt time 
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ficid ±tslf, They were then analysed for the pH and EC 

values, the data of which are presented in table 1(i) and 

1(2). 
The graphical representation of the data is shown in 

fig.I(l) to i(4). The pH values fluctuated between 5.5 to 

7.5 and at times crossed these limits. The pH conditions 

during this cropping season were better than the previous 

Joars and has reflected in the overall yield obtained from 

the project area. The heavy rains occured from late June to 

middle 3eptember has improved the soil conditions by way of 

leaching the acidity of the soil. The EC values fluctuated 

bct:ter 

 
0.5 to 2.5 mmhos/Cm while occassionallY they went 

beyond these limits. The EC of the drainage channel was 

found to follow the same fluctuations of that-of the outside 

water bodies. This coud be because of the good leaching 

cooer 	
lering the heavy rains prior to the cropping season. 

flooding the field prior :0 the cropping season can provide 

better soil conditions fo:c crop growth in Kari lands. 

RESEARCH PROJECT  NO.2 

o of the project 	prearatiOn of water table contour Pre-
map and hydraulic map of the project 

area. 

ai:la of the problem Seasonal fluctuations of ground 

water table with reference to 

surface Tater level and characteri 

sation of aquifer in the project 

area uKavil ThekkumpUram padase- 

kha ram '1 . 

3 	fll3jCCtiVOL3 

a Study on the seasonal changes in ground water with 

reference to srfaco water movement in water ways outside. 

h Ssonl changes on the level and movt of water in 

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

existing in the project area. 

4. practical Utility 

This study will enable to understand the changes that 

take place in ground water after the layout of the surface and 

sub surface drainage system. 

Technical Programme 

In order to record ground water table fluctuations, 

observation 'wells will be installed at a depth of im. using 

40mm or 50mm pvc pipes 'at lOOm apart The pipes will be 

perforated with :6mm holes at 10 x 5cm0 spacing and will be 

wound with nylon opes/coir to prevent clogging. Water level 

in these wells will be recorded at weekly intervals. 

5. Observation  to be Taken  

Water levels in observation wells, waterways and 

piezometers will he recorded at weekly intervals. 

7. Date of Start 	3ne 1982 

8. Date of Completion 	Till the scheme work is completed 

9. Progress of Work 

Twenty four observation wells had been installed in 

the bands to monitor ground water table fluctuations. Since 

then observation have been recorded on water levels in these 

tubes at weekly intervals. The locations of the observation 

wells are shown in fig. 2(1). 

The field was flooded from April 85 to Sept.85 and 

hence no observation was possible during thatperiod. However, 

readings were recorded from Oct. 85 to Feb. 86. The data is 

presented in table 2(1). The surface water level in the 

project area was always lower by 0.5 to 1.0rn. than that of the 

water bodies outside the project area during the cropping 

season. The movement o-5 groundwater with reference to the 

water level of the surrounding water body is graphically s1.own 

through fig. 2(2), and 2(3) for the cropping period. The upward 
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Figure  2(1  
Location of observation walls in the project area 
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Table 2(1) 

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

Elevation = 1000 cm.) 

013w12 Mean 

13 	14 

Month OBW1 OBW 2 0B W3 02w4 OBw5 OBW 6 OBW 7 OPW 8 OBW 9 OBW10 03W11 

12 

Floo-
ded II 

I, 

It 

1 2 4 5 6 7 	8 	9 10 	11 

April 85 

Nay 

June 
I, July 

Aug. 

Sept. 
'I Oct. 

Nov. 

Dec. 

Jan. J86 

Feb. 

March 	" 

Mean 

814.5 

814.4 
819.8 
112.0 

820.8 

Floo 
ded 

817.1 

817.9 

820.2 
824.4 

816.4 

822.2 

Floo 
ded 

820.2 

807.0 

811.8 
815.3 
805.5 

803.8 

Floo 
ded 

808.7 

825.1 

829.3 
813.0 
821.3 

828.3 

Floo-. 
ded 

826.8 

810.2 

811.6 
815.8 

803.5 

813.5 

Floo 
ded 

810.9 

Flood Fallowing 
It 

I, 	U 

II 

It 

818.0 	815.0 813.2 

824.6 	820.6 820.6 
824.0 	823.7 822.7 
802.5 	804.5 812.0 

820.5 	822.5 82.8 

F100 	Floo-FlOo 
ded 	ded 	ded 

817.9 	817.3 	313.3 

810.3 819.3 

812.8 821.9 
819.2 821.8 
816.0 814.0 

825.0 621.5 

Floo- Floo- 
ded 	ded 

316.7 819.7 

816.2 815.2 

820.9 819.3 
825.5 822.0 

819.0 811.5 

824.0 820.4 

Floo-= Floo- 
ded 	ded 

821.0 817.7 



28 

MOfl.h 

April 

May 
May 

85 
If U 

"It 

w 20 

Mud 

OFw 6 

Flooded 
U 

OBW 21 

Flooded 
U 

0DM 22 

Flooded 
SI 

ow 23 

Flooded 
II 

II 

0DM 24 

Flooded 
II 

Ii 

Mean 

June it if I! If 

July 

Aug 

' IS 

'I 

It IS 

rT U 

Sept. I  II II II If 

Oct. 818.0 Damaged 813.8 813.7 832.5 819.5 

NOV. 824.6 U  816.5 817.8 838.9 824.5 

Dec. 824.0 820.2 837.9 827.1 

jdri. 86 Ii 802.5 800.0 F100d3 801.3 

Feb. 820.5 U 810.0 336.5 822.3 

March Flooded U  Flooded Flooded Flooded 

Mean 817.9 815.2 812.3 836.3 



2) 

MoriL.h O]3W 13 OBW 2 OFW 14 	OBW 16 O1g 37 OPW 18 OBW 19 mean 

April 85 Flood Fallowing 

May It II 

June it It 

July It 

August U 

Sept. if II II 

Oct. It 816.0 817.9 804.7 	Flooded 818.6 809.5 823.7 831.3 817.4 

Nov. 8189 820.2 806.6 813.5 813.4 827.8 829.6 Me.6 

Dec. it 821.2 824.4 811.7 813.8 815.8 833.2 826.0 820.9 

Jan. 86 308.5 816.4 811.0 8066 817.0 823.0 813.5 813.7 

Feb. 822.0 822.2 816.8 815.9 821.8 831.0 839.5 824.2 

March " Flocded Flooded Flooded 	Flooded Flooded Flooded Flooded Flooded 

Mean 817.3 820.2 810.2 813.7 815.5 827.7 828.0 
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Table 2(2) 	 Table 2(3) 

Surface water level in waterways, 	ch 
surrounds the pro ject area (As read from 
surface bench mark elevation = 1000 cri) 

Su.rrace water level Th tha Drainage Channel 
(as read from bench Mark Elevation 1000cm) 

Month J i_I  Li 
DC  DC  

April 85 858.5 854.5 855.0 334.0 

May 1373.1 866.3 867.5 878.9 

June 882.0 880.7 863.7 877.8 

July 873.5 869.3 372.8 886.0 

Aug. 881.5 877.5 876.0 890.0 

Sept. 864.9 860.6 834.8 849.0 

Oct. 877.8 872.9 792.0 807.8 

NOV. 	' 889.4 883.9 796.5 810.1 

Dec. 	" 683.1 878.5 808.5 819.8 

Jafl. 	86 873.6 869 9 790.0 804.9 

Feb. 859.8 854.6 819.8 831.8 

March " 852.4 847.6 837.3 846.5 

Mean 872.44 868.04 834.9 847.22 
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900 

Figure 2(2) 

Movement of Ground water table in the Project area w.1 - .t time and 
surrounding water body level (Karumadythodu) 
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Figure 2(3) 

Ilovement of ground water table in the project area wrt time and 
surrounding water body level (KarithOdu) 

900 

800— 	L  L. 	  
18/10 26 31 6/11 13 20 28 6/12 21 18 25 1/1 8 15 	

22 30 6/2 13 

Date 

890 

880 

C 870 
0 

U 060 

850 

KarithodU (WL 4) 

OBW 24 

GLO2 OBW 24 (838.5)  

L)IV 0 

GL of OBW 6 (322) 

(1) 

0 
840 '- 	-' A - - ---.- - 
330 

0 
4J 
4 820 

810 

32 

IV 



i1
a
e
r  
le

ve
l  

0 
0 
0 
r- 

If 840 

OBW 16 
/ 

805 	 

Oct. Nov. Dec. Jan. Feb. 

4-- 
815 

810 

305  

/1 	 GB  13 

/ 
/ 
	; OBW14 

820 

810 

Figure 2(4) 

Relative water table depth in the Project area 
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movement of water in the soil due to the hydrostatic pressurs 

exerted by the high water -level of the outside water bodies 

could not be quantified because of the intermittent flooding 

and dewatering of the field practiced by the farmers for 

leaching the field during the cropping season. Thus, the 

contribution to the groundwater by the components of the flood 

ing water and the contribution by the hydrostatic pressure tend 

to make the water level in the observation wells to an equili 

rium with the water level in the field. Hence, a definite 

ttern of sub-surface water movement in the project area could 

t be traced. However, it. was noticed that the ter levels 

in the observation wells were higher as the distance of these 

wolls increased from the rnE,,in drainage channels. The above 

facts can be easily visualised from fig 2(4). The monthly 

average values of water table elevations are given in table 

2(2) to 2(3). 

RESEARCH  PROJECT NO. 3a  

1. Title of the Project 
	Development of a suitable technology 

for the sub-surface drainage system 

in the Kari lands of Kuttanad. 

2. Title of the Prcblem 	Assessment of hydraulic properties 

of the tile drainage system. 

3. Objectives  

a) To estimate different parameters of hydraulics of the 

tile drainage system in Kari lands. 

b) To evaluate the oerfrrrance of tile dra-inage system in the 

project area. 

c) To collect information to develop a viable technology for 

the sub surface drainage system in the project area 

4. practical UtiliLZ  
This is the basic study for qathenin all parameters 

of hydraulics of tile drainage system. The itiformatiOfl 

collected and compiled car be utilized for de%'iving a suitable 
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technálogy for sub-surface drainage system in Karl lands. 

Further, this will serve as the basic data for further field 

experimentation on tile drainage. 

5. Technical Programme 
Considering the locations and availability of farmers' 

field for in ..situ experimentation, it has been planned to lay 

9 lines of lateral tile drains. The first six lines will be 
at 15m. apart (15m. spacing) and the remaining at 30m. apart. 

The first five lines will be of 75m. long and the rest lOOm. 

each. The initial line designated as lB1. will he a buffer 

line and so are the 6th and 9th designated as 6B15/30  and 

91330  respectively. 'The 2nd, 3rd, 4th and 5th lines designated 

as 2E15 , 3E15 , 4E151  5E15  are the experimental lines of 15m. 

spacing. The 7th and 8th lines designated as 7E 0  and 8E30  

are also the experimental lines for 30rri spacing. Further 

replication for lateral drains of 30m. spacing or some other 
else cannot be planned because of the geometry of the location. 

All lateral drain will run t a slope of 0 2% and at '  
an average depth of 0.875m. The drains will be provided with 

a sand filter of an average thickness of 1045 cms all around 
the drain. All lateral drains will apen  into collection drums 

separately. The drums will be inter connected by collector 
drains (pvc pipes) of 110/160mm. dia laid at 0.4% slope and 
this collector drain will drain into a sump from where the 
drainage water will be pumped out into the adjoining canal 
using a suitable pump. 

The tile draip is of baked clay, 0.6m. long, with 

bell mouth at one 9d L25 mm. outer dia and 100mm. inner 

dia). .They are proided with 15nos of 6mm. holes in three 

bands of 5 holes each,  on the one thjrd periphery area. 

A series of)hservatton well will be installed in 

th field to técord subsidence of groundwater. 

6. Observations  to be Recorded  

a). Rate of discharge of draining watei of the individual 
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c) Time elapsed for achieving steady state condition of 

ground water. 

d) Computation of he, ht0t, K of soil, q, effective porosity 

(p), drainage intensity factor (a), transmissivity (t). 

c) Maping of water table 

f) Graphical reprcsentatiOrS (1) q VS t, h vs t, q vd h 

Cf  vs h. 
h 

7. Date of Start 	December 1984 

B. Date of Completion 	Till the scheme ends 

9. progress of Work 

A suitable locatii was first selected in the project 

area 'Kavil Thekkumpuram dasekharam' for conducting the 

above experiment. The representative area is of about 2.5 ha. 

The area was then subjected to compass survey and the align-

ment of tile drains, collccto drain nd sump etc. were 

demarked. The lay our of the drains fs shown in fig.3(1). 

Laying of Tile Drains 

It was planned to lay 9 lines of lateral drains out of 

which 5 lines are of 75m. long and four lines of 10Cm. each, 

considering the geometry and availabiJty of the land. Lines 

were marked on the field and excavatirs done as per specifi 

cations. The trench cross sections at initial and final 

points are shown in fig 32). The trrich elevations at zero 

length and 75m. length of 75m. lines vere fixed at 7.435 m 

and 7.285m. respectively, thereby givjng a slope of 0.2%. The 

trench elevations at zero length and 100m. length of lOOm. 

lines were fixed at 7.485 and 7.285 respectively, thereby giving 

a slope of 0.2%toTthem also. After 

to the trench bottom, river sand was 4pread to a 10cm. thick-

ness all along the trench bottom. Levels were taken at 

frequent intervals to see that the slppe was maintaired throu-

ghout. After spreading the filter, t41edrains of baked clay, 

60cm. long, with hell mouth at one er4 (125111ni. outer die and 



39 

100mm. inner dia) provided with 15 nos. of 6mm. holes in 

three bands of 5 bales each, on the 1/3rd periphery area 

were laid with the tail of one into the bell mouth of the 

other. The bell mouth of the first drain was covered 

with gunny bag to prevent entry of soil into it. A close 

watch with the dumpy level was done throughout the laying 

process to ascertain that the correct slope was maintained. 

After laying the tile drains, filter was spread again over 

the drains to approximately a thickness of 8cm. as shown 

in fig. 3(2). The trench was then back filled. Nine such 

lines were laid as abov with the first five lines having 

75m. length and the rest four lines with lOOm. length. 

The lines 13 , 6B1/30 	30 and 93 will serve as buffer lines 

while the rest as experimental lines. The laying of all 

the drains were done in such a way that their outlets are at 

• - 	same elevations. 

Laying of Collector Drain  

The collector drain was laid in a line 

the drain lines. The trench was excavated and 

perpendicular  

a 04% slope 

was given for the collector pipes. Based on the design 

calculations and the availability of pipes in the market, 

110mm. pipes were used for the first 60m. and 160mm. pipes 

were used for the rest of the length. 

Installation of Collection Drums  

Empty Bitumen barrels (5cm. die) were used as 

collection drums. All the tile drains (bottom) enter into 

the collection drum at an elevation 7.385. The point at 

which the collector enters at different drain line ends 

differ and is a function of the collector line slope. 

Figure 3(3) illustrates the entry of the drain line pipe 

and the collector line pipes into the collection drum at 

SE15. Table 3(1) shows the different elevations at the 

collection drum and fig. 3(4) shows the vert-ical section of 

the collector line. Tho collection drums facilitate the 

measurement of drainage flow from each tile drain line. 

After installing the collection drums at predetermined 
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Collector 
Distance 	centre 

o 9B 30 7.03 

Table 3(1) Elovtio 	on Collector Line 

Barrel 
top 

8.38 

Barrel 
length 

1.505 

Collector 
top 

7.085 

Collector 
bottom 

6.975 

Barrel 	Tile Ele\ja 	F.E 
boLLom 	tion (bottom) 

6.875 	7.385 	8.23 
30 8E30  6.91 6.965 6.855 6.755 8.235 8.385 1.63 
60 7E30  6.79 6.845/ 

6.87 
6.735/ 

6.71 
6.635 8.235 8.385 1.75 

90 6B15,,3  6.€7 6.75 6.59 6.49 8.255 8.405 1 .915 
105 5E15  6.61 6.69 6.53 6.43 8.165 8.315 1.885 
120 4E15  3,55 6.63 6.47 6.37 8.27 8.42 2.05 
135 3E, 15 5.49 6.57 6.41 6.31 8.215 8.415 2.105 
150 2E15  6.43 6.51 6.35 6.25 8.27 8.42 2.17 
165 	1B1, 637 6.45 6.29 6.19 8.27 8.42 2.23 
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8.42 	8.2 
8.38 	8.385 	8.385 	8.405 	8.42 8.415 

Field 	8.315 Ti 	 fl 
I 

H 	 ,parrel 

Collector 0  Tile drain 
drain 	7385 	 1 

I i UMM PVC 160m PVC 

6.875 
6.755 	 - - 	S 

. 	6 A 9 	1 

- 6.43 	
•37 	6.31   

6 25 619 

Note1) Barrels and sump are not to the sCdlC 

2) Refer to table 3A for elevations 

Sectional elevation along the collector drain 
	

4.94 

FiGure 3(4) 
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elevations, the collector pipes and the tile drains were 
joined to the drum and the trench was back filled. 

Drainage Sump Construction 

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

Installation  of Observation Wells 

A series of observation wells were installed in the 

experimental site to record the fluctuations in the water 
table elevations on the event of drainage. The general 
pattern of the installation of the observation wells are 
shown in figure 3(6). They have been spaced perpendicular 
to the drain at 0.4m, 5/5, and 5/2 where S is the spacing. 
Three such lines of observation wEilla have been installed at 
L/4, L/2 and 3 L, where L is the Ien9th of each drain line. 

The observation wells have been mde with 1.5m. long, 40mm. 
PVC pipes. Five mm holes with a spacing of 10cm. have been 
drilled in 6 bands at the bottom 50n. length and coir was 
wound around it with the bottom of the tube covered with 
polythene covering. 

Sieve Analysis  

Sieve analysis of th rivir sand and the base 
material was done in deciding the suitability of the river 
sand used. Tables 3(2) and (3) show the result of the 
analysis and figure 3(7) shQws thv grading curves drawn. 
Spalding (1970) suggested tt t1]e most reliable criteria 
for the design of filter dsign 4re those of the United 
States Waterways Experimental Sttion. T: 
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t Figure 3(5Y 
Secticnal view of the sump 

I - 

:1 

I' 

* 
4.94 

1.2 rn 

8.5 4 
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Figure 3(6) 
Spacing of alm crvtjon wells along and acr oss t1w Arain lines 
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Table 3(2) 	Sieve Analysis of River Sand Filter 

Sieve  
Si Z 
wt . re 
tamed 
(gm) 

Sample 1 

Sample 2 
Sample 3 
Sample 4 

Total 

5.6 

mm 

121 

72.5 
99 
69.5 

362 

2 
mm 

207.5 

214.5 
229 
209.75 

860.75 

380.5 245 457.5 

357 	199 	295.5 
412.5 26&.5 413.5 
380.5 23..5 377.5 

1530.5 941.5 1544 

4.25 13.5 1429.75 

2.42 10.58 1151.5 
3.83 18.17 1441.5 
2.92 12.83 1284.5 

13.42 55.08 5307.25 

0.25 1.04 

1 500 106 45 45 Total 

mm 	micron micron micron micron 

% Retained 	6.82 16.22 	28.84 17.74 29.09 

Cumulative 	6.82 23.04 	51.88 6.62 98.71 98.96 100 
% retained 

Table 3(3) Sieve Analysis 94 Base Material 

Sieve 
size/wt. 	5.6 	2: 
retained rrn 	mm 
_Lg) 

1 	500 	106 
mm micron micron 	inicrvn 

45 
micron 

Total 

Sample 1 	0 0 0.045 1.875 18.11f 0.597 1.681 22.314 
Sample 2 	0 0 0.066 1.654 19.77C 1.519 1.673 24.682 
Sample 3 	0 0 0.555 1.410 18.87, 1.540 1.719 23.595 

Total 	0 0 0.166 4939 56.75' 3.656 5.073 70.591 

% reta 	0 
iicd 

0 0.23 7 80.40 5.16 7.19 

Cumulativ% 
retained 	0 0 0.23 7.23 87.63 92.81 100 
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Sieve analysis grading curve 
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The design criteria are 

D15 
	5 D 8_5 	(1) 

D15F 	Ll 20 D13  	(ii) 

D50F 	25 D 5 0 S  

D50F 	 (iv) where D 15 is the size of 

particle in filter, 15% passing sieve and D85S is the size of 

particle in soi, 85% passing sieve. 

The first three criteria represent the filtration 

quality and the last one represents the adequacy of the 

hydraulic conductivity. The different particle sizes as par 

the above criteria is given below. 

D15  	= 0.25 mm 	D15S 	= 0.125 mm 

D50  	= 1.05 mm 	D50S 	= 0.25 mm 

F 	= 2.75 mm 	D85S 	= 0.40 mm 

From the above particle sizes it can be seen that all 

the above criteria have been satisfied and the filter used is 

adequate in terms of filtration quality and hydraulic condu-

ctivity. 

Data Processing  

Just after the completion of harest of the paddy crop 
in the experimental area, continuous drainage pumping started 

on 21486 which was continued upto26486. Observations 

like drainage flow through the tile drama and water table 

recession inthe 122 observation wells were recoded at hourly 

intervals. The readings interpolated from this data at 5hour 

interval are given in appendix I. 'The above data was then 

subjected to vigourQus analysis for finding the hydraulic 

conductivity using steady state equations since the water table 

movement and dra.n discbaree conditions showed a relatively 

constant behaviour towards the later part of the continuOUS 

drainage. The steady state conditions are because of the 

continuous recharge from the outside water bodies lrto the 

experimental area which is peculiar to the Kuttanad conditions. 



17) 

The analysis was based on Hcoghoudt Is equation which 

is 

	

q=8Kdh+4K 	where 
2 	2 
S 	S 

discharge in m:day 

equivalent depth (m) 

hydraulic cond.ictivity in rn/day 

hydraulic head in m at mid po.nt of the drains 

spacinq of the drains in m 

The above equation when di;ided  by In will give en 

equation to a straight. line which is 

q/h = 8 K_+ 4X1I 	where 4K 
2 	2 
	is thc slope of the 

S 
line from where 1< value can he calc1eted since spacing is 

known and 8 K is the in;eroept from:nere Kd value and 

subsequentl92 	value csn be calculated. 

The observations each as discharge and hrraulic head 

at mid spacing were drewn 2çrCinE tine. The d±1-charge and 

the hydraulic head at mid spacing of drainFi wole interpolated 

at 5-hour intervals from :he above. qrah and typical samples 

are represented through fig. No 3(13)  to 3'2.l). The discharge 

versus hydraulic head rd ationshie n.,: ccrren'onding time is 

also drawn and is shown ii fici. 3(12: end 3(13). The q/h 

versus h relationshipa3.r-et :olio'jed tb 	ut;oua IS  egueicn 

and thus the I( value end d value ware calculated. A typical 

q/h versus h relationshis is shcn in 	g3i4) and 3(15) 

The computed alue.s of diffonnnt parartrs are shown 

in table No. 3(4) 

Corruted values 

Tab lc 3:4) 

of b 	raulicjerarna's 

parameter c 
Tile L 

.: 35 4 E1 E 
r - 

- 30 

4K 	0.0227 
2 

8 Kd 	0.0031 

0.0292 

0.0012 

1,.6406 

O.C34C 

207 

0.0231 

0.0023 

1.300 

0.0633 

4.86 

0.02.72 

0-0C'39 

1.5312 

0..106 

•-7.20 

0.0(354 

3.5:0 

211 

0.004 

033 

0.0083 

0.CCO1 

1 .9125 

0.0107 

0.56 

K(m/day) 	1.275 

Kd(m2/day)0 .0885 

d(cm) 	6.94 

* values are not taken fo: further analysis since d a1uo is 
minus 

q = 

d = 

1< = 

h = 
s = 
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Figure 3(8) 

Discharge versus time (3E15) 

31 

-to 

14 19 24 29 34 39 44 49 54 59 64 69 74 79 84 	89 94 99 104 109 114 119 124 

Elapsed time (hrs. ) 

4 S. 



Figure 3(9)  
Hydraulic head versus time (3E15 ) 
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Hydr1IL.I 	versus time (8E 30 
43 

 

41 

39 

 

37 

 

- 

49 54 59 64 69 74 79 84 89 94 99 104 109 114 119 124 

Elapsed time (hrs4) 



54 

A') LL Al - .J_ Em 
± L) 

4.5 
38 39 

44 45 46 47 48 49 50 51 52 53 54 55 56 57 

Hydraulic head (cm) 

Figure 3(12)  

Discharge versus hydraulic head (3E15) 
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I 	1 - 

F igu r ei 
Discharge versus hydraulic head (8E30) 
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Discharge 	Versus hydraulic head (3E15) 

Figure 3(14) 
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nI L b1C  No.35) 

Vue  S of hydr'au  

r2E15  

Time q 
mm/day 

h 
cm 

h 
cm 

q 
mm/day lit/minute 

14 62.4 42 6.5 5 .08 
19 10 60.1 43 6.55 5.19 
24 9.1 56.7 44 6.78 5.30 
29 8.5 53.9 45 6.95 5 043 
34 8.1 51.6 46 7.1 5 .55 
39 7.8 49.8 47 7.23 5.65 
44 6.6 48.4 48 7.43 5.80 
49 7.5 47.2 49 7.58 5.92 
54 7.5 46.3 50 7.073 5 .04 
59 704 45.6 51 7.88 5.16 
64 7.4 44.9 52 8.08 6.31 
69 7.4 44.3 53 8.28 6.47 
74 7.4 43.8 54 8.48 6.63 
79 7.3. 43.4 55 8.68 6.78 
84 7.3 43.1 56 8.90 6.95 
89 7.3 42.8 57 9.3 7.13 
94 7.3 42.7 58 9.38 7.33 
99 7.2 42.5 59 9.68 .5 

1a4 7.2 42.3 60 9.75 
109 7.1 42.2 
114 7.1 42.1 
119 7.1 42.0 
124 7.1 41.9 

a 



able No.3(6)  

ya1uef hydraulic hea('d discharqe at different time 

for3E 

Time mm/day 	cm cm 
q 

mm/day 	lit/minute 

59.3 38 4.85 3.79 

.10.2 56.8 39 5.05 3.95 

24 9,1 53.4 40 5.25 4.1 

29 82 51.0 41 5.45 4.26 

34 7.5 49.1 42 5.65 4.41 

39 6.9 47.3 43 5.85 4.57 

44 6.5 45.7 44 6.05 4.73 

49 6.2 44.5 45 6,3 4.92 

54 5.0 .43,5 46 6.55 5.12 

59 	.. 5.8 426 47 6.8 5.31 

64 5.8 41.7 48 7.1 5.55 

69 5.8 40.9 49 7.4 5.78 

74 5,7 40.3 50 7.75 6.05 

79 	. 5.6 39.8 51 8.1 . 	 6.3 

84 5,6 39.4 52 8.45 6.6 

89 	' 5.6 39.0 53 6.85 6.91 

94 5.6 38.7 54 9.2 7.19 

99 5.5 38.5 55 9.6 '7.5 

104 5.5 3.3 	. so 10.0 7.81 

109 . 	5.4 38.2 57 10.35 8,09 

114 5.4 37.9 

129 . 	5.4 	. 37.7 

124 5.4 37.6 
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Table No.3(7) 

Va1,s  pf hydraulic  head and discharqe  at different  time- ime 

Time 

	44,E 5  

q 
1mrry'day 

h 
cm 

h 
cm 

q 
mm/day 

lit/ 
minute 

55.5 36 37 2.89 

19 7.6 51.9 38 3.95 3.09 

24 6.5 47.5 38 4.15 3.24 
29 5.9 45.3 39 4.35 3.40 

34 5.9 43.7 40 4.55 3.55 
39 5.0 423 41 4.78 3.73 
44 4.8 41,1 42 4.98 3.89 
49 4.6 40.3 43 5.20 4.56 

54 45 39,6 44 5.48 4.28 

59 4.3 38.8 45 5.73 6.48 
64 4.2 38.3 46 6.03 4.71 
59 4.1 37.8 47 6.38 4.78 
74 4.0 37.3 48 6.52 5.33 

/9 4.0 3 6 .9 49 7.35 5.74 

39 36.6 50 7.93 6.20 
89 3,9 36.7 51 6.53 6.66 
94 3.8 36.2 

99 3.8 35.9 

104 3.7 35.8 

109 3.6 35.5 

114 36 35,3 

119 3,6 35.1 
124 3.6 35.0 



61 

Table No.3(8) 

V.ues of hydraulic head and discharqe at different time  

or SE 13 

Time q 
mm/day 

h 
CiTI 

h 
CM, 

q 
mm/day lit/minute 

1.4 58.3 41 3.23 2.52 
19 6.9 54.3 42 3.4 2.66 
24 6.0 52.0 43 3.58 2.80 
29 5.4 50.5 44 3.73 2.91 
34 4,9 49.3 45 3.95 3.09 
39 4,6 48.4 46 4.20 3.28 
44 4.3 47.6 47 4.43 3.46 
49 ,  4.2 46.8 48 4.7 3.67 
54 4.0 46.2 49 5.0 3.91 
59 3,8 45•5 50 5.38 4.20 
64 3,7 45,0 51 5.73 4.48 
59 3.6 44,5 52 6,18 4.83 
74 3.5 43.9 
79 3,4 3 

84 3.3 43.0 
89 3.3 42.6 
94 3.2 42.3 
99 3.1 41.9 

104 3.1 41.5 

109 3.0 41.1 
114 3.0 40.7 

119 3.0 40.4 
124 3.0 40.4 
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values of hydau 

Table NO.3(9) 
a* a d dischar. dt 3ifferent time 

 

for 79 30 

Time 
q 

mm/day 
t-1 

C,  
h 
cm 

q 
mm/day 

lit/ 
minute 

14 1.53 49.8 29 0.42 0.88 

10 1,41 49.2 30 0.46 0.96 

24 1.31 47.9 31 0.49 1.02 

29 1.21 46.6 32 0.53 1.10 

34 1.14 45.5 33 0.57 1.19 

39 1.08 42.2 34 0.61 1.27 

44 1.01 43.0 35 0.65 1.35 

49 0.96 41.7 36 0.69 1.44 

54 0.91 40.5 37 0.73 1.52 

59 0.86 39.4 38 0.78 1.63 

64 0.81 38.4 39 0.83 1.73 

69 0.76 37.5 40 0.87 1,81 

74 0.71 36.5 41 0.91 1,92 

79 0.68 35.5 42 0.97 2.02 

84 0.64 34.6 43 1.01 2.10 

89 0.60 33.8 44 1.06 2.21 

94 0.58 33.0 45 1,11 2,31 

99 0.54 3.2 46 1.16 2,42 

304 0.51 3l4 47 1.23 2.56 

109 0.49 30.8 48 1,31 2.73 

114 0.46 30.1 49 1.39 2.90 

119 0.45 29.5 50 1.54 3.21 

124 0.44 29 
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Table No.3(10) 

Vl11es of hydraulic head and  dtscharqe at different  time  
for BE 

-30 

Time nn/ay 	m mm/day 	minute 

14 1.65 43.0 22 0.55 1.15 
19 :.s4 420 23 0.57 1.19 
24 1.4. 40.5 24 0.6 1.25 
29 1,34 39.10 25 063 1.31 
34 1.25 37.80 26 0.65 1.38 

36.50 27 0.68 1.42 
4 .10 35.40 28 0.71 1.48 

1.03 34.2 29 0.75 1.56 
54 0.96 33.0 30 0.79 1.65 
59 09 320 31 0.84 1.75 
64 0.84 31.0 32 0.9 1.88 
69 0.8 30.10 33 0.96 2.0 
74 0.76 29.20 34 1.01 2.10 
79 0.73 23.20 35 1.07 2.23 
24 0.7 27.40 36 1.13 2.35 
89 0.60 26.5 37 3 .19 2.48 
94 0.66 25.70 38 1.26 2.63 
99 0.63 24.90 39 1.33 2.77 
104 0.61 24.2 40 1.4 2.92 
109 0.6 23,5 41 1.47 3.06 
3.14 0.59 22,8 '2 1.54 3.21 
119 0.56 22 13 1.63 3.4 
124 0.53 21.5 

h 	q 	lit/ 
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'ha averacjc value of hydraulic conductivity IS thus computed 

as 1.468 rn/day. The values of discharge and hydraulic head 

at identical values of time and values of q in mc/day and 

litres per minite at identical hydraulic heads arc given for 

each tile drain in table NO. 3(5) to 3(10). AnOther important 

feature noticed in the prject area is that the water table at 

ZErO pumping is not love] and showed a slope towards the 

farther side from the outside waterbody. When tile drains 

are installed in this area there is always a backf low through 

the drains towards the farther side since the tile drains 

offers relatively no resistebCe to flow. This can be easily 

identified from the fig. 3(16). The values 
corresponding to 

the figures are given in appendix II. 

RESEARCH PROJECT No. 3b 

1. Title of the project 	
Development of a suitable techno- 

logy for the sub-surface drainage 

system in the Karl lands of 

Kuttanad. 

2. Title of the Problem 	Effectiveness of tile drainage 

system in the performance of 

paddy crop in the Karl land. 

3. ObJeciveS 
a) To assess the incremental yield of paddy due to tile 

drainage system. 
h) To study the influence of the tile drainage in the 

pattern of growth of roots of paddy crop. 

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

drainage system. 

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

of root zone profile of Karl lands. 

practical utility,  
A remarkable improvement on the growth and yield of 

paddy crop and also on the fertility of root zD ne has been 

revealed from the pilot study on sub surface tile drainage 
system in the project arca. Hence, this detailed experiment 

will bring out the magnitude of incremental productivity 
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Of Kari lands with laying of a suitable tile drainage system. 

The study 1ijo help to evaluate the economic feasibility 
of the project, 

5. Technical Programme 

Paddy crop will be raised in the field laid Out with 
the lateral drains, ivinq uniform package of practices in 
the whole experimental area (2.5 ha). The standing crop 
Will be divided into different strirs of Sm. wieth along the  drain line. The first strip design~)ted as T1 will fall 2.5 rn. 
on either side of the centre of the drain line. The Second 
strip, T2, will fall betwsen 2.5 n. and Sm. from the drain 
line on either Side and T, will fall between 5m. and 7.5m. from the drain line on either side. Hence, lateral drains of 
15m. spacing will have three treatments T1 , T2, T3 and 4 repli- 
cations (4 experimentallines) 	For drain -lines with :30m. 
spacinc will have 6 treatments (T 1 T6) with 2 replicatons The different attrjbus of growth and ylol cl of padd- crop 
will be recorded for each strip. TC pttern of growth of 
roots will b studied at different stao[ of Growth. The pr 
and post cropninq soil Gualitis wi3 1 be, c5•JLmatd to 
the improvement of soil fertility, 

6. 

a) Growth and yield attributes of paddy 
b) Assessment of growth of paddy roots at different intervai 
c) Physiochemical analysis of soil. 
c1) Monitoring of quality of drainage and irrigation water. 

7. Date of Start 

8. Date of Completion 

9. Progress of Work 

in project No. 3a qxcept for the 
The essential layout Of thc. cYperiment is as g1;en 

and night pumping Fhroughout the 
Started along with the 

were COfltinUd upto 10 days before harvest. 
like height of th plant, 

panicles/sq,m, avrag0 panicle/hfll, grain weight/'ha and 

December 1984 
December 1987 

type of observations. :Day 

cultivatin season was 
broadcasting Of the paddy seeds and 

Observations 
number Of hills/.p1, number of 
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strawweight/ha were taken and subjected to statistical 
analysis. The analysis was done separately for 1,5m. and 30m. 
spacing. The results of the analysis are represented through 

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

variation for any parameters in between the drain lines 
(15m. spacing) and all the parameters exePt number of hills/ 

Sq.m. were significantly superior to the control plot, in 
the case of 30m. spacing the grain weight upto 15m. 

and straw weight 

upto 30m. from drain was found superior to the control plot 
while all other parameter were found insignificant. It could 
be concluded that a 15m. spacing will give an additional 

yield of 1.93 
t/ha of grin and 10.3 t/ha of straw. The 

effect of drainage was statistically superior to the control 

plot uptO 15m. and then started declining. 

Water samples from each tile drain were collected at 

f ortnightly intervals and they were analysed for its EC and 

PH. Figure No. 3(171 
is a graph of EC versus time and it 

could be seen and concluded that the soils which were closer 
to the outside natural bodies of water drained less salts 

than the one which' IS 
fay-her. This is because of the higher 

water level outside the' farming area creating a natural inter-
nal drainage and to some extent washes the soil. The graph 
of pH versus time, fig. 3(18), gave almost identical values 

of pH for each drain excs;t for 7E30 
 where the acidity level 

Was comparatively very high. 

Water samples from the drainage sump were also 

collected daily and were analysed for EC and pH. The values 

are drawn against time and are shown as Fig. 
3(19) and 3(20). 

It could be seen that the EC values of the drained water were 

between 2 
to 4.5 mmhOS/Cm and pH values were between 6.5 to 

8.5. 

A comparison of the weekly average values of EC of 
the drained water and the irrigation water shown in fig. 

3(21) 

indicated that a substantt amoflt of salts can be leached 
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Table 3(11) 

Item2 HeicibtOf the 	nt in cm. (15n scing) 

R3 	R4 	R5 	R 	Mean 

T1  96.25 98.34 99.16 94.59 93.83 91.57 95.62 

T2  89.58 87.59 95.75 92.59 90.5 99.67 92.61 

T3  89.08 89.7 96,5 97.0 94.49 95.92 93.78 

Control T4  81.5 76.0 7375 77.25 82.17 88.16 79.81 

Total 356.41 351.63 365.16 361.43 360.99 375,32 

Gross = 2170.94 

Variance Table 

DF SE MS F ratio F table Remarks 

Block 5 81.838 16.368 0.962 2.9 

Treat 3 935.156 311.719 18.320 :3.29 T_Significant 

Error 15 255.222 17.015 

Total 23 1272.215 

CD = 5.07 cm. 
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Item:,  P11b, Of 	(15 rn spacing) 

If 

R1  

88 125 114 

R4  

86 

PS  

92 

R6  

138 

Mean 

107.33 

T2  146 94 11 72 118 134 113.0 

T3  122 106 113 103 112 100 111.0 

Control T4  84 60 104 84: 128 96 92.67 

Total 440 386 450 350 450 468 

Gross = 2544 

variance table 

DF SS MS F ratio F table 	Remarks 

Block 5 2616 5232 1.244 2.9 	Non signi 

ficant 

Treat 3 1521.333 507.111 1.205 3.29 Non signi 

ficant 

Error 15 6310.667 420.711 

Total 23 10448.00 
A 
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Table 3(13) 

Item NO. of panicles/m'  (15m spacing) 

R 2 11 R4  R5  R5  Mean 

Ti 568 752 764 592 636 760 678.67 

T9  746 586 740 500 870 700 690.33 
T3  606 534 664 778 772 620 662.33 

Control T4  420 220 400 392 576 616 450.67 

Total 2340 2092 268 2262 2854 2696 

Gross = 14892 

DF OS MS F ratio F table Remarks 

Block 5 108100 21620 1.952 2.9 
Treat 3 233120.667 77706.889 7016 3.29 TSigni-

f icant 

Error,  15 166141.333 11076.089 

Total 23 507352.00 

ID 2  129.8 panicles/m 
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Table 3(14) 

Item Averagepanicles-/hill (15 m spacing) 

R3 	R4 	R6 	Mean 

T1  6.45 5.97 

T2 5.11 6.23 

T 	7.21 
a 

504 

Control T4  5.0 3.67 

	

6.70 6.88 6,91 5.51 	6.40 

	

6.49 6.94 7.37 5.22 	6.23 

5.63 	7.20 6.89 	6.20 	6.36 

	

4.61 4.67 4.5 	6.42 	4.81 

Total 	23.77 20.91 23.43 	25.69 25.67 	23.35 

GrOSS' 148.82 

]JF 
	F ratio F table 	Remarks 

Block 5 

Treat 3 

Error 15 

Tct1 23 

3.94 0.788 

10.484 3.495 

9.859 0.657 

24.283 

	

1.199 	2.9 

	

5.317 	3.29 TsignifiCaflt 

CD = 1.00 panicle/hill 
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Table 3(1) 

Grain wt. (t/ha 	15m spacing 

R2  R 
Li 

R5  Mean 

T1  6.89 6.83 6.10 5.37 7.83 6.77 7.01 

T2  7.67 5.66 7.09 5.47 9.73 7.42 7.17 

T3  4.33 4.65 6.68 7.21 8.16 6.05 6.21 

Control T4  4.84 2.63 5.41 4.71 5.50 6,12 4.87 

Total 23.73 :9.82 27.48 22.96 31.22 25,36 

Gross = 151.57 

Vsr lance table 

DF SS MS f  
ratio 
 F 

table 
Remarks 

Flock 5 19.72 3.94 3.97 2.9 RSlg. 

Treat 3 19.91 6.64 6.69 3.29 TSlg. 

Error 15 14.88 0.99 

Total 23 54.52 

CD = 1.23 t/ha 
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Table 3(16) 

aping straw -wt iz22i 

R1  R2  R3  R 95  R Mean 

T1  19.14 26.62 28.34 20.16 22.58 20.76 22.93 

T2  20.10 21.50 24.78 18.40 30.88 25.16 23.47 

T3  22.00 18.75 28.32 30.60 28.72 19.74 24.69 

Control T4  12.20 9.40 12.80 16.60 12.84 16.52 13.39 

Total 73.44 76.27 94.24 85.76 95.02 62.18 

Gross = 506.91 

- 	 Variance  table  

DF ss MS F ratio F table Remarks 

31ock 5 100.64 20.13 1.26 2.9 - 

Treat 3 487.47 162.49 10.20 3.29 T.Sig. 

Error 15 238.99 15.93 

Total 23 827.10 

CD = 4.91 t/ha 
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Table 3 (17 ) 

..Height-of the-plant 	(Cm (30m sacing) 

R I R4  
Mean 

T1  95.67 92.0 91.5 91.67 92.71 

T2  87.33 93.67 10fl.33 99.0 95.08 

T3  94.83 94.16 9.0  92.83 95.21 

Tzi 	93.33 93.5 93.17 93.17 93.29 

T5  85.67 100.17 97.0 99.5 95.5-9 

T6  85.5 90.5 98.5 96.83 92.83 

Control T7  77.25 77.83 78.0 88.16 80.31 

Total 	619.58 641.83 657.5 661.16 

GoSS = 2580.0 

variance table  

DF SS MS F ratio F table Rea 

Block 3 153.37 51.12 2.96 3.16 

Treat 6 688.01 114,67 6.63 2.66 signif:a: 

Error 18 311.20 17.29 

Total 27 1152.59 . 

C.L) = 6,18 cm 
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Table 3(18) 

No. of hills/m2 	30rn spacing 

R3  P4  Me a r 

T1  80 104 44 132 115 
T2  88 148 108 160 126 
T3  120 104 U2 88 106 
T 148 96 92 100 109 
T5  128 56 92 104 95 
T_ 136 120 92 108 114 

Control 
T7  84 136 120 96 109 

Total 784 764 760 788 

9rosE = 3096 

Variance Table 

DF 55 MS F ratio F table Remarks 

Flock 3 84.57 28.1.9 0.14 3.16 MS 
Treat 6 2150.86 358.48 0.47 2,66 MS 
Error 18 13803.43 76686 

Total 27 16038.86 



4.93 

27 

7 12 

7.2 

9.5 

2.47 	4.9 

6.37 

6.56 

6.62 

6.59 

6.96 

5.98 

4.62 

5.08 

6,74 

5.43 

6.13 

6.04 

6.78 

5.97 

4.00 

76 

T:ble 3(19) 

Average anicl./hi11 	30m spacing 

R4 	r4ear 

T1  95 

tr2  9.23 

T 
3 	
6,43 

T4  5.26 

T. 
3 
6.41 

T6  5.68 

Crjntrol T7  4.67 

Total 	48.18 	43.69 	4L .1 	41.77 

Gross = 174.74 

Variance table 

DF 	SS 	is 	F ratio F table Riqa} 

Elock 	3 
	

4.36 
	

1 45 
	

0.53 	3.16 	Xs 

Treat 6 
	

14.41 
	

2.4 
	

0.88 2.66 Ns 
Error 18 
	

49. 1 2 
	

2.73 

Total 27 
	

67.9 
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Table 3(20) 

No. of panc1es/rn2  	30rn spacing 

R3 	Mean 

	

T1  760 	512 	732 	788 	698 

	

T 812 	928 	728 	640 	777 

	

T3  772 	772 	608 	632 	69 

	

T4  778 	692 	564 	776 	702.5 

	

T5  820 	532 	556 	612 	630 

	

T6  908 	708 	624 	492 	683 

	

Control T7  392 	336 	588 	616 	483 

Total 	5242 	4480 	4400 	4556 

Gross = 18678 

Variance table 

DF 	SS 	MS 	F ratio F table Remarks 

Block 3 	64168 21389 1.32 3.16 NS 
Treat 6 	202573 33762 2.14 2.66 NS 
Error 18 	283831 15768 

Total 27 	550572 
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Tnble 3(21) 

T1  7.09 
T2 9.43 

Grain Wt. 

T) 

8.57 
10.03 

6.07 
6.01 

30m spacing 

Mean 

7.30 
8.53 

7.47 
8.93 

T3  8.64 7.69 6.45 5.66 7.11 

T1 	7.06 4.43 5.98 7.62 6.27 
T11 

6.5 , 5.38 5.14 6.9 3 5.98 

T6 9.05 7.04 8.10 8.41 815 

Control T7  4.71 6.07 4.33 6.12 5.31 

Total 52.43 49.21 42.08 51.04 

 

   

ariflCe table 

DF 	SS MS F ratio 	F tale 	RErnark 

    

	

9.07 	3.02 2.52 	3.13 

	

33.34 	5.56 4.63 	2.65 	5ignifl Cal flt 

	

21.61 
	1.20 

Block 3 

Treat 6 

Error 18 

Total 27 	64.02 

C,D = 1.63 t/ha 
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Table 3(22) 

straw wt. t/ha 	30 m spacing 

R3  R4  Mean 

T1  24.52 20.64 22.00 19.52 21.67 

T2  31,44 30.32 25.64 24.68 28.02 

T3  30.88 26.56 20.28 19.20 24.23 

T4  27.40 24.32 15.20 24.60 22.88 

T5  22.28 20.84 21.64 23.16 21.98 

T6  26.44 25.88 21.64 23.76 24.43 

Control T7  16.60 12.12 10.08 16.52 13.83 

Total 179.56 160.68 136.48 151.44 628.16 

variance table 

SS MS F ratio F table Remarks 

Block 3 139.21 46.40 6.3 3.16 significant 

Treat 6 453.72 75.62 10.26 2.66 

Error 18 132.68 7.37 

Total 27 725.61 

C.D = 4.03 t/ha 
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Table 3(23)  

Water Sample Data Taken at FortfliqhtlY  Intervals 

(collected from tile) 

EC (rEmhos/Cifl) values 

Date 
Location 25-l185 l0-42--85 64-86 

lB15  

2E1  

3E15  

4E15  

5E1  
6B15/30  

7E30  

8E30  

9E30 

2l-=l0=-85 

2,67 

3.30 

2 . 94 
2.13 

2.27 

4.80 

6.06 

4.92 

4.35 

1e89 

2.40 

3.30 

4.20 

4.80 

4.510 

6.30 

4.90 

2.10 

2.40 

3.00 

3.90 

4.80 

5.10 

6.30 

4.80 

2.6 

2.50 

3.50 

5.20 

5.70 

5.0 

2.1 

2.50 

2.40 

2.40- .40

3,60 3.60 

2.70 

4.80 

4.40 

Table 3(24) 

Water Sample Data 	FOtfli9tl Ifltrv0 

(Collected from tiles) 

pH Values 

Date 

511 	85 261185 10-12-85 61-86 LOCS tj Ofl 2:L:iU85 

7.42 8.30 6.20 
1B15 6.6 

2E15 6.10 7.65 7.35 6.40 

3E15 6.10 7.88 7.30 6.20 

4E15 7.30 8.49 9.35 6.10 

5E15 5.90 8.37 8.34 4.10 

6B15/30 6.49 8.61 9.30 

7E30 2.43 2.40 4.60 5.80 

BE30 3.56 8.80 8.65 5.60 

9B30  6.11 
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Tab 
he drai .. sum 

water sample data ta]eL 	
fro t' 

ate 

.4085 

2210-85 

23.085 

21.40-85 

2610-85 

2710-85 

28-10.45 

29.40-85 

30.4O-8 

31-1085 

11-85 

11-85 

11-8 

4-11-85 

5-I -85 

5-3 1-85 

7 -A 11. -85 

11-85 

9-11-35 

l.L-11.4S 

12.41-85 

13-11.4 5 

14-11-05 

15.41.45 

1611-85 

1711-85 

1.811-85 

1911-85 

2011-85 

D Eate EC 

2.45 

4.1 

I's 

2.4 

0.69 

2,17 

4.0 

1.0 

1.98 

2.93 

1.8 

2.63 

2.70 

2.01 

2.20 

2.84 

2.77 

2.73 

2.54 

3.38 

3.60 

3.9 

3.88 

3.98 

3.90' 

4.05 

310-E5 

 

21418S 

22.41-85 

23-11-65 

24.41-85 

2511-85 

26-11-85 

2711-85 

23.41-05 

2911-85 

3Q.41-85 

112-85 

2-12-35 

312-85 

4-12.45 

5-12-35 

612-85 

712-85 

012-85 

9.42-35 

1012-85 

11-12-35 

12-12-85 

13-12-85 

1412-85 

1512-05 

16-12-8 E 

1712-85 

13-22-35 

1912-85 

201285 

2112-85 

EC 	(rnrnhos/Cm) 

EC 

3.30 

4.05 

3.75 

3.06 

4.20 

3.70 

3.85 

3.8 

3.9 

3.75 

3.95 

319 

2-94 

4,8 

4.95 

4.65 

1.60 

4.70 

4.48 

4.85 

4.25 

4.55 

4.25 

3.78  

4.33 

4.60 

4.15 

3.44 

2.87 

4.45 

Date 

2212-85 

2312-85 

2412-85 

25.42-85 

2612-85 

2712-85 

2812-85 
i' 

30-12-85 

3112-85 

i1-06 

2-1-86 

31-86 

,
-85 

EC 

4.5 

4.55 

4.75 

4.45 

4.33 

4.10 

4.23 
r 

4.90 
4.55 

3.95 

3.83 - 

- 

- 
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Table 3 (26) 

Water sample data taken  daily from the drainage sump  

pli values 

Date 	PH 	Date 	pH 	Date 	pH 

15114J5 	942=85 

161185 6.4 101205 

17-1105 7.0 114285 

181185 0.6 121235 

191185 7.6 131205 

201105 7.6 	144285 

211135 	7.9 	1512-.85 

221105 	7.5 	16=.1285 

234185 7.7 171285 

241135 7.9 181205 

251185 7.5 191285 

26-4185 7.7 201285 

2711-85 7.7 	211285 

2841.85 7.3 	221285 

291185 6.9 231285 

301185 7.0 241285 

112.85 	7.6 	25-1285 

242..85 	6.7 	261285 

31205 	7.1 	27.1285 

412.85 	7.6 	2812-05 

512.85 	7.6 	2912.85 

61205 	7.1 	301285 

742.05 	6.6 	311285 

EJ12U5 	7.3 	1186 

2-1-316 
3186 

211085 

22-10-85 6 .5.. 

2340=-85 S .6 

241085 6.4 

26.1085 7.1 

27l085 7.5 

20l0-05 7 QT 

2940-85 7.1 

304085 7.2 

31-10-85 7.9 

	

14185 
	

7.8 

	

2-11-85 
	

0.2 

	

3-11-85 
	

7.7 

	

4-11-65 
	

8.1 

	

5.1185 
	

8.4 

	

64l85 
	

8.0 

	

71l=85 
	

7,6 

	

A..11=.85 
	

7.7 

	

9.l1-85 
	

7.4 

10.11-85. 

i11185 7.6 

12-3.1-85 7.4 

l31185 8.1 
I 

1.411=.85 7.8 

I 

6.9 

7.5 

7.1 

6.0 

6.6 

6.4 

6.5 

6.3 

7.1 

6.7 

5.9 

6.6 

7.3 

7.2 

7.5 

6.7 

6.7 

6.6 

6.5 

7.0 

7.2 

6.6 

6.0 

6.9 

7 
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Figure 3(29) 

pH of daily water samples collected from drainage sump 
during cultivation 
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Tabie  3(2) 

Weekly averages of EC anu pH of irrigation and drained 

water  

Irrigation water Drained water 
Date EC 

mmhos/cm 
pH EC 

mrnhos/crn 
pH 

261085 i±.86 5.79 .41 6.94 

31085 1.14 3.86 2.46 7.55 

61185 0.32 6.63 2.42 7.84 

13-1185 0.36 7.61 2.85 5.47 

201185 0.80 7.60 3.34 7.81 

281185 1.60 9?3 3.82 7.30 

61285 2.24 6.35 4.71 7.17 

1112B5 2.13 6.54 4.35 6.94 

101205 2.45 7.00 3.43 6.50 

271285 1.51 7.38 4.48 6.88 

1186 2.45 5.7 3.71 6.87 
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Weekly comparison of pH between irrigation and drAIned water 
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Table 3(2) 

Soil  sample dta .;aken at different time  

EC(rrrnhOS/Crfl) 

Date 

211085 51185 261185 101285 1186 

1B on the line s 
1315 moddle 

2E15  on the line 

2E15  middle 

3E15  on the line 

3E15  middle. 

4E15  on the line 

4E1r middle 

15 on the line 

SE - middle 

B1s/3Rfl the line 
IJ 

635/3o middle 

7E30  on the line 

17 E 30 middle 

833Q  on the line 

8E33  middle 

on the line 

Control 

1.14 0.52. 075
i 

050 

0.96 0.88 0.30 0.61 1.03 

1.17 0.50 0.35 0.72 1.08 

120 0.69 3.54 0.87 0.93 

1.17 0.326 3,26 0.83 0.99 

1.20 0.386 034 0.77 1.11 

1.20 0.485 3.25 0.85 0.84 

0.99 13 T 0.42 0.82 0.48 

0.99 0.73 0.28 0.87 1.11 

0.99 0.39 0.37 0.89 0.90 

0.99 0.726 0.50 0.74 0.93 

1.05 0.61 0.26 0.91 0.90 

1.23 0.526 0.35 0.91 1.02 

1.05 0.0 0.40 0.92 1.02 

0.96 CL 8 0.28 0.74 0.96 

096 0.696 0.32 0.65 0.90 

1.17 0.T1 0.27 0.70 093 

1.20 0.795 0.46 0.75 1.41 
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Table 3(29) 

Soil  sample data  taken  at different time 

pH values 

Date 
Location 

2140-85 10-1285 7-4-86 

11,315   on the line 6.05 5.60 5.54 

1315  middle 6.32 &.90 5.57 

2E15  on the line 6.75 5.80 6.06 

2E15  middle 5.39 5.80 5.78 

3E15  on the line 4.32 5.50 5.70 

3E15  middle 6.21 4.80 5.69 

4E15  on the line 5.90 4.20 5.80 

4E15  middle 4.88 5.50 6.14 

5E 15 on the line 6.52 4.30 6.10 

5E 15 middle 5.94 5.50 5.66 

6B15/30on the line 5.26 5.80 5.26 

6B15/30middle 5.77 4.90 5.70 

7E30  on the line 5.56 4.60 5.50 

7E30  middle 5.15 4.40 5.50 

8E30  on the line 6.26 4.30 5.56 

BE 30 middle 6.20 5.40 5.05 

9E30  on the line 5.32 4.80 5.43 

Control 4.50 5.90 5.05 

0 

I 
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through the sub surface drainage system. While the EC of the 

irrigation water fluctuated between 0.3 mmhos/cm to 2.2 hos/c ff 

the EC of the drained water ranged between 2,4 to 4.7 mmhos/cm. 

The same comparison of pH values, as can he seen from fig.3(22), 

shows relatively same pH values vriich ranged between 6 to 7.5. 

Soil samples were also collected at fortnightly 

intervals from pre determined spots to monitor the changes in 

its quality. They were taken from a 15 cm depth. The EC and 

pH values are drawn against time and are shown in fig. 3(23) 

and 3(24). The EC values continued to reduce since pumping 

ad started rising towards the end of the season as the pumping 

intensity reduced. It was also noted that the EC values for 

the soil samples on the drain line were comparatively less than 

the EC values of soil samples at the mid spacing. The pH 

values of the scil, though remained at acidi2 level, were not 

very harmful for rice prcuction. It could be noticed that 

the pH was cparativelY rore acidic at drain locations than 

that at the mid spacing wiich might be because of the aeration 

at drain locations due to the drastic lowering of water tables 

at that location on pumping. 

SECTION E 

SUMMARY 

invstigati0fl ot the qua ljty variation of the water 

in the project area was continued. The assessment was mainly 

focussed on the acidity and saliniT of flooding water and 

the groundwater. The pH values flictuated between 5.5 to 7.5 

and the EC values fluctuated betwe 0.5 to 2.5 mmhos/cm and 

at times crossed these limits. SeOnal fluctuations of 

groundwater table with reference tc surface water level was 

also monited during the repo.-tin year. The field was 

flooded from April 85 to Sept. 85 4na hence no observation was 
possible during that period. turitg the cropping period the 

field was almost saturated and the surface and the ground water 

in the field was found to keep the same elevation and hence 

a clear cut groundwater movement ws iot traceable. The water 

it 
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levels in the polders were always lower by 0.5 to 0.75 m than 

that in the nearby waterways. 

The experiment on the "Development of a suitable 

technology for the sub surface drainage system in the Karl 
lands of Kuttaflad" has revealed that the average hydraulic 

conductivity of the area is 1.468 rn/day. The dischge and 

the hydraulic head relationships were established. It was 
found that there was no significant variation for any crop 
growth parameters in between the drain lines for a 15m spacing 

and all the parameters except number of hills/M
2  we signifi 

cantly superior to the control plot. in the case of 30 rn 

spacing only the grain weight upto 15m from the drain line and 
the straw weight upto 30m from the drain line was found superior 
to the control plot. It could be concluded that the 15 inLspacing 
will give on additional yield of 1.93 tons/ha of grain and 10.3 

tons/ha of straw. The effect of drainage was 8tatitCa11P 

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

It was found during the analysis of data that the soils 

which were closer to the outside natural bodies of water drained 
less salts that the soils whiqh were farther. This could be 
because of the higher water level outside the farming area 

creating a natural internal drainage. 

The analysis of the water samples from the drainage 

sump has shown that the EC values of drained water were between 

2 to 4.5 mmhos/cm and the pH valueS were between 6.5 to B.S. 

A comparison of eekly average of EC of the drained 

water and irrigation water has indicated that a substantial 
amount of salts can be leachdd through the subsurface drainage 

system. While the EC of the irrigation water fluctuated between 
0.3 mmhos/cm to 2.2 mmhos/Cfll, the EC of drained water ranged 

between 2.4 to 4.7 mrnhos/Cm. 

Soil samples were also collected at fortnightly 
intervals from the experimental area to monitor the changes in 

the quality. The EC values cootinued to reduce since pumping 
and started rising towards the end of the season as the pumping 
intensity reduced. It was als noted that the EC values on th 
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drain lines were comparatively less than that at the mid spacing. 

The pH values of soil, though remains at acidic level, were not 

very harmful for rice production. 

SEC'ION F  

Problems Encountered during the year under report 

There was only one c:cpping season due to the flood 

during 3uneSbpt. and hence the research activities in the 

field had to be limited tc during that period. The field 

activity was mainly centered around the observations on crop 

data and drainage data of the a.lrcady laid tile drains. The 

experiment on filter studies coild not he taken up for th 

want of favourable time. 

SECT 1'-)N G 

Tecbnica-L prograrrme 198687 

1) Continuation of he ongoing projcts. 

a) Monitoring of periodical changes in the quality of 

surface and subsurface t,nto in the project area. 

b) Monitoring of seasonal 	uctuatiGnS of groundwater 

table with reference to surfacc water level. 

C) Assessment of hydraulic pproperties of the tile drainage 

system. 

d) Theoretical poedictiin c drain performance in terms of 

water entry quality of te (:Irain. 

e) Effectiveness of tile drainage system in the perfornaflCe 

of paddy crno in the Kar, land. 

2) Evaluation of thesuiteoil3.y of different filter mater l ias 

for the subsurface drinEig' a. 
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Since the experimnts conducted by sub-surface tile 

drains were found effective, .t is very essential to deepen 

the existing channels to servc as a collector drain for the 

tile drains. The tile drains are 	at a depth of 7590 cm 

below the ground level and the existing open channels are 

below im depth. An approximate estimate of Ps.80,000/- has 

already been submitted La:. approval. 

10 
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APPENDIX I 

Discharge  at  5hour interval in  mm/day for different  tile 
drains  

Time Tile No. 

 

2E15 * 3E15 4E15* 5E1 7w 
'30 8E 30 

14 11.4 11.8 10.2 8.9 2.9 2.2 

19 10.0 10.2 7.5 6.9 1,8 1.5 
24 9.1 9.1 6.5 5.0 1.5 1.4 

29 8.5 8.2 5.9 5.4 1.4 1.3 

34 8.1 7.5 5.4 4.9 1.2 1.2 
39 7.8 6.9 5.1 4.6 1.1 1.1 
44 7.6 6.5 4.8 4.3 1.0 1.0 
49 7.5 6.2 4.6 4.1 1.0 1.0 
54 7 .5 6.0 4.5 4.0 OS 0.9 
59 7.4 5.9 4.3 3.9 0.9 0.9 
64 7.4 5.8 4.2 3.7 0.8 0.9 
69 7.4 5,8 4.1 3.6 0.7 0.8 
74 7.4 5.7 4.1 3.5 0.7 0.8 
79 7.4 5.6 4.0 3.4 0.7 0.7 
84 7.3 5.6 3.9 3.4 0.6 0.7 
89 7.3 5.6 3.9 3.3 0.6 0.7 
94 7.3 5.6 3.8 3.2 0.6 0.7 
99 7.2 5,6 3.7 3.1 0.5 0.7 

104 7.2 5.5 3.6 3.1 0.5 0.7 
109 7.1 54 3.6 3.0 0.5 0.7 
114 7.1 5.4 3.6 3.0 0.5 0.7 

* 15 m spacing 

@ 30 m spacing 
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Hydraujjc heads it 5 hour interval 

Time 
05W 111 02W 112 

Head (cm) 
02W 11302W 114 02W 115 

14 

19 

51.4 62.1 62.8 59.2 56.2 

24 

44.0 59.7 50.8 51.5 49.0 

.29 
38.6 57,4 57.6 45.6 43,5 
34.9 55,5 54.3 41.5 38.7 

34 

39 
32.0 54.0 51.8 39.2 35.0 

44 

29.6 52.6 S0.0 38.6 32.0 

49 
28.0 51.2 48.6 37,8 29.5 

54 
26.9 50,0 47.4 37.1 27.5 

59 

26.0 49,0 46.6 36.4 25.6 

64 
25.5 48.0 5.9 36.0 24.2 
25.2 47.1 5.3 35.5 22.8 

59 

74 
25,0 462 4.9 35.4 21.9 

79 
24.7 45,5 14,5 35.2 21.0 

84 
24.5 44,8 44,2 35.1 20.2 
24.3 44.2 439 34.9 19.6 89 

94 
24.0 43 43,8 34.8 19.0 

99 
23.8 '43.1 3.7 34.8 18,4 
23.3 42.7 435 34,7 18.0 104 233 42.3 434 34,7 

109 23 .2 
17.5 

114 
42.0 43.3 34.7 17.2 

22.9 41,7 1.3.2 34.7 16.8 119 22.7 41,5 3.1 34,6 
124 22.5 

16.4 
41.3 43,0 34.6 16.1 

The subscrips of observatior wells denotes the following 

1) First digit .indicat(s the 02W line, 
2) Second digit ind4cai5 tie drain line, 
3) 

Third digit indicates th'? position of the OBW from the 
drain line towards toe lft, 
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Time Head (cm) 

03W 121 	onW. 122 	ori123 

  

o4D25 

14 55.9 57.5 62.0 57.4 57.0 

19 45.5 48.8 59.3 52.3 51.8 

24 39.0 43.6 55.7 47.0 46.0 

29 34.0 4012 53.4 42.0 42.0 

34 30.4 37.7 51.4 39.7 38.8 

39 27.4 35.8 49.6 37.3 36.4 

44 25.0 34.4 48.1 35,3 34.0 

49 23.0 33.2 46.9 33.7 32.0 

54 21.5 32.4 46.0 32.5 30.4- 

59 20.2 32,0 45.2 31.4 

0.4
2.0 29-.0 

64 19.0 31,6 44,4 30.5 27,6 

69 18.3 31.4 43.7 29.8 26.6 

74 17.6 31.1 43.1 29.4 25 . 4 
79 17.2 31.0 42.6 28.9 24.4 

84 16.8 30.8 28.4 23 .4 
89 16.2 30.7 41.8 28.1 22.6 

94 15,8 30.6 41.6 27.7 21.8 

99 15.7 30.4 41-4 27.4 21.2 

104 15.2 30.3 41.2 27.2 20.5 

109 15.0 30.0 41.1 27.0 20.0 

114 14.7 29.9 40.9 26.8 19,5 

119 14.4 29.8 40.8 26.7 19.0 

124 14.0 29.8 40,7 26.7 18.6 



L 	OCSJ 

L /1  

Time 	 Head (Cm)  

OBW 131 	onw 132 	OB'T 133 	ow 134 	osw 135 

 

  

4 
14 27.8 54.8 56.5 55.6 22.2 

19 17.4 462 5,x. 2 50.3 20.8 
24 13.7 40.1 51.0 47 .2 20. 6 
29 11.5 36.2 43.6 44.9 20.4 
34 10.4 33.7 45.7 42.6 20.0 
39 10.2 31,8 44, 9 40.5 19.6 
44 9.9 3004 43.3 38.6 18.8 
49 9.7 29.2 42.1 37.0 18.5 
54 9.5 28.6 41.0 35.4 18.2 
59 9.3 28.2 39.9 34.2 17.8 
64 9.2 27.9 38.9 33.0 17.7 
69 9.1 27.6 33.1 31.6 17.6 
74 9.1 27.4 37.4 30.5 17.4 
79 9.0 27.0 36.9 29.5 17.3 
84 9.0 26.8 5.5 28.6 17.3 
89 8.9 26.6 36 .1 28.0 17.2 
94 8.9 2605 35.8 27.3 17.2 
99 8.9 26.4 26.7 17.0 

104 8.9 26 2 -5.4 26.2 17.0 
109 8.9 26.0 35.1 25.7 17.0 
114 8.9 25.9 14.8 25.2 17.0 
119 8.9 25.8 34.6 25.0 16.8 
124 8.9 25.7 : 4 • 4 24.8 16.8 

4 

101 
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OBW 141 0BW 442 	op W 143 	OBW 144 	oBW1 43  

14 25.0 56.8 54.5 55.7 50.8 
44.2 

19 17.5 D3 .7 17.7 43.0 
40.8 

24 16.0 49.8 14.0 37.9 

29 14.8 46.7 12.0 34.6 38.O' 

34 14.0 44.2 10.6 32.6 36.2 

39 13.4 42.1 39.6 31.1 34.3 

44 12.6 40.2 38.9 30.0 32.7 

49 12.3 38.5 38.4 29.1 31.0 

54 11.8 37.0 38.1 28.6 29.5 

59 11.3 35.6 37.7 28.2 28.2 

64 11,1 34.4 37.6 27.8 26.8 

69 11.0 33.3 37.4 27.4 25.4 

74 10.8 32.4 37.1 27.2 24.0 
- 

79 10.8 31.5 36.9 2.6

84 36,7 

27.0 
26.9 

22.C 
21.4 

B-41 10-4 30.7 

89 10.3 30.0 36.6 26,7 20.2 

94 10.2 29.3 36.5 26.5 19.2 

99 10.0 28.6 36.3 
36.1 

8.4

104 

25.4 
26.1 

18.4- 
17.9 

104 9.9 28.0 

109 9.8 27.4 35.9 25.9 17.7 
17.3 

114 9.8 27.0 35.7 25.7 
16.8 

119 9.7 26.7 35.6 25.4 

124 9.6 26.4 35.5 25.3 163 

Time Hcad  J)  
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Time Heac 	(Cm) 
OfW 153 

(2.0 

OBW 154 013W 155 
OBW 151 oiw 152 

56.2 53.0 
14 12.2 56.0 

19 9.4 49.4 54.5 48.7 

24 8.9 44.6 59.9 52.8 45.1 

29 8.7 40.8 59.0 51.4 42.3 

34 8.3 37.8 58.0 50.0 40.1 

39 8.2 35.4 57.1 48.7 38.3 

44 8.2 33.6 56.2 47.3 35.4 

49 8.0 31.8 55.2 46.2 34.8 

54 7.9 30.4 54.3 45.1 33.5 

59 7.8 29.2 53.3 44.1 32.3 

64 7.8 28.4 52.4 43.2 31.1 

69 7.8 27.6 51.5 42.3 300 

74 7.8 26.8 30.7 41.4 29.0 

79 7.8 26.2 19.9 40.5 28.0 

84 7.8 25.8 39.8 27.2 

89 7.8 25.4 48.6 39.2 26.5 

94 7.8 25.0 68.0 38.5 25.7 

99 7.8 24.8 47.4 37.9 25.1 

104 7.8 24,7 46.8 37.3 ' 	24.5 

109 7.8 46.2 36.8 24.0 

114 7.8 24.0 45.7 36.3 23.6 

119 7.8 24.0 45.7 36.3 23.6 

124 7.8 23.6 14.6 35.5 22.7 
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Time 	 Head 	(Cm) 
Q3TpJ 16:1 CBW 162 OBW 163 OBW 164 OBW 165 

14 51.3 54.8 55.6 44.3 46.2 
19 47.4 53.3 55.4 42.6 42.2 
24 44.6 52.1 54 . 7 40.8 39.1 
29 42.0 50.9 53.9 39.4 36.5 
34 40.0 49.5 53.1 38.2 33.2 
39 33.2 48.3 52.2 37.0 31.0 
44 36.5 47.2 51.2 ,35.B 29.2 
49 35.2 46.2 50.1 34.7 27.6 
54 33.7 A 

0 49.1 33.3 26.1 
59 32.5 44.5 48.1 32.8 24.7 
64 31.4 43.8 47.2 3.1,7 23.5 
69 30.4 43.0 46.4 30.9 22.5 
74 29.5 42,3 45.5 30.0 21.6 
79 28.5 41.6 44.6 29.3 20.9 
84 27.8 I,  43.7 29.6 20.2 
89 27.1 40.6 43.0 28.0 19.5 
94 26.5 40.0 42.2 27.4 18.9 
99 25.8 39.5 41.5 26.7 13.3 

104 25.3 39.1 40.7 26.2 17.8 
109 24.8 38.6 40.0 25.7 17.3 
114 24.4 38.3 39.4 25.3 17.0 
119 24.0 38.0 3 , 7 25.0 16.6 

124 23.5 37.7 38.2 24.6 
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Time 	Head (Cm) 

09W 171 08W 172 09W 173 08W 174 OBW 175 

14 19.1 43.9 44,0 41.0 41.9 
19 17.4 39.5 3.0 38.2 37.2 
24 16.5 35.9 41 .0 35.1 32.6 
29 15.9 33.4 39.3 32.8 29.0 
34 15.5 31.6 37.8 31.0 26.6 
39 15.4 30.0 36,2 29.4 24.6 
44 15.2 20.6 34,7 27.'? 22.8 
49 14.9 27.5 33.2 26.1 21.2 
54 
59 

14.7 
14.5 

26.6 
25.7 

31.0 
30.6 

24.7 
23.4 

19.9 
18.6 

64 14.3 29.5 22.3 17.5 
69 14.1 "1 28.5 21.2 16.5 
74 13.9 24.0 27.4 20.3 15.7 
79 13.7 23.5 26.4 19.3 -I- 
84 
89 

13.6 
13.4 

23.0 
22.5 

.5 
24.6 

18.6 
17.9 

14.1 

13.5 
94 13.2 22.1 23.7 17.3 12.3 
99 13.0 21.7 2.9 16.7 12.3 

104 12.8 21.4 22.1 16.2 11.7 
109 12.6 21 .1 21.5 15.7 11.4 
114 12.5 21.0 20 ,.0 15.2 11.0 
119 12.5 20.7 20.2 14. 3 10.6 
124 12.5 20.6 9.7 1.5 10.5 
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Time Eead 	(Cm) 
U7 	181 05W 182 05W 183 05W 184 03W 185 

14 42.2 40.5 42.0 39.3 36.5 
19 38.8 36.8 41.0 38.3 34.6 
24 35.6 34.1 40.0 37.4 32.8 
29 32.7 31.8 38,9 36.4 D 

..L  
1 	• r'  ..) 

34 305 29.8 37.8 35.5 29.4 
39 28.6 28.1 36.9 34.2 28.0 
44 27.0 26.5 36.0 33.8 26.7 
49 25,4 25.2 35.1 33.0 25.5 
54 24.1 24.0 34.2 32.1 24.3 
59 22.7 23.0 33.3 31.3 23.2 
64 21.3 22.0 32.5 30.4 22,1 
69 20.1 21.1 31.6 29 . 5 21.1 
74 19.0 20.3 30.9 28.6 20.1 
•79 18.0 J.9.5 30.0 27.8 19.1 
84 17.0 18.9 • 27.0 18.2 
89 16.0 18.3 28.4 26.2 17.4 
94 15.2 17.7 27.6 25,4 16.5 
99 14.5 17.2 26,9 24.8 15.6 

104 13.8 16.6 26.2 21.3 15.0 
109 13.2 16.0 25.5 23.8 14.4 
114 12.7 15.6 24.8 23.4 13.7 
119 12.3 15.2 24.0 23.0 13.3 
.124 12.0 14.8 23.3 22.7 13.0 

The SUheCrips of ohserv tioi, wells denotes the fol1ow±g 
1) First digit indicate th 0Bw 1ie 

2) Second digit indicat s tie drain 11ne 
3) Third digit lndlcat0.r th position of the 03W from 

the drain line towards tl-e left 
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Time OBW 211 03W 212 
HeEd (Cm) 

ow 213 (;BT 	H 7177  013W 215 

14 37.0 68.4 66.5 67.0 74.2 

19 27.2 66.4 63.7 61.6 71.8 

24 23.0 65.1 61.0 59.0 69.8 

29 21.2 64.5 58.7 57.2 68,8 
34 20.2 64.2 56.8 56.0 68.0 

39 20.0 64.2 55.4 54.9 67.4 
44 20.0 64.0 54.0 54.0 66.9 
49 20.0 64.0 52.8 53 .1 66.6 
54 20.0 64.0 51.8 52.3 66.2 
5 9  20.0 63.6 51.1 51.5 66.0 
64 19.8 63.3 50.5 50.7 65.5 
69 19.8 52.6 50.0 50.0 65.0 
74 19.7 61.6 49,5 49.2 64.2 
79 19.6 60.2 49.0 48.4 63.4 
84 19.5 57.4. 48.5 47.6 62.2 
89 19.5 54.5 48.2 46.9 59.6 
94 19.5 52.2 47.9 46.2 53.0 
99 19.4 50.4 47.8 45.4 47.4 

104 19.4 49.0 47.6 44.7 2.0 
109 19.4 47.7 47.5 44.0 38.0 
114 19.3 46.4 47.4 43.4 311.6  
119 19.3 45.1 47.4 42.7 32.0 
124 19.3 44.1 47.4 42.1 29.9 
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Time 
OBW 221 

Hea 

OBW 222 

(Cm) 

05W 22 	a OBW 223 OBW 224 

14 22.8 45.2 67.0 71.9 63,6 
19 21.1 38.0 63.5 69.9 58.5 
24 20.4 35.0 60.2 68.2 54.4 
29 20.1 33.0 57.2 66.7 50.5 
34 19,8 32.0 55.1 65.1 47.0 
39 19.7 31.6 53.3 63.4 44.2 
44 19.5 31.4 52.0 61.6 41.6 
49 19.2 31.2 50.8 59.8 39.4 
54 19.0 31.0 49.9 58.2 37.2 
59 18.7 30.8 49.2 56.5 35.5 
64 18.2 30.7 48.6 54.5 33.8 
69 17.0 304 48.2 52,4 32.4 
74 15.5 30.2 47.8 50.2 31.2 
79 14.3 30.0 47.5 48.0 30.0 
84 13.4 29.6 47.3 46.1 290 
89 12.8 29.4 47.0 44.5 28.0 
94 12.3 29.3 46.7 42.9 27. 
99 12.0 29.2 46.6 41.5 26 

104 11.8 29.0 46.5 40.5 260 
109 11.4 28.7 46.5 39.5 25.5 
114 11.2 28.5 46.5 38.7 25.0 
119 11.0 28.4 45.5 38.4 24.8 
124 10.8 28.4 46.4 38.3 24.4 

a 
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Time 
Head (Cm) 

OBW 231 013W 232 013W 233 013W 234 013W 235 

14 13.0 63.0 68.0 57.4 58.6 

19 9.8 57.8 65.9 52.4 51.7 

24 9.0 53.6 63.8 47.3 

29 9.0 50.2 61.9 44.0 39.0 

34 9.0 47.0 60.2 41.4 33.8 

39 9.0 44.4 58.7 39.1 31.4 

44 9.0 42.0 57.2 37.3 29.0 

49 9.0 40.0 55.8 35.8 26.8 

54 9.0 38.2 54.5 34.6 25.0 

59 9.0 36.4 53.2 33.5 23.4 

64 9.0 35.2 52.0 32.7 22.4 

69 9.0 34.2 51.0 32.2 21,4 

74 9.0 33.2 50.0 31.7 20.6 

79 9.0 32.4 49.2 31.3 19.8 

84 9.0 31.4 48.3 30.9 19.2 

89 90 30.8 47.5 30.6 18.8 

94 8.8 30.0 46.7 30.4 18.4 

99 8.8 29.4 45.9 30.2 18.0 

104 8.8 28.9 45,3 30.0 17.8 

109 8.7 28.4 44.6 29.7 17.5 

114 8.7 28.0 44.1 29.6 17.0 

111 8.6 27.4 43.6 29.5 16.9 

124 8.5 27.3 43.2 29.4 16.9 
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03W 242 	oBw 243 	OBW 244 
Time 

OBW 241 

14 54.6 61.5 63.7 64.6 500 
19 50.4 59.5 63.0 62.5 38.6 
24 46.8 57.6 62.4 cc-).r ___) __J  33.0 
29 43.4 55,5 61.8 55.8 29.0 
34 40.0 53.4 61.2 52.6 26.0 
39 36.8 51.4 60.6 49.8 23.6 
44 34.2 49.4 59.9 47.4 21.6 
49 31.9 47.6 59.2 45.4 20.4 
54 29.6 45.7 58.6 43.4 19.6 
59 27.4 44.2 57.9 41.6 19.0 
64 25.5 42.8 57.3 40.2 18.6 
69 23.9 ill .- 	.. -., .J_ 56.6 38.6 18.2 
74 22.4 40,2 55.9 37.3 17.9 
79 21.0 39.0 55.1 36.2 17.5 
84 19.6 37.8 54.4 35.2 17.4 
89 18.4 36.9 53.7 34.2 17.2 
94 17.2 35.9 53.0 33.5 17.0 
99 16.2 35.2 52.4 32.9 17,0 

104 15.4 34.5 51.6 32.3 17 .0 
109 14.6 33.8 51.1 31.7 16.9 
114 13.8 33,3 50.5 31.1 16.9 
119 13.1 32.8 49.9 30.6 16.8 
124 12.5 32.5 49.4 30.1 16.8 



Time (cm) 
013W 251 013W 252 013W 253 OBW 254 013W 255 

14 11.0 63.8 64.5 59.1 60.9 
19 9.6 61.0 64.2 57.2 56.8 
24 9.6 56.8 63.7 53.7 53.7 
29 9.6 53.0 63.1 54.3 50.7 
34 9.5 49.8 62.4 52.8 48.4 
39 9.4 47.0 61.7 51.4 46.2 
44 9.4 44.6 60.9 50.2 44.4 
49 9.4 42.5 60.3 48.9 42.5 
54 9.4 40.6 59.5 47.6 41.0 
59 9.4 39.2 58.6 46.5 39.6 
64 9.4 37.7 57.7 45.5 38.5 
69 9.4 36.4 57.1 44.5 37.4 
74 9.4 35.0 56.4 43.6 36.4 
79, 9.4 34.0 55.6 43.8 35.5 
84 9.4 33.0 54.8 42.0 34.6 
89 9.4 32.0 53.9 41.3 33. 
94 9.4 31.2 53.1 40.5 33.2 
99 9.4 30.4 52.3 39.9 32.5 

104 9.4 29.6 51.5 39.2 31.8 
109 9.4 29.0 50.6 387 31.3 
114 94 28.6 49.7 38.2 30.8 
119 94 28.0 48.8 37.8 30.4 
124 9.4 27.6 48.0 37.5 30.0 



112 

Time 

 

Head (Cm) 
05W 262 	osw 263 	OIBW 264 	OSW 265 oBw 261 

14 51.3 51.9 57.5 50.2 47.2 

19 48.1 51.0 56.7 48.8 43.8 

24 45.0 50.2 559 47.2 40.2 

29 42.4 49.4 55.1 45.8 37.1 

34 40.4 48.6 54,4 44.4 34.5 

39 38.5 47.8 53.6 43.1 32.2 

44 36.8 47.0 52.8 41.8 30.3 

49 35.3 46.0 52.0 40.6 29.0 

54 34.0 45.2 51.2 39.2 27.4 

59 32,9 44.4 50.4 38.0 26 .0 

64 32.0 43.6 49.8 36.8 24.6 

69 31.2 42.7 48.9 35.5 23.4 

74 30.4 41.9 48.1 34.2 22.4 

79 29.8 41.0 47.4 33.2 21.6 

84 29.2 40.3 46.6 32.2 21.0 

89 28.6 39,4 45.8 31.2 20.4 

94 28.2 38.6 45.1 30.3 19.7 

99 27.7 37.8 44.3 29.6 19.2 

104 27.2 37.0 43,5 20.7 18.7 

109 26.9 36.2 427 27.9 18.3 

114 26.6 35.4 41.9 27.2 17.8 

119 26.3 34.5 41.1 26.5 1'-' _1_ 	/ 	• 

124 26.1 33.7 40.4 25.9 17.2 
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Time Head (Cm) 
OBW 2T1 oBw 272 OBW 273 OBW 274 013 	27 

14 51.0 47.0 394 41.0 44.0 
19 49.5 45.8 37,9 39.1 39.4 
24 47.6 44.t 36.6 37.4 36,4 
29 45.3 43.2 35.4 35.8 33.9 
34 43.1 42.0 34.2 34.1 314 
39 41.0 40.8 33.2 32.5 29.2 
44 39.2 397 32.1 31.0 274 
49 37.4 38.6 31.1 29.4 25.6 
54 36.0 37.5 30.1 28.W 24.0 
59 34.5 36.3 29.2 26.8 22.4 
64 33.1 35.2 28.3 25.5 21.4 
69 32.0 34.2 27.5 24.5 20.2 
74 30.8 33.2 26.8 235 19.3 
79 29.6 32.3 26.0 22.6 18.4 
84 28.6 31.5 25.2 21.5 17.5 
89 27.7 30.'; 24.4 20.8 16.6 
94 26.7 29.9 23.7 20.0 15.7 
99 25.8 29.1 23.0 19.3 15.0 

104 25.0 28.5 22.3 18.7 14.3 
109 24.1 27.7 21.6 18.0 13.7 
114 23.4 27.0 20.9 17.4 13.1 
119 22.8 26.3 20.2 16.8 12.6 
124 22.1 25.7 20.1 16..3 12.4 



114 

Time 
OBW 281 

iead 
GPJi 282 

(Cm) 
OBW 283 OW 284 Ow 285 

14 46.2 46.9 46.3 40.2 37.6 
19 43.1 45.1 45.3 39.3 35.0 
24 40.2 43.2 44.3 38.3 32.3 
29 37.0 41.3 43.3 37.0 30.0 
34 34.3 39.4 42.4 35.6 29.6 
39 32.0 37.9 41.5 34.4 25.7 
44 30,2 36.4 40.5 33.1 24.0 
49 28.4 34.8 39.6 32.0 22.6 
54 26.4 33.4 38.6 31.0 21.1 
59 25.0 32.1 37.8 30.0 19.8 
64 23.6 30.9 37.0 2.1 19.5 
69 22.3 29.7 36.2 28.3 17.3 
74 21.0 28.6 35.2 27.5 16.2 
79 20.0 27.6 34.3 26.8 15.3 
84 19.0 26.7 33.4 26.1. 14.3 
89 18.2 25.7 32.6 25.4 13.4 
94 17.4 24.8 31.8 24.8 12.8 
99 16.6 24.0 31.0 24.2 12.2 

104 16.0 23.1 30.2 23.6 11.2 
109 15.3 22.4 29.4 23.0 11.0 
114 14.6 21.6 28.6 22.6 10.4 
119 14.0 21.0 27.8 22.0 
124 13.4 20.2 27.0 19.8 



Time Head Cm) 
OBW 311 OBW 312 05W 313 osW 314 05W 315 

14 64.8 69.2 74.7 70.6 71.0 

19 56.8 66.5 73.6 66.3 66.0 

24 51.4 63,9 72.7 61.1 61.8 

29 47.6 61.1 71.8 56.9 57.6 

34 44.8 58.8 70.8 53.2 54.2 

39 42.5 56.5 69.8 49.6 50.6 

44 40.5 54.4 68.9 46.8 47.6 

49 39.0 52.7 68.1 44.4 44.8 

54 37.5 51.1 67 . 2 42.5 42.4 

59 36.3 49.6 66.3 40.8 40.4 

64 34.8- 48.3 65.4 39.6 38.4 

69 33.8 47.0 64.7 38.8 36.6 

74 32.8 45.8 64.1 38,0 35.0 

79 31.9 44.6 63.4 37.2 33 4 

84 31.0 43.6 62.8 36.6 32.0 

30.2 42.8 62.2 35.8 30.6 

94 29.5 42.1 61.7 35.2 29.4 

28.9 41.5 61 . 3 34.6 28.4 

28.3 40.9 60.E 34.2 27.5 

109 27.9 40.4 60.. 5 33.7 26.5 

114,  27.6 3;.9 60.0 33.4 25.7 

11 27.2 59.4 9 C 33.0 25.0 

124 27.0 39.0 59,3 32.8 24.4 



116 

Time 
Head 	(Cm) 

013W 323 0f31i 	324 013W 325 013W 321 013W 322 

14 65.6 72.3 75.4 70.2 67.0 

19 57.8 7.9 74.5 67.2 61.0 

24 51.9 68.4 73.6 63.6 55.6 

29 47.5 66.1 72.7 60.2 50.6 

34 43.8 64.1 71.7 57.1 41.4 

39 40.0 62,0 70.8 53.9 42.5 

44 36.6 60.0 69.8 51.0 39.2 

49 33.8 58.1 68.8 48.2 36.0 

54 31.3 56.3 67.9 45.9 33.4 

59 29.0 54.6 66.9 43.6 30.8 

64 27.0 52.9 66.0 28.8 

69 25.0 51.5 65.0 40.0 27.0 

74 23.6 50.1 64. 2 38.7 25.3 

79 22.1 48.8 83.3 37.4 24 

84 20.6 477 62.5 35.2 22.6 

89 19.3 46.7 61.8 35.2 21.6 

94 18.3 45.7 61.1 34.2 20.5 

99 17.4 44.8 60.1 33.4 19.6 

104 .16.6 44.0 59.8 32.4 18.8 

109 16.0 433 59.1 31.9 18.0 

114 15.4 426 58.4 31.4 17.4 

119 14.8 42.0 57.7 31.0 16.8 

124 13.9 41.5 57.0 30.8 16.4 



17 

Time Head (Cm) 
o8w331 OBW 331"',  333 ow 334 ow 335 

14 62.3 70.3 74.5 72.1 61.0 
19 50.2 67.3 73.2 70.3 54.0 
24 43.7 63.5 71.7 68.6 46.0 

29 38.6 60.0 70.6 66.9 40.0 

34 34.2 56.6 69.3 65.3 35,4 

39.. 30.5 53.4 68.1 63.7 31.6 

44 27.3 50,4 66.9 62.2 28.4 

49 24.2 47.5 65.7 60.7 25.4 

54 21,7 44.7 64.4 59.1 23.0 

59 19.8 42.4 63.0 57.5 21.0 

64 3.8.0 40.5 61.6 56.0 19.0 

69 16.7 38.6 60.2 54.5 17.3 

74 15.6 37.0 59,0 53.2 16.3 

79 14.6 35.6 57.9 51.9 15,8 

84 13.9 34.1 56.9 50.7 15.0 

89 13.4 33 2 56.0 49.4 14.2 

94 12.8 31.9 5.2 48.2 13.0 

99 12.3 30.9 54.3 47.0 13.2 

104 11.8 30.0 	' 53.7 45.9 12.6 

109 1.1.3 29.2 	' 53.2 44.8 12.3 

114 10.8 28..4 52.7 43.8 12.0 
119. 10.4 27.7 52.2 42.9 11. 
124 1.0.0 27.3 51.8 42.3 11.2 



12.8 

rime Head (Cm) 

013W 341 013W 342 013W 343 013W 344 013W 345 

14 56.0 68.4 74.7 66.8 64.4 

19 43.0 64.3 73.0 62.5 59.2 

24 34.0 60.6 71.7 58.8 54.5 

29 27.0 57.2 70.2 55.3 49.6 

34 22.8 54.0 69.0 52.1 45.4 

39 192 50.8 67.8 49,0 42.0 

44 1.7 48.0 66,5 46.3 38.6 

19 14.6 45.4 65.3 43.6 35.7 

54 13.2 43.0 64.0 41.4 33.0 

59 12.0 41.0 62.8 39.2 30.6 

64 11.0 39.0 61.6 37.0 28.4 

69 10.2 37.2 60.5 35.4 26.5 

74 9.8 35.6 59.5 31.7 25.0 

79 9.4 34.0 58.5 32.3 23.4 

84 9.0 32.5 57.5 30.8 22.2 

39 8.8 31 56.5 29.6 21.0 

04 8.8 30.4 55,6 28.4 20.0 

99 8.5 2.5 55.0 27.3 19.0 

104 P8.4 28.7 54.5 26.3 18.4 

109 8.2 28.2 54.2 25.4 17.6 

114 8.0 27.5 54.1 24.5 16.7 

119 8.0 26.9 54.1 23.6 16.0 

124 7.8 26.5 53.9 22.8 15.6 



119 

Time - 

 

Head (Cm) 

 

 

OBW 352 	OBW 353 	OBW 354 	CW 355 OBW 351 

14 65.6 68.8 59,4 68.9 66.4 

19 61.6 67.3 58.6 68.3 65.3 

24 57.3 65.6 57,9 67.8 64. 

29 53.4 63.8 57.1 67,1 63.3 

34 50.0 62.0 56,4 66.2 62 . -',- 

39 47.2 59.9 55.5 64.9 60 .7 r 'm •I 

44 44.4 57.8 54.7 63.4 59.0 

49 41.8 55.9 53.8 62.0 57.2 

54 39.6 54,2 53.0 50.4 54.8 

59 37.5 52.4 52.0 59.0 53.0 

54 35.4 50.6 51.0 57.2 51.0 

69 33.4 48,9 49.9 55.5 48.8 

74 31.7 47.2 48.8 53.9 47.0 

79 30.0 45.7 47,8 52.3 45.2 

84 23.4 44.3 46.7 50.7 43.3 

89 26,8 43 .d 45.5 49.0 41.7 

94 25.4 41 .6,  44.4 47.4 39.8 

99 24.0 40.4 43.3 46.1 38.2 

104 23.0 39.2 42.3 44,3 36.7 

109 21.8 38.2 41.2 42.6 35.4 

114 21.0 37.2 40.2 41.0 34.1 

119 20.0 36.2 38.9 39.3 33.0 

124 19.4 35.2 37.7 27.6 32.2 



120 

Time Eead (Cm) 
013W 364 013W 365 373T 	361 013W 362 0BW 363 

14 61.1 60.6 60.5 57.0 58.2 

19 53.6 60.2 60.5 56.0 54.9 

24 48.5 59.8 60.5 $5.0 51.4 

29 43.8 59.4 60.5 54.0 48,0 

34 40.0 58.8 60,5 53.2 44.9 

39 36.8 58.3 60.5 52.6 42.0 

44 33.8 57.9 60.5 52.2 39.4 

49 31.5 57.1 60.5 31.9 37.5 

54 29.5 56.5 60.5 51.6 35.7 

59 27.7 55.8 60.5 51.3 34.2 

64 26.3 55.1 60.5 51.0 32.7 

69 24.7 54.3 60.5 50.5 31.4 

74 23.3 53,6 60.5 49.8 30.0 

79 22.2 52.8 60.5 49.1 28.7 

84 21.0 51.8 58.5 48.5 27.6 

39 20.0 5o.b 58.5 47.5 26.4 

94 19.2 50.0 58.5 46.5 25.4 

00 113 	5 4 	2 58 5 45 4 24.41 

104 17.8 48.2 58.5 44.2 23.4 

109 17.1 47.2 58.5 43.1 226 

114 16.7 46.3 58.5 42.1 21.9 

119 16.4 45.4 57.5 41.0 21.2 

124 16.1 44.2 56.3 40.0 20.5 



121 

Time Head (Cm) 

08W 371 08W 372 ow 373 08W 374 08W 375 

14 49.8 55.0 52.0 48.8 16.0 

19 39.4 53.0 51.6 44.5 10.8 

24 33.0 51.2 51.3 Z11.6,  8.2 

29 282 49.5 51.2 39.1 7.3 

34 25.4 47.8 50.8 37.2 7.0 

39 23.0 46.5 50.6 35.8 

44 21.0 45.2 50.4 34.6 

49 19.4 44.0 50.0 33.2 6.1 

54 20.2 43.0 50.0 32,0 8.0 

59 17.2 42.0 49.5 30.8 5.0 

64 16.5 40.8 49.0 29.6 5.6 

69 15.8 39.7 45.4 23.6 5.4 

74 15.2 38.7 47.8 27.5 5.2 

79 14.8 37.6 47.4 26.6 5.0 

84 14.4 36.6 45.8 25.5 :4.8 

14.0 3,9 46.2 25.0 

94 13.4 35.0 45.6 24.5 4.6 
99 13.0 34.2 45.0 23.9 4.5 

104 12.5 33.3 44.2 23.4 4.5 

109 12.2 32.4 43.4 23.0 4.4. 
114 11.8 31.8 42.7 22.7 4.4 
119 11.5 30.8 41.6 22.4 4.2 

124 11.2 30.0 40.4 22.0 4.0 



122 

T irn e He'd 	(Cm) 

OBW 384 ow 385 OBW 301 OBW 382 OBW 383 

14 8.6 43.3 45.2 9.0 

6.8 38.4 44.7 35.7 5.6 

24 5.0 34.6 44.0 34. 4 2.6 

29 5.2 31.9 43.3 33.1 30.0 

34 4.0 29.7 42.6 32.2 27.5 

39 4.7 20.1 42.0 31.5 25.3 

44 4.5 26.8 41.6 30.9 23.1 

49 4.5 25.8 41.2 30.4 21.2 

54 4.5 24.9 40.8 29.9 9.4 

59 4.5 24.1 40.3 29.2 :7.9 

64 4.5 23.4 39.6 20.7 :6.5 

69 4.5 22.6 38.9 28.2 15.2 

74 4.4 21.0 _) fl 
Li L) 	. 27.6 14.0 

79 44 21.2 37.5 27.1 13.1 

84 4.4 20.5 17.0 26.4 12.2 

89 4.4 20.0 36.3 25.9 11.5 

94 4.4 19.5 35.7 25.4 10.9 

99 4.3 19.0 35.1 24.9 10.3 

104 4.0 18.E 34.6 24.3 9,7 

109 3.8 18.2 34.1 23.7 9.1 

114 3.7 17.9 33.4 23.2 8.5 

119 3.6 17.6 32.7 22.7 C) 
C) . 

124 3.4 17.5 32,1 22.2: 7.5 
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APPENDIX  II 
Hydraulic heads at different times of pumping 

OBW No. 0 hrs. 24 hrs 74 hrs. 124 hrs 

111 61.25 35.6 24.7 22.5 
112 63.25 57.4 45.5 41.3 
113 63.75 57.6 44.5 43.0 
114 63.25 45.6 35.2 34.6 
115, 62.50 43.5 21.0 16.1 
121 61.75 39.0 17.6 14.0 
122 62.75 43.6 31.1 29.0 
123 62.75 55.7 43.1 40.7 
124. 61.25 47.0 29.4 26.7 
125 55.75 , 	46.0 25.4 18.5 
131: 62.25 13.7 9.1 8.9 
132 61.25 40.1 27.4 25.7 
133 57.50 51.0 37.4 34.4 
134 60.25 47.2 30.5 24.0 
135 58.75 20.6 17.4 16.8 
141. 58.25 16.0 10.8 9.6 
142 59.25 49.8 32.4 26.4 
143 58.25 44.0 37.1 35.5 
144. 60.25 37.9 27.2 25.3 
145 40.8 241.0 :16.6 
151.. 59.75 8.9 '7.8 7.8 
152 60.75 44.6 26.8 23.6 
153 62.75 59.9 50.7 44.6 
154, 58.00 52.8 41.4 35.5 
155 56.00 45.1 29.0 22.7 
161 54.00 44.6 29.5 23.5 
162 55.50 52.1 42.3 37.7 
163 56.00 54.7 45.5 38.2 
164 45.50 40.8 30.0 24.6 
165 48.50 39.1 21.6 '16.3 
171 47.50 16.5 13.9 12.5 
172 47.50 ' 	35.9 24.0 20.6 
173 	' 44.00 41.0 27.4 19.7 
174 	, 42.50 35.1 20.3 14,5 
175 44.50 32.6 1.7 10.5 
181 45.50 35.6( 19.0 12.0 
182 42.50 ' 	34.1 20.3 14.8 
183 42.50 40.0 30.9 23.3 
184 40.00 37.4 28.6 22.7 
185 38.00 32.8 20.1 13.0 
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OTBW NO. C hrs, 24 hrs. 76 hrs. 124 hr  

211 63.0 23.0 19.7 19.3 
212 70.0 65.1 61.6 44.1 
213 68.5 61.0 49.5 47.4 
214 70.0 59.0 49.2 421 
215 55.0 69.8 64.2 29.9 
221 65.5 20.4 15.5 10.8 
222 68.0 35.0 30.2 28.4 
223 68.5 60.2 47.8 46.4 
224 74.0 68.2 50.2 38.3 
225 68.0 54.4 31.2 24.4 
232 64.0 9.0 9.0 8.5 
232 68.5: 53.5 33.2 27.3 
233 68.0 63.8 50.0 43.2 
23 li- 61.5 47.3 31.7 29.4 
235 63.0 44.0 20.6 16.9 
241 61.5k 46.3 22.4 12.5 
242 62.5 57.3 40.2 32.5 
243 
244 

64.5: 
65.0 

62.4 
59.5 

9.4
65.0 

55.9 
37.3 

49.,'1- 

30.1 
245 60.0 33,0 17.9 16.8 
251 53.5 9.6 9.4 9.4 
252 65.0 56,3 35.0 27.6 
253 64.5 63.7 56.4 48.0 
254 60.5 53.7 43.6 37.5 
255 60.0 53.7 3,4 30.0 
261 64.5 53.0 30.4 26.1 
262 53.0 52.0 41.9 33.7 
263 52.0 58.5 48.J. 40.4 
264 58.5 50.5. 34.2 25.9 
265 5Q.5 49.0 22.4 :17.2 
271 535 47.5 30.8 22.1 
272 45.0 44.5 33.2 25.7 
273 40.0 36.6 26.8 20.1 
274 40.5 137.1 23.5 16.3 
275 47.0 36.4 19.3 12.1 
281 48.0 40.2 21.0 13.4 
282 43.2 28.6 20.2 
283 44.0 44.3 35.2 27.0 
284 40.0 38.3 27.5 19.8 
285 38.5; 32.3 35.2 9.3 



%Ccs-C-1 
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0BW NO. 

311 
312 
313 
314 
315 
321 
322 
323 
324 
325 
331 
332 
333 
334 
335 
341 
342 
343 
344 
345 
351 
352 
353 
334 
355 
361 
362 
363 
364 
365 
371 
372 
373 
374 
375 
381 
382 
383 
384 
385  

0 hrs. 

70.25 
70.75 
74,75 
73.25 
73.75 
72.25 
72.75 
75.75 
71.25 
70.75 
69 .75 
72.25 
73.25 
73 '415  
67.25 
66,75 
71.25 
74 . 25 
75.75 
67.25 
68.25 
69.75 
60.50 
69.00 
67.00 
66.50 
60.50 
61.00 
57.50 
57.50 
5.50 
54.00 
52.50 
52.00 
53.00 
52.50 
48.0 
45.50 
39,50 
42 

24 hrs. 

51 .4 
63.9 
72 7 
61-1 
ci 8 
51.9 
68.4 
I .) 

63.6 
55 ..6 
43,7 
63 .5 
71.7 
68,6 
46.0 
34.0 
60,6 
71.7 
58.6 
54 5 
57 .3 
65 6 
57 ,9 
67,8 
611.4 
48.5 
59 8 
60 .,5 
55,0 
51 4-
33 33 .0 
51.2 
51.3 
41.6 
8,2 
5.8 

34.6 
44.0 
3'3 .4 
32.6 

74 hrs 

32.8 
45.8 
6.1 
38.0 
35.0 
23.6 
50.1 
64.2 
38.7 
25.3 
15.6 
37.0 
59.0 
53.2 
16.8 

9.8 
35.6 
59.5 
31.7 
25.0 
31.7 
47.2 
48.8 
53.9 
47.0 
23.3 
53.6 
60.5 
49.8 
30.0 
15.2 
38.7 
47.8 
27.5 
5.2 
4.4 

21.8 
38.2 
27.6 
14.0  

124 hrs 

27.0 
39.0 
59.3 
32.8 
24.4 
13.9 
41.5 
57.0 
30.8 
16.4 
10.0 
27.3 
51.8 
42.3 
11.2 
7.8 

26.5 
53.9 
22.8 
15.6 
19.4 
35.2 
37.7 
27.6 
32.2-
16.1 

2.2
16.1 
44.2 
56.3 
40.0 
20.5 
11.2 
30.0 
40.4 
22.0 
4.0 
3.4 

17.5 
32.1 
22.2 
7.5 


