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ABSTRACTS

At present the Thiba and Nyamindi rivers are 

unable to meet the demands for the rice production. 

Therefore Water Balance Study was conducted in Thiba 

Section of Mwea Irrigation Scheme to seek more infor

mation regarding water utilization in the Scheme.

The main objectives were: to determine the

water requirements at various stages of rice culti

vation under present management; to determine seep

age and percolation losses in unit.feeders; to in- 

vestigate the canal damage by water erosion, human 

beings and animals and to recommend ways and means 

of improving the current water management.

Each Unit had a constant-head orifice (CHO) 

at the outlet. Weirs were installed at the outlets 

of the Units. The inflow and outflow data were 

collected at least twice daily. Piezometers were 

installed in selected nurseries of the above Units 

at three levels. The weather data were collected 

twice a day. All readings were expressed in mm/day.

From this study it was found that rice growth 

and development stages consumed the most effective 

water - 44.8% of total effective water supplied to
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Thiba Section, followed by water topping stage - 

38.8%, and land preparation stage needed 16.4% of 

the total effective water. Of the total water 

supplied for the rice production in Thiba Section, 

river water constituted about 85.9% while rainfall 

water constituted 14.1%. The total irrigation water 

was utilised as follows:- 35.0% lost through evapo- 

transpiration; 34.1% passed out of the fields as out

flow; 7.9% was lost as deep percolation and 23.0% 

was stored in the soil.

The total estimated effective water require

ments for 1979/80 season were 2667 ha-metres. The 

effective water requirements per hectare for the 

1979/80 season was 2.34 ha-metres; effective water

required per 0.405 ha holding (one-acre holding) for
3

the same season was 0.95 ha-metres (9500 m ); 

effective water required to produce 1 kg of paddy

rice was 4.19 m and effective water required to
3

produce a 75 kg bag of paddy rice was 313.95 m .

Owing to canal damage the main canal capacity is 

83.4% greater than original capacity; the main 

canal gradient has increased from 1:3500 to 1:540.

The side slopes are non-uniform. The shape of the 

canal cross-section has changed from trapezoidal to
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parabolic. Similar changes have taken place in 

the branch canals. The canal seepage losses are 

negligible once the soil is saturated. However, 

when the canals are dry and badly cracked, the 

seepage losses are 7,5 mm/hour for the first 

twelve hours. After twelve hours the seepage 

losses are almost zero.

From this study it was concluded that the 

irrigation water should be managed better than it 

was then; the water usage can be minimised if water 

topping stage can be reduced, the soils in the Units 

HI, H2, H3 and H20 did not have any drainage pro

blems, Water table rises during the growing season 

and then falls below 150 cm during and after the 

harvesting stage. The water quality for both 

Irrigation and drain waters was good. Although 

horizontal flow was prevented in the experimental 

plots, such flow occurred from the field to the 

drain in practice.

To improve the present water management the 

following recommendations were made:-

1. The technical staff in-charge of water con

trol needs training in water management.
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Irrigation officers should have a sufficient 

knowledge of irrigation practices.

2. The tenants need to be educated in proper 

water utilization and management. They should 

be closely supervised to avoid misuse of water.

3. The existing water measuring structures need 

regular maintenance.

4. Additional water measuring structures should 

be installed in various canals and drains.

5. Water measuring scheme should be worked out 

as a part of water management in the settle

ment.

6 . As the maximum water requirements are at 

transplanting and tillering stages, the 

possibility of building a storage dam should 

be investigated.

7. At the moment the rice growth depends on the 

availability of irrigation. The utilization 

of long rains needs more studies with an aim 

of having two crops per year.
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CHAPTER 1

GENERAL INFORMATION 

1.1 INTRODUCTION:

Mwea Irrigation Scheme (M.I.S.) is a 

rice Scheme located 96 km N.E. of Nairobi, 

near the foot hills of Mount Kenya, at an 

altitude of 1159 m above sea level, and 

latitudes of 0°37' and 0°45* South, 

longitudes 37°17' and 37 26* East. The 

Irrigation water is derived from the Thiba 

and Nyamindi rivers which rise in the high 

rainfall zone of the slopes of Mount Kenya.

The soils in the area consist of free 

draining reddish brown iateritic clay loam 

and impervious heavy (black cotton) clay. 

They are generally rather shallow and are 

underlaid by murram (ferricrete) and vol

canic tuff.

Mwea Irrigation Scheme is divided into 

five sections - (See Fig. 6 , P. 50 ) namely 

Tebere (1283 ha), Mwea (1213 ha), Thiba 

(1139 ha) - See Table t, P. 2 , Wamumu 

(1094 ha) and Karaba (1034 ha). M.I.S. has

good infrastructures



TABLE 1: THIBA SECTION HOLDINGS

UNIT IMOS OF 
HOLDINGS

EXTRA
FIELDS

total
AREA ha.

UNIT HOLDING EXTRA
FIELDS

TOTAL ha.

H1 176 3 72. L7 H7 136 66 81.78

H2 2 2 0 6 91.50 HB 196 3fl 9L.7 U

H3 260 7 108. 10 H 18 262 13 1 1 1 .3L

Hl» 2 0  U 17 89. L7 H19 2 2 B L 3 109.72

H5 360 23 155.06 H20 2 LB 36 11L.9B

H6 236 35 109.72
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1.2 CLIMATE:

Climate (15) combined with latitude is 

a most important element in paddy production. 

The average mean temperature ranges from 20 C 

(July) to 23.3° (February). The average mean 

relative humidity varies from 52% (February) 

to 67% (May & July). The monthly mean evapo

ration (Class "A" Pan) ranges from 121 mm 

(July or 3.9 mm/day) to 224 mm (March or 7.2 

mm/day). The mean monthly rainfall ranges 

from 16 mm (August and September to 251 mm 

(April), see Fig. 1, P. ^ Long rains occur 

during the months of March, April and May and 

short rains during the months of October, 

November and December, The mean wind speed 

varies from 3.36 kph (June) to 6.4 kph 

(February and September). The mean sunshine 

hours ranges from 3.7 hours/day (June) to 

9 hours/day (February). A summary of Meteoro

logical data for M.I.S. is in Appendix IV. A 

table showing the average rainfall for the 

years 1963-79 is given on page 5 •

1.3 STATEMENT OF THE PROBLEM

Mwea Irrigation Scheme has been facing 

a variety of problems ranging from technical,



RA
IN
FA
LL

U -

DURATION IN MONTHS

FIG. 1 AVERAGE TOTAL RAINFALL FOR YEARS 1963-1979



TABLE 2: AVERAGE TOTAL RAINFALL (MM) FOR 1963 - 1976 AND RAINFALL FOR 1979

i
in

i

\  MONTH 
DURA-
TION IN

JAN FEB MARCH APRIL MAY JUNE JULY AUG SEPT OCT NOV DEC

1963 - 1978 2U 36 82 2L6 128 30 29 17 17 105 178 UB

1979 103 5 159 33U 109 27 13 U A M 221 58

1963 - 1979 29 3U 87 251 127 30 28 16 16 101 181 US



6

concerning rice agronomy, water management to 

social and economic. The National Irrigation 

Board has initiated some study proposals for 

the major problems which have been identified 

in this scheme. One of the identified pro

blems in M.I.S. is formulation of water re

sources development strategy as the details 

of the water requirements of the rice produc

tion are unknown.

Currently the gross water demands for the 

rice scheme overshadows all other demands on 

the Thiba and Nyamindi rivers. The farmers on 

the upper reaches of these rivers were consis

tently wishing to have supplemental irrigation, 

but the Water Apportionment Board cannot grant 

them water permits because of the high demands 

from the rice scheme. The causes of these high 

demands are not documented; whether these are 

due to scheme expansion or water mismanagement 

is not clear. The case being so, it was con

cluded that the study of the evaluation of water 

use at M.I.S. is vital if the Water Apportionment 

policy and development strategy can be based on 

sound planning data.
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1 4 THESIS OBJECTIVES:

The objectives of the present study are 

based on those formulated by the NIB for 

water use study. These are:-

1. To determine the water requirements at 

various stages of rice cultivation under 

the present water management:-

(a) to determine water losses through 

deep percolation

(b) to determine evaporation losses

(c) to determine evapotranspiration rate 

of the main rice varieties grown in 

Thiba Section

(d) to determine water stored in the soil

(e) to measure inflow and outflow for 

selected units.

2 .  To determine seepage and percolation losses 

in unit feeders and then determine conveyance 

and distribution efficiencies.

3. To investigate the canal damage by water 

erosion, human beings and animals.

4. To recommend ways and means of improving the 

current water management.



CHAPTER 2

RICE

2.1 PHySIOLOGIC PHASES IN THE RICE GROUTH PROCESS

The entire life cycle of the rice plant may be 

divided into three main phases. These are:

panicle initiation.

2. Reproductive phase - (from panicle initiation to 

flowering).

3. Ripening phase - (from flowering to full maturity).

These main phases, however, may be 9ub-divided 

into physiologically distinct stages or periods as 

discussed below:-

1. VEGETATIVE PHASE

This phase begins with seed germination which is 

signified by the emergence of radicle or coleoptile in 

the germinating embryo as shown in Fig. 2.

1. Vegetative phase - (from seed germination to

Fig. 2: Coleoptile (and tip of primary leaf).
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During the vegetative stage, the plant undergoes 

the following stages

Seedling Stage;

This stage follows seed germination. At the 

seedling stage, the seedling develops seminal and 

lateral roots. The leaves grow until the fifth leaf 

develops (Fig. 3). During this stage, the seedling 

absorbs most of the endosperm.

Fig. 3. Seedling at 5-leaf stage.

Transplanting Stage

Transplanted seedlings undergo through this stage, 

which covers the period from uprooting of the seedling to 

full recovery following transplanting. Seed sown directly 

in the field does not go through the transplanting and 

recovery stage.

Tillering Stage

The tillering stage follows the seedling stage.
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It 3tarts with the appearance of first tillers from the 

axillary bud in one of the lowermost nodes. The in

crease in number of tillers continues until the maxi

mum tillers (maximum tillering stage) is reached. Then 

some tillers die and the number of tillers declines and 

then levels off. The plants stop producing tillers after 

the tertiary tillers (third group of tillers) have been 

produced.

Component - Phases of the Vegetative Phase

The vegetative phase is the most variable of the 

phases of plant growth. This phase is markedly affected 

in certain varieties by the prevailing daylength and 

temperature and be subdivided further into two phases 

(i) the basic vegetative or active vegetative 

phase,

(ii) photoperiod-sensitive phase or lag-vegetative 

phase.

The basic vegetative phase or active vegetative 

phase, is the minimum period of vegetative growth 

required by plant before it will initiate a panicle 

primordium. The usual variations of daylength have 

little or no effect on its duration. In temperature- 

sensitive varieties, temperature may either shorten or 

lengthen its duration.
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The photoperiod-sensitive phase or lag vegetative 

is that portion of the vegetative phase in which flowe

ring date is determined by the number of hours of day

light per day to which the plant is exposed. It is 

therefore, from the end of the basic vegetative phase 

to panicle initiation. Not all varieties have a photo- 

period-sensitive phase. Early maturing and non-seasonal 

varieties usually have very short photoperiod-sensitive 

phase.

2. REPRODUCTIVE PHASE 

Panicle Initiation Stage

The reproductive phase may begin before the 

maximum tiller number is reached, at about the time of 

the highest tillering activity or thereafter. This 

phase is marked by the initiation of the panicle pri- 

mordium of microscopic dimension at the growing shoot.

Panicle initiation occurs approximately 70 to 75 

days before the expected date of maturity of any 

variety. This period corresponds roughly to 60 to 70 

days after seeding for non-seasonal varieties maturing 

in 130 days.

The date of initiation of the panicle from seeding 

in seasonal or photoperiod-sensitive varieties varies 

because panicle initiation depends on daylength to which
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the plant 1b subjected.

Irternode Elongation and Booting Stage

The time of occurrence of internode elongation 

stage differs among varieties, With late maturing 

varieties, the accelerated elongation of the upper 

internodes may begin considerably earlier than the re

productive phase. With early maturing varieties, 

elongation may begin after panicle initiation.

As the young panicle develops, it becomes visible 

to the naked eye in a feu days. The tiny panicle is a 

transparent structure measuring 1 to 2 mm long with a 

fizzy and spongy tip. This occurs about 55 days before 

the expected date of maturity of a variety and marks 

the beginning of the booting.

As panicle development continues, the spikelets 

become distinguishable. The increase in the size of the 

young panicle and its upuard extension inside the flag 

leef sheath causes the sheath to bulge. Culms must be 

dissected to observe these developments for panicles 

are still enclosed by leaf sheaths during this period.

Heading 3taqe

The booting stage is followed by the emergence of 

panicle tip (heading) out of the flag leaf sheath. 

Emergence continues until 9DX of the panicles are out



13

of the sheaths. Anthesis (blooming or flowering) 

begins with the protrusion of the first dehiscing anthers 

in the terminal spikelets on the panicle branches. 

Flowering occurs about 25 days after booting regardless 

of variety. Flowering continues successively until all 

spikelets in the panicles bloom. Pollination and 

fertilization then follow.

3. RIPENING PHAGE

The ripening phase (from flowering to maturity) 

occupies a period of 25 to 35 days regardless of variety. 

The rice grain develops after pollination and fertili

zation# Grain development is a continuous process and 

the grain undergoes distinct changes before it fully 

matures.

Milk Gtane

The contents of the caryopsis (the starch portion 

of the grain) are first watery but later turn milky in 

consistency.

Doufih Stage

The milky caryopsis turns into soft dough and 

later turns into hard dough.

Maturation Stage

The individual grain is mature when the caryopsis



is fully developed in size and is hard, clear, and free 

from greenish tint. The maturation stage is complete 

when more than 90% of grains in the panicles are fully 

ripened. Mature grains may have a greenish tint if 

harvested with moisture content of 26% or more.

As the grains ripen, the leaves become senescent, 

and turn yellowish in ascending order. The non

functioning leaves and culm tissues are termed dead 

straw. In some varieties, the culm and upper leaves 

may remain green even when the grains have ripened.

The straw dies and the over-ripened grains shatter from 

the panicle. Cracking of the caryopsis within the 

lemma and palea may occur while the kernels are still 

attached to the panicle with a resulting loss in 

milling recovery and market grade.
«

In this study the author was interested in de

termining water use in different rice (Sindano variety) 

husbandry stages. The rice husbandry stages were divided 

as shown below:-

1. Land preparation (from flooding to end of rota- 

vation).

2 . Water topping (from end of rotavation to beginning 

of transplanting).
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3. Rice growth and development (from transplanting to

maturity).

t*. Harvesting (from cutting to field bagging).

The duration of land preparation stage is governed 

by the area of the unit. The more the area the longer 

the duration of the land preparation stage, for a given 

strength of tractor team, (at the time of conducting the 

study a tractor team consisted of 6 tractors). Water 

topping stage is governed by the management factors 

(Number of tractors available, seeds and fertilizer 

distribution, water distribution, rice transport, rice 

drying etc). If some these management factors, are mani

pulated, the water topping can either be lengthened or 

shortened. The units in the first group have the longest 

water topping stage while those in the last group have 

the shortest water topping stage - (see tables 19, P# gg 

and 20, P.1Q2. The rice growth and development stage is 

a natural stage which ranges from 107 to 115 days (table 

19, P.98). Sometimes owing to weather influence this 

stage can take about four months (122 days). The dura

tion for harvesting stage is governed mainly by labour 

availability but mean duration is 38 days.

2^2 RICE HUSBANDRY PRACTISED IN MWEA« LAND PREPARATION

The mechanical.land preparation is the common



practice in the entire scheme. The scheme has a fleet of 

tractors to meet the annual requirements. Before the 

rotavation starts, the rice fields are flooded to soften 

the ground. Thereafter the fields are rotavated with the 

ground covered by water upto a depth of 10 cm to 15 cm. 

After rotavation the fields are still kept under water as 

a means of weed control till transplanting operation 

starts. Experience has shown that a tractor team of six 

tractors is the most practical working unit. Each of the 

four sections at Mwea is allocated a six tractor team, 

supervised by a tractor supervisor, which deals with its 

entire hectareage at an average rate since 1961 of 1.5A 

ha per day,.Tractors move over the dykes by portable 

ramps.

After rotavation has been finished, the harrowing 

and manual weeding follow just a month or so before 

transplanting. The harrowing is done by oxen pullinq
«

a local tined harrow (tinea fixed on a piece of wood).

The harrowing is carried out while the fields are still 

under a water depth of 10 cm to 15 cm. When tined 

harrow does not do a good Job, the tenants go over the 

fields manually, amoothening the areas where the mud is 

heaped and at the same time uproot the weeds.

Nurseries Preparation

After harvesting, before the ground hardens, the
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tenants dig the nursery plots with a "jembe" (hoe). The 

size of the nursery is 0.051 ha. Uhen the fields are 

flooded so as to soften the ground, some water is. allowed 

to enter the nursery plots. The ground is covered by 

water to a depth of 10 cm to 15 cm. The nursery plots 

are harrowed by tined harrows drawn by oxen. After this 

the final touches are done manually. Weeding is also 

done manually. The nursery plots are levelled to a zero 

grade. During the levelling operation the water is 

drained till a depth of about 5 cm is left on the surface. 

After levelling the water is added to a depth of about 

15 cm; this water level is maintained till the seeds are 

broadcasted.

1Sowing and Transplanting

Mwea paddy i3 sown in nurseries and then trans

planted. A disadvantage of transplanting may be that 

it requires more labour than broadcasting or drilling 

but given Kenya's unemployment problem this labour in

tensive approach is welcomed. Transplanting is 

excellently done by children. The local schools' 

holidays have been planned to coincide with the trans

planting time. Transplanting has the advantages over 

drilling or broadcasting of generally producing a crop 

which develops faster, is more uniform in stand, matures

Moris & Chamber P. 112-11A
1



a little later, and produces a greater number of tillers 

because of more even spacing. Even spacing and better 

tillering also decrease weed growth and facilitate 

weed control through easier access to the field.

Each tenant has his or her own nursery to cater 

for his four 0.A05 ha - holdings. If a tenant has 

extra fields, he/she establishes extra nurseries to cater 

for them. For ease of transplanting the nursery is sub

divided using sticks into four eoual-sized beds, each 

surrounded by a narrow channel to facilitate water 

control. In the past, the scheme experimented with 

communal nurseries but this led to an impossible situation 

in which no tenant would accept an responsibility for 

whatever went wrong. Since the introduction of Individual 

nurseries, a high standard has been obtained and also the 

control by the field staff is much more effective.

After the nurseries are prepared as mentioned 

earlier (NURSERIES PREPARATION), pregerminated seeds are 

then evenly broadcasted at a seed rate of about 18.2 kg 

per 0.AQ5 ha. This apparently dense seed rate is 

necessary to provide adequate surplus of seedling for 

"gapping" where transplanted seedlings die off or birds 

cause havoc at night, as frequently happens in the

scheme
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Nitrogen fertilizer (Sulphate of Ammonia) is applied 

at sowing at a rate of AO kg of nitrogen fertilizer per 

nursery plot to ensure a good rooting ability at trans

planting and a strong seedling. Half the rate is applied 

at the intial stages and the remaining when the seedlings 

are about 10 cm. tall. The water level in the nursery is 

increased in accordance with the growth of the seedling. 

The water depth ranges from 5 cm to 10 cm. The seedlings 

mature in the nursery for 25 days when they attain a 

height of about 15 cm. Leaving the seedlings too long in 

the nursery would complicate the growing process directly 

after transplanting and decrease heading ability.

The tenant removes all weeds from the fields prior 

to transplanting, and does some final levelling necessary, 

idater is drained off, leaving a film of water over the 

field just about 5 cm. The seedlings are then uprooted 

by pulling them out manually, and the roots carefully 

washed to clean all mud from the root system. The tips 

of the leaves are cut by hand twisting to make the seed

lings short enough to minimise problems of transporting 

and transplanting. The spacing recommended at Muea is 

10 cm. x 10 cm. with one seedling per hole. This re

commendation is rarely observed.

Transplanting is an arduous job which requires a 

great deal of attention and labour. Closer spacing than
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that recommended can cause severe lntershadlng at a later 

stage and decrease production; uider spacing means poor 

land utilization. The seedlings should not be planted 

too deep as this restrict proper root development and 

retards plant growth.

Tenants generally engage casual labour to assist 

them with transplanting but as the work is done on a 

task basis, wide spacing by the casuals, to speed up 

their task, is often the result. Although a rope-line 

is not used to facilitate transplanting, visual spacing 

control works quite effectively and a fair degree of 

uniformity has been achieved although wide variations 

have been noted.

Fertilizers are applied at the time of transplanting 

to boost the initial growing phase. The rate of fertilizer 

application is 100 kg. per 0.A05 ha, given in the form of 

sulphate of ammonia as a split application - 50 kg. at 

transplanting and the balance 28 days later. Phosphate 

is applied at transplanting at the rate specified by the 

technical staff when needed - normally every other year. 

Although nitrogen tends to increase the lodging effect 

at Mwea, this mainly occurs after heading and, as the 

crop is hand-harvested, it does not present the tenant 

with difficulty Cit is often regarded as a welcome sign 

that the crop is heavy).
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During transplanting and just after, the water 

depth in the fields should be kept from □ to 10 cm, which 

can be reduced to encourage tillering. Although draining 

for a period of ten days is carried out between tillering 

and flowering in various countries, this practice is not 

followed at Mwea b s  it is felt that due to the nitrogen 

applications lodging would take place earlier if the 

fields were drained off during the period of growth.

□nee the plant is established, water is added 

gradually as the plant grows. Finally the water is 

maintained at a depth ranging from 10 cm to 25 cm. 

Sometimes during the rains the depth increases to a 

maximum of 50.8 cm; the outlet of the field is opened to 

reduce it to the normal depth. It is recommended that 

the water be kept continuously flowing during the 

growing stage allowing a slight trickle of water over the 

inlet gate board and a similar flow over the outlet gate. 

This practice promotes a good erect stand as it supplies 

fresh aerated water but it does slightly increase the 

total water use. This recommendation is rarely observed 

by either tenants or technical staff.

After transplanting the only work the tenant has 

to do is to keep the water level at the correct depth, 

to weed and maintain the bunds, feeders and drain. Weed 

growth is generally severe, being mainly of sedges,
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grasses and algae, and it is vital that seeding is carried 

out at regular intervals during the first six weeks after 

transplanting. It was noted that there were a few tenants 

who are keen to observe all the recommendations. However, 

the technical staff are very vigilant and report to the 

irrigation officer in-charge, the tenants who do not 

follow the recommended practices for necessary action. 

Although experiments with herbicides have been carried 

out with good results, the tenant prefers hand weeding 

because labour is cheap (normally family labour) and 

abundantly available, whereas his cost per hectare would 

be significantly increased with chemical weed control.

From a managerial viewpoint hand weeding is preferable 

to chemical weed-killing as the latter would raise pro

blems of application.

2.3 AFTER HARVESTING

After harvesting is completed the paddy straw is 

evenly spread over the fields and burned. This retards 

a ratoon crop, regrowth of weeds during season and adds 

some potash and trace elements to the soil. The land is 

left in farrow till next season. Illegal grazing nor

mally takes place during this time. The animals damage 

the canals and field dykea.
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CHAPTER 3

SOIL AND WATER ANALYSIS 

3.1 SOIL ANALYSIS

SOILS

The Muea soils (15) can be divided into two main

groups:

(a) black, montomorillonitic clay (grumustert) commonly 

known as "black cotton soil".

(b) reddish-brown lateritic clay loam, commonly des

cribed as "red soils".

The rice is grown in blaok cotton soil while 

cotton and other food stuff are grown in red soils. The 

three pita dug in Units H 1 , H2, and H20 and these profiles 

are described below. The results for soil analysis 

(samples collected from the above Units and analysized 

by the Department of Soil Science, University of Nairobi) 

are shown in table 3, P.28.

PIT IN UNIT H1

Location: The pit waa dug in central part of Unit H 1.

Depth of pit: 122 cm.

Topography: gentle 8lo:ping plain

Parent Material: Thiba basalt

Vegetation/Land Use: rice growing

Soil classification: vertiaol
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Drainage: good surface drainage

PROFILE DESCRIPTION

0 - 23 cm Dark brown clay; fine roots; moderate, 

medium, angular blocky structure; ex

tremely hard when dry, very firm when 

moist, very sticky and plastic when wet; 

fine pores; gradual smooth boundary to:

23 - U6 cm Black clay; moderate, medium to coarse 

prismatic structure ; extremely hard when 

dry, firm when moist, very sticky and 

plastic when wet; very fine to fine pores;
%

a few, fine roots. Gradual smooth boundary 

to:

US - 91 cm Black clay; common fine to medium prominent 

yellowish red mottles; moderate medium pris

matic structure; very hard when dry, very 

firm when moi3t, very sticky and plastic 

when wet. No roots. Gradual smooth boun

dary to:

91 - 122 cm Grey, whitish clay; clay mixed with bDoken 

stones (murram-like); coarse structure. No 

roots.

PIT IN UNIT H2

Location: The pit was dug on central part of the 

access road leading to the research station.
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Depth of pit: 122 cm.

Topography: gentle sloping plain.

Parent Material: Thiba basalt

Vegetatlon/Land use: rice growing

Soil classification: Vertisol.

Drainage: good surface drainage.

PROFILE DESCRIPTION:

0 - 23 cm Brown to black clay; strong medium,

angular blocky structure; extremely hard 

when dry, v/ery firm when moist; v/ery 

sticky and plastic when wet, few fine pores; 

many fine roots. Gradual smooth boundary 

to:

23 - U6 cm Black clay; moderate coarse prismatic

structure breaking to some moderate medium 

angular blocks; extremely hard when dry, 

very firm when moist, very sticky and 

plastic when fine; fine pores, cracks badly. 

Gradual smooth boundary to:

US - 91 cm Black clay; few, fine, prominent yellowish 

red mottles; moderate, medium angular 

blcoky structure; extremely hard when 

dry, firm when moist, very sticky and 

plastic when wet; fine pores. (Mo roots. 

Cracks badly.
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Gradual smooth boundary to:

91 - 122 cm Grey clay mixed with broken, round stones

(Murram-like). Coarse structure; No roots.

PIT IN UNIT H20

Location: The pit was dug on central part of the 2nd

access road from main drain outlet.

Depth of pit: 122 cm.

Topography: gentle sloping plain.

Parent Material: Thiba basalt.

V/egetation/Land use: rice growing.

Soil classification: Vertisol.

Drainage: good surface drainage.

PROFILE DESCRIPTION

0 - 23 cm Uery dark greyish brown clay; root channels

and fine roots, coarse and granular struct 

ture, hard when dry; plastic when wet; 

cracks badly. Clear smooth lower boundary 

to:

23 - L6 cm Very dark grey clay; coarse blocky struc

ture; hard and firm when moist; plastic and 

sticky when wet; cracks badly. Gradual 

smooth boundary to:

L6 - 91 cm Black clay; moderate and strong blocky

structure; extremely hard and very firm;
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plastic and sticky when met. No roots, 

cracks badly. Gradual smooth boundary to:

91 - 122 cm Dark grey clay mixed uith broken round 

stones (murram-like); coarse loose 

structure. Non-plastic and non-sticky 

when uiet. No roots; porous.

SOIL ANALYSIS

The soil samples from each horizon were collected 

From the pits in Units H 1, H2 and H20. The pits were 

dug upto a metre depth, the murrain horizon was found.

The soil samples were analyzed by Department of Soil 

Science, University of Nairobi for organic matter (O.M.), 

nitrogen (N) phosphorus (P), cation exchange capacity 

(C.E.C.), exchange bases (Calcium (Ca), magnesium (Mg), 

Sodium (Na), potassium (K) and exchange sodium percentage 

(EXP). The summary of the results is shown in table 

3. P. 28,



Table 3: SUMMARY FOR SOIL CHEMICAL ANALYSIS FDR THI9A SECTION SOIL (UNITS HI. Hg & H20)*

PIT DEPTH
— *----
PH 1:2 % * ppm C .E .C . EXCHANGE 8A3ES ESP* REMARKS

NO. cm H 0 O.M. N P m.e/lOOg Ca Mg Na K

0-23 6.9 2.4*7 0.17 0.3 60.0 4*0.8 14*.<* 0.9 0.2 - 1.5 Non-alkallne

H1
23-4*6 7.3 2.22 0.13 0.4* 4*8.2 30. 1 10.6 i 2 .1 0 .1 4*.«♦ H

4*6-91 7.9 1.62 0 .1 1 0.8 11.0 5.8 3.6 3.4* 0.0 30.9 alkaline

91-122 7.3 0.82 0. 13 1.9 20.8 13.5 4*.8 1.9 0 .1 9.1 Non-alkaline

0-23 7.3 1.69 0.20 0.4* 59.2 4*T. 3 10.7 0.9 0.2 1.5 n

u n
23-4*6 7.3 1.34* 0 .1 1 1.4* 60.0 4*4*.5 16.5 2.0 0 .1 3.3 N

r»c
4*6-91 7.3 1.30 0 .1 1 0.4* 57.4* 39.1 12.8 4*.2 0 .1 7.3 N

91-122 7.1 0.86 0.08 4*.0 50.0 32.7 10.9 5.4* 0 .1 10.0 II

0-23 7.3 2.22 0.20 2.0 65.2 4*5.9 18.6 10.3 1 .2 15.8 alkaline

H20 23-4*6 8.8 1.28 0. 17 0.3 62.8 39.5 21.5 13.0 0.3 20.7 n

91-122 8 .1 0.52 0.10 0.5 52.2 30.0 12.7 10.9 0 .1 20.9 H
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• If ESP (Exchange Sodium Percentage)

>15 soil is alkaline. ESP = Ne 100

C.E.C. (1)

+ PH 1-7 : Acidity

PH 7.0 : Neutral

PH 7-1A : Alkaline

1.2 means one part of soil and two parts of

water.

From the above results it can be concluded that 

soils of Units H1 and H2 are non-alkaline and non-calcarous 

while the soil of Unit H20 are alkaline and calcarous. It 

can also be noticed that the hydraulic conductivity as 

shown in Table W, P.3• ** of soil of Unit H20 is almost zero. 

Black cotton soils reauire good management practices for 

cultivation.

• Analyst: Mr. Clement Mugo, Department of Soil

Science, University of Nairobi.
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Laboratory measurement of hydraulic conductivity 

can be made either on disturbed or undisturbed samples.

In this study undisturbed samples of soils were used.

Various techniques and equipment are available for 

obtaining relatively undisturbed samples of soil from the 

field. The tools shown in Fig. L(i), P.32 uere used to 

collect the undisturbed samples of soil. The core ring 

was fitted into the core sampler and was driven into the 

soil with the help of a sledge hammer. After the core 

sampler reached the desired depth, it was withdrawn and 

the core ring along with the soil filled in it was removed 

carefully from the core sampler. The core ring with the 

soil was wrapped with a muslin cloth after labelling it. 

Using this method, more samples of soil were obtained from 

the horizons 1, 2, 3 and A labelled accordingly. Root holes, 

cracks, rocks can greatly influence results of such samples 

of soil.

The samples of soil were taken to the laboratory 

where the muslin cloth was tied with rubber bands at the 

bottom of the core ring and another empty core ring was 

fitted with insulating tape on top of the same core ring. 

These samples were saturated with water for twenty four 

hours. Finally the water was added on the top of the core 

ring and maintained at a constant head of h by frequent 

additions of water. Steady flow through the soil was 

obtained. The water flowing through the soil was collected 

in a graduated cylinder for time, t - see Fig. A(ii). P. 33

LABORATORY MEASUREMENT OF HYDRAULIC CONDUCTIVITY



31

Darcy's law for flow of water In soils is 

applied for computing permeability after measuring 

volume of flow Q in unit time, t, across soil cross- 

sectional area A at right angles to flow, loss of 

hydraulic head, H, and flaw length L (where H = h+L). 

Using symbols defined above and solving the Darcy's 

flow equation for the permeability, it follows that

K -  QL

AH(t) (2)

Full results for the samples of soil collected in tills 

study are shown in tables U, 5, and 6, P. 3A, 36 and 38 

respectively.
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Fig. J»(l) SOIL SAMPLING TOOLS
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0

Graduated Cylinder

Fig. <*(ii) CONST ANT-HEAD PLRMtAMETER



Table 4; RESULTS OF HYDRAULIC CONDUCTIVITY BV LABORATORY METHOD FOR UNIT Hj

RING Q A t Q L h, , H = h+L L K

Na
3

cm
2

cm hr At cm H cm/hr. REMARKS

8 7 19.635 1 0.3570 5.70 3.00 8.70 0.6552 0.2336 HORIZON 1*

20 .4 19.635 1 0.0204 6.00 3.10 9.10 0.6593 0.0134 HORIZON 1

0.1235 AVERAGE K

15 0.0 19.635 1 0.0000 6.10 2.50 8.60 0.7093 0.0000 HORIZON 2
5 16.5 19.635 1 0.8403 5.65 3.10 8.70 0.6457 0.5426 HORIZON 2

0.2713 AVERAGE K

4 25 19.635 1 1.2732 4.90 4.10 9.00 0.5444 0.6932 HORIZON 3
7 0.1 19.635 1 0.0051 4.90 3.80 8.70 0.5632 0.0029 HORIZON 3

0.3480 AVERAGE K

1 130 19.635 1 0.110A 5.20 3.00 8.20 0.6342 0.0700 HORIZON 4

3 110 19.635 1 0.0934 5.20 3.40 8.60 0.6047 0.0565
0.0632

HORIZON 4



• HORIZON 1 

HORIZON 2 

HORIZON 3 

HORIZON U

K = Q L (2) 
At H

- 35
UJHIVEP.rr'TT  OF VMflOHT 

U B R 2 R*

0 - 2 3  cm.

23 cm - U6 cm.

UG cm - 91 c b .

91 cm - 122 cm.

K ■ Hydraulic condut v/ity, 

cm/hr.

where Q * Volume of water collected

in cm3.

A - CroBa-aectional area of the 
2core ring cm .

t * time taken to collect Q, hr.

L » Length of sample, cm

H = Ah + L where Ah =

head of water on the

surface in cm



Table 5: RESULTS OF HYDRAULIC CONDUCTIVITY BY LABORATORY METHOD FDR UNIT H2

RING Q A t Q L h H = h+L L K REMARKS
NO c.c

&
cm hr At cm cm H cm/hr.

17 0 .1 19.635 1 0.00009 6.00 2.60 8.60 0.6977 0.0001 HORIZON 1

23 4.2 19.635 1 0.00357 6.20 2.20 8.40 0.7381 0.0026 HORIZON 1

0.0014 AVERAGE K

2 23 19.635 1 0.01952 6.20 2.80 9.00 0.6889 0.0135 HORIZON 2

12 58 19.635 1 0.0A923 5.70 3.50 9.20 0.6196 0.0305 HORIZON 2

0.0220 AVERAGE K

10 87 19.635 1 0.07385 5.60 3.60 9.20 0.6087 0.0450 HORIZON 3

19 30 19.635 1 0.02547 6.30 3.10 9.40 0.6702 0.0171 HORIZON 3

0.0310 AVERAGE K

22 814 19.635 1 0.69094 5.30 3.40 8.70 0.6092 0.4209 HORIZON U

24 0.0 19.635 1 0.00000 5.60 3.20 8.80 0.6364 0.0000 HORIZON 4

0.2105 AVERAGE K
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•HORIZON 1 : 

HORIZON 2: 

HORIZON 3: 

HORIZON U:

0-23 cm 

23cm - U6 cm 

t»6cm - 91 cm 

91cm - 122 cm

K « Q_ L

At H (2)

Where K » Hydraulic Conductivity, cm/hr.

Q * Uolume of mater collected in 

c.c.

A - Cross-sectional area of the
2core ring, cm .

t - Time taken to collect Q, hr.

L - Length of sample, cm.

H « Ah+L where Ah= Head of mater

on the surface in cm.



Table 6: RESULTS DF HYDRAULIC CONDUCTIVITY BY LABORATORY METHOD FGR UNIT H2C

RING

NO
Q
c.c

A

cm ̂

t

hr
Q

At

L

cm

h, H = h+L L

H

K

cm/hr.

REMARKS

16 □ .1 19.635 1 .0051 6.00 2.70 8.70 0.6897 0.0035 HORIZON 1

21 285 19.635 1 14.5150 5,70 2.90 8.60 0.6628 HORIZON 1

4.81 AVERAGE K

9 0.3 19.635 1 0.0153 5.70 3.20 8.90 0.6405 0.0098 HORIZON 2

13 0.0 19.635 1 0.0000 6.20 2.50 8.70 0.7126 0.0000 HORIZON 2
0.0049 AVERAGE K

14 0.3 19.635 1 0.0535 5.80 3.00 8.80 0.6591 0.0353 HORIZON 3

11 0.0 19.635 1 0.0000 5.60 3.10 8.70 0.6437 0.0000 . HORIZON 3

0.0177 AVERAGE K

6 0.30 19.635 1 0.0153 5.20 3.60 8.80 0.5909 0.0090 HORIZON 4

18 0.0 19.635 1 0.0000 6.00 3.70 9.70 0.6186 0.0000 HORIZON 4

0.0045 AVERAGE K
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1: 0 - 2 3 cm

••CJ 23 cm - cm

3: US cm - 91 cm

Ui 91 n 3 1 122 cm

(2)

Where K « Hydraulic Conductivity, cm/hr.

Q = Volume of water collected in c.c.

A « Crosa-sectional area of the core ring 

2cm .

t » Time taken to collect Q, hr.

L ■ Length of 9ample, cm.

H *ah+L uhereAh = Head of water on the

surface in cm



Table 7: SUMMARY OF HYDRAULIC CONDUCTIVITY, (K) RESULTS

\  UNIT

h o r i z o n 's .
(depth, S. 
cm) S ^

H 1 H2 H20

K

Cm/hr.

K

Cm/day

K

Cm/hr.

K

Cm/day

K

Cm/day

K

6m/day

1

(23 cm)
0.12<+ 2.965 0.081 1.9U<* *♦.812 115.^88

2

(23 cm)
0.271 6. 50U 1.319 31.651 0.00 **8 0.115

3
(*♦ 6 cm)

0.3<*8 8.352 1.861 UU.S5U 0.018 0. W 2

l*
(30 cm)

3.793 91.032 12.628 303.062 0.00<*5 0.108
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3.2 UIATER ANALYSIS

The irrigation water samples were taken near the 

headuorks of the Thiba river. The drainage water sample 

was taken at the drain outlet of unit H20. The said 

samples were analyzed by National Agricultural Labora

tories, Ministry of Agriculture, Kenya. The summary for 

the fchemical analysis of these samples is shown in table



Table 8: SUMMARY OF CHEMICAL ANALYSIS OF IRRIGATION AND DRAINAGE WATERS*

REF. Water Samples RIV/ER
WATER

DRAIN
WATER

REMARKS

LAB. No. /BO 11361 11362

PH 7.8 C
D

. -P
~

Conductivity micro mhos/cm 55 290

Sodium me/litre 0.30 1.39

Potassium me/litre 0.03 0.03

Calcium me/litre 0. 16 0.16

Magnesium me/litre 0.16 1.06

Carbonates me/litre Nil 0.2A

Bicarbonates me/litre 0.30 1.36

Chlorides me/litre 0.30 0.L3

Sulphate me/litre Nil 0.25

Nitrates me/litre



Table 8: Continued

REF. Water Samples RIVER DRAIN REMARKS
UATER UATER

Fluorides me/litre

Adjusted Sodium Adsorption Ratio* 0.75
1

1.80

Na % U6 53

i



*♦5 -

• Water analysis was done by National Agricultural 

Laboratories, Ministry of Agriculture, Kenya.

+ Adjusted Sodium Adsorption Ratio (Adj. SAR) =

SAR rating (100): ^ 10 Low

10 - 18 Medium 

18 - 26 High

^  26 Very high

Percent Sodium » 100 Na (L)

Ca + Mg + Na + K



Table 9: STANDARDS FOR IRRIGATION WATERS

WATER
CLASS

ELECTRICAL
CONDUCTIVITY

Micro-mho/cm*

SALT CONTENT 30CIUM
Oi

30R0N
ppmTOTAL

ppm
Tons per 

Acre-fcot

1 0-1000 0-700 1 60 0.0-0.5

2 1000-3000 700-2000 1 - 3 60-75 0.5-2.0f

3 Over 3000 Over 2000 Over 3 75 Over 2.0

• (55) P. 225 - 226

+ 1 acre-foot = <0,560 ft3

1 acre-foot la approximately 0.123L ha-metre (or 123<* m3)



THE QUALITY OF IRRIGATION AND DRAINAGE WATERS

From table 8, P. U2>t the pH of irrigation water ia 

7.8 and that of drainage water is B .U . Therefore, both 

waters are alkaline. The Electrical conductivity for 

irrigation water is 55 micromhos/cm and that of drainage 

water is 290 micromhos/cm; the sodium percentage for 

irrigation water is and that of drain water is 53%; 

adjusted sodium adsorption ratio for irrigation water is 

0.75 and that of drain water is 1.8 which is low. Accor

ding to table 7, P. £,o the irrigation water and drain water 

are class 1. (See also table 9, P. (,5 ).

Messers Van Gessel and Kangu (105) of Irrigation 

and Drainage Unit, Ministry of Agriculture have carried 

out detailed measurements of the EC-Value (electrical 

conductivity) of both irrigation water and drain water 

in Thiba Section and other Sections. They found that 

the EC-Value for irrigation water was very constant and 

in the order of 50 - 70 mlcro-mhos/cm. Drainage water 

had higher EC-values ranging from 100 to U50 micro-mhos/ 

cm which, they concluded waB still excellent for irriga

tion. They also observed that drainage water, if being 

re-used, was in general mixed with irrigation water 

and therefore, they concluded that no salinity problems

- U7 -

would occur



CHAPTER A

THEORY OF WATER BALANCE

A.1 DEFINITION OF WATER BALANCE

A water balance la essentially a system of account

ing for the v/olume of water held within a defined catch

ment area. In its simplest form, it can be written as 

follows:

Q + A S  o ( 5 )

where:

= Water added to the catchment area.

■ Water removed from the catchment area.

Sf - S = AS * the increase or decrease In the storage 

of water within the catchment area.

S}= Initial storage and Ŝ . = final storage

The water balance is usually expressed dynamically, 

as

Qi»t " Qo' 4 + Sf(t) ’ Sl(t-1) (6)

Where t refers to the time Interval.

In the case of this study, the Inflow and outflow

components are:-



<♦9 -

(a) INFLOW COMPONENT

(1) R, Precipitation

(2) I» Irrigation water inflow

(3) S.I. Seepage inflow

((*) OR, Capillary rise from high water 

table

(b) OUTFLOW COMPONENT

(1) E.p Evapotranspiration

(2) DP, Deep Percolation

(3) SD, Surface Drainage

(i*) LS, Lateral subsurface flow

The complete equation can be written as follows:

R + I + SI + CR + - Et ♦ DP ♦ SD + LS +

SfCt)

Careful identification of these term requires the 

specification of the catchment area cover which the 

water balance study ia to be conducted. In this study, 

the catchment area includes units H1, H2, H3, & H20 of the 

Thiba Section. These units are rice producing portions 

of Mwea Irrigation Scheme and are operated like any other 

units of the scheme. The units, where the studies were 

conducted are Bhown in the Fig. 6, P. 50.



i
!

|

I

t.-rrp-nO>*1T WK« UMB .C TU»x HM CMxon utr-n of st*TioW

mi'nw iPtiGMion bo«o

••••causa •waDia*'
t9 »* C « «

... __
!»*«'» • N ~ ; s , w . * r t t r - r
•aai
■Ml - M

*•*
* a  • N W M I 1

•• • a.
>••••. M l

n > ) . 6 Tha Hvaa Irrigation Sattlcmenti Layout and Growth

I

a

i



51

L.2 PRECIPITATION

All measurable precipitation is included in the 

term, R. Light rains, which may be intercepted the 

plant and never reach the soil, nevertheless contribute 

to the water in the aoil-plant system. Rainfall effecti- 

vity is not a significant issue in computing the water 

balance.

<♦.3 IRRIGATION WATER INFLOU

Irrigation water inflow refers to the volume of 

water diverted into the units from the main canal or 

branch canala. It is measured by constant head orifices 

(CHQ) in litres/Bec and then converted into mm of water 

by dividing the volume of entering water by the area of 

the unit.

U.U EVAPOTRANSPIRATION

Evapotranapiration (Ey) is the combined effect 

of evaporation (E\J) from the surface of the site, and the 

transpiration and evaporation of water from the plant 

leaves. Its calculation is usually done in two stages, 

namely establishment of potential evapotranapiration and 

determination of actual ET from potential. Potential 

evapotranapiration is defined as the amount of water lost
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as evaporation and tranapiration by a short green crop 

uhich la of uniform height, never abort of mater, and 

uhich covers the ground completely. Potential Ey has come 

to mean the maximum possible Ey for a wide range of crops 

and is, therefore a crop and climatic parameter. I t B  

calculation can be made from climatological data - 

radiation, mind speed, evaporation, temperature, and 

relative humidity. Outstanding engineers and scientists 

have formulated several methods of determining potential 

evapotranapiration employing climatological data. Pruitt 

among others has shown correlated with potential Ey. The 

ratio potential Ey /Evaporation as obtained by him is 

approximately 0.8^ using a class A Pan. Other methods 

employed in determining potential Ey are Thornthwaite 

method, (55) Lomry -Johnson method Blaney - Griddle Method 

and Penman method. Penman has made the most complete 

theoretical approach, showing that consumptive use is 

inseparably connected to incoming solar energy. The 

common methods for determining actual Ey from potential 

are lysimeter and tank experiments.

The factors reported to affect the ET/EV ratio 

are: stage of crop growth, moisture content of the root- 

zone available for plant uptake, and the level of evapora

tion. The rice fields of Mwea Irrigation settlement are



Flooded with water and Ê . during the earliest days of 

the rice crop Is almost wholly evaporation from the free 

water in the paddy. As the rice crop develops, transpira

tion becomes relatively more important than evaporation, 

but, studies by 1/an de Goor and Ziglstra have shown that 

the ratio of E^/EV remains largely independent of the 

stage of growth of the crop prior to heading.

A.5 DEEP PERCOLATION

Seepage losses through the bunds and field inlets 

and outlets are ignored because the water lost through 

seepage goes into the road drain where it either 

evaporates or goes outside the unit as surface drainage. 

Percolation refers to downward movement of water thruuqh 

the soil toward the water table while seepage applies to 

lateral water movement through the soil borders of the 

catchment area, (Unit). Seepage and percolation losses 

are very difficult to be measured accurately. Only deep 

percolation water is considered a loss from the catchment 

area; this contributes generally to ground water, while 

the seepage water usually collects in drains as stated 

above. In some units the seepage water is not a loss as 

surface drainage is re-used in downstream units.

In some cases a clear differentiatinn is not 

possible between the seepage losses and deep percolation
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losses because sometimes the deep percolation mater 

re-appears somewhere downstream and sometimes the seepage 

water disappears Into the soil as deep percolation water. 

The two most important factors affecting the rate of 

percolation are soli properties and the depth of the 

water table. Heavy clay soils greatly retard downward 

water movement and well puddled soils impede It still 

further. In some cases where the water is near the 

surface, there might be no percolation at all. Percola

tion rates are most often measured by bottomless tanks 

surrounding an experimental plot. In this study a 

similar approach was employed and Darcy's Equation was 

used to determine the percolation rate. The Darcy's 

equation is written as follows:

Q - KiA (8 )

where:

Q a the volume of water flowing per unit time
3 - 1through a given cross-sectional are ( 1  ̂ )

K * hydraulic conductivity ( 1t )

i « hydraulic gradient (dimensionless)
2

A ■ cross-section of flow area (1 )

The said approach will be described fully in

methodology section
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<*.6 SURFACE DRAINAGE

This term refers to the excess supplies of water 

leaving the catchment area; the surface drainage can be 

re-used in the downstream units or it can go back to the 

river or get lost as deep percolation or evaporate outside 

the catchment area*' Surface drainage in the wet season 

includes runoff from excessive rainfall which would other

wise cause damage to the crop by inundation. Uhen the 

road and collector drains are overtopped and thus some 

surface drainage water is lost outside the catchment 

area.

U. 7 -STORAGE

Uhen the fields are flooded during the land 

preparation, the water level is maintained at least 5 cm 

from the soil surface till the rice crop is ripe. This 

means some water goes into the storage term. Before 

flooding the water stored is very low, then stored water 

increases after flooding and during the growing season 

and when the fields are drained after the rice crop is 

ripe, the water stored decreases rapidly. Fig. 7 , P. 56.
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TIME (days, weeks months)

Fig. 7 Water 9tored V TIMEa

L.B SEEPAGE INFLOW

Seepage inflow refers to the amount of water that 

seep into the fields from the bunds of adjacent fields, 

banka or dykes of drains, distributing canals, nearby 

rivers or any other source. The contribution of seepage 

inflow to the water balance in this study was considered 

to be very negligible and therefore, was completely 

ignored.

U.9 CAPILLARY RISE FROM HIGH WATER TABLE

High water table in a semi-arid area like Mwea 

Irrigation Scheme may due to irrigation water, subsurface 

flow from the upland, drains, distributing canals, nearby
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rivers, storage reservoirs or any other source. The 

water from the high water table rises by capillary to the 

root zone. The contribution of water by capillary rise 

to the water balance in this study was again considered to 

be very negligible and was entirely dropped out in the 

water balance equation.

A. 10 LATERAL SUBSURFACE FLOP

Lateral subsurface flow refers to the ground water 

flow through the soil laterally from the adjacent fields, 

drains, distributing canals, nearby rivers, storage 

reservoirs or any other source. The contribution of the 

lateral subsurface flow to the water balance in this 

study was again considered to be very negligible and was 

ignored completely.
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CHAPTER 5

METHODOLOGY AND MEASUREMENTS

5 .1 SELECTION OF PROJECT SITES

The amount of the funds and the machinery of
' t

releasing the said funds did partly influence the 

selection of the project sites, especially the number of 

the project sites covered In this study. The amount of 

the funds allocated to this study were Just enough for 

the number of sites selected.

The major physical criteria required of a site 

was that it was well bounded. So the units which ai-e 

bounded wwre selected. In a typical field layout of a 

unit (see Fig. 8, P.51 ) water leaves the main canal 

through a constant head orifice (CHO). rhe water is 

then conveyed by the main feeder. Thereafter, the water 

from the main feeder is diverted into the field feeders 

Oy means of checks and finally is applied to tne fields 

or holdings. The water moves from one holding tn the 

other through bund check. Each holding has its own 

outlet to allow water to flow into the road drain. The 

water from the road drains flows into thp main drain 

u< lcn finally empties into the collector drain.

In some units the feeders and drains wptp not 

functioning properly. Water was seeping i-*n *
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adjacent land. The project sites mere selected uhose 

CHQ'b main feeder, field feeders and drains were 

functional. The other physical criterion was the 

proper sites for installation of weirs. The units 

which had good sites were considered. Host access roads 

within Thiba Section are good and therefore they did 

not Influence the selection of project sites. Thiba 

section being near the M.I.S. headquarters and the 

tarmac road passing through it was favoured most. The 

author relied on M.I.S. headquarters for various types 

of assistance such as casual labour, secretarial 

services, building materials, workshop facilities etc. 

The weather station situated in thiba Reception Centre 

was another factor which was considerd in selection of 

Thiba Section. The weather station is well equipped and 

records have been kept since 1963. From the factors 

described above the units 1,2,3 and 20 were Selected 

(see Fig. 6, P. 50 ) as the most convenient possibilities 

for further study.

5.2 EQUIPMENT AND SUPPLIES

The inlets of units H20, Hi, H2 and H3 werp 

equipped with constant - head orifices, (Fiq.g These 

CHO's were installed at the time of construction of 

units. Unit H 1 has two inlets; one with a CHO and the 

other with sluice gate. A rectangular weir was



61

installed in the canal receiving water through the 

sluice gate - Fig. 1D, P. 66. At the outleta of units 

H 1 and H3 rectangular weirs were installed (Figa. 1 1,

P. 67 and 12, P. 68 ); the rectangular weir for unit H1 

outlet was installed by the author while that one of unit 

H3 was installed by Irrigation and Drainage Unit (IDU).

At the outlet of H2 (See Fig. 13, P.69 and Photo 1 , P.62) 

a rectangular weir wbb installed by the author. Later 

on it was thought that the rectangular weir could not 

hand the drainage water during the short rains, so the 

IDU installed a cipolletti weir next to the rectangular 

weir - See Fig. 1L, P.72 . At Unit H20 outlet there 

was b  cipolletti weir and automatic recorder installed 

by the NIB Head-quarters some time in 196^ - (See Fiq.

15, P.70 ).

The weirs were constructed by the technicians 

of Department of Agricultural Engineering, University 

of Nairobi according to the specifications of the U 

Manual £  (lOO)p. 7 - UZJ under the supervision of the 

author. They were made of mild steel sheet metal 

reinforced by 50 mm x 50 mm angle irons and painted to 

eliminate rust. These weirs were installed under the 

supervision of the author according to the instructions 

in the USSR Manual. Installation of polythene sheets 

in experimental plots for determination of evepotran- 

spiration, Ej was carried out under the supervision of
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PHOTO 2 1 Trench of the Experiment Plot
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DIMENSIONS OF CONSTANT-HEAD ORIFICES OF H 1. H2. H3,

H20.

0 ■ 91.M» cm. 

h - 76.20 cm.

U ■ 91. Ui* cm. 

h ■ 9 1 .UU cm.

H3l H20:

u - 91.M» cm. Iti - 1 2 1 .9 2  cm

h » 91.M* cm. h - 91.**** cm

and
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Fig. 11 Rectangular Weir at the Outlet of Unit Hi
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the author. The trenches were dug around the plots 

situated in units H1, H2, H3 and H20 f Upto a depth of 

1.22 mm. The polythene sheets were lined all around 

the aides of the trenches and the backfill was placed 

in trenches and pressed hard - (see Photos 2,3, and U,

P. 63, 72 and 73 respectively). The staff gauges 

were rammed in - three staff gauges per plot. These 

staff gauges were made by the technicians of Department 

of Agricultural Engineering, University of Nairobi.

The piezometers of 15 mm diameter were installed 

by ramming them into the ground by a sledge hammer - 

See Fig. 16, P.7A and 17, P.75 . The first pair of 

piezometers was driven into the ground to a depth of 

20 cm; the second pair upto a depth of 100 cm; and the 

third pair upto a depth of 120 cm. A conical piece of 

metal was fitted at the end of a piezometer to prevent 

mud clogging. After the piezometer reached the desired 

depth, the conical piece of metal was driven out by 

means of a metal rod. The piezometer readings were 

taken by a bell sounder made by M.I.S. machinist, and 

was fitted with a 3-metre tape.

For the canal damage the survey was conducted by 

the tuthor in nnp section of the main canal and branch 

canal - see Appendices \ j v/II & V/III. In the main 

canal elevations for cross-sections were collected every 

200 metres, and in branch canal every 100 metres. Canal
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the Trench



PHOTO 4: Backfill Being Placed Around 

the Polythene Sheet
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seepage uas determined by ponding method. Thi9 ponding 

method consisted of constructing dykes in the canal, 

filled the intervening section with water, and measured 

the drop in water surface per hour - see Photo 6, P. 78 • 

Measurements of water level were made at both ends of 

the pond by means of meter gauges to eliminate the 

effect of wind on the water level. When the experiment 

started the soil around the side slopes was dry and 

having cracks. The bottom of the canal was without 

cracks; it was moist. Initially the water seepage was 

very rapid but later on stabilized. Water seepage was 

almost zero after twelve hours. The adjacent rice 

fields were dry with badly cracked soil. This experi

ment was carried out in the main feeder of HA - at the 

junction of the main feeder and the first field feeder 

(Photo 6, P.78 ).

The dimensions of the canal section used were as 

follows:

Length * U8 m

Width * 1.5 m

Average depth * 0.68 m.

2
The surface area of this section was 137.28 m .

This experiment was conducted for 12 hours, and a water 

drop of 9.5 cm. was observed. The water drop per hour, 

therefore, was 0.75 cm./hour (7.5 mm/hour). The canal
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1

PHOTO 5* Backfill after Being Placed in 

Trench
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PHOTO 6s Intervening Section of the Canal

Pilled with Water (Canal Seepage 

Experiment)
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seepage losses within 12 hours were 13.0U2 m"5 of water. 

It was observed that after 12 hours of seepage losses 

were negligible owing to the characteristics of the 

black cotton soil.

5.3 MEASUREMENTS OF WATER

Interest and co-operation in the experimental 

plots were surprisingly strong among the tenants 

involved, and the author and the tenants concerned held 

regular discussions how to co-ordinate their farming 

activities and water measurement programme. The 

co-ordination was excellent. In fact the author 

received excellent assistance from the Thiba Section 

field staff and the tenants involved.

Daily recording of the data was the task of the 

author throughout this study at each site. Inflow- 

outflow data were taken three times a day - (morning, 

mid-day and evening) and piezometer and experimental 

plot data were recorded once a day at random. As 

mentioned earlier the inflow and water distribution in 

the holdings were regulated by the water guards accord

ing to the normal use and practices of the current 

water management. The author did not interfere at all 

in regulation of inflow and water distribution in the 

fields. The tenants manipulated the water in their 

holdings as they found fit for each farming activity.
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This applies too in the case of experimental plota as

well.

The water management practices of experimental 

plots were recorded daily once the staff gauges were 

read. Water uses in the holdings were also recorded 

daily. If the water was either entering or leaving the 

experimental plots the staff gauges were not read. The 

staff gauges were read only when water level was stable. 

The water depth in experimental plots was Increasing 

owing to water addition intentionally by the tenants 

or unintentionally if the polythene sheet fell off and 

if there is rainfall. Any water losses in experimental 

plot were either due to evapotranspiration or deep 

percolation.

The weirs installed by the author (H1 & H2) had 

enough head and fall as specified in US8R Manual and 

there was no leakage on either corners of the weirs 

embedded in the soil. The cipolletti and rectangular 

weirs installed by the Irrigation and Drainage Unit 

(H1 & H3) had also adequate head and fall. However, 

the cipolletti weir installed by NIB had no free fall 

at certain times. So a staff gauge was installed at 

downstream to measure the water height for correction 

of submergence. The readings obtained from the weirs 

were fairly accurate for all practical purposes.

However, there was an error introduced in weir readings.
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The aides of CHO's were leaking when fully closed. This 

leakage utas not recorded as inflow but part of it was 

recorded as outflow. Despite these leakages in CHO's, 

the CHO readings were also fairly accurate for all 

practical purposes. Irrigation and Drainage Unit 

research team found the CHO error not appreciable. 

Similary the piezometer and experimental plot staff 

gauge readings were fairly accurate.

The weather readings were recorded daily by 

M.I.S. technical staff according to the instructions of 

Kenya Meteorological Department. As mentioned earlier 

weather station is located centrally in Thlba Section. 

The figures obtained from weather station are represen

tative of the entire project area. The inflow-outflow 

and weather information are found in appendices I & IV 

respectively.
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CHAPTER 6

ANALYSIS AND FINDINGS: WATER BALANCE

6.1 DATA TREATMENT

The difference in head at the outlet and outlet 

gauges of constant head orifices (CHO) and heads on the weirs 

read and recorded daily. Using CHO formual, weir formulas and 

conversion formula (12) (aee Appendix V), the Inflow and out

flow rates were calculated in mm/day (Appendix I). Rainfall 

and evaporation data were taken from the records of Thiba 

Meteorological Station. The Meteorological technician from 

Mwea Irrigation Settlement collected meteorological infor

mation twice daily from the weather stations located in 

different section of the settlement. Employing these 

climatic data (i.e. wind, speed, relative humidity, mean 

temperature and actual sunshine houra/day - Appendix IV) 

from Thiba meteorological station, the evapotranspiration 

was computed using the Penman Method (Appendix XI) in mm/ 

day. Total inflow, rainfall, evapotranspiration, deep per

colation losaes, outflow and effective water per month for 

each unit (i.e. Units, H 1 , H2, H3 and H20 are shown in 

tables 10, 20, 21 and 23, P. 07, 102, 105 and 113 respec

tively. The summary of the components of water balance for 

the above units is tabulated in table 20, P. 122. The 

average daily inflow-out rates for the said units are shown 

in table 11 and the Ej/Eq ratio for 1979 and for 1963-1979 are in



tables 12, P. 90 and 13, P. 91 respectively. The average 

daily deep percolation losses for the above units are 

shaun in table 1<», P. 92*

The data from Appendix XI employed in the calcu

lation of evapotranspiration rates are: Values of

T , extra terrestrial radiation, mean daily duration of 

maximum possible sunshine hours for different months and 

latitude, values of ueighting factor for the effect of 

radiation on ET different temperatures and altitudes, 

saturated vapour pressure, slope of saturated vapour
o

pressure curve of air at absolute temperature (Ta in F) 

and percentage daylight hours.

The Darcy equation uas used to compute the deep 

percolation rates employing the data from tables <♦, 5, 6, 

P. 34 , 36, and 38 respectively and Appendices IX and X. 

Hydraulic conductivity (K) cm/hr. uas obtained from tables 

*♦, 5 and 6 P. 3 4, 36 and 38 respectively. Depths of 

ponded uater in experimental plots uere obtained from 

Appendix IV. The hydraulic gradient uas computed from 

Appendix X data. The laboratory method uas used to 

determine the hydraulic conductivities of the soil 

samples. Initial soil uater storage, capillary rise from 

high uater table, lateral subsurface flou and seepage in- 

flau uere assumed to be negligible and therefore, the 

EFFECTIVE UATER uas defined as INFLOW plus PRECIPITATION

less the OUTFLOW.
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6.2 RESULTS

UNIT: H1 : In Unit H1 (tables 10, P. 87 and

28, P. 1 2 2 )total inflow was composed of 84% (1881 mm) of 

irrigation water and 16% (352 mm) of rain water. It can 

be seen that 36% (848 mm) of it is lost through evapo- 

transpiration (E|- , Penman) 16% (352 mm) as deep percola

tion; 39% (86<< mm) goes as outflow from the field 

(surface drainage); and 7.6% (170 mm) is stored in the 

soil. The effective water is maximum during flooding 

and rotavation stages, it decreases a bit during water 

topping, nursery preparations and ox-harrowing stages and 

then it increases during transplanting and reaching near 

peak during the tillering stage. After this, effective 

water decreases considerably during flowering stage and 

approaching zero during the harvesting stage, Fig. 18

P. 99.

The total hectarage for unit H 1 is 89.9 (table

29, P.123). The average daily inflow, outflow, evapo- 

transpiration, deep percolation rates are 12.09, 5.13,

A.35 and 1.80 mm/day respectively - (Tables 1 1, 12 and 

14 P.89,90 and 92 respectively. Land preparations 

(flooding + rotavation) took eighteen (18) days instead 

of sixteen (16) days planned in the cropping programme 

for 1979/80 season (tables 15, P. 93 and 16, P. 94 )- 

The water topping stage took 35 days instead of 43 days



3
85

planned in the cropping programme for 1979/80 season. 

Rice growth and development stage took 107 days Instead 

of 122 days planned in the said programme. Harvesting 

stage took L0 days against 38 days contained in the 

1979/80 cropping programme.

Land preparation, water topping and rice growth 

and development stages required 21, 7.35, and 6.61 mm of 

water per day respectively - table 17, P. 92. Total 

effective water required from land preparation stage to 

rice growth and development is 13U2.13 mm (table 17,

P. $6 ); 28.16 (378 mm) of this used for land prepara

tion; 19.17 % (257 mm) used for water topping and 

52.66 •% (706.80) used for rice growth and development 

(table 17, P. 96). Using the 1979/80 croppinq pro

gramme^ total effective water reouirements would have 

been 1832.Ul* mm. (table 19) 17.31% (317.12 mm) for land 

preparation, 25.M«% (L66.12 mm) for water topping and 

57.26% (10^9.20 mm) for rice growth and development.

The total actual effective water used per hectare per 

1979/80 season (181 days) was 1370 mm/season (1979/80 

cropping programme total effective water estimates were 

calculated from tables 16, P. 94 and 19, P. 98- e.g.

HL. Water reouirements for land preparation stage *

17 days (table 16, P. 94) x 19.82 mm/day (table 19,

P. 98) = 336.9L mm.



8 6

A CROPPING PROGRAMME Ig a scheme of uork composed of 
sequence of the farming activities to the accomplished 
during any given season. It is prepared by the Scheme 
Management as a guide and approximates as to when any 
particular farming activity is to be started and completed 
in different sections of the scheme - (see Appendix XII).



Table 10; SUMMARY OF WATER BALANCE FOR UNIT H 1 AND WATER-USE EFFICIENCY

MONTH

(I)
INFLOW
mm/Mo.

(R)
RAINFALL
mm/Mo.

ET
(PENMAN)
mm/Mo.

DEEP (DP) 
PERCOLA
TION 
LOSSES 
mm/Mo.

(0)
o u t f l o w
mm/Mo.

EFFECTIVE
WATER
(I+R)-0 
mm/Mo.

Eu

%

FARMING ACTIVITIES

JUNE 1979 - - - - - -

JULY 1979 L82X 5.0 X 6L .0 X 72++ 109 * 378 77.62 1. 2

AUGUST
1979 LOB U 12L 67 186 226 5L.85 2, L, 5(a), 6, 7 & 

0

SEPTEMBER
1979 3L3 U 159 U1 112 235 67.72 9

OCTOBER
1979 331 U1 161 38 5U 318 B5.UB 10, 11, 12, 13 & 1L

NOVEMBER
1979 227 221 123 25 279 169 37.72 15, 16 & 17

DECEMBER
1979 91 50 136 9 12L 25 16.78 18, 19, 20, 21, 22 

& 23

JANUARY
1979 0.00 19 81+ 100 + 0.00 19 — 23 & 2L

TOTAL FOR
THE SEASON 1882 352 BUB 352 8 6 L 1370
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Table 10; Cont'd

Eu = Water-Use efficiency, the proportion of water 

beneficially used on farm or field.

Eu = 100 *  (9)
Idd

XX c See Appendix I for farming activity

* descriptions

♦+ - Estimated, total for 18 days

+ = Total for 20 days

X » Total for 18 days, Flooding s t a r t e d  on 1A July, 

1979



Table 11i AVERAGE DAILY INFLOW-OUTFLOW RATES FOR UNITS H1. H2. H3 & H20

H 1 H2 H3 H20

MONTH INFLOW
mm/day

OUTFLOW
mm/day

INFLOW
mm/day

OUTFLCW
mm/day

INFLOW
mm/day

OUTFLOW
mm/day

INFLOW
mm/day

OUTFLOW
mm/day

JULY
1979 26.76 6.03 26.20 5.79 1A.A8 A.89 26.76 3.33

AUGUST
1979 13.17 6.00 16.80 6.88 11.60 7.68 23.80 A.72

SEPTEMBER
1979 1 1. aa 3.73 17.63 5.35 13.50 2.28 22.98 A.02

OCTOBER
1979 10.67 1.7A 1 1.AO 2.71 10.99 2.60 20.08 3.31

NOVEMBER
1979 7.55 9.29 5.A6 7.85 3.83 7.36 11.75 8.61

DECEMBER
1979 2.93 A.00 2.A1 2.37 0.00 2.01 0.00 1.73

JANUARY*
1980 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

AVERAGE 12.09 5.13 13.32 5.16 9.07 A.A7 17.56 A. 29

•January excluded
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Table 12: AVERAGE EVAPQTRANSPIRATION (ET) AND

EVAPORATION (En) FOR THE RICE SEASONS 

(for 1979 DATA)

MONTH e t

mm/day

Eo

mm/day

ET/Eo

July, 1979 3.38 3.81 0.89

August, 1979 A.01 A.57 0.88

September, 1979 5.30 6.83 0.78

October, 1979 5.28 6.66 0.78

November, 1979 A. 10 5.13 0.80

December, 1979 A. 38 5.65 0.78

January, 1980 A.07 5.25 0.77

AVERAGE A.35 5.A1 0.81



Table 13: AVERAGE DAILY EVAPOTRANSPIRATION (Er) AND EVAPORATION CLASS "A" PAN (E0)

MONTH JAN. FEB. MAR. APRIL MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC.

AVERAGE DAILY 
EVAPOTRANSPI
RATION, Ej 
mm/day
(PENMAN METHOD

A.07 5.68 5.72 A.9A A. 26 3.61 3.27 3.68 A.93 5.A1 A.65 A.96

AVERAGE DAILY 
EVAPORATION, 
Eq mm/day 
(CLASS "A" 
PAN)

6.26 7.50 7.23 5.90 A.7A A. 20 3.90 A.77 6.20 6.8A 5.27 5.71

e T ^ o
0.65 0.76 0.79 0.8A 0.90 0.86 0.8A 0.77 0.80 0.79 0.88 0.87

•The figures are calculated from meteorological data from Thiba Reception Centre 

(90 37 112) recorded from 1963 - 1979 and Eo figure are from the said centre.
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Table 1L: AVERAGE DAILY DEEP PERCOLATION LOSSES FDR

UNITS HI. H2. H3 & H20

MONTH

H1 H2 H3 H20

DEEP PER
COLATION 
LOSSES, 
mm/day

DEEP PER
COLATION 
LOSSES, 
mm/day

DEEP PER
COLATION 
LOSSES, 
mm/day

DEEP PER
COLATION 
LOSSES, 
mm/day

July, 1979 X X 0.27 0.00

August,
1979 2.15 1.80 0.0A 0.00

September,
1979 1.37 1.17 0 .12 0.00

October,
1979 1.21 1.02 0.1L 0.00

November,
1979 0.82 0.66 0.90 0.00

December,
1979 0.28 0.52 0.60 0.00

January,
1980 <♦.99 1.90 1.31 0.00

Average 1.80 1.18 0.L8 0.00

x Not recorded as piezometers were not Installed



Table 15: RICE HUSBANDRY STAGES BASED ON FIELD OBSERVATIONS FOR 1979/60 SEASON (THIBA SECTION)

I

ro
C\

X ” rIce----
X ^ h u s b a n- 

X  dry 
X sTA-

\ 3 E  UNIT X

LAND
PREPARATION 

; (NO. OF DAYS

WATER
TOPPING
(NO. OF DAYS)

RICE GROWTH & 
DEVELOPMENT 

(NO. OF DAYS)

HARVESTING 
(NO. OF DAYS)

REMARKS

H 1 18 35 107 AO Group order: A 
Ha - 72.A70

H2 15 32 113 37 Group order: U 
Ha » 91.A98

H3 20 A8 115 38 Group order: 2 
Ha - 108.097

H20 25 39 111 38 Group order: 3 
Ha - 11A.9B0

I



Table 16: HUSBANDRY STAGES 3ASED DIM CROPPING PROGRAMME FOR 1979/50 SEASON (THI3A SECTION)

I

<r>

I

\  SICE HUS 
\ ba nd r y 

\ S T A G -

X s 
UNIT N.

LANcf
PREFARARION 
(NO. OF DAYS)

WATER
TOPPING
(NO. OF DAYS)

RICE GROWTH & 
DEVELOPMENT 
(NO. OF DAYS)

HARVESTING 
(NO. OF DAYS) REMARKS

Hl» 17 152 122
+

30 Group order: 1 
Ha = B9.A7A

H5 25 132 122 38 Group order: 1 
Ha * 155.061

H6 20 11A 122 38 Group order: 1 
Ha - 109.717

H19 20 97 122 38 Group order: 1 . 
Ha - 109.717

H7 17 91 122 30 Group order: 2 
Ha - 81.781

H18 20 76 122 38 Group order: 2 
Ha = 111.336

H3 20 61 122 38 Group order: 2 
Ha = 108.097



Table 16: Cont'd

H20 20 53 122
------- T-------

38 Group order: 
Ha » 11A.980

3

He 18 *♦ 0 122 38 Group order: 
Ha - 9<«.737

3

H1 16 <♦3 122 38 Group order: 
Ha * 72.^70

t*

H2 18 31 122 38 Group order: 
Ha « 91.**98

U

XAverage flooding period * 7 days; Cropping rotav/atlon period as indicated In the programme 

for 1979/80 season.

Average harvesting period



Table 17: EFFECTIVE WATER REQUIREMENTS FOR DIFFERENT RICE HUSBANDRY STAGES BASED ON FIELD
MEASUREMENTS, UNIT H1

RICE
HUSBANDRY
STAGE

NO. OF 
DAYS/STAGE mm/stage % mm/day DATES REMARKS

LAND
PREPARATION 18 378.00 28.16 21 July 1A - 31 

1979

WATER TOPPING 35 257.33 19.17 7.35 Aug. 1 - U Sept. 
1979

RICE GROWTH & 
DEVELOPMENT 107 706.80 52.66 6.61 5 Sept. - 20 Dec. 

1979

HARVESTING AO - - - 21 Dec. 1979 
19 Jan. 1980

Water not 
required



Table 18: EFFECTIVE WATER REQUIREMENTS FDR DIFFERENT RICE HUSBANDRY STAGES BASED ON FIELD
MEASUREMENTS, UNIT H2

RICE
HUSBANDRY
STAGE

NO. OF
DAYS/STAGE mm/atage % mm/day DATES REMARKS

LAND
PREPARATION 15 335.73 22.99 22.38 19 July - 2 Aug. 

1979

WATER
TOPPING 32 27L.58 18.80 8.58 3 Aug. - 3 Sept. 

1979

RICE GROWTH & 
DEVELOPMENT 113 850.27 58.22 7.53 U Sept. - 25 ' 

1979

■

HARVESTING 37 - - mm 20 Dec. - 2 Feb. 
1979 1980

Water not 
required



Table 19: SUMMARY OF DETERMINED EFFECTIVE WATER REQUIREMENTS FDR DIFFERENT RICE HUSBANDRY STAGES

I

oo
Os

I

RICEui icortpinov
EFFECTIVE WATER REQUIREMENTS, mm/day

nuodHl\lur\T
STAGES H 1 H2 H3 H20 TOTAL AVERAGE

LAND
PREPARATION 21.00 22.38 6.75 29.15 79.28 19.82

WATER
TOPPING 7.35 5.58 7.90 19.53 <♦3.36 10.8L

RICE GROWTH & 
DEVELOPMENT 6.61 7.53 7.07 13.18 3<f*39 8.60

HARVESTING X X X X X X

xUater not required.





100



1 0 1

6.2 RE3ULTS -------- CQNT'D

UNIT: H2: In Unit H2 (tables 20, P. i02and 28

P. 122) total inflow was composed of 8k. 6% (1983 mm) of 

irrigation water, and 15. k% (361 mm) of rain water. When 

this water reaches the fields, the following percentages 

37.50% (879 mm), 11.52% (270 mm) and 35.96% (8k3 mm) were 

lost through ev/apotranspiration, deep percolation and 

surface drainage (outflow) respectively whereas 15.02% 

(352 mm) was Btored in the soil. Total effective water 

was 6k.0k% (1501 mm) of total inflow. In this Unit the 

effective water was maximum during the flooding and rota- 

vation stages - (Fig 19, P.100 )* and was maximum again 

during the transplanting stage; then effective water 

decreased after tillering stage approaching near zero 

during the harvesting stage.

The total hectaraage for Unit H2 is 117.7 (table 

15, P . 93 ). The average daily inflow, outflow, evapo- 

transpiration, deep percolation rates were 13.32, 5.16, 

k.35 and 1.18 mm respectively (Tables 1 1, 12, 13 and 1k, 

P. 89, 90, 91 and 92 respectively. Land preparation 

(flooding ♦ rotavation) took 15 days against 18 days in 

1979/80 cropping programme. Water topping took 32 days 

against 31 days in the said programme; rice growth and 

development took 113 instead of 122 days in the programme 

in question (see Tables 15, P.9 3  and 16 P. 9 0 .
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Table 2D; SUMMARY OF WATER BALANCE FOR UNIT H2 AND WATER-USE EFFICIENCY

MONTH

(I)
INFLOW
mm/Mo.

(R)
RAIN
FALL
mm/Mo.

Et
(PENMAN)
mm/Mo.

DEEP (DP)
PERCOLA
TION
LOSSES
mm/Mo.

(0)
OUT
FLOW
mm/Mo.

EFFECTIVE
WATER
(I+R)-0
mm/Mo.

Eu
%

FARMING ACTIVI
TIES +

JUNE
1979 - - • - - • mm —

JULY
1979 3A1X AX 50X 52++ 75X 270 78.25 1 a 2

AUGUST
1979 521 A 12A 56 213 312 59.A3 2, 3, A, 5(a), 5 

(b), 6, 7, & 8

SEPTEMBER
1979 529 A 159 35 161 372 69.79 9

OCTOBER
1979 353 ai 161 32 au 310 78.68 10, 11, 12, 13 & 

1A

NOVEMBER'' 
1979 16A 221 123 20 236 1A9 38.70 15, 16, 17 & 18

DECEMBER
1979

75 58 136 16 7A 59 AA.36 19 , 20 , 21, 22 &
23

JANUARY
1980 0.00 29 126 59 0.00 29 - 23 & 2A

TOTAL FOR 
THE SEASON 1983 361 879 270 8A3 1501 -

+3ee Appendix I for Farming activity descriptions. xTotal for 13 days ++ Estimated, total for 
13 days.



103

Land preparation, mater topping and rice growth 

E development stages required 22*38, 8.58 and 7.53 mm of 

water per day respectively (table 18, P. 97), The total 

effective water required for the first three rice hus

bandry stages (land preparation, water topping and rice 

growth 4 development) was 1L60.58 mm (table 18, P.97 ). 

Total effective water was used as follows: 22.38% (335.73

mm) for land preparation, 8.58% (27<*.58 mm for water 

topping and 58.22% (850.27 mm) for rice growth & develop

ment (table 22). If 1979/80 cropping programme (table 25, 

P. 115 is examined it can be seen total effective water 

which would have been used by this Unit is 17^2.00 mm.

This would have been used as follows: 20.L8% (356.76 mm)

for land preparation, 19.29% (336.0L mm) for water topping 

and 60.23% (10U9.20 mm) for rice qrowth E development.

The effective water used for land preparation was higher 

by 1.90% while that of water topping was lower by 10.7114 

as per 1979/80 cropping programme. Rice growth S develop

ment water requirement was 2.01% lower than 1979/80

estimates



6.2 RESULTS CONT'D

UNIT H3: In Unit H3 (table 21, P.105 and 20,

P.122) total inflow consisted of 0L.03% (1922 mm) of 

river water and 15.37% (3L9 mm) rain water. Once this 

water reached the fields: LO.51% (920 mm), U.67% (106

mm) and **1.35% (939 mm) were lost through evapotrans- 

piration, deep percolation and surface drainage (outflow) 

respectively. 13.**7% (306 mm) was stored in the soil.

Total effective water was 50.65% (1322 mm) of the total 

inflow. The effective water was maximum during the 

flooding and rotavBtion stages - (Fig.ig. P.100) followed 

by a bit decrease and then it increased again reaching ma

ximum during the transplanting and tillering stages and 

thereafter it decreased approaching near zero during the 

harvesting stage.

The totalhectareage for Unit H3 is 13**• 1 (table 

29, P.123). The average daily inflow, outflow, evapo- 

transpiration and deep percolation were 9.07, U.U7, U.35 

and O.*»0 mm respectively (Tables 16, 17 and 10, P. gu, CZ 

96 , and 97 respectively. Land preparation sta^ took 

20 days, same period as planned in 1979/00 cropping pro

gramme; water topping took L0 days against 61 days planned 

in the said programme; and rice growth & development took 

115 days instead of 122 days in the programme in question - 

(tables 15 and 16, P. 93 and 9U respectively).
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Table 21: SUMMARY OF WATER BALANCE FOR UNIT H3 AND WATER-USE EFFICIENCY

MONTH

(I)
INFLOW
mm/Mo.

(R)
RAINFALL ' 
mm/Mo.

^T
(PENMAN)
mm/Mo.

DEEP (DP)
PERCOLA
TION
l o ss e s
mm/Mo.

(0)
OUTFLOW 
mm/Mo.

EFFECTIVE 
WATER 
(I+R)-0
mm/Mo.

Eu
%

FARMING
ACTIVITIES1

JUNE 1979 252X 0.00x 75X 30 ** 117X 135 53.57 1 & 2

JULY 1979 *♦*♦ 9 13 105 9 152 310 67.10 3, U, 5(a), 5(b), 
6 8 7

AUGUST
1979 360 l* 12A 1 238 126 3A.62 8 8 9

SEPTEMBER
1979 *♦05 •* 159 l* 68 3L1 83037 9, 10, 1 1, 12 & 

13

OCTOBER
1979 3A 1 t*̂ 161 U 81 301 78.80 13, 1*s 15 & 16

NOVEMBER
1979 115 221 123 27 221 115 3A.23 16, 17, 18, 19,

20, 21 & 22

DECEMBER
1979 0.00 58 136 19 62 U - 23

JANUARY
1980 0.00 8.0 + 37 + 12 0.00 8 - 2U

TOTAL FOR 
THE 3EAS0 1922 3U9 920 106 939 1332

xTotal for 20 days 
xTotal for 9 days

+1See Appendix 1(a) for Farming Activity descriptions 
Estimated, total for 20 days
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Land preparation, water topping and rice growth & 

development stages consumed 6.75, 7.90 and 7.07 mm of 

water per day respectively (table 22, P, 1 1 2 ) .  The total 

effective water required for the first three rice hus

bandry stages (land preparation, water topping and rice 

growth & development) was 1326.71 mm (table 22, P.112). 

The total effective water was used as follows: 10.18

(135 mm) for land preparation), 28.57% (379.10 mm) for 

water tapping and 61.25% (815.61 mm) for rice growth & 

development (table 22, P.112). Using 1979/80 cropping 

programme total effective water requirements would have 

been 2106.B<*; 18.81% (396.<»0 mm) for land preparation 

31.39% (661.2U mm) for water topping and L9.80% (10L9.20 

mm) for rice growth & development (tables 22, P, 112 and 

25, P.1 1 5 )*  The effective water used for land prepara

tion was lower by 8.63% while that of water tapping was 

still lower by 2.82% aa per 1979/80 crapping programme. 

Rice growth & development water requirement was 11.L5% 

higher than 1979/80 cropping programme estimate. It 

should be noted that total effective water requirement 

uaed during 1979/80 season is lower than that of 1979/

80 cropping programme estimates by 780.13 mm.

UNIT H20: Total inflow of Unit H20 (tables 23,

P .113 and 28, P. 122) consisted of 90.M %  (3**01 mm) of 

the river water and 9.59% (361 mm) of rain water. Uhen
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this water reached the fields; 2<«.05 (905 mir), 0.00%

(0.00 mm) and 20.9L% (788 mm) were lost through evapo- 

transpiration, deep percolation and surface drainage 

(outflow) respectively. 55.01% (2070 mm) was stored in 

the soil. Total effective water was 79.06% of the total 

inflow. Like other units, the effective water was maxi

mum during the flooding and rotavation stages; then it 

decreased thereafter gradually from the water topping 

stage to ripening stage and decreased abruptly during the 

harvesting stage approaching near zero at the end of the 

harvesting stage (fig. 20 P. 108).

The average daily inflow, outflow evapotranspira- 

tion and deep percolation were 17.56, L.29, L.35 and 

0.00 mm respectively - (tables 1 1, 12 and 1U, P-89 ,90 

, and 92 respectively. Land preparation stage took 

25 days estimated in 1979/80 cropping programme; water 

topping took 39 days against 61 days in the said cropping 

programme and rice growth & development took 111 days in

stead of 122 days planned in the 1979/80 cropping pro- 

grarnne - (tables 15 and 16, P.9 3 , and9L respectively).

Land preparation, water topping and rice growth 

& development stages consumed 19.15, 19.53 and 13.18 mm 

of water per day respectively (table 2L, P-nL). The 

total effective water consumed by the first three rice 

husbandry stages (land preparation, water topping and 

rice growth & development) w b b  2953.L5 mm. This unit
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The average effective water requirements for units 

H 1, H2, H3 and H20 are shown in table 19, P. 98 • The 

number of days for each rice growth stage were obtained 

from the cropping programme for 1979/80 season (see 

Appendix XII) and summarized in table 16. The average 

dally effective water requirements (table 16, P.9A ) 

times the number of days per rice growth stage (table 20 

Pi 102) ) gives the total effective water requirements 

for each rice growth stage. The total effective water 

requirements per one rice cycle times the hectareage of 

each unit gives the total volume of effective water per 

one rice cycle. All these details are summarized in 

tables 25 and 26, P.115, and 116 respectively. In table 25, 

P.115, the effective water requirements are expressed in 

mm per rice stage while in table 26, P.116 the effective 

water requirements are expressed in hactare-metre9 (one 

hactare-metre - 10,000 m"3) and total effective water re

quirements for each unit is also expressed as a percen- 

age of the total effective water requirements for the 

entire Thiba Section. Details of table 26, P . 116 are 

further summarized in table 27, P. 117.
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has hectareage of 132 (table 29, P.123). The actual 

effective water requirement per hectare per 1979/80 

season was 22.37 mm. The total effective water was used 

as follows: 21*.6796 (728.1U mm) for land preparation,

25.7996 (761.56 mm) for water topping and 1*9.51*96 

(1463.15 mm) for rice growth and development (table 21*,

P. 111*)• Total effective water requirements based on 

1979/80 cropping programme would have been 2020.12 mm.

The breakdown would have been 19.6296 (396.1*0 mm) for land 

preparation, 28.1*1*; (57A.52 mm) for water topping and 

51.91*96 (1Q1*9.20 mm) for rice growth & development (table 

25, P. 115). Total effective water used in this unit was 

higher than 1979/80 cropping programme figure by 933.33 mm. 

The effective water consumed by land preparation was higher 

than estimated in 1979/80 cropping programme by 332.31* mm, 

while the effective water topping was still hiqher by 

187.01* mm and rice growth and development stage used 

1*13.95 mm more than estimated in the said programme.

6.3 ESTIMATION OF THE EFFECTIVE WATER REQUIREMENTS

FOR THIBA SECTION DURING 1979/80 SEASON

From this water balance study the total effec

tive water requirements for each growth stage was deter

mined as summarised in tables 10, 17, 18, 20, 21, 22, 23 

and ZUt P. 87,96 ,97,102,105,112,113,and 11A respectively.

t



Table 22: EFFECTIVE WATER REQUIREMENTS FOR DIFFERENT RICE HUSBANDRY STAGES DN FIELD
MEASUREMENTS, UNIT H3

RICE
HUSBANDRY
STAGE

NO. OF DAYS 
PER STAGE mm/stage * mm/day DATES REMARKS

LAND
PREPARATION 20 135.00 10.10 6.75 11 June - 30 June 

1979

WATER
TOPPING AS 379.10 28.57 7.90 1 July - 17 Aug. 

1979

RICE GROWTH & 
DEVELOPMENT 115 012.61 61.25 7.07 18 Aug. - 10th Dec. 

1979

HARVESTING 38 - - - 10 Dec. - 17 Jan. 
1979 1980
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MONTH

INFLOW
mm/Mo.

(R)
RAINFALL
mm/Ma.

(PENMAN) 
mm/Ma.

DEEP (DP) 
PERCOLA
TION 
LOSSES 
mm/Mo.

(0)
OUTFLOW
mm/Ma.

EFFECTIVE 
WATER 
(I+R)-0 
mm/Mo.

Eu
%

FARMING ** 
ACTIVITIES

JUNE 1979 169X o.oox X
11 o.oox 3X 166 98.22 1 & 2

JULY 1979 830 13 105 0.00 103 7L0 07.78 3, U, 5(a), 5(b), 
6, 7 & 8

AUGUST
1979 738 U 12<» 0.00 1L6 596 80.^3 9

SEMPTEMBER
1979 689 u 159 0.00 121 572 82. 5U 9, 10, 11 & 12

OCTOBER
1979 623 u<\ 161 0-00 103 561 eu.ua 13, 1<*, 15 & 16

NOVEMBER
1979 353 221 123 0.00 258 316 55.05 16, 17, 18, 19,

20, 21 & 22

DECEMBER
1979 0.00 58 136 0.00 5U U - 23

JANUARY
1980

+
OoOO

♦
20

♦
86 0.00 0.00 20 - 2U

TOTAL FOR 
THE SEASON 3L02 361 905 0.00 788 2975

++See Appendix I for farming activity descriptions xTotal for U days +Total >or 21 days



Table 2 U l  EFFECTIVE WATER REQUIREMENTS FOR DIFFERENT RICE HUSBANDRY STAGES BASED ON FIELD

MEASUREMENTS, UNIT H20

■ — -------------
RICE HUSBANDRY NO. OF DAYS 

PER STAGE mm/stage mm/day DATES REMARKS

LAND
PREPARATION 25 728.7L 2«*.67 29.15 June 27 - July 22 

1979

UATER
TOPPING 39 761.56 25.79 19 „ 58 July 22 - Aug. 30 

1979

RICE GROWTH & 
DEVELOPMENT 111 1A63.15 A9.5A 18. 18 Aug. 31 - Dec. 19 

1979
•

HARVESTING 38 - - - Dec. 20 - Jan. 26 
1979 1980

Water not 
required



TARLE 251 ESTIMATED EFFECTIVE WATER REQUIREMENTS TOR THIBA SECTION BASED ON CROPPING PROGRAMME FOR 1 9 7 9 /0 0  SEASO* AND FIELD DATA ( 

TABLES 2 1 ,2 2 ,2 3 ,2 4  AND 19 >

PROM

RICE

NU5LAKDRT

CTAGCS

H4 NS H6 H19 H7 !•I t REMARKS

o/r* EWR/S**' 0 /6 EWR/S »/ S EWR/S 0/6 EWR/S 0/6 EWR/S 0 / 6 EWR/S

LAND

PREPARATION.
17 3 3 6 .9 4 25 4 9 5 .SO 20 3 9 6 .4 0 20 3 9 6 .4 0 17 3 3 6 .9 4 20 3 9 6 .4 0

WATER

TOPPING . 152 1 6 4 7 .6 8 132 1 4 3 0 .0 8 114 1 2 3 5 .7 6 97 1 0 5 1 .4 8 91 9 8 6 .4 4 76 8 2 3 .8 4

RICE GROWTH 
4

DEVELOPMENT
122 ID 4 9 .2 0 122 1 0 4 9 .2 0 122 1 0 4 9 .2 0 122 1 0 4 9 .2 0 122 1 0 4 9 .2 0 122 1 0 4 9 .2 0

TOT A t 2 91 3 0 3 3 .8 2 279 297S .S B 256 2 6 8 1 .3 6 239 2 4 9 7 .0 8 230 2 3 7 2 .5 8 218 2 2 6 9 .4 4 ✓

Fncx

HUSBANDRY

S T A G E S

H 3 <20 H8 HI H2 •

REMARKS
D /S EWR/S D /S EWR/S D /S EWR/S D /S EWR/S D /S EVR/S

LAND

PREPARATION
20 3 9 6 .4 0 20 3 9 6 .4 0 18 3 1 6 .7 6 16 3 1 7 .1 2 16 3 5 6 .7 6

W A T E R

TOPPING
61 6 6 1 .2 4 53 5 7 4 .5 2 40 4 3 3 .6 0 43 4 6 6 .1 2 31 3 3 6 .0 4

R I C E  G R O W TH  
4

D E V E L O P M E N T

122 1 0 4 9 .2 0 122 1 0 4 9 .2 0 122 1 0 4 9 .2 0 122 1 0 4 9 .2 0 122 1 0 4 9 .2 0

TOTAL 203 2 1 0 6 .B4 195 2 0 2 0 .1 2 ISO 1 8 3 9 .S6 181 1 8 3 2 .4 4 171 1 7 4 2 .0 0

• *  O / S -  DAY5 / S T ACE ••• EWR/S- EFFECTIVE WATER REQUIREMENTS PEo STAGE

BPB D A Y S  PER S T A G E  X AVERAGE EFFECTIVE WATER PER DAY ( SEE TABLE 25 )



TABLE 261 ESTIMATED EFFECTIVE WATER REQUIREMENTS TOR XHIBA SECTION BASED ON CROPPIWO PROGRAMME POR 1 9 7 9 /0 0  SEAS ON AMO FIELD DATA

■3 CL

HUS&AKDRY

STAGES

H4 MS * 6 419 H7___

SUB-TOTAL TER 

RICE HUSBANDRY 

STAGE, Hr—«• • • •
» / S EWR/S

<Hr-H /S >
D /S EWR/S

<H »-M /3>
D /S EWR/S

(Hr-H /S )
D /S EWR/S

(H r-M /3 )
0 / s EWR/S

(Hr-M /S )

LAND
PREPARATION

17 3 0 .1 4 7 I I 7 6 . 0 3 3 4 20 4 3 .4 9 2 20 4 3 .4 9 2 17 2 7 .S 5 S 2 2 1 .5 1 9

WATCH - 
TOPPING

1S2 1 4 7 .4 2 5 132 2 2 1 .8 7 4 114 1 3 5 .5 8 4 97 1 1 5 .3 6 5 91 BO.672 7 0 0 .9 2 0

RICE GROWTH 
A

LSVELCFMWT
122 9 3 .0 7 6 122 1 6 2 .6 9 0 122 1 1 5 .1 1 5 122 1 1 5 .1 1 5 122 8 5 .8 0 5 5 7 2 .6 0 1

TOTAL 291 2 7 1 .4 4 8 279 4 6 1 .3 9 7 256 2 9 4 .1 9 1 2:*9 2 7 3 .9 7 2 230 1 9 4 .0 3 2 1 4 9 5 .0 4 0

1  EWR 1 0 .1 7 6 1 7 .2 9 7 1 1 .0 2 9 1 0 .2 7 1 7 .2 7 4

SICS

HUS BAN DRY 

STAGES

MIS H3 H20 He HI n

SUB-TOTAL PER 

RICE HUSBANDRY

D /4 EWR/S
(Mr-M /S )

0 / i EWR/S
(H r-M /S )

D /S EWR/S 
(H »—M /S )

o /a EWR/S
'.Hr-M /S )

0 /S EWR/S
(Hr-M /S )

o / s EWR/S
(H r-M /S )

STAGE, Hr-M

LAMP

PAEPAPATION 20 3 7 .4 5 3 20 4 2 .8 5 0 20 4 5 .5 7 8 18 3 3 .7 9 8 16 2 2 .9 8 2 18 3 2 .6 4 3 2 1 5 .3 0 4

WATER

TOPPING
76 9 1 .7 2 3 61 7 1 .4 7 8 53 6 6 .0 5 8 40 4 1 .0 7 8 43 3 3 .7 8 0 31 3 C .7 4 2 3 3 4 .8 5 9

RICE GRCWTH 
4

CCVELir-GNT
122 1 1 6 .8 1 4 122 1 1 3 .4 1 5 122 1 2 0 .6 3 7 122 9 9 .3 9 8 122 7 6 .0 3 6 122 9 6 .0 0 0 6 2 2 .3 0 0

T «-»T AO 210 2 4 5 .9 9 5 203 2 2 7 .7 * 3 195 2 3 2 .2 7 3 180 1 7 4 .2 7 4 101 1 3 2 .7 9 8 171 1 5 9 .38S 1 1 7 2 .4 6 3

EAR - ____ i s  * 1 2 . -.Ba I M l . ------ & -5 3 3 —j ____ —

I

tn

I

•••% t t a b l e i 2 7 )  -  2 6 6 7 .5 0 3 EWR- EFFECTIVE WATEI' REQUIREMENTS
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Table 27: GRAND-TOTAL ESTIMATED EFFECTIVE WATER REQUIREMENTS FDR DIFFERENT RICE
HUSBANDRY STAGES FOR 1979/80 SEASON

RICE HUSBANDRY 
STAGE

TOTAL ESTIMATED 
EFFECTIVE WATER 
Ha - m

OF EFFECTIVE 
WATER

REMARKS

LAND
PREPARATION L36.82 16.38 grand-total far all units 

In Thiba Section

WATER TOPPING 1035.78 38.83 grand-total for all units 
in Thiba Section.

RICE GROWTH £ 
DEVELOPMENT 1194*.90 M*. 80

grand-total for all units 
irr Thiba Section.

GRAND TOTAL FOR 
1979/80 2667.50
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S,U WATER-USE EFFICIENCY

Water-use efficiency is defined as the proportion 

of mater beneficially used on farm or field. It is ex

pressed as follows

Eu = 100 Wu (9)
Wd

where:

iWu = Water beneficially used in the field.

Wd = Water delivered to the field.

In this study Wu is taken to  be the e f f e c t i v e  

mater and Uid i s  ta ken  to  be t o t a l  i n f lo w  ( r i v e r  w a te r  

plus the rain water). In U n i t s  H1, H2 & H3, Eu was 

highest during the tillering stage w h i le  in  H20 i t  was 

highest during the flooding t im e .  In o th e r  u n i t s  (H1,

H2 and H3) the Eu 1b generally high and low d u r in g  the 

ripening stage (tables 10, 21 and 23 , p- 87, 105, ^nt 

113 respectively.

CALCULATIONS OF UARIUtli PERCENTAGES Qt

lALAfJCE COMPONENTS

The water balance eq u a t io n  can be rewritten as 

follows:-

Si+I+R+SI+CR = Q+OP^ t+LS^SF ' 10 ̂

Since Si, S I ,  CR and I'.i are n e g l i g i  I p , the  

equation 10 therefore can now be written an fnllows:- 

I+R = 0+DP*ET*Sf V 11)



119

The water balance components in equation (1 1) 

can be expressed as percentages of total water supplied 

to each unit as shown below:-

1. UNIT H1 (See table 1G . P. Q? )

Total water supplied to Unit H 1 within one rice 

cycle « 2234 mm.

I - 1882 mm; 1% - (1882/2234) x 100 - 84%

R « 352 im; R% « (352/2234) x 100 - 16*

0 » 864 mm; 0* - (864/2234) x 100 » 38.6* - 39*

DP losseB * 352 mm; DP losses.

* - (352/2234) x 100 « 15.76* * 16*

eT « 848 mm; ET - (848/2234) x 100 - 37.96* = 38

Sf « 170 mm; Sf* - (170/2234) x 100 - 7.6* - 8*

Effective water - 1370 mm; Effective water

* « (1370/2234) x 100 - 61.32* - 61*

2. UNIT H2 (See table 20. P.102)

Total WBter supplied to Unit H2 within one rice

cycle ■ 2344 ran.

1 ■ 1983 mm; I* ■ (1983/2234) x 100 - 84.6* * 85*

R » 361 mm; R* » (361/2344) x 100 « 15.4* =* 15*

0 - 843 mm; 0* ■ (843/2344) x 100 = 35.96* = 36%

DP losses ■ 270 mm; DP losses -

* - (270/2234) x 100. * 11.52 - 12*

ET» 879 mm;Ej. * » (879/2234) x 100 = 37.5* * 38*
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3.

cyle *

4.

cycle

VN i\ 'iu -
X

^ R A kx Ui*0Bi

Sf = 352 nun; Sf* - (352/2234) x 100 - 15.02* = 15 

Effective uiater ■ 1501 mm; Effective uater * =

(1501/2344) x 100 - 64.04* « 64*

UNIT H3 (See table 21. P. 105)

Total water supplied to Unit H3 within one rice 

2271 mo,

I = 1922 mm; I* » (1922/2271) x 100 = 84.63* «= 85 

R « 349 ram; R% * (349/2271) x 100 « 15.37* * 15

0 - 939 mm; 0* - (939/2271) x 100 »  ̂1.3566 - 41*

OP losses = 106 mm; DP losses -

* = (106/2271) x 100 * 4.67* = 5*

Et » 920 run; E * * (920/2271) x 100 * 40.51* = 41

Sf = 306 mm; Sf* - (306/2271) x 100 = 13.47* * 14

Effective water » 1332 mm; Effective - water * *

(1332/2271) x 100 = 58.65* = 59*.

UNIT H20 (See table 23. P. 113)

Total uater supplied to Unit H 20  w i t h in  one rice 

* 3763 mm.

1 = 3402 mm; I* - 3402/3763) x 100 = 9 0 .4 1 *  = 9 0 *

R = 361 mm; R* - (361/33763) x 100 = 9 . 5 9 *  = 1 0 *

0  * 788 ran; 0* - (788/3763) x 100 = 2 0 .9 4 *  = 21*

DP losses - 0.00 mm; DP losses -

* * (0.00/3763) x 100 = 0 .0 0

E ^  905 mm; E * - (903/3763) x 100 = 2 4 .0 5 *  = 2 4 *

Sf * 2070 mm; Sf * - (2070/3763) x 100 = 55o01*
- 55*
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Effective water » 2975 mm; Effective water *

(2975/3763) x 100 = 79.06** = 79**



TABLE: 28 SUMMARY OF COMPONENTS CF 'JATCR BALANCE FC7 L'MIT j; H1. H2. H3 AND H20

UNIT

I R
e t OP 0 3f

EFFECTIVE
WATER

nun % mm % mm % mm % mm % mn % mm

H1 1882 8A.00 352 16.00 8A8 37.96 352 15.76 86A 38.68 170 7.60 1370 61.32

H2 1983 8 A. 60 361 15.AO 879 37.50 270 11.52 8A3 35.86 352 15.02 1501 6 U.CU

H3 1922 8A.63 3A9 15.37 920 AO.51 106 A.67 939 A1.35 306 13.A7 1332 58.65

H2Q 3A02 90 . A1 361 9.59 905 2A.05 □ .00 0.00 788 20.9A 2070 55o0 1 2975 79.06

AVERAGE 2297 85.91 355.75 1A.09 888 35.01 182 7.99 858.50 3A.23 72 A .50 25.28 179A 65.77
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Table 29: GROSS AND NETT AREAS - THIBA SECTION

UNIT
NETT
AREA
ha

ROADS
ha

9UND3/DRAINS/
CANALS
ha

TOTAL
ha

H 1 76.8 6.0 7.1 89.9

H 2 101*.6 2.0 10.3 117.7

H3 11L.6 9.0 10.5 13U.1

H20 11G.L 5.0 10.6 I 132.0
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6 .6  THE SUMMARY OF THE MAIN FINDINGS

The main findings from this study can be 

summarized as follows:-

1. Total estimated effective water requirements 

for 1979/80 season - 2668 ha-metres.

«
2. Total estimated effective water requirements 

for land preparation stage during 1979/80 

season ■ 437 H a - M  (16.4%) of total effective 

water requirements).

3. Total estimated effective water requirements 

for water topping stage during 1979/80 season 

■ 1036 Ha-M (38.8%) of total effective water 

requirements).

4. Total estimated effective water requirements 

for rice growth and development stage during 

1979/80 - 1194.90 Ha-M (44.8% of total 

effective water requirements).

5. Effective water requirements per ha for 1979/ 

80 season ■ 2.34 Ha-M per ha.

6. Effective water required per holding of

0.405 ha (for 1979/80 season) - 0.95 Ha-M 

(9500 m* ).
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7. Effective water required to produce 1 kg of 

paddy rice « 4*19 m .

8. Effective water required to produce a
. 3

75 )cg-bag of paddy rice - 314 m •
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CHAPTER 7

ANALYSIS AND FINDINGS: CANAL INVESTIGATIONS

DATA TREATMENT

Some points of knoun elevation along the canal 

were selected and the horizontal distances between them 

were determined. With this information the gradients 

in decimal points were calculated - (table, 32, P. 130, 

33, P.131 and Appendix VI). For the main canal five 

distances were selected and average gradient was 

calculated. The original design specifications were 

obtained from R. Chambers and J. Moris P. Q1 - 9a. 

Using the survey data of the main canal the selected 

cross-sections were drawn to the scale and thereafter 

wetted perimeter (P), cross-sectional area (A), 

hydraulic radius (R), canal depth (d) and top width(Q) 

were determined. The roughness coefficient, n of 0.15

was chosen to represent very weedy canal (Israelsen P.
2

81). Using the Manning's formula _ 1 r3 ^
n

the original design capacity and current capacities 

were calculated (table 30, P.127 ). The same procedure 

was followed in determination of original and current 

capacities Df the branch canal as well as the current 

specifications of the selected cross-sections (tables 

3**, P.133, 35, P.13A and Appendix VIII).
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Table 30: THI3A SECTI^: f.'.IN CANAL (FRCM PERF,ANEN T - g y ^ r uH--rAKt U- jHA.NCH canal rL-ux.ju
UNITS H2. H3. HA. & H5 TU OFF-TAKE CF LIMIT H20) ORIGINAL ATJO CURRENT 3PECIFICA- 
TICNS OF DIFFERENT STATIONS.

STN

UETTED
PERI
METER

CROSS-
SECTI
ONAL
AREA

HYDRA
ULIC
RADIUS

CANAL
DEPTH

TCP
WIDTH

AVERAGE
GRADIENT

DESIGN
CAPA
CITY

ROUGH
NESS
COEFFI
CIENT

CURRENT 
CAPA- \ 
CITY

P A R d 3 S Af n* Qi
m m2 m m m m'VgRC mVsec

0 + 0 0 13.20 10.30 1.A2 2.30 13.80 .0012 2.83 .15 5.55

2 ♦ 00 12.A3 13.8A 1 .1 1 1.90 10.00 -do- -do- -do- 3.A6

18 ♦ 00 11.72 1A.00 1. 19 2.10 10. AO -do- -do- -do- A.52

20 ♦ 00 10.07 11.00 1.09 1.80 10. AO -do- -do- -do- 3.35

22 + 00 11.70 12.00 1.03 2.10 9.60 -do- -do- -do- 3.52

2A ♦ 00 12.5A 1A.A0 1.15 2.10 13.20 -do- -do- -do- A.5A

26 ♦ 00 11.99 13.00 1.09 2.20 10. AO -do- -do- -do- 3.96

28 + 00 16.56 1A.00 0.85 2.50 11.60 -do- -do- -do- 3.61

30 + 00 15.73 20.00 1.27 2.90 12.80 -do- -do- -do- 6.7A

32 + 00 13.97 16.30 1.15 2.70 10.80 -do- -do- -do- 5.05

3A ♦ 00 1A.30 19.00 1.33 2.60 11.60 -do- -do- -do- 6.61
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Table 30: THIBA SECTION MAIM CANAL contd

STN P A R d 3 S Qi n Qf

36 + 00 13.31 15.00 1.13 2.50 12.00 -do- -do- -do- A. 68

38 + 00 13.26 18.00 1.36 2.50 13.20 -do- -do- -do- 6.35

A0 + 00 13.75 17.00 1.2A 2.50 10. AO -do- -do- -do- 5.6A

A 2 + 00 15.29 20.00 1.31 2.80 13.60 -do- -do- -do- 6.88

AA + 00 1A.63 16.00 1.09 2.60 12.00 -do- -do- -do- A.87

<♦6 + 00 1A.A1 17.00 1.18 2.70 12.80 -do- -do- -do- 5.A6

A8 + 00 1A.30 19.00 1.33 2. A0 15.20 -do- -da- -do- 6.61

AV/ERAGE 13.51 16.00 1. 18 2. A0 18.88 0.0012 2.83 0.15 5. 19

P. 81 Israelsen • Drigin design, n 0.033 chosen uias for canal with earth bottom and rubble 

sides. In this study canals mere observed to be very weedy, so n adjusted to = 0.15.
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Tuple 31* MAIM CANAL (FROM OFF-TAKE OF BRANCH CANAL 
SUPPLYING WATER TO UNITS H2. H3. HA. AND 

H5 TO OFF-TAKE OF UNIT H20) ORIGINAL AND 
CURRENT SPECIFICATIONS ORIGINAL DESIGN 

SPECIFICATIONS

Initial capacityt Qi 2.B3 m"Vsec.

Average Gradient, S 0.00028571

Top width, B 6.87 m.

Canal depth, d 1.27 m.

Side slopes, Z Vk to 1.

Roughness Coefficient, n 0.033

Resulting Velocity, V 0.A8 mps.

Cross-sectional area, A 6.32 m2.

Wetted Perimeter, P 7.6A m.

Hydraulic Radius, R 0.83 m.

Shape of canal cross-section: Trapezoidal

AVERAGE CURRENT SPECIFICATIONS

Current capacity, Uf 5.19 m3/Sec.

Average Gradient, S 0.0012

Top width, B 18.88 m»

Canal depth, d 2.AO m.

Side slopes, Z non-uniform

Roughness coefficient, n 0.15

Resulting Velocity, V 0.32 mps

Cross-sectional area,' A 16.00 m2

Wetted perimeter, P 13.51 m.

Hydraulic Radius, R 1.18

Shape of canal cross-section : parabolic
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Table 32 THE AVERAGE GRADIENT OF THE MAIN CANAL (FRO’ THE OFF-TAKE OF 33ANCH CANAL FEEDING
UNITS H2. H3. HL AND H5 TO OFF-TAKE OF UNIT H20).

STATIONS HORIZONTAL ELEVATION GRADIENT
(Points) DISTANCE (M) DIFFERENCE (M)

26 + 00 & 18 + 00 800 0.86 0.0011

3L + 00 & 26 ♦ 00 800 O.L 0.0005

38 ♦ 00 & 3L + 00 LOO 1.06 0.0027

L6 ♦ OQ & 38 + 00 800 0.L6 0.0006 •

Average gradient = 0.00L9/L = 0.0012
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Table 33s THE AVERAGE GRADIENT OF BRANCH CANAL (FROM OFF-TAKE OF UNITS HI, TO NEAR 

ROAD TO THIBA AND UIAMUMU RECEPTION CENTRES).

STATIONS
(Points)

HORIZONTAL DIFFERENCE IN
DISTANCE ELEVATION

5 ♦ 00 & 7 ♦ 00 200

6 ♦  00 &  8 ♦  00 200

8 + 0 0  &10 + 0 0  200 

7 ♦  00 &  3 +  00 200

0 ♦ 00 & 2 ♦ 00 200

0.1U

0.13

0.07

0.13

O.H»

Average gradient ■ 0.00061

THE ACCESS

GRADIENT

0.0007

0.0007

0.0Q0<»

0.0007

0.0006



7.2 RESULTS: MAIN CANAL

The original design specifications and average

current specifications ars shown in table 30^ P.127. The

following are the main findings of the mein canal:

1. Capacity has incraassd by 83.39%

2. Gradient has increased from 0.00028571 to 

□•□□1856.

3. Top width has increased by 17<».82%.

A. Canal depth has increased by 88.98%.

5. Side slopes have changed from uniform to non- 

uniform.

6. Roughness coefficient, n has been adjusted from

0.033 to 0.15 owing to very heavy growth of 

water-loving plants.

7. Resulting velocity has increased by 32.5%.

8. Cross-sectional area has Increased by 153.16%.

9. Wetted perimeter has increased by 76.83%.

10. Hydraulic radius has increased by A2.17%.

11. Shape of the canal crosa-section has changed 

from trapezoidal to parabolic.
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Table 3A: BRANCH CANAL (FROM OFF-TAKE DF UNIT H 1 TO NEAR 
THE ACCESS HOAD TO THIBA AND UlAMUMU RECEPTION 
CENTRES) ORIGINAL AND CURRENT SPECIFICATIONS

(a) ORIGINAL DESIGN SPECIFICATIONS

Initial capacity, Qi 1.A2 mVsec.

Average Gradient O.OOOA

Top width, 3 A.39 m.

Canal depth, d 0.853 m.

Side slopes, Z 1H to 1.

Roughness Coefficient, n 0.025

Resulting Velocity, V 0.53A mps.

Cross-sectional area, A 2.65 m .

Wetted perimeter, P A.91 m.

Hydraulic Radius, R

Shape of canal cross-section: Trapezoidal

(h) AVERAGE CURRENT SPECIFICATIONS

0.5A m.

Current capacity, Qf 0. A 1 m'Vsec.

Average Gradient, S 0.00061

Top width, B 5.91 m.

Canal depth, d 1.27 m.

Side slopes, Z non-uniform.

Roughness Coefficient, n 0.15

Resulting Velocity, V 0 .1 1 mps.

Cross-sectional area, A 3.79 m2

Wetted perimeter, P 7.26 m.

Hydraulic Radius, R

Shape of canal cross-section: parabolic.

0.52
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Table 35: BRANCH CANAL - (FEEDING UNITS H1. H6t H7. & Hfl) CURRENT SPECIFICATIONS DF

DIFFERENT STATIONS:

STN p A R d B S Qi n Qf

0. ♦ 00 6.23 A.32 0.693 1.20 5.80 0.00061 1.A15 0.15 0.56

1. + 00 7.1A 3.22 0.A65 1.20 5.80 -do- -da- -do- 0.32

2 + 00 10. AO 5.00 0. A80 1.60 6.80 -do- -do- -do- 0.50

3 + 00 8.29 5.AA 0.656 1.50 8. <+0 -do- -do- -do- 0.68

A + 00 9.18 <♦.96 0.5A0 1.60 6.00 -do- -do- -do- 0.5A

5 + 00 7.73 5.00 0.650 1.50 6. AO -do- -do- -do- 0.62

6 ♦ 00 7.A5 3.32 0.A50 1.30 6.20 -do- -do- -do- 0.32

7 + 00 5.82 2.80 0.A80 1 .10 <♦.80 -do- -do- -do- 0.28

8 ♦ 00 5.60 2.AO 0.A30 1.00 5.00 -do- -do- -do- 0.23

9 + 00 6.86 3.20 0.A7 1.05 5. AO -da- -do- -do- 0.32

10 ♦ 00 5.15 2.08 O.AO 0.90 A. AO -do- -do- -do- 0.19

AVERAGE 7.26 3.79 0.519 1.268 5.91 0.00061 1. A15 0.15 0.A1

/
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7.3 RESULTS: BRANCH CANAL

The original design specifications and average 

current specifications are shown in table 3L, R133» T 

following are the main findings of the branch canal:

1. Capacity has decreased by 101.00*.

2. Gradient has increased from 0.0Q0L to 0.00061.

3. Top width has increased by 3A.62*. 

i*. Canal depth has increased by L8.89*.

5. Side slopes have changed from uniform to 

non-uniform,

6. Roughness Coefficient, n has been adjusted from 

0.025 to 0.15 owing to heavy growth of water- 

loving plants.

7. Resulting velocity has increased by 79.«*0*.

8. Cross-sectional area has increased by L3.02*.

9. Wetted perimeter h a s  increased by V7.86*.

10. Hydraulic radius has decreased by 3.7*.

11. Shape of canal cross-section has changed from
w

trapezoidal to parabolic.
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CHAPTER 8

DISCUSSIONS AND CONCLUSIONS

8.1 DIRECTIONS OF UJATER FLOP IN THE SOIL

Ground water moves from a point of high hydraulic 

head to one of low hydraulic head; therefore, the flow of 

ground water can be charted if the various hydraulic 

heads are known. A piezometer is a tool that is used to 

determine the hydraulic head at a point in the soil 

profile, it is valuable in detecting artesian pressures 

and differences in pressure between various strata. The 

piezometer is a small-diameter pipe driven into the 

subsoil so that there is no leakage around the pipe and 

all entrance of water into the pipe is through the open 

bottom. The piezometer indicates only hydraulic head 

of ground water at the specific point in the soil where 

the lower end or opening of the tube is located.

Batteries of piezometers of different lengths can be 

used to detect the vertical movement of ground water, 

and piezometers spaced at horizontal intervals can be 

used tD detect horizontal seepage or movement.
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This technique is especially useful In studying 

ground—water movement adjacent to canals, drains and 

reservoirs. The following figures show the ground- 

water flow at different hydraulic heads:

^ ‘3-22CD The P>'ez.o*\et«rs
1K€- oJjt-r ii $ol*g
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rva.’VwaJl ou
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8.1 DIRECTIONS OF WATER FLOW IN THE SOIL 

. ........Contd.

UNIT HI

In HI during water topping stage (fig 23(a)

P.1^1 the vertical water flow between horizons 1 and 

3 and horizons 1 and U was downwards (BPI - UPI, BPI - 

YPI, BP2 - WP2f and BP2 - YP2 ). The flow between 

horions 3 and A was erratic - sometimes upwards and 

sometimes downwards. But vertical flow near the drain 

was mainly downwards while the vertical flow far away 

from the drain was mainly upwards (Appendix X and Fig 

23, P.1A1 . In horizons 1 the horizontal flow was from 

the field towards the area near drain (BP2 - BPI) 

while in horizon 3 the horizontal flow w b s  from the 

area near drain towards the field (UP2 - UPI) and so 

in horizon 4 although at times the flow was static or 

reversed direction; for location of piezometer 

batteries in the soil see Fig 16 and 17, P. 7/, , and 

75 respectively.

During the transplanting stage (Fig 23(b) P. 1^1 

the vertical water flow between horizons 1 and 3 and 

horizons 1 and U was as in water topping stage - i.e. 

downwards. The vertical flow in horizons 3 and U near 

the drain was downwards while away from the drain it 

was mainly upwards although at times downwards flow
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toss observed (Appendix X), month of September, 1979).

In horizon 1 the horizontal flou nou uas from the area

near the drain to the field (BPI to BP2) uhile in

horizons 3 the horizontal flou uas opposite (UJP2 to 

UPI); and in horizon U the horizontal flou uas from 

the area near the drain to the field (YPI to YP2).

The vertical flou in horizons 1 and 3 and 

horizons 1 and U during tillering stage (Fig 23(c)

P.1A1 uas the same as in the previous staqes - dounuards.

In horizon 3 and U the flou near the drain uas rather

erratic - sometimes upuards, sometimes static and some

times dounuards, uhile far sway from the drain the 

vertical flou uas mainly upuards although at times 

static and at times dounuards. The horizontal flou 

in horizon 1 uas from the field to the area near 

the drain. In horizons 3 and U the horizontal flou 

uas as rather erratic - sometimes from the area near 

the drain to the field, sometimes from the field to the 

area near the drain and sometimes static - (BP2 - BPI, 

tiJP2 - UPI and YP2 - YPI in Appendix X, October,

1979).

Like other stages the vertical uater flou 

during flouering stage (Fig 22(d), P.137 in horizon 1 

and 3 and horizons 1 and U are dounuards (BPI & UPI,

BPI & YPI, BP2 8 YP2). In horizons 3 and U near the 

drain the vertical uater flou is erratic - sometimes
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upwards, sometimes static and sometimes downwards. In 

the same horizons (3 and A) far away from the drain the 

vertical flow is upwards. The horizontal water flow in 

horizon 1 is from the field to the area near the drain, 

while in horizon 3 the horizontal water flow is from 

the area near the drain to the field. In horizon A the 

horizontal flow though erratic was mainly from the 

field area to the area near the drain - (Appendix X - 

November, 1979).

Again like other previous stages 1 the vertical 

water flow during maturing/harvesting stage (Fig 23 

(e), P.11*“1 iB downwards in horizons 1 and 3 and horizons 

1 and A. In horizons 3 and A near the drain the 

vertical water flow is erratic - sometimes upwards, 

sometimes static and sometimes downwards while in the 

same horizons (3 and A) the vertical flow is upwards 

during the early part of December and downwards during 

the latter part of the month (harvesting stage). The 

horizontal water flow in horizon 1 is erratic - 

sometimes from the field area to the area near the 

drain, sometimes from the area near the drain to the 

field area* In horizons 3 and A the horizontal water 

flow is from the field area to the area near the 

drain - (Appendix X December, 1979).
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During the harvesting stage (January 1979) the 

vertical water flow in all horizons was downwards. At 

the end of January, the piezometers did not have water; 

the water-table had fallen below 120 cm. The horizon 

1 was dry - i.e. the piezometers in this horizon did 

not have water* The horizontal water flow in horizons 

3 and U was from the field area to the area near the 

drain - (Appendix X - January, 1980).

8 .1  DIRECTIONS OF 'aJATER FLOU IN  THE SOIL 

........ Contd

UNIT H2

The vertical water flow in horizons 1, 2 and 3 

is downwards while in horizon U the flow is upwards 

during water topping stage (Appendix X and Fig 2^(a)

In horizon A the vertical flow is upwards.

The horizontal water flow in all horizons is from the 

field to the area near the drain.
t

During the transplanting stage the vertical 

water flow in horizons 1, 2 and 3 (Fig 2A(b), P- 1«*<* 

is downwards. In the horizon U near the drain the 

vertical water flow is upwards while in the area far 

away from the drain the vertical water flow is erratic 

- sometimes upwards, sometimes downwards and sometimes 

static. The horizontal water flow in all horizons is



from the field to the area near the drain - (Appendix 

X September, 1979).

The vertical water flow during the tillering 

stage in horizons 1, 2 and 3 la upwards (Fig 2A(c)f

P.1/+U. In horizon U near the drain the vertical 

water flow is upwards while in the area far away from 

the field is erratic - sometimes upwards, sometimes 

downwards and sometimes static. The horizontal water 

flow in all horizons is from the field to the area 

near the drain - (Appendix X - October 1979).

During the flowering, maturing/harvesting and 

harvesting stages the water flow pattern was the same 

as the water flow pattern of tillering stage - 

Fig 2A(d), (e), & (f), P.1AU Appendix X, November,

1979, Dec. 1979 and January 1900). It was noted in 

this unit that the water table was falling very 

slowly. When the piezometers were uprooted on 25th 

February 1980, the water table was about 92 cm from the 

ground surface. While in other units (HI, H2 and H20) 

water table was 120 cm below ground surface at the 

same date. When the piezometers were uprooted, 

flooding for 1980/01 season had already started in 

the other plots of H2.
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8 .1 DIRECTIONS PRATER FLOW IN THE SOIL

contd

UNIT H3

During the water tapping, tillering, flowering, 

and maturing stages, the vertical water flow is down

wards in horizons 1, 2 and 3 while horizontal water 

flow is from the field to the area near the drain in 

horizons 1 and 3 (Fig 25 (a), (c), (d), & (e), P. 1A6.

In horizons 1, 2 & 3 the vertical water flow was down

wards during transplanting and harvesting stages while 

the horizontal water flow in horizon 1 is erratic during 

the same stages - sometimes from the field to the area 

near the drain and sometimes from the area near the 

drain to the field. In horizons 3 during the same stages 

the horizontal water flow is from the field to the area 

near the drain - (Fig 25 (b) and (f), P. 1A6 - Appendix 

X H3).

UNIT H20

In horizons 1 , 2 and 3 the vertical water 

flow was downwards during water topping and trans

planting stages while in horizon U during the 9ame 

stages the vertical water flow was upwards and
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downwards in the area near the drain and area far 

away from the drain respectively (Pig.26(a) and (b). 

The horizontal water flow in horizon 1 during water 

topping was erratic- sometimes from the area near 

the drain and sometimes from the field to the 

area near the drain. In horizon 3 and 4 the horizontal 

water flow was from the field

THE FOLLOWING DIAGRAMS SHOW GENERAL WATER FLOW 

PATTERN IN DIFFERENT HORIZONS AT VARIOUS RICE 

HUSBANDRY STAGES UNIT H20
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to the area near the drain during the game stage. The verti 

cal water flow in all horizons was downwards during the 

stages of transplanting, tillering, flowering and harvesting 

while the horizontal water flow waB from the field to 

the area near the drain in all horizons during the 

water topping/tranaplanting, transplanting/tillering, 

tillering/flowering, flowering/maturing and harvesting 

stages (Fig 26 (b), (c), (d), (e) and (f), P.1V7 and 1AB 

Appendix X unit H20.

0.2 CONCLUSIONS

(1) From this study it is clear that more water 

management studies are necessary in order to 

determine the right amount of water requirements at 

different rice husbandry stages. This is supported 

by the fact that units H1, H2, H3 and H20 consumed 

3L.96, 30.L9, 21.72 and 61.06 mm of effective water 

per day for 1979/00 season respectively.

(2) The rice growth and development stage consumed 

between 50 - 60# of the effective water while land 

preparation consumed 10 - 30# of the effective water.

But, the land preparation stage needed the highest 

rate of water supply followed by water topping stage 

and then by rice growth and development stage. Are 

these consumptions optimum? More investigations are 

required to ascertain the correct usage.

(3) The water usage can be minimised if water 

topping stage is reduced. The fields which are
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rotavated first according to the cropping programme 

consume more water than the last units because water 

topping stage is longest in the first group of units 

and shortest in the last group of units.

(*♦) The soil in the units studied have no drainage 

problems. Water table rises during the growing season 

and then falls below 150 cm during the harvesting stage.

(5) The water quality for both irrigation and drain 

waters is good - (CLASS I water).

(6) The soil in Thiba Section has very low hydraulic 

conductivity, therefore, the water loss by deep 

percolation is negligible. The soil in unit H20 is 

alkaline and calcarous therefore, it requires good 

management practices for proper cultivation. However, 

detailed studies are required in other units not 

covered by this study.

(7 ) Most of the effective water was lost through 

evapotranspiration.

(8) The horizontal water flow was from the field to 

the drain but in the experimental plots the flow waa 

restricted by the polythene sheets and therefore water 

tended to circulate within these plots.

(9) The figures for evapotranspiration rate by 

Penman Method and experimental plot method were very
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close. In absence of climatic data experimental plot 

method can be used with acceptable accuracy to determine 

evapotranspiration rate.

(10) The capacity of the main canal has increased 

tremendously since it w b b  constructed owing to soil 

erosion and regular clearing by the hydraulic excavators. 

Sedimentation takes place because of water-loving 

plants. In fact branch canal studied has decreased 

capacity because of sedimentation.

(1 1) The water losses in canal owing to seepage are 

negligible in the areas with black cotton soil.

8.3 DISCUSSIONS

The results of this study were obtained from only 

four units but these can be applied in other units of 

Mwea Irrigation Scheme with caution as the other units 

of the Scheme are similar to the ones studied. The 

results of this study have indicated that there is 

clear need for further detailed studies to establish 

the necessary measures to be employed to utilize the 

water sources effectively. The potential of storage 

ponds and dams has not been investigated. Storage 

ponds and dams will be very important in future when 

this scheme adapts two crops per year. The water 

management should be taken more seriously. If necessary
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water measuring structures should be installed in the 

appropriate units, the water guards can be instructed to 

collect the data to be used in formulating water manage

ment policies* Water management research should be 

started.

The most appropriate time to install water 

measuring structures is during harvesting time i.e. 

December to February. Normally after harvesting the 

cattle, goats and sheep owned by the tenants and neigh

bouring people can be found grazing in the units and can 

cause considerable damage to the water measuring 

structures. Some kind of protection is required for 

these water measuring structures especially those which 

are very delicate. Although there are regulations 

prohibiting grazing in the scheme, sometimes they are 

relaxed by the Scheme Management for better public 

relations.

DISCUSSION ON FLOW PATTERN IN UNITS HI. H2. H3 AND H20

During the water topping staqe. vertical water 

flow in horizon 1 was downwards in all units and 

horizontal flow was from field side to drain side in 

units HI, H2, and H3. In unit H20 the horizontal 

water flow was rather erratic - horizontal water flow 

changing direction from time to time. In horizon 2 

the vertical water flow was downwards.
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In horizon 3 the vertical water flow was downwards 

while horizontal water flow in Hi was from the field 

side to drain side and in H2, H3 and H20 the horizontal 

water flow was opposite that of H 1. In horizon U on 

drain side the vertical water flow was upwards in units 

H 1 , H2f and H20 and the field side the flow was upwards 

in unitB H1 and H2 while in unit H20 it waB downwards. 

In unit H3 no records were possible because piezometers 

could not be installed because of hard rock. The 

horizontal water flow in the same horizon was erratic 

in unit H 1 while it was from the field side to drain 

in units H2 and H20.

During the transplanting stage the vertical 

water flow was downwards in all units (H1, H2, H3 and 

H20 ) in horizon 1. The horizontal water flow in units 

Hi and H3 was from drain side to field side while in 

units H2 and H20 it was the opposite of that of units 

H2 and H3 in the same horizon. In horizon 2 the 

vertical WBter flow was downwards in all units. In 

horizon 3 the vertical water flow was downwards in all 

units and the horizontal water flow waa from the field 

side to drain side in all units in the same horizon.

In horizon U on the drain side the vertical WBter 

flow in unit H1 was downwards while it was upwards in 

units H2 and H20 on the field side the vertical water 

flow was rather erratic in units H1 and H2 while it was



upwards In unit H20. The horizontal water flow was 

from drain side to field side in unit H 1 in units H2 

and H20.

During the tillering staoe the vertical water 

flow in horizon 1 was downwards in all units, the 

horizontal water flow was from the field side to the 

drain side in all units. In horizon 2 the vertical 

water flow was downwards in all units. In horizons 3 

the vertical water flow was downwards in all units.

The horizontal water flow was erratic in H1 while it 

waB from the field side to drain side in units H2, H3 

and H20. In horizon U on the drain side the vertical 

water flow was upwards in units H 1 and H2 and downwards
f

in H20; on the field Bide the vertical water flow was 

upwards in unit H1, erratic in unit H2 and downwardB in 

unit H20* The horizontal water flow in horizon U was 

erratic in unit H1, and from the field side to the 

drain side in unitB H2 and H20.

During the flowering stage the vertical water 

flow in horizon 1 was downwards in all units while the 

horizontal water flow was from the field side to the 

drain side in all units. In horizon 2 the vertical 

water flow was downwards in all units. In horizon 3 

the vertical water flow was downwards in all units; the 

horizontal water flow was from the drain side to field
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aide in unit H 1 while it was the opposite of that of 

unit H 1 in units H2f H3 and H20. In horizon U on the

drain side the vertical water flow was erratic in unit
/

H1; upwards in unit H2 and downwards in unit H20; on the 

field side the vertical water flow was upwards in H 1; 

erratic in unit H2 and downwards in unit H20. The 

horizontal water flow in unit H1 was erratic and from 

the field side to drain side in units H2 and H20.

During the maturinq/harvestino staoe the vertical 

water flow was downwards in all units. The horizontal 

water flow was erratic in unit H1, and from the field 

side to drain in units H2, H3 and H20. In horizon 2 the 

vertical water flow was downwards in all units. In 

horizon 3 the vertical water flow was downwards in all 

units while the horizontal water flow was from the 

field side to drain side in all unitB. In horizon U 

on the drain side the vertical water flow was upwards 

in units H1 and H2 and downwards in unit H20; on the 

field side the vertical water flow u b b  upwards in unit 

H 1 , erratic in unit H2 and downwards in unit H20. The 

horizontal water flow was from the field side to drain 

side in all units.

During the harvesting stage in horizon 1 the 

vertical water flow was downwards in all units. The 

horizontal water flow was non-existent in unit H 1 as
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the soil u b8 dry; in units H2 and H20 it uaa from the 

field side to drain side uhile it uas erratic in unit 

H3. In horizon 2 the vertical uater flow uas dounuards
JO

in all units. In horizon 3 the vertical uater flou uas 

dounuards in all units and the horizontal uater flou uas 

from the field aide to drain all units. In horizon U, 

on the drain side the vertical uater flou uas dounuards 

in units Hi and H2 uhile it uas upuarda in unit H2; on 

the field side it uaa dounuards in units H1 and H20 

and erratic in unit H2. The horizontal uater flou uas 

from the field aide to drain side in all units.

8.1* RECOMMENDATIONS

(1) The technical staff in charge of uater control 

needs training in elementary techniques of uater 

measurement and maintenance of the relevant measuring 

structures. Irrigation officers should have a sufficient 

knouledge of irrigation practices.

(2) The tenants need to be educated in proper uater 

utilisation and management. They should be closely 

supervised because some tenants misuse the uater.

(3) The existing uater measuring structures need 

regular maintenance. Some uater measuring structures 

are in a very bad state.

(A) Additional uater measuring structures should be 

Installed in various canals and drains.

L
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(5) Water measuring scheme should be worked out as 

a part of water management in the settlement.

(6) Ab the maximum water requirements are at 

transplanting and tillering stages, the possibility of 

building a storage dam should be investigated.

(7) At the moment the rice growth depends on the 

availability of irrigation water. The utilisation of 

long rains needs more studies with an aim of having two 

crops per year.

(8) The water requirements for the entire settlement 

should be worked out usinq the results of this study 

and other studies conducted in Mwea by other organi

sations so that the necessary measures can be taken.

Now the long rains are not fully utilised, and if water 

requirements are high, it is possible to hold this water 

in ponds till required. The author is convinced that 

the Thiba river is not fully utilized under current

water management.
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APPENDIX I

DAILY INFLOW-OUTFLOW DATA 

AND

FARMING ACTIVITIES



ArrcNOix i (ji' 

FARMING ACTIVITIES

ACTIVITY 

C03Z NUK2SR FARMING ACTIVITIES

1 flooding

2 RotavatIon

3 Nursery preparation

< wator topping

5(a) Seeds soaking

S(b) Seed broadcasting

6 Ox-harrowing and manual seedbed preparation

7 Se"d6 in germination stage

8 Young seedlings in nureerlos • '

9 Transplanting of seedlings and partial draining

10 Rica growing at very early stagos; water added as needed

11 Tillers starting developing at very early stages; water eddec aj nesded /

12 Tillers still developing and expanding; water added as needed

13 Tillers expanding vigorously; water t dded as needed

Manual weeding

tlllzor broadcasting

taring stages; water added as needed

n stages; water added as needed

tiring-green stages

vanning stages

Id draining 

ng stages
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ftPI’ENOIK K b )

.MONTH c r » j m j l » l 9 7 1

AVERAGE INFLOWRATE, im/day
p*rrC

HI H2 H3

1 17 .22

X 17.1.1

3 16.91

4 17 .1*

s 16.81

6  • 15 .79

7 1 5 .S'*

« . 1 6 .06

P 15 .69

10 15.60

11 15.1.0

ConV5_

y AVERAGE OUrFLO.tl<ME nsn/cloy ACTIVITY CODE NUMBER REMARKS

?o HI H2 M3 H’ O HI H2 H3 H20

. ‘.a 6 .3 3 2 .1 8 6 r 1

.<>5 6 .6 5 2 .7 5 1 .

.65 •7.90 3 .3 6 u 1

.67 7 . 9 8 6.01 6 1 6 1

.39 7 .9 8 3 .36 6 1 6 • 1 •

.12 7 .9 8 2 .7 5 6 1 6 1 1 2 *

.77 7 .9 8 ' .1.36 6 1 6 1 1 2

.53 9 . t  2 2 .7 5 6 1 6 1 1 2

.62 13 .20 I M S 6 1 6 1 1 2 •

9<* 12 .30 1 .6 6 6 1 6 1 1 2 ,
99 10.66 2 .1 0 6 1 6 1 1 2 #
99 13.66 £ .7 5 6 1 6 1 1 2

15 9 .6 9 2 .7 5 < 1 6 1 ,2  1 6

85 0 .0 0 10.66 3 .3 6 1 U & 6 • 1 ,2  1 6 r2c o d in g .s ta rte d  in  H1
55 0 .0 0 6.11. 3 .3 6 1 6 1 6 1 ,2  1 6

55 1 .9 3 2 .7 0 3 .3 6 1 6 1 6 1 ,  2 1 6

35 2 .6 3 2 .7 0 3 .3 6 1 ! 6 1 6 1 ,  2 1 6 •

63 6 .7 6 1 .12 6 .01 1 6 1 6 1. 2 1 6 •

.67 5 .2 0 0 .6 6 0 .8 6 6 .7 0 1 1 3 1 6 1 ,3  l  6 Flooding » to r t»d  In H2

.67 5 .0 5 8 .6 7 0 .9 6 6 .3 5 1 1 3 1 6 1 ,3  1 6 .

.67 6 .1 1 2 .3 7 1 .5 7 6 .7 0 1 \ 3 1 6 3 1 6

.67 7 .0 6 6 .3 6 7 .5 7 6 .2 6 1 1 3 1 6 3 1 6

.09 6 .5 1 5 .1 5 7 .9 6 6 .7 0 1 1 3 1 6 3
* •

.23 9 .3 6 7 .2 8 6 .9 1 6 .0 2 1 t  2 1 6  2 3 1 6 3

.19 8 .1 9 8 .6 7 3.6bJ 6 .0 2 2 1 3 1 1 2 > ,5 (e )  1 6
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ConfcHL.

S A 7 C

a v e r a g e  i n e l o w r a t e A V E R A G E  0 U 7 E i.C W R ,\ T E ACr r i v i T Y C O DE N U M B E R • R E M A R K S

H I H 2 H 3 H 2 0 H I H 2 H 3 H 2 0
t

H I H 2 H 3 H 2 0
•

: i 1 1 . 6 0 1 6 . 9 6 9 . 0 9  • 2 2 . 3 5 2 . 9 6 5 . 5 8 6 . 9 6 1 0 . 6 2 6  1 0 6  i 0 9 9  '

* 1 3 . 6 1 1 6 . 0 6 9 . 0 5 2 2 . 5 9 3 . 0 1 5 . 5 8 2 . 2 1 9 . 5 2 6  & 0 6  & 0 i  c 9  ; •

8 n . o s 1 6 . 0 6 9 . 0 5 2 2 . 5 9 3 . 1 5 7 . 5 9 2 . 8 3 5 4 . 3 7 6  1 0 9 9 9 •

4 . 1 3 . 6 7 1 7 . 4 6 2 0 . 1 6 2 3 . 5 1 2 . 9 7 6 . 8 5 1 . 0 1 1 3 . 0 1 • 9 9 9 9

i 1 6 . 1 2 1 9 . 6 7 2 0 . 1 6 2 3 . 6 2 6 . 2 8 7 . 3 3 1 . 5 7 6 . 2 2 9 9 9 9  '

c  • 1 6 . 0 5 1 6 . 6 6 1 0 . 7 5 2 3 . 6 2 7 . 6 6 1 3 . 0 0 3 . 9 1 3 . 7 9 9 9 9 9

i 1 3 . 3 2 1 3 . 5 2 1 0 . 6 2 2 3 . 3 3 0 . 8 7 1 6 . 8 6 1 . 7 2 2 . 7 5 9 9 1 0 9 *

e 1 3 . 0 1 1 6 . 2 2 1 0 . 0 0 2 3 . 6 9 1 0 . 9 0 1 0 . 1 5 2 . 3 3 3 . 3 7 9 9 1 0 9 .r ; 
*

ti

1 3 . 2 7 1 5 . 6 3 9 . 9 ' . 2 3 . 5 6 1 0 . 1 1 6 . 9 5 1 . 6 9 2 . 2 0 9 9 1 0 9

J O 1 3 . 5 6 1 0 . 5 7 0 . 5 2 2 6 . 2 0 8 . 9 0 3 . 9 2 2 . 6 6 1 . 3 5 9 9 1 0 1 0 •

i i 1 1 . 6 6 1 0 . 5 0 1 6 . 0 6 . 2 4 . 3 1 5 . 0 9 5 . 5 7 r . S 9
•

0 . 9 1 9 9 10 1 0

1 2 0 . 6 6 1 7 , 2 6 1 6 . 0 2 2 0 . 1 5 3 . 0 1 3 . 6 6 3 . 2 5 1 . 5 0 9 9 1 0 1 0

1 3 9 . 3 3 1 9 . 1 2 1 3 . 2 6 2 0 . 3 9 5 . 6 9 5 . 8 3 2 . 1 1 2 . 7 9 9 9 1 0 1 0

M 1 1 . 9 6 1 9 . 5 1 1 1 . 3 9 2 5 . 6 5 3 . 0 9 4 . 3 4 1 . 0 2 6 . 0 1 9 9 1 0  • 1 0
/  .

1 5 1 3 . 1 6 1 8 . 0 7 1 0 . 9 8 2 5 . 0 8 4 . 1 9 6 . 7 7 1 . 3 3 4 . 0 1 5 9 1 0 1 0

1 4 1 5 . 0 3 1 0 . 7 1 1 2 . 4 0 2 2 . 7 0 2 . 6 5 6 . 2 3 0 . 5 3 5 . 4 3 9 9 1 0 1 0

1 7 1 S . 6 6 2 2 . 5 2 1 3 . 3 9 1 0 . 0 2 1 . 0 6 4 . 7 1 1 . 5 0 6 . 6 0 9 9 1 0 1 0

1 6  i _  2 2 . 2 0 1 3 . 5 1 1 7 . 5 0 0 . 6 6 3 . 3 0 2 . O S 2 . 0 3 9 9 1 0 1 0

1 5  ___ 1 | * 2 . 0 2 1 3 . 3 9 1 7 . 5 0 1 . 6 6 2 . 9 8 1 . 0 9 1 . 3 3 9 9 1 0 1 0 •

2 0  -------1 War , 1 3 . 3 9 1 7 . 3 2 2 . 0 6 3 . 2 0 9 . 0 2 1 . 3 5 1 0 9 1 1 1 1

2 1  ___J 1 * 3 . 0 6 1 3 . 3 0 1 7 . 3 2 1 . 2 0 3 . 6 S 1 . 2 7 1 . 1 9 1 0 9 1 1 1 1
.

2 2  J K O . C S 1 3 . 2 0 -  1 7 . 4 1 1 . 3 6 3 . 8 1 0 . ! ' 5 1 . 3 5 1 0 ___9 1 1 11
B e l .  no 1 2 . 2 1 17 . e s  I 1 .9 W 2 . 3 7 1 . 0 9 2 . 2 0 1 3 1 0 1 1 1 1
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DATE
A V E R A G E  I N f L O W R A T E ,  M M / d ry a v e r a g e  ouTrLO'.tn/.r;'t um/day

T
ACr r i v i T i r  coiJ S  N U M O ER REMARKS .

H I H2 H J H 2 0 H I H 2 H 3 H 2 0 H I H 2 H 3 H 2 0

1 1 3 . 5 9 1 4 . 4 0 1 4 . 3 9 2 1 . 3 0 0 . 4 8 2 . 0 0 4 . 1 6 2 . 2 0 1 1 1 2 12 1 3

Z 1 1 . 9 0 1 0 . 3 2 1 1 . 2 0 2 1 . 5 6 0  4 8 2 . 1 3 2 . 5 7 1 « u 6 1 1 1 2 1 2 1 3

3 1 5 . 1 . 8 1 1 . 5 9 0 .0 0 1 0 . 6 0 0 . 6 9 1 . 1 0 1 .6a 1 1 . 0 8 1 1 1 2 1 2 1 3

4- 1 3 . 3 1 7 . 7 0 0 .0 0 1 7 . 0 5 1 . 9 5 1 . 9 2 2 . 1 5 1 . 3 5 1 1 1 2 J 2 ____ _ 1 3 _ i _ 1 4 _  _

5 1 5 .  ZG 1 3 . 6 1 0 .0 0 1 7 . 7 0 1 . 3 3 2 . 5 5 3 . 2 1 1 . 5 0 1 2 1 2 1 2 V  t A h _
•

6 1 4 . 1 1 1 0 . 6 1 9 . 5 1 .  1 7 . 6 7 1 . 7 0 4 . 5 4 1 . 1 5 1 . 6 3 1 2 1 2 1 2  4  1 3  _
1 3  4  1 4

7
1 5 . 5 0 9 . 5 2 19.  r# ■ 0 . C 1 1 . 9 4 4 . 0 7 ; : . 2 i 1 . 6 0 1 2  4 1 4 1 2 1 2  4 1 3 1 3  4  1 4

*

6
i o .  ca 1 0 . 4 6 . 1 0 . 0 2 1 7 . 0 0 2 . 0 2 3 . 3 4 3 . 2 1 1 . 0 4 1 2  1  1 4 1 2 1 2  4 13 1 ]  4 1 4

9 1 0 . 3 9 1 2 . 1 4 1 4 . 9 0 1 7 . 0 7 2 . 1 0 2 . 3 2 2 . 7 0 1 . 1 9 1 2  & 1 4 1 2 1 3  4 14 1 3  i  1ia

::o 1 3 . 4 9 1 0 . 9 0 6 . 0 2 1 7 . 6 9 2 . 6 0 . 1 . 9 2 1 . 4 3 1 . 3 5 1 3  & 1 4 1 2 1 3  4 14 1 3  4 1 4 .
' gx t t . 9 P 9 . 9 2 6 . 9 2 1 7 . 6 9 2 . 4 3 2 . 5 7 1 . 5 5 • 1 . 1 9 1 3  4 1 4 1 2 1 3  4  14 1 3  4 1 4

7Jt 1 4 . 2 0 1 4 . 7 1 1 4 . 5 4 2 3 . 7 1 2 . 2 6 2 . 1 9 1 . 6 6 1 . 0 5 1 3  & 1 4 1 2 1 3  4 '.4 1 3  4 1 4

1 3 1 4 . 0 2 1 9 . 4 1 1 5 . 0 5 2 3 . 7 9 1 . 0 1 1 . 9 2 1 . 4 1 1 . 0 5 1 3  4  1 4 1 2 1 3  4 1 4 1 3  4 1 4

3 4 1 3 . 0 9 0 .0 0 1 5 . 0 5 2 0 . 0 1 1 . 6 3 2 . 3 2 3 . 3 3 2 . 7 6 1 3  & 1 4 1 2 1 3  4 1 4 1 3  4 1 4

3S 1 3 . 3 5 0 . 0 0 1 5 . 4 8 2 3 . 1 1 1 . 7 0 1 . 9 2 2 . 0 0 3 . 6 0 1 3  S  1 4 1 2 1 3  4 14 V  l

1 6 1 5 . 0 0 1 0 . 3 4 1 5 . 0 5 2 6 . 7 3 1 . 7 0 0 . 2 1 2 . 1 4 3 . 6 0 1 3 . 1 4  4 1 5 1 3 1 3  4  14 1 3  4 1 4

1 7 1 6 . 9 9 1 5 . 6 6 1 2 . 2 6 2 6 . 7 3 1 . 5 7 0 . 9 4 2 . 4 3 6 . 2 1 1 3 , 1 4  & 1 5 1 3 1 3  4 14 1 3  4 1 4 * *

1 6 1 6 . 5 6 1 6 . 3 4 1 1 . 7 1 2 6 . 2 0 1 . 0 1 1 . 5 0 2 . 5 7 5 . 9 5 1 3 1 3  & 1 4 1 3  4 1 4 1 3  4 1 4

l a 1 4 . 1 5 2 0 . 7 5 1 4 . 1 0 2 2 . 5 3 1 . 9 7 2 . 5 3 2 . 4 0 4 . 25 1 3 1 3  4 1 4 1 3  1 1 4 1 3  4 1 4

1 3 . 2 2 2 0 . 2 4 1 4 . 4 0 1 9 . 4 6 1 . 6 3 3 . 3 5 1 . 0 0 3 . 9 2 1 3 1 3  4  1 4 1 5  4  1 6 1 3  4 1 4

1 2 . 5 4 2 7 . 0 3 1 4 . 0 4 1 9 . 7 0 1 . 9 4 6 . 2 1 2 . 4 0 3 . 3 0 1 3 1 3  4 ' .4 1 5  4 1 6 1 5  4  1 6
.

m m 5 . 5 3 1 0 . 8 0 "  2 0 . 2 3 1 . 4 7 4 . 2 2 2 . 0 0 3 . 3 4 1 3 1 3  4 1 4 1 5  4 1 6 1 5  4 1 6

E = ^ 0 . 4 2~ 9 . 6 0 0 . 4 9 2 0 . 7 4 2 . 1 0 3 . 6 0 2 . 4 0 5 . 4 6 1 3 1 3  4  1 4 1 5  4 1 6 1 3  4  1 6

[  j 1 . 4 7 3 . 0 7 2 . 4 0 3 . 7 0 1 3 1 ?  4 1 4 1 6 1 6
“

01



1

MONTH O ft

fltVCNOIX TOO

INfLOU-OUTfLOU POT A AN? rfi»M!N3 ACTIVITIES— Cont 'd
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RR’ EHPIX K b ?

: a t c

A V E R A G E  IN F X O W R A T S A V E R A G E  OH ?rL3W RA TE ACr r x v i T Y  c o 3 6  N U M B E R REMARKS

H i H2 H3 H 2 0 111 H 2 r  » i::> o H I H 2 H 3 H20

i
1V.03 0.00 0 .0 3 0.00 1*93

l
6 . 1 8 | 6 .8 2 v . o t 17 i 10 18 19 a 20 ■ i s  a 19

a 13.59 0.00 0.00 0.00 5 .1 8 2 .66 5 .01 V.7IJ 17 & 10 10 19 a 20 i s  a 19

3 13.11 1 0 .0 0 0.00 0.00 7 .2 0 1.69 f  .59 6 . 6 ' 17 E 16 10 20  a 21 ia  a 19

4 13.13 1 9 .VO 0.00 0.00 10.11 2 .VC s ;5 6 9.0(1 17 1 10 10 2 0  a 21 19

s 13.31 20.32 0.00 0.00 8 .1 8 3 .26 2 .5? 6 .7 !! 17 a 10 10 21 15

4  • 13.19 2 0 . 3 2 0.00 3 .00 0 .9 6 3 .20 2 .86 3 .7 9 17  a 10 10 21 19

7 1.6V O .C O r.o o 0.00 V.9V 3 .2 0 1 . E 0 2 .9  £ 19 10  a 19 21 19

8 0 .6 3 0 .0 3 0 .0 0 0 .0 0 V.76 2 .2 0 0 .59 1.92 19 10  a 19 21 19

9 0 .6 3 0 .0 0 O.CO 0 .0 0 3.81 2.V S 1.83 1 . 'J 19 10  a 1 9 21 19 a 20

1 0 0 .8 3 0 .0 0 0 .0 0 0 .0 0 6 .04 3.05 1 .0 6 1.19 19 a 20 19 21 19 a 20

11 0 .8 3  i 0 .0 0 0 .0 0 0 .0 0 V.52 2 .V6 2.02 0 .7 7 13 a 23 19 a 20 21 21 .
1 Z . 0 . 6 3  i 0 .0 0 0 .0 0 0 .0 0 V.33 2.20 1.23 0.65 1?  a 2 3 19 a 20 21 21

1 5 0 .8 3  | 0 .00 0 .0 0 o.co 3 .5 6 1.69 (1.86 0.V2 19 a 20 19 a 20 21 21

IV O .V 5 0 .0 0 0 .0 0 o.oo 3 . 5 2 1 .6 9 1.V2 0 .4 2 19 a 21 19 4 20 22 • 21 • /

U> 0 .1 6 6 .V2 0 .0 0 0 .0 0 3 .52 1.69 1.V2 0.V2 19- a .31 19 22 _______ 21___
\

U l 0 . 2 6 0 .0 0 0 .0 0 0 .0 0 3 .52 1.07 0 .8 2 0.V2 21 19 22 21

» 0.V5 0 .0 0 0 .0 0 0 .3 0 3 .9 3 2 .30 0 .5 6 0.V2 21 19 22 21 •

an 0 .1 6 0 .0 0 0 .0 0 0 .0 0 <•,52 V.21 1.08 0 .90 21 19 22 .31___

i s 0 .1 6  j 0 .0 0 0 .0 0 o.co 3 .5 2 3 .2 0 1.12 0 .7 7 21 21 22 22 .
3C 0 .1 6 0 .0 0 0 .0 0 0 .0 0 6 .7 6 2.V6 2 .7 6 0 .7 7 21 21 22 22 *

21 0 .1 6 O.CO 0 .0 0 o.co 3 .5 3 2 . V S 3 .0 8 0 .7 7 21  a 2 2 2 " 22 22

*2 0 .16 0 .0 0 o.co 2 .60 1.69 2 .3 6 0 .7 7 22 21 22 22

o .- ra ^ o.co 0 .0 0 2 .1 0 2.20 C.93 0 .7 7 22 21 22 22

! o.-f c | 0 .0 1 1.93 1.07 0 .7 8 0.V2 22 21 22 22

CT~ n . n n o.no 1-47 1.07 □ .5 9 0.V2 22 21 2? 22
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A p p e n d i x  II

Table 1. Rainfall, evapotranapiration, evaporation and percolation loaaes
Month: June 1979

Dace

R a i n f a l l  

( « * / Day)

E_ ( Peaoan)  Evaporation  
( Cl a s s  " A” 
pan)

(na/dajr)  (mm/Bty)

P er c ol a t i o n  l o a ae s  
(nn/day)

Unit Unit  Unit  
HI H2 HJ

Unit
H20

1 1 9 . 8 0 • 3 . 5 0
2 1 . 0 0 - 1 .50
3 0 . 0 0 - 5 . 0 0
4 4 . 0 0 - 3 . 0 0
s 0 . 0 0 - 3 . 5 0
6 0 . 0 0 - 4 . 5 0
7 0 . 0 0 - 4 . 7 0
8 0 . 9 0 - 4 . 9 0
9 0 . 0 0 - 5 . 0 0

10 0 . 0 0 - 5 . 00
11 0 . 0 0 4 . 3 3 4 . 5 0 - - -

12 0 . 0 0 5 . 0 3 S.00 - - -

13 0 . 0 0 3 . 0 5 6 . 0 0 - - -
14 0 . 0 0 4 . 3 3 7 . 00 - - -

13 0 . 0 0 3.75 4.QQ - - -

16 0 . 0 0 4 . 3 6 6 . 5 0 - - -

17 0 . 0 0 4 . 3 3 4 . 0 0 - - -

18 0 . 0 0 4 . 5 1 6.QQ - - -

19 0 . 0 0 3 . 1 6 3 . 5 0 - - -

20 0 . 0 0 3 . 3 9 3 . 5 0 - - -

21 0 . 0 0 3 . 1 7 4 . 0 0 - - -

22 0 . 0 0 3 . 5 6 4 . 5 0 - - -

23 0 . 0 0 3 . 6 2 5 . 00 - - -

24 0 . 0 0 2 . 5 4 2 . 5 0 - - -

23 0 . 0 0 4 . 0 8 5 . 00 - - -
26 0 . 0 0 4 . 3 9 5 . 00 - - -

27 0 . 0 0 2 . 8 4 4 . 0 0 - - - -

28 0 . 0 0 2 . 3 4 I . 00 - - - -

29 0 . 0 0 2 . 1 6 2 . 5 0 - - - -

30 0 . 0 0 3 . 5 5 4 . 0 0 - - - -
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Appendix II (cone.)

Table 2 . Rainfall, eva po t r a m p  irac ion , evaporation and percolation losses
Month: July 1979

Date
R a i n f a l l f ^  (Pennan) Evaporac ion 

( Cl a s s  " A "  
pan)
(nm/day)

Pe r c o l a t i o n  l o s s e s  
( an / d s y )

( na / day) ( a n / d a y ) Unit
HI

Unit
H2

Uni t
H3

Unit
820

1 0 . 0 0 2 . 9 0 4 . 0 0

2 0 . 0 0 2 . 3 6 3 . 00
3 0 . 0 0 2 . 1 0 1 . 50

4 0 . 0 0 2 . 7 9 3 . 0 0

s 0 . 0 0 3 . 9 6 5 . 50 •

6 o . s o 2 . 31 4 . SO

7 6 . 9 0 2 . 9 7 2 . 9 0

8 0 . 0 0 3 . 0 7 3 . 5 0

9 ’ 0 . 0 0 4 . 7 1 5 . 5 0

10 0 . 0 0 4 . 7 3 6 . 5 0

1 1 0 . 0 0 3 . 1 9 4 . 0 0

12 0 . 0 0 3 . 0 9 3 . 5 0

13 0 . 0 0 2 . 2 7 3 . 0 0

14 0 . 0 0 2 . 0 9 1 . 50 - - - -

13 1 . 7 0 1 .98 2 . 2 0 - - - -

16 0 . 0 0 3 . 0 9 2 . 5 0 - - - -

17 0 . 0 0 3 . 2 7 4 . 5 0 - - 1 . 28 -

18 0 . 0 0 3 . 3 9 4 . 5 0 - - 0 . 8 9 -

19 1 . 0 0 5 . 1 7 5 . 0 0 - - 0 . 5 7 -

20 0 . 0 0 5 . 1 2 4 . 0 0 - - 0 . 3 1 -

21 0 . 0 0 4 . 7 0 5 . 0 0 - - 0 . 2 2 -

22 0 . 4 0 3 .31 3 . 9 0 - - 0 . 1 8 -

23 0 . 0 0 4 . 9 4 5 . 5 0 - - 0 . 1 5 -

24 0 . 0 0 3 . 4 9 3 . 5 0 - - 0 . 1 2 -

23 1 . 3 0 3 . 0 3 2 . 8 0 - - 0 . 0 9 -

26 0 . 0 0 1 .8 8 1 . 50 - - 0 . 0 0 0 . 0 1

27 0 . 0 0 2 . 6 4 2 .  SO - - 0 . 0 4 0 . 01

28 0 . 0 0 3 . 6 2 5 . 0 0 - - 0 . 0 4 0 . 0 1

29 0 . 0 0 2 . 71 3 . 0 0 - - 0 . 0 5 0 . 01

30 0 . 0 0 4 . 3 6 5 . 0 0 - - 0 . 0 4 0 . 01

31 0 . 8 0 4 . 71 5 . 8 0 - - 0 . 0 4 0 . 0 0
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Appendix II (cont.)

Table 3. Rainfall, evapotrantpiration, evaporation and percolation losses
Month : August 1979

Dace

R a i n f a l l ( ?enean) Evapo cation  
( C l a s s  "A"  
pan)
( nn / da y)

Pe rc ol a t i o n  l o s s e s  
(mn/dav)

( ax / day) ( nn/ day) Unit
HI

Unit
H2

Uni c 
H3

Unit
H20

1 1 .00 1 . 9 9 1 . 5 0 • - 0 . 0 4 0 .01

2 0 . 0 0 3 . 4 5 3 . 5 0 - - 0 . 0 4 0 . 0 0

3 0 . 0 0 4 . 0 4 4 . 5 0 - - 0 .OS 0 . 00

4 0 . 0 0 4 . 7 8 5 . 0 0 - - 0 . 0 5 0 . 0 0

5 0 . 0 0 4 . 8 4 5 . 5 0 4 . 0 8 3 . 9 6 0 . 0 2 0 . 00

6 0 . 0 0 4 . 2 6 5 . 5 0 3 . 5 8 3 . 66 0 . 0 1 0 . 00

7 0 . 00 2 . 2 7 2 . 0 0 3 . 0 2 2 . 3 4 0 . 0 2 0 . 00

S 0 . 0 0 3 . 5 4 3 . 0 0 2 . 8 6 1 . 70 0 . 0 2 0 . 0 0

9 0 . 0 0 4 . 6 3 6 . 0 0 2 . 3 3 1 .89 0 . 0 1 0 . 00

10 0 . 00 2 . 1 5 3 . 0 0 2 . 2 7 1 . 89 0 . 0 2 0 . 00

1 1 0 . 0 0 2 . 2 1 1 . 50 2 . 1 4 1 .89 0 . 0 2 0 . 00

12 0 . 0 0 4 . 4 5 5 . CO 2 . 2  3 1 .85 0 . 0 2 0 . 00

13 1 .10 2 . 3 3 1 . 6 0 2 . 2 5 1 . 70 0 . 0 2 0 . 00

14 0 . 0 0 2 . 3 7 2 . 0 0 2 . 2 3 1 . 59 0 . 0 2 0 . 00

IS 0 . 9 0 2 . 2 2 1 .90 2 . 0 9 1 . 58 0 . 0 3 0 . 00

16 0 . 00 3 . 8 5 4 . 0 0 2 . 0 7 1 . 58 0 . 0 3 0 . 00

17 0 . 0 0 2 . 8 9 2 . 5 0 2 . 0 5 1 .46 0 . 0 3 0 . 00

IS 0 . 0 0 4 . 6 1 5 . 0 0 1 .90 1 . 37 0 . 0 2 0 . 00

19 0 . 00 4 . 2 4 5 . 5 0 1 .91 1 .44 0 . 0 3 0 . 00

20 0 . 0 0 5 . 4 6 6 . 0 0 2 . 0 7 1 . 3S 0 . 0 4 0 . 00

21 0 . 0 0 S . 04 6 . 0 0 1 .9 0 1 .44 0 . 0 3 0 . 00

22 0 . 00 5 . 1 4 7 . 0 0 1 .89 1 . 58 0 . 0 3 0 .00

23 0 . 0 0 5 . 0 0 5 . 0 0 1 .87 1 .86 0 . 0 4 0 . 00

24 0 . 0 0 4 . 8 9 6 . 0 0 1 . 8 8 1 .86 0 . 0 5 0 . 00

25 1 .00 5 . 0 3 5 . 5 0 1 . 7 2 1 .90 0 . 0 5 0 . 00

26 0 . 0 0 4 . 4 5 5 . 0 0 1.71 1 .75 0 . 0 6 0 . 00

27 0 . 0 0 4 . 3 8 6 . 0 0 1.61 1 . 72 0 . 0 9 0 . 00

28 0 . 0 0 5 . 5 7 6 . 5 0 1 . 7 0 1 .35 0 . 0 8 0 . 00

29 0 . 0 0 5 . 8 7 7 . 5 0 1.61 1 .33 C.  10 0 . 00

30 0 . 0 0 5 . 11 7 . 5 0 1 .57 1 .25 0 . 0 7 0 . 00

31 0 . 0 0 3 . 2 6 5 . 0 0 1 . 49 1 . 23 0 . 0 5 0 . 0 0
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A p p e n d i x  I I  i c o n t ■>

T«bl« 4. Rainfall, evapotranapiration, evaporation and parcolacion loaaaa
Month : September 1979

Date
R a i n f a l l ( P e n a n ) Evaporat ion  

( C l a s s  " A "  
pan)
(mta/day)

P er c ol a t i o n  l o s s e s  
( s a / d a y )

(mm/day) ( a n / d a y ) Unit
HI

Unit
H2

Uni t
H3

Unit
H20

1 0 . 0 0 4 .  IS 5 . 0 0 1 . 58 1 . 18 0 . 0 7 0 . 00
2 0 . 6 0 4 . 7 5 5 . 0 0 1 . 53 1 . 16 0 . 0 6 0 . 0 0
3 0 . 0 0 6 . 2 7 7 . 0 0 1 .74 1 . 16 0 . 0 7 0 . 0 0
4 0 . 0 0 6 . 4 0 9 . 0 0 1 . 60 1 .25 0 . 0 7 0 . 0 0
3 0 . 00 3 . 9 1 3 . 5 0 1 . 76 1 . 25 0 . 0 9 0 . 0 0
6 0 . 0 0 4 . 9 7 8 . 0 0 1 . 48 1 .49 0 . 0 9 0 . 0 0
7 0 . 00 4 . 4 4 5 . 5 0 1 .69 1 . 44 0 . 0 9 0 . 00
S o . s o 4 . 6 5 6 . 5 0 1 . 56 1 .37 0 . 2 3 0 . 0 0
9 0 . 0 0 4 . 2 1 5 . 0 0 1 . 56 1 . 26 0 . 2 0 0 . 0 0

10 0 . 0 0 3 . 5 1 S . 0 0 1 . 62 1 . 25 0 . 1 9 0 . 00
1 1 3 . 20 3 . 6 9 4 . 2 0 1 . 58 1 . 18 0 . 1 7 0 . 00
12 0 . 0 0 4 . 2 3 5 . 5 0 1 . 48 1 . 2 5 0 . 1 5 0 . 0 0
13 0 . 0 0 5 . 2 8 6 . 0 0 1 . 38 1 . 1 8 0 . 1 5 0 . 00
u 0 . 00 5 . 7 7 6 . 5 0 1 . 46 1 . 16 0 . 1 6 0 . 00
IS 0 . 0 0 5 . 9 9 8 . 0 0 1 .44 1 . 24 0 . 1 2 C.00
16 0 . 0 0 6 . 3 6 7 , 0 0 1 . 2 6 1 . 2 4 0 . 1 5 0 . 00
17 0 . 00 6 . 5 2 8 . 5 0 1 . 1 0 1 . 25 0 . 1 1 0 . 00
18 0 . 0 0 5 . 9 1 8 . 0 0 1 . 08 1 . 26 0 . 1 0 0 . 00
19 0 . 0 0 5 . 2 1 8 . 7 0 1 . 22 1 . 34 0 . 1 1 0 . 00
20 0 . 00 5 . 8 5 9 . 5 0 1 . 3 7 1 . 34 0 . 0 9 0 . 0 0
21 0 . 00 6 . 06 9 . 0 0 1 . 23 1 . 1 6 0 . 1 0 0 . 00
22 0 . 0 0 6 . 3 4 8.50 1 .11 1 . 1 0 0 . 1 0 0 . 00
23 0 . 0 0 6 . 0 3 5 . 5 0 1 . 09 1 .0 3 0 . 1  1 0 . 00
26 0 . 00 5 . 3 9 6 . 0 0 1 . 27 1 .01 0 . 0 1 0 . 00
25 0 . 0 0 5 . 8 8 8 . 0 0 1 . 2 3 0 . 9 6 0 . 1 4 0 . 00
26 0 . 0 0 4 . 5 6 7 . 5 0 1 . 18 0 . 9 4 0 . 1 3 0 . 00
27 0 . 00 6 . 0 1 7 . 0 0 1 . 1 0 0 . 9 4 0 . 1 2 0 . 00
2 S 0 . 0 0 5 . 3 4 6 . 5 0 1 . 2 4 0 . 9 6 0 . 1 1 C.00
29 0 . 0 0 5 . 6 8 8 . 0 0 1 . 15 0 . 9 4 0 . 1 0 0 . 00
30 0 . 0 0 5 . 5 1 7 . 5 0 1 .02 0 . 9 4 0 . 0 9 0 . 00
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Table 5. Reinfell, cvapotranspirat ior., evaporation end percolation losses
Month : October 1979

Dace
R a i n f a l l E.  (Penaan) Evaporat ion  

( Cl a ss  " A "  
pan)
( cm/ day)

P er co l a t i o n  l o s s e s  
(tnn/day)

( c c / d a y ) ( « « / day) Unit
HI

Unit
R2

Unit
H3

Unit
R20

1 0 . 0 0 5 . 5 6 7 . 5 0 1 . 03 i . i  i 0 . 0 8 Q .00
2 0 . 0 0 5 . 2 4 7 . 50 1 . 03 1 . 33 0 . 1 2 0 . 00
3 0 . 9 0 5 . 0 2 6 . 4 0 1 . 24 1 .27 0 . 1 8 0 . 0 0
4 3 . 10 4 . 5 5 5 . 1 0 1.24 1 .16 0 . 1 6 0 . 0 0
3 3 . 4 0 4 . 6 8 5 . 9 0 1 . 03 1 .15 0 . 1 5 0 . 0 0
6 0 . 0 0 4 . 6 3 5 . 5 0 1 . 03 1 .10 0 . 1 9 0 . 00
7 0 . 0 0 5 . 3 1 7 . 00 1 . 37 1 .03 0 . 1 6 0 . 00
• 0 . 0 0 5 . 1 9 7 . 50 1 .34 1 .02 0 . 1 6 0 . 0 0
9 0 . 0 0 6 . 2 6 8 . 0 0 1 .34 1 .03 0 . 1 6 0 . 00

10 0 . 0 0 5 . 7 3 7 . 50 1 .26 1 .01 0 . 1 4 0 . 0 0
11 0 . 0 0 5 . 6 2 8 . 0 0 1 . 25 0 . 9 7 0 . 1 4 0 . 00

12 0 . 0 0 5 . 5 3 7 . * 0 1 . 17 a . 89 0 . 1 1 0 . 0 0

13 0 . 0 0 4 . 5 2 8 . 0 0 1 . 17 0 . 8 3 0 . 1 2 0 . 0 0

14 0 . 0 0 6 . 0 7 9 . 5 0 1.11 0 . 8 8 0 . 1 0 0 . 0 0

IS 0 . 0 0 5 . 4 0 6 . 5 0 1 . 10 1 .26 0 . 1 0 0 . 0 0

16 '  0 . 0 0 5 . 3 3 6 . 0 0 1 .33 1 .25 0 . 1 1 0 . 0 0

17 0 . 0 0 4 . 3 9 5 . 0 0 1 . 26 1 .17 0 . 1 2 0 . 0 0

18 0 . 0 0 5 . 8 3 7 . 00 1.25 1 .10 0 . 1 2 0 . 0 0

19 0 . 0 0 5 . 8 9 7 . 50 1 .18 1 .08 0 . 1 2 0 . 00

20 0 . 0 0 5 . 6 6 8 . 00 1 . 16 1 .01 0 . 1 2 0 . 00

21 0 . 7 0 5 . 2 5 6 , 7 0 1 . 1 ) 0 . 9 7 0 . 1 4 0 . 0 0

22 4 . 3 0 4 . 9 9 5 . 3 0 1 .10 0 . 95 0 . 1 3 0 . 0 0

23 0 . 2 0 5 . 1 2 5 . 20 1 .09 0 . 88 0 . 1 2 0 . 0 0

24 28 . 20 5 . 1 3 7 . 20 1 .08 0 . 9 0 0 . 1 5 0 . 00

25 0 . 0 0 3 . 2 4 4 . 0 0 1 .57 0 . 91 0 . 1 4 o . co
26 0 . 0 0 4 . 6 4 4 . 00 1 .48 0 . 97 0 . 1 6 0 . 0 0

27 0 . 2 0 4 . 6 0 6 . 20 1 .45 0 . 96 0 . 1 2 0 . 0 0

28 0 . 0 0 5 . 5 9  . 6 . 5 0 1 . 33 0 . 89 0 . 1 8 0 . 0 0

29 0 . 0 0 5 . 2 8 7 . 00 1 .25 0 . 84 0 . 1 6 0 . 0 0
30 0 . 0 0 5 . 1 3 6 .50 1.15 0 . 8 0 0 . 1 2 0 . 0 0
31 0 . 0 0 5 . 2 4 7 . 0 0 1 .09 0 . 8 0 0 . 1 5 0 . 0 0
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Table 6. Rainfall, evapotranspiration, evaporation and percolation losses
. Month : November 1979

Data

R a i n f a l l (Penman) Eva pora t i on  
( C l a s s  " A "  
pan)  
(nm/day)

P e r f l a t i o n  l o s s e s  
(am/day)

(tan/day) (am/day) Unit
HI

Unit
H2

Unit
H3

Unit
H20

1 0 . 0 0 5 . 6 5 7 . 0 0 1 . 08 0 . 7 9 1 . 08 0 . 0 0

2 S S . I 0 5 . 0 2 1 0 . 1 0 0 . 9 5 0 . 7 5 1 .01 0 . 0 0

3 4 . 2 0 3 . 7 6 7 . 7 0 1 . 3 6 0 . 9 0 1 . 17 0 . 0 0

4 9 . 8 0 4 . 2 2 5 . 8 0 1 . 34 0 . 9 6 1 . 16 0 . 0 0

5 2 8 . 7 0 3 . 5 7 4 . 7 0 1 . 37 1.01 1 . 12 0 . 0 0

6 0 . 0 0 2 . 5 6 2 . 5 0 1 . 24 0 . 8 8 1 .21 0 . 00

7 0 . 2 0 2 . 6 8 2 . 7 0 1 . 1 7 0 . 8 4 1 . 19 0 . 0 0

S 0 . 0 0 2 . 7 0 2 . 5 0 1 . 03 0 . 8 4 1 . 08 0 . 0 0

9 5 8 . 5 0 3 . 3 8 6 . 0 0 0 . 9 4 0 . 8 4 0 . 9 8 0 . 0 0

10 3 6 . 1 0 1 . 96 4 . 6 0 1 . 1 0 0 . 7 9 1 . 16 0 . 0 0

1 1 5 . 3 0 2 . 1 9 2 . 8 0 1 . 08 0 . 7 8 1 . 08 0 . 0 0

12 1 6 . 1 0 3 . 7 3 4 . 1 0 0 . 9 7 0 . 7 4 0 . 9 8 0 . 0 0

n 3 . 1 0 3 . 1 2 3 . 6 0 0 . 9 4 0 . 71 1 . 04 0 . 0 0

14 0 . 4 0 5 . 1 4 4 , 9 0 0 , 8 8 0 , 6 7 0 . 9 4 0 . 0 0

IS 0 , 0 0 3 . 7 5 5 . 5 0 0 . 8 4 0 . 6 8 0 . 9 2 0 . 0 0

16 0 . 0 0 4 . 6 9 6 . 0 0 0 , 8 0 0 , 6 6 0 . 8 7 0 . 0 0

17 0 . 0 0 4 . 0 4 4 . 5 0 0 . 7 1 0 . 6 0 0 . 8 6 0 . 0 0

18 3 . 3 0 4 . 1 7 4 . 3 0 0 . 6 3 0 . 6 0 0 . 8 6 0 . 0 0

19 0 . 0 0 3 . 5 8 4 . 0 0 0 . 5 7 0 . 5 5 0 . 8 3 0 . 0 0

20 0 . 0 0 3 . 0 2 3 . 5 0 0 . 5 5 0 . 5 2 0 . 7 6 0 . 0 0

21 0 . 0 0 4 . 7 8 5 . 5 0 0 . 5 0 0 . 5 0 0 . 7 3 0 . 0 0

22 0 . 0 0 5 . 1 2 5 . 5 0 0 . 4 6 0 , 4 9 0 . 7 2 0 . 0 0

23 0 . 0 0 4 . 65 5 . 5 0 0 . 4 2 0 . 4 8 0 . 7 1 0 . 0 0

24 0 . 0 0 4 . 8 5 5 . 5 0 0 . 4 1 0 . 4 7 0 . 7 6 0 . 0 0

25 0 . 0 0 5 . 5 0 5 . 5 0 0 . 3 8 0 . 4 4 0 . 7 3 0 . 0 0

26 0 . 0 0 4 . 9 3 4 . 5 0 0 . 3 7 0 . 4 2 0 . 6 9 0 . 0 0

27 0 . 0 0 5 . 1 6 6 . 5 0 0 . 7 1 0 .AS 0 . 6 5 0 . 0 0

28 0 . 0 0 5 . 41 6 . 5 0 0 . 5 8 0 . 4 9 0 . 6 9 0 . 0 0

29 0 . 0 0 4 . 7 4 6 . 0 0 0 . 5 2 0 . 51 0 . 6 0 0 . 0 0

30 0 . 0 0 5 . 31 6 . 0 0 0 . 6 4 0 . 5 0 0 . 5 4 0 . 0 0
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Tab 1e 7. Rainfall, evapotranspiration, evaporation and percolation losses
Month : December 1979

D a t .

R a i n f a l l Ey (Penman) Evaporat ion  
( C l a s s  " A "  
pan)
(am/day)

r e r c o U c i o n  l o s s e s  
(am/day)

( » » / day) ( a a / d a y ) Unit
HI

Unit
H2

Unit
H3

Unit
H20

, 1 . 8 0 4 . 5 7 5 . 3 0 0 . 4 2 0 . 4 9 0 . 0 4 C.00

2 0 . 0 0 4 . 8 2 5 . 0 0 0 . 3 7 0 . 4 5 0 . 0 4 0 . 0 0

3 0 . 0 0 4 . 5 4 6 . 0 0 0 . 3 3 0 . 4 6 0 . 0 5 0 . 0 0

4 0 . 0 0 5 . 0 5 6 . 5 0 0 . 27 0 . 41 0 . 0 5 0 . 0 0

s 0 . 0 0 4 . 9 5 5 . 5 0 0 . 2 5 0 . 41 0 . 0 5 0 . 0 0

6 0 . 0 0 4 . 2 9 6 . 5 0 0 . 2 2 0 . 4 7 0 . 0 7 0 . 0 0

7 0 . 0 0 4 . 9 1 5 . 0 0 0 . 2 0 0 . 5 2 o . o s 0 . 0 0

S 0 . 0 0 4 . 8 2 6 . 5 0 0 . 1 9 0 . 5 0 0 . 4 3 0 . 0 0

9 2 . 7 0 4 . 4 4 6 . 7 0 0 . 1 8 0 . 4 9 0 . 4 6 0 . 0 0

10 0 . 0 0 4 . 3 1 6 . 0 0 0 . 1 6 0 . 4 5 0 . 5 1 0 . 0 0

1 1 0 . 0 0 4 . 5 0 5 . 5 0 0 . 1 7 0 . 4 2 0 . 6 3 0 . 0 0

12 0 . 0 0 5 . 0 9 6 . 5 0 Q. 14 0 . 4 0 0 . 7 9 0 . 0 0

13 0 . 0 0 5 . 3 0 7 . 0 0 0.31 0 . 3 7 0 . 9 4 0 . 0 0

14 0 . 0 0 5 . 1 0 7 . 5 0 0 . 2 8 0 . 3 3 1 .01 0 . 0 0

IS 0 . 0 0 5 . 2 4 6 . 5 0 0 . 2 5 0 . 7 9 1 . 16 0 . 0 0

16 0 . 2 0 4 . 7 8 6 , 7 0 0 . 1 6 0 . 7 5 1 . 2 4  . 0 . 0 0

17 1S , 6q 2 . 7 7 3 . 1 0 0 . 1 8 0 . 6 4 1 .28 0 . 0 0

18 4 . 8 0 3 . 6 3 4 . 8 0 C .29 0 . 7 0 0 . 9 6 0 . 0 0

19 1 3 . 0 0 3 . 6 8 6 . 0 0 0 . 2 4 0 . 7 5 0 . 8 5 0 . 0 0

20 0 . 0 0 3 . 1 7 4 . 0 0 0 . 3 0 0 . 7 5 0 . 6 7 0 . 0 0

21 0 . 0 0 3 . 3 0 4 . SO 0 . 2 6 0 . 7 5 0 . 61 0 . 0 0

22 8 . 7 0 3 . 0 5 4 . 2 0 0 . 2 3 0 . 75 0 . 6 0 0 . 0 0

23 0 . 0 0 3 . 9 2 4 .  SO 0 . 21 0 . 6 7 0 . 5 8 0 . 0 0

24 0 . 0 0 3 . 5 5 4 . 0 0 0 . 35 0 . 6 0 0 . 6 0 0 . 0 0

25 6 . 4 0 4 . 1 5 S . 40 0 . 3 5 0 . 4 2 0 . 61 0 . 0 0

26 0 . 0 0 4 . 71 6 . 0 0 0 . 35 0 . 3 8 0 . 61 0 . 0 0

27 0 . 4 0 3 . 9 8 4 . 9 0 0 . 3 5 0 . 3 6 0 . 6 7 0 . 0 0

28 4 . SO 4 . 2 0 5 . 5 0 0 . 3 5 0 . 37 0 . 6 7 0 . 0 0

29 0 . 0 0 5 . 3 0 7 . 0 0 0 . 3 8 0 . 3 8 0 . 7 4 0 . 0 0

30 0 . 0 0 4 . 8 4 6 . 5 0 0 . 4 5 0 . 3 8 0 . 7 9 0 . 0 0

31 0 . 0 0 4 . 9 2 6 . 0 0 0 . 4 8 0 . 4 0 0 . 8 4 0 . 0 0
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Appendi x H I

T a b l e  I . ST by e xper i aent a l  p l o t  ( SI )

Data
Water*
l o s s e s

(am/dar)

Oeep ,
p e r c o l a t i o n  
l o s s es  by 
Darcy e q u a t i on
( t v / d a y )

Fi e l d
decerained  
ET>- 2 - 3

S"m/day>

Et by'
Penman

(mra/dav)

Evaporation  
c l a s s  "A"  pan

Remarks

2 7 . 8 . 7 9 7 . 0 0 1 .61 5 . 3 9 5 . 5 7 6 . 5 0
3 0 . 8 . 7 9 9 . 0 0 1.57 7 . 4 3 5 . 11 7 . 50
3 1 . 8 . 7 9 5 . 0 0 1.49 3.51 3 . 2 6 5 . 00

8 . 9 . 7 9 6 . 0 0 1.56 4 . 44 4 . 65 6 . 5 0
1 3 . 9 . 7 9 7 . 0 0 1 .38 5 . 62 5 . 2 8 6 . 0 0
1 4 . 9 . 7 9 6 . 5 0 1.46 5 . 04 5 . 7 7 6 . 5 0
1 5 . 9 . 7 9 7 . 0 0 1 .44 5 . 5 6 5 . 9 9 8 . 0 0
2 3 . 9 . 7 9 8 . 0 0 1 .00 6.91 6 . 0 3 5 . 5 0
2 5 . 9 . 7 9 8 . 0 0 1 .23 6 . 7 7 5 . 8 8 * 8 . 0 0
2 9 . 9 . 7 9 8 . 0 0 1.15 6 . 8 5 5 . 6 8 8 . 0 0

8 . 1 0 . 7 9 8 . 0 0 1.34 6 . 6 6 5 . 1 9
*■►

7 . 5 0
1 0 . 1 0 . 7 9 6 . 5 0 1 . 26 5 . 24 5 . 7 3 7 . 50
1 1 . 1 0 . 7 9 6 . 5 0 1.25 5 . 2 5 5 . 6 2 8 . 0 0
1 2 . 1 0 . 7 9 8 . 0 0 1.17 6 . 8 3 5 . 5 3 7 . 50
1 4 . 1 0 . 7 9 1 0 . 0 0 1.11 8 . 89 6 . 0 7

»■
9 , 5 0

1 5 . 1 0 . 7 9 6 . 5 0 1.10 5 . 4 0 5 . 4 0 f 6 . 5 0
1 7 . 1 0 . 7 9 6 . 0 0 1.26 4 . 7 4 4 . 3 9 5 . 0 0
1 9 . 1 0 . 7 9 8 . 0 0 1.18 6 . 8 2 5 . 8 9 \ 7 . 3 0
2 2 . 1 0 . 7 9 5 . 5 0 1 .10 4 . 4 0 4 . 9 9

r
5 , 3 0

2 4 . 1 0 . 7 9 6 . 5 0 1 .08 5 . 4 2 5 . 1 3 7 . 7 0
2 9 . 1 0 . 7 9 8 . 0 0 1.25 6 . 7 5 5 . 2 8

k

f -

7 . 0 0
3 1 . 1 0 . 7 9 6 . 5 0 1.09 5.41 5 . 2 4 7 . 00

1 . 1 1 . 7 9 8 . 0 0 1.08 6 . 9 2 5 . 6 5
t

7 . 00
2 . 1 1 . 7 9 6 . 0 0 0 . 95 5 . 0 5 5 . 0 2 10.10
2 4 . 1 1 . 7 9 5 . 0 0 0.41 4 . 5 9 4 . 8 5 5 . 50
2 5 . 1 1 . 7 9 6 . 0 0 0 . 38 5 . 6 2 S . 0 0 5 , 50

4 . 1 2 . 7 9 5 . 5 0 0 . 27 5 . 2 3 5 . 0 5 6 , 50
5 . 1 2 . 7 9 5 . 0 0 0 . 25 4 . 7 5 4 . 9 5 5 .50
8 . 1 2 . 7 9 5 . 0 0 0 . 19 4 . 81 4 . 8 2 6 . 50
9 . 1 2 . 7 9 5 . 0 0 0 . 18 4 . 8 2 4 . 4 4 6 . 70
1 0 . 1 2 . 7 9 5 . 0 0 0 . 16 4 . 84 4 . 31 6 .04
1 I . 1 2 . 7 9 5 . 0 0 0 . 17 4 . 8 3 4 . 5 0 5 .50

TOTAL 2 1 2 . 0 0 32 .12 189.79 1 6 6 . 2 7 217 . 84

AVERACE (day i* 
s t a p l e d  • 32) 6 . 6 6 1 .00 5 . 6 5 5 . 2 0 6.81

error correction:; ♦2tnm ^calculated froa 1979 weather data
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Tnbln 2 . by . x p . r i a a n e a l  p l o t  (H2)

Appendix III (cone.)

Dae*

W a t e r * 1
l o s s e s

( on / day)

Deep 2
p e r c o l a t i o n  
l o s s e s  by 
Darcy equat i on
( o c / d a y )

Fi e l d
determined  
ET 1 - 2 - 3

(am/day) (mm/day)

Evaporation^ Remarks6 
c l a s s  " A"  pan

( c s / d a y )

5 . 9 . 7 9 5 . 0 0 1 . 25 3 .75 3 . 9 1 3 . 5 0
8 . 9 . 7 9 6 . 0 0 1 . 37 4 . 6 3 4 . 6 5 6 . 5 0
1 1 . 9 . 7 9 5 . 0 0 1 . 1 8 3 . 82 3 . 6 9 4 . 2 0
1 2 . 9 . 7 9 6 . 0 0 1 . 25 4 . 75 4 . 2 3 5 . 5 0
1 8 . 9 . 7 9 9 . 0 0 1 . 26 7 . 74 5 . 9 1 8 . 0 0
1 9 . 9 . 7 9 7 . 0 0 1 .34 5 . 66 5 . 2 1 8 . 7 0
2 3 . 9 . 7 9 6 . 0 0 1 .03 4 . 97 6 . 0 3 5 . 5 0
2 * . 9 . 7 9 8 . 0 0 1 .01 6 . 99 5 . 3 9 6 . 0 0
2 5 . 9 . 7 9 6 . 0 0 0 . 9 6 5 . 04 5 . 8 8 8 . 0 0

3 . 1 0 . 7 9 8 . 0 0 1 .27 6 . 7 3 5 . 0 2 6 . 4 0
4 . 1 0 . 7 9 7 . 0 0 1 . 16 5 . 8 4 4 . 5 5 5 . 1 0
6 . 1 0 . 7 9 6 . 0 0 1 . 10 4 . 9 0 4 . 6 3 5 . 5 0
7 . 1 0 . 7 9 6 . 5 0 1 .03 5 . 4 7 5 . 3 1 7 . 0 0
8 . 1 0 . 7 9 8 . 0 0 1 .02 6 , 9 8 S . 19 7 . 5 0
9 . 1 0 . 7 9 8 . 0 0 1 . 03 6 . 9 7 6 . 2 6 8 . 0 0
1 0 . 1 0 . 7 9 7 . 0 0 1.01 5 . 9 9 5 . 7 3 7 . 5 0
1 1 . 1 0 . 7 9 6 . 0 0 0 . 9 7 5 . 0 3 5 . 6 2 8 . 0 0
1 6 . 1 0 . 7 9 6 . 0 0 1 .25 4 . 7 5 5 . 3 3 6 . 0 0
1 9 . 1 0 . 7 9 8 . 0 0 1 .08 6 . 9 2 5 . 8 9 7 . 50
2 0 . 1 0 . 7 9 8 . 0 0 1 .01 6 . 9 9 S . 66 8 . 0 0
2 2 . 1 0 . 7 9 5 . 0 0 0 . 9 5 4 . 0 5 4 .99 S .80
2 3 . 1 0 . 7 9 6 . 0 0 0 . 8 8 5 . 1 2 5 . 1 2 5 . 2 0
2 8 . 1 0 . 7 9 6 . 0 0 0 . 8 9 5 . 11 5 . 5 9 6 . 5 0
3 1 . 1 0 . 7 9 6 . 0 0 0 . 8 0 5 . 2 0 5 . 2 4 7 . 00

1 . 1 1 . 7 9 8 . 0 0 0 . 79 7 . 21 5 . 6 5 7 . 00
2 . 1 1 . 7 9 6 . 0 0 0 . 7 5 5 . 2 5 5 . 0 2 10 .10
1 6 . 1 1 . 7 9 5 . 0 0 0 . 66 4 . 3 4 4 . 6 9 6 . 00
1 7 . 1 1 . 7 9 5 . 0 0 0 . 6 0 4 . 4 0 4 . 0 4 4 . 50
2 0 . 1 1 . 7 9 4 . 0 0 0 . 5 2 3 . 4 8 3 . 0 2 8 .50
2 1 . 1 1 . 7 9 5 . 0 0 0 . 5 0 4 . 5 0 4 . 7 8 5 .50
2 4 . 1 1 . 7 9 5 . 0 0 0 . 4 7 4 . 5 3 4 . 8 5 5 .50

2 5 . 1 1 . 7 9 5 . 5 0 0 . 4 4 5 . 0 6 5 . 0 0 5 .50
3 0 . 1 1 . 7 9 6 . 0 0 0 . 5 0 5 . 5 0 5.31 6 . 00

1 . 1 2 . 7 9 5 . 0 0 0 . 4 9 4 . 5 1 4 . 5 7 3 . 30
2 . 1 2 . 7 9 5 . 0 0 0 . 4 5 4 . 5 5 4 . 8 2 5 . 00
3 . 1 2 . 7 9 5 . 0 0 0 . 4 6 4 . 5 4 4 . 5 4 6 . 00
4 . 1 2 . 7 9 6 . 0 0 0 . 41 5 . 5 9 5 . 05 6 .  SO
5 . 1 2 . 7 9 5 . 0 0 0 . 41 4 . 5 9 4 . 9 5 5 . 50
8 . 1 2 . 7 9 5 . 0 0 0 . 5 0 4 . 5 0 4 .82 6 . 50
9 . 1 2 . 7 9 5 .00 0 . 4 9 4 . 51 4 . 4 4 6 . 70
1 1 . 1 2 . 7 9 5 . 00 0 . 4 2 4 . 5 8 4 . 5 0 5 .50
1 2 .1 2 . 79 6 , 00 0 . 4 0 5 . 6 0 5 . 09 6 . 50
13 . 12 .7 9 6 . 0 0 0 . 3 7 5 . 6 3 5 . 30 7 . 00
Total 2 b 2.01 35 . 6$ 226 .2 7 r r r r T TTflTTS
AVERAGE ( day .  
i . n p l . d  -  43) 0 . 8 3  5 . 2 6  5 .01 6 . 29
•error c o r r e c t i o n  : -*2; ^ c a l c u l a t e d  from 1979 weather  data
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Tabl e  3 . by e xp e r i o e n t a l  p l o t  (E3)

Date
W a t er * 1
l o s s e s

(tnm/day)

*>««P ,  F i e ld  
p e r c o l a t i o n  deterained  
l o s s es  by E 1 - 2*3  
Darcy e quat i on  
( c a / d a y )  Cna/day)

Et by*

Penman^

; mm/day)

Evaporat ion^ Remarks** 
c l a s s  " A "  pan

(r.a/day)

2 * . 7 . 7 9 5 . 0 0 0 . 1 2 4 . 8 8 3 . 4 9 3 . 5 0
2 5 . 7 . 7 9 5 . 0 0 0 . 0 9 4 . 91 3 . 0 3 2 . 8 0
8 . 8 . 7 9 5 . 0 0 0 . 0 2 4 . 9 8 3 . 5 4 3 . 0 0
1 9 . 8 . 7 9 5 . 0 0 0 . 0 3 4 . 9 7 4 . 2 4 5 . 5 0
2 1 . 8 . 7 9 5 . 0 0 0 . 0 3 4 . 9 7 5 . 0 4 6 . 0 0
2 2 . 8 . 7 9 5 . 0 0 0 . 0 3 4 . 9 7 5 . 1 4 7 . 0 0
2 3 . 8 . 7 9 5 . 0 0 0 . 0 4 4 . 9 6 5 . 0 0 5 . 0 0

4 . 9 . 7 9 8 . 0 0 0 . 0 7 7 . 9 3 6 . 4 0 9 . 0 0
1 5 . 9 . 7 9 6 . 0 0 0 . 1 2 5 . 8 8 5 . 9 9 8 . 0 0
1 7 . 9 . 7 9 6 . 0 0 0 .11 5 . 8 9 6 . 5 2 8 . 5 0
1 8 . 9 . 7 9 8 . CO 0 . 1 0 7 . 9 0 5 . 9 1 8 . 0 0
1 9 . 9 . 7 9 6 . 0 0 0 .11 5 . 8 9 5 . 21 8 . 7 0
2 0 . 9 . 7 9 6 . 0 0 0 . 0 9 5 . 91 5 . 8 5 9 . 5 0
2 1 . 9 . 7 9 6 . 0 0 0 . 1 0 5 . 9 0 6 . 0 6 9 . 0 0
2 2 . 9 . 7 9 7 . 0 0 0 . 1 0 &. 90 6 . 3 4 8 . 5 0
2 3 . 9 . 7 9 6 . 0 0 0 .11 5 . 8 9 6 . 0 3 5 . 5 0
2 5 . 9 . 7 9 8 . 0 0 0 . 1 4 7 . 8 6 5 . 9 8 8 . 0 0
2 7 . 9 . 7 9 8 . 0 0 0 . 1 2 7 .88 6 . 0 1 7 . 00
2 8 . 9 . 7 9 6 . 0 0 0 ,11 5 . 8 9 5 . 3 4 8 . 50
2 9 . 9 . 7 9 8 . 0 0 0 . 1 0 7 . 9 0 5 . 6 8 8 . 00
3 0 . 9 . 7 9 8 . GO 0.Q9 7 . 91 5 . 51 7 . 5 0

4 . 1 0 . 7 9 5 . 0 0 0 , 1 6 4 . 8 4 4 . 5 5 5 . 1 0
7 . 1 0 . 7 9 8 . 0 0 0 . 1 6 7 . 8 4 5 . 31 7 . 00
8 . 1 0 . 7 9 8 . 0 0 0 . 16 7 . 84 5 . 1 9 7 . 50
9 . 1 0 . 7 9 7 . 0 0 0 . 16 6 . 8 4 6 . 2 6 8 . 00
1 1 . 1 0 . 7 9 6 . 0 0 0 . 14 5 . 8 6 5 . 6 2 8 . 0 0
1 3 . 1 0 . 7 9 8 . 0 0 0 . 12 7 . 8 8 4 . 5 2 9 . 0 0
1 4 . 1 0 . 7 9 9 .00 0 . 1 0 8 . 9 0 6 . 0 7 9 . 5 0
2 7 . 1 0 . 7 9 5 . 0 0 0 . 1 2 4 . 8 3 4 . 6 0 6 . 2 0

2 . 1 1 . 7 9 6 . 0 0 1.01 4 . 9 9 5.C2 10 .10
4 . 1 1 . 7 9 6 . 0 0 1 .16 4 , 8 4 4 . 2 2 5 . 80
8 . 1 1 . 7 9 5 .00 1 .08 3 . 9 2 2 . 7 0 2 . 50
9 . 1 1 . 7 9 5 . 0 0 0 . 98 4 . 0 2 3 . 3 8 8.00
1 7 . 1 1 . 7 9 5 . 00 0 . 86 4 . 11 4 . 0 4 4 . 5 0
2 0 . 1 1 . 7 9 5 . 0 0 0 . 76 4 . 2 4 3 . 0 2 3 . 50
2 1 . 1 1 . 7 9 5 . 0 0 0 . 73 4 . 2 7 4 . 7 8 5 . 50
2 4 . 1  1.79 5 . 00 0 . 76 4 . 2 4 4 . 8 5 3.50
2 5 . 1 1 . 7 9 6 . 0 0 0 . 73 5 . 2 7 5 . 0 0 6.50
3 0 . 1 1 . 7 9 6 . 0 0 0 . 54 5 . 4 6 5 .31 6 . 0 0
4 . 1 2 . 7 9 6 . 0 0 0 . 0 5 5 . 9 5 5 . 5 0 6 . 5 0
5 . 1 2 . 7 9 5 . 00 0 . 05 4 . 9 5 4 . 9 5 5 .50
T01AL 253 .0 2 rrrn 241 . 31 '  J o 6 .65 !7u77o--------------------
sampled • 41) 6.17 0 . 29 5 . 8 9 5 . 0 4 6 . 6 0

* error  c o r r e c t i o n  : ♦ 2 aw; * c a l c u l a  :eu from 1979 weather data
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T « b ; «  4 . by experimental  p l o t  (H20)

Date
Water*1 
l o s s e s

(mo/day)

Deep 2 
p e r r a l at  ion  
l o s s e s  by 
DarcT equat i on  
( an/ day)

F i a l d  
determined  
Et  1 - 2 - 3

( an / day)

b , ‘ ‘Penman

(na/day)

Eva pora t i on *  Rcnarks*'  
c l a s s  "A'* pan

( a n / d a v )

1 9 . 8 . 7 9 5 . 00 0 . 0 0 5 . 0 0 4 . 2 4 5 . 5 0
2 3 . 8 . 7 9 5 . 0 0 0 . 0 0 5 . 0 0 5 . 0 0 5 . 0 0
2 9 . 8 . 7 9 5 . 0 0 0 . 0 0 5 . 0 0 5 . 8 7 7 . 5 0

3 . 9 . 7 9 6 . 0 0 0 . 0 0 6 . 0 0 6 . 2 7 7 . 0 0
4 . 9 . 7 9 6 . 0 0 0 . 0 0 6 . 0 0 6 . 4 0 9 . 0 0
6 . 9 . 7 9 S.00 0 . 0 0 5 . 0 0 4 . 9 7 9 . 0 0
7 . 9 . 7 9 5 . 0 0 0 . 0 0 5 . 0 0 4 . 4 4 5 . 5 0
8 . 9 . 7 9 5 . 00 0 . 0 0 5 . 0 0 4 . 6 5 6 . 5 0
1 1 . 9 . 7 9 5 . 0 0 0 . 0 0 5 . 0 0 3 . 69 4 . 2 0
1 2 . 9 . 7 9 5 . 00 0 . 0 0 5 . 0 0 4 . 2 3 5 . 5 0
1 4 . 9 . 7 9 5 . 00 0 . 0 0 5 . 0 0 5 . 7 7 6 . 5 5
I S . 9 . 7 9 5 . 0 0 0 . 0 0 5 . 0 0 5 . 9 9 6 . 0 0
2 2 . 9 . 7 9 8 . 0 0 0 . 0 0 8 . 0 0 6 . 3 4 8 . 5 0
2 3 . 9 . 7 9 7 . 00 0 . 0 0 7 . 0 0 6 . 0 3 5 . 5 0
2 4 . 9 . 7 9 5 . 00 0 . 0 0 5 ,0Q 5 . 3 9 6.QQ
2 8 . 9 . 7 9 5 . 00 0 . 0 0 5 . 0 0 5 . 3 4 6 . 5 0
2 9 . 9 . 7 9 8 . 0 0 0 . 0 0 8 . 0 0 5 . 6 8 8 . 0 0
3 0 . 9 . 7 9 6 . 00 0 . 0 0 6 . 0 0 5 .51 7 . 5 0

1 0 . 1 0 . 7 9 6 . 0 0 0 . 0 0 6 . 0 0 5 . 7 3 7 , 5 0
1 1 . 1 0 . 7 9 6 . 00 0 . 0 0 6 . 0 0 5 . 6 2 8 . 0 0
1 3 . 1 0 . 7 9 5.0C 0 . 0 0 5 . 0 0 4 . 5 2 8 . 0 0
1 4 . 1 0 . 7 9 10.00 0 . 0 0 10 . 00 6 . 0 7 6 . 5 0
1 6 . 1 0 . 7 9 5 .00 0 . 0 0 5 . 0 0 5 . 3 3 6 . 0 0
1 7 . 1 0 . 7 9 5 . 00 0 . 0 0 5 . 0 0 4 . 3 9 5 . 0 0
1 8 . 1 0 . 7 9 6 . 00 0 . 0 0 6 . 0 0 5 . 8 3 7 . 0 0
2 0 . 1 0 . 7 9 6 . 00 0 . 0 0 6 . 0 0 5 . 66 8 . 0 0
2 7 . 1 0 . 7 9 5 . 00 0 . 0 0 5 . 0 0 4 . 6 0 6 . 2 0
2 8 . 1 0 . 7 9 6 . 00 0 . 0 0 6 . 0 0 5 . 59 6 . 2 0
2 9 . 1 0 . 7 9 5 . 00 0 . 0 0 5 . 0 0 5 . 28 7 . 0 0
3 0 . 1 0 . 7 9 6 . 00 0 . 0 0 6 . 0 0 5 . 1 3 6 . 5 0

2 . 1 1 . 7 9 5 . 00 0 . 0 0 5 . 0 0 5 . 0 2 10 . 13
9 . 1 1 . 7 9 6 . 0 0 0 . 0 0 6 . 0 0 3 . 38 6 . 0 0
1 5 . 1 1 . 7 9 5 . 00 0 . 0 0 5 . 0 0 3 . 75 5 . 5 0
1 6 . 1 1 . 7 9 5 . 00 0 . 0 0 5 . 0 0 4 . 69 6 . 0 0
1 7 . 1 1 . 7 9 5 . 00 0 . 0 0 5 . 0 0 4 . 04 4 . 5 0
2 4 . 1 1 . 7 9 5 . 00 0 . 0 0 5 . 0 0 4 . 85 5 . 5 0
2 5 . 1 1 . 7 9 5 . 00 0 . 0 0 5 . 0 0 5 . 0 0 5 . 5 0
2 6 . 1 1 . 7 9 5 . 00 0 . 0 0 5 . 0 0 4 . 9 3 4 . 5 0
2 8 . 1 1 . 7 9 5 . 00 0 . 0 0 5 . 0 0 5.41 6 - 5 0

5 . 1 2 . 7 9 5 . 00 0 . 0 0 5 . 0 0 4 . 95 5 . 5 0
1 1 . 1 2 . 7 9 5 .00 0 . 0 0 5 . 0 0 4 . 50 5 . 5 0
TOTAL 228 . 00 5TTT5 2 2 8 . 0 0 2 1 0 . os J7T7TI
AVEPACE (day*  
sampled • 40) 5 . 70 0 . 0 0 5 . 7 0 5 . 25 6 . 7 6

* error correction * 2 «n: calculated from 1979 weather date
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METEOROLOGICAL DATA

T a b le  I .  R a i n f a l l  (mm). Water Balance S t u d y ,  M . I . S .  -  T h i b a  S e c t i o n

S t a t i o n  name 
and/or  no.

YEAR JAN F E B MAR APR MAY JUfi J I L AUG SEP OCT NOV DEC TOTAL

Embu-Mwea 1963 4 6 . 3 3 3 . 0 6 6 . 3 47 6.1 2 1 6 . 3 3 8 .2 0 . 0 0 . 0 1 4 .8 7 2 .7 184.1 1 3 9.2 1278
( T h ib a  Recept ion 
Cent re) 1964 1 5 .3 1 8 .8 18 4.7 3 2 5 .7 4 . 3 7.1 7 . 4 131 .8 2 0 .4 17 1.9 8 5 . 7 9 8 . 2 1071

90 37 112 1965 3 0 . 2 0 . 8 4 3 . 5 199 .3 2 3 .6 5 . 6 8 . 7 1 6 .6 10 .7 4 5 . 4 2 9 7 . 8 4 8 . 9 731

1966 41 .9 3 . 3 14 3.9 5 .1 4 5 . 0 41 .2 6 . 3 6 . 3 14 .6 8 5 . 3 2 0 2 . 8 7 . 4 603

1967 2 . 3 0 . 0 38.1 2 8 8 . 3 391 .4 3 8 .7 20.1 2 0 .7 15 .5 2 3 6 . 4 20 6.1 0 . 0 1258

1968 0 . 0 1 2 7 .9 122 .9 3 0 3 . 5 9 4 . 8 17.1 1 9 .9 9 . 0 0 . 3 1 6 8 .4 3 3 5 . 0 136.1 1335

1969 4 9 . 0 123.1 16 8.7 4 7 . 0 14 4.9 1 0 .0 5 .1 8.1 0 . 5 1 9 .6 1 7 0 .7 2 2 . 8 740

1970 5 9 . 8 0 . 0 1 6 2 .8 4 5 4 . 8 1 3 3 .3 3 . 4 7 . 2 1 4 .3 2.1 2 7 . 0 1 2 5 .2 3 0 . 0 1020

1971 0 . 0 4 .1 2 9 . 9 2 2 5 . 6 18 3.2 1 3 .2 1 8 0.4 0 . 0 1 .2 3 0 .6 8 0 . 2 51 .8 830

1972 4 0 .1 28 .1 4 3 .  1 16 .9 2 5 7 . 3 4 7 . 3 4 . 5 3 . 4 3 3 . 3 1 9 9 .8 1 6 5 .6 3 7 . 0 876

1973 5 8 . 2 6 5 . 6 3 3 .9 1 1 0 .3 4 9 . 6 7 . 0 9 . 2 1 .3 3 0 . 6 7 0 . 4 2 2 2 . 7 16 .6 675

1974 0 . 0 16 .2 4 9 . 4 2 3 2 .4 6 7 . 3 1 2 5 .3 1 0 8 .0 41 .8 1 1 .6 1 4 .8 1 4 9 .3 1 6 .6 833

1975 5 . 3 14 .7 2 5 . 3 2 3 1 .7 104 .4 1 0 .0 71 .4 4 . 3 3 7 .6 1 2 6 .5 5 7 . 5 2 0 . 4 745

1976 0 . 0 5.1 6 . 2 1 8 0 .0 1 10 .9 9 5 . 0 5 . 2 2.1 19 .6 8 8 .4 1 3 6 .3 3 0 .5 679

1977 2 4 .5 3 8 . 8 61 .8 4 6 9 . 6 14 7.4 1 2 .8 3 . 2 6 . 0 18 .7 5 1 . 3 32 6.1 5 8 .7 . 1219

1978 1 4 .4 89 .1 12 9.3 3 7 7 . 0 7 3 .5 2 . 5 8 . 8 4 . 0 4 8 .1 2 6 4 . 7 9 6 . 7 5 5 .7 1164

1979 10 2.9 5 . 3 15 8.7 3 3 3 . 5 109.1 2 7 . 3 1 2 .6 4 . 0 4 . 3 41 .0 2 2 0 . 8 58 .1 1180

AVE. 2 8 . 8 3 3 3 .7 6 87 251 127 30 28 16 16 101 181 49 955

I 8 1
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T a b le  I I .  Wind speed ( m i l e s / h o u r ) . Water Balance S tu d y , M . I . S . T h ib a  S e c t io n

S t a t i o n  name 
and/or no.

YEAR JAN FE B MAR APR MAY JUN JU L AUG SEP OCT NOV DEC AVERAGE

Embu-Mwea 
( T h ib a  re c e p t io n  
Cent re)
90 37 112

1963

1964

1965

0 . 6

3 . 5

2 . 6

2 . 4

+

3 . 0

3 . 0

2 . 7

3 . 4

2 . 2

+

1 .5

1 .7

+

1 .1

1 .7 

1 .3

2 . 2

+

1 .3  

1 .2

+

1 .3

2 . 4

1 .7 

+

3 . 7

5 . 2

2 . 9

2 . 9

2 . 5

+

3 . 0

3.1

2 . 9

2 . 5

+

+

2 . 5

1966 + + + + 2 . 6 2 . 6 2 . 8 3 . 3 4 . 2 4 . 8 4 . 5 4 . 6 +

1967 5 . 4 5 . 5 4 . 4 3 . 5 1 .9 1 .6 2 .1 2 . 6 3 .4 3 . 4 3 . 5 3.1 3 . 3

1968 3 . 6 3 .4 3.1 2 . 5 2 . 2 1 .8 1 .9 3 . 2 3 . 2 3 . 2 2 . 9 2 . 8 2 . 7

1969 3 . 3 3 . 2 3 . 0 2 . 8 2 . 3 2 . 6 3.1 4 . 3 4 . 8 4 . 6 3 . 5 4 .1 3 . 5

1970 3 .6 4 . 4 4 . 2 3 . 4 2 . 6 2 . 3 2 . 6 3 . 3 4 . 2 4 . 7 3 . 6 4 . 0 3 . 6

1971 4 . 3 5 . 2 5 . 6 3 .4 2 . 6 2 . 4 3 . 0 3 . 3 4 . 4 . 4 . 8 4 . 0 4 . 2 3 . 9

1972 4.1 4 .1 4 . 3 4 . 8 3 . 2 2 . 2 3 . 4 3 . 9 4 . 5 3 . 8 2 . 8 2 . 8 3 . 7

1973 3 . 0 3 . 6 3 .9 3 . 3 3 . 2 3.1 3 . 0 4 . 4 4 . 3 5 . 0 3 . 3 3 . 4 3 . 6

1974 3 .9 4 .1 4 . 2 2 . 9 2 . 3 2 . 3 2 . 2 2 . 5 2 . 9 3 . 4 3.1 3 . 5 3.1

1975 4 . 3 4 . 3 4 . 7 3 . 5 2 . 5 2 . 3 2 . 5 2 . 9 3 .9 3 . 4 2 . 9 3 . 7 3 . 4

1976 4 . 3 4 . 7 5 . 0 4 .1 2 . 9 2 . 8 3 . 2 5 . 6 5 . 0 4 . 2 3 . 4 4 . 2 4 .1

1977 4 . 3 4 . 4 4 . 7 3.1 2 . 6 2 . 3 2 . 6 3 . 5 3 . 8 + 2 . 9 3 . 2 +

1978 3 .6 3 . 2 3 . 0 2 . 6 2 . 4 2 . 6 2 . 9 . 3 . 6 5 . 2 3 . 0 2 . 9 3 . 7 3 . 2

1979 3.  l 3 . 3 3 . 2 2 . 8 2 .7 2 . 7 2 .5 3 . 2 4 . 2 2 . 4 2 . 8 3 . 5 3 . 0

AVF.. 3 .6 4 . 0 3 . 9 3 . 2 2 . 4 2.1 2 . 6 3 . 3 4 . 0 3 . 9 3 . 2 3 . 5 3 . 3
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Ta b le  I I I .  E v a p o ra t io n ( C l a s s " A " ) (mm) Water Balance S tu d y , M . I . S . -  T h ib a  S e c t io n

S t a t i o n  Name YEAR 
and/or  No.

JAN FE B MAR APR MAY JUN JU L AUG SEP OCT NOV DEC TOTAL

Embu-Mwea 1963 160 174 157 107 115 86 + + 167 202 182 158 +
( T h ib a  re c e p t io n  
Cent re)  1964 183 192 167 + 128 131 85 146 98 + 125 136 +

90 3V 112 1965 170 197 254 179 140 121 1 1 1 126 189 180 134 187 1988

1966 196 204 154 200 134 128 107 140 183 235 183 203 2067

1967 227 247 236 171 156 115 116 139 182 194 142 174 2099

1968 162 170 160 137 128 113 101 102 190 174 127 154 1718

1969 178 149 168 179 154 144 135 72 228 244 176 199 2026

1970 195 247 262 180 151 120 124 136 186 243 163 20q 2216

1971 241 276 284 178 133 124 120 132 208 243 190 201 2330

1972 205 193 254 244 162 129 150 174 223 202 157 160 2253

1973 185 212 262 206 176 162 146 172 203 236 172 192 2324

1974 241 214 221 151. 152 11 1 117 117 146 212 146 188 2016

1975 230 248 279 191 153 132 126 272 187 195 172 200 2385

1976* 252 240 289 194 179 145 141 170 210 231 171 164 2386

1977 224 232 226 180 167 135 122 184 197 + 135 152 ♦
1978 - - - - 129 123 1 18 137 190 171 151 151 +
1979 15 2.9 154.,8 2 0 3 .7 1 5 4.5 14 3.6 129 .8 118.1 141 .5 1 7 4 .3 2 0 6 . 5 14 8.8 175.1 1904

AVF. 194 210 224 177 147 126 121 148 186 212 158 177 2078

1 8
3

-
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Ta b le  I V . R e l a t i v e  H u m id i t y Water Balance S t u d y ,  M. I . S .  - T h ib a S e c t io n

S t a t i o n  name 
and/or  No.

YEAR JAN FE B MAR Ai-R MAY JUN JU L AUG SEP OCT NOV DEC AVERAGE

Embu-Mwea 1963 62 58 60 64 70 70 + + 58 57 ^0 74 +
( T h ib a  Recent i o n  '96^ 66 56 61 68 70 63 63 68 70 60 62 76 65
C e ntre ;
90 37 112 1965 68 56 62 72 68 + + 60 54 54 71 60 +

1966 57 58 68 75 66 70 70 62 54 54 70 55 63

1967 52 47 56 69 74 67 63 61 57 6 <+ 75 66 63

1968 49 60 72 73 74 70 71 70 56 57 71 66 66

1969 58 58 72 63 62 62 71 78 63 52 64 60 64

1970 56 49 57 68 68 67 64 53 56 50 62 60 60

1971 47 37 46 64 69 66 53 64 48 58 56 57 55

1972 58 58 49 50 64 64 62 58 + 55 68 65 ♦

1973 57 52 47 56 59 58 60 60 55 52 66 60 57

1974 48 48 53 68 62 67 66 71 59 55 66 56 60

1975 46 42 45 58 64 62 62 62 56 56 56 56 55

1976 48 52 47 62 64 62 66 58 54 56 60 63 58

1977 56 46 56 69 68 64 66 59 54 + 70 68 +

1978 56 57 66 70 63 62 64 63 53 57 66 66 62

1979 6 6 . 4 5 5 7 .7 56. 2 6 3 . 8 5 6 4 . 45 6 2 . 2 5 6 4 . 2 5 6 0 . 2 5 4 . 2 5 5 3 . 2 7 7 .9 62 62

A i r r qo 57 66 67 66 67 64 57 56 6 6 .7 63 61

1 84
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Ta b le  V. Mean Temperature °C.  Water Balance S t u d y ,  M . I . S .  -  T h ib a  S e c t io n

S t a t i o n  name 
and/or  number YEAR JAN FE B MAR APR MAY JUN JUL AUG SEP OCT NOV DEC AVERAGE

Embu-Mwea 1963 2 0 .9 2 2 .2 2 3 .7 2 2 .7 21 .9 2 0 . 0 + + 2 0 . 8 2 3 . 0 2 1 . 7 2 0 . 7 +

( T h ib a  Recept ion 1964 19.1 2 2 . 0 2 2 .7 2 2 .5 21 .5 2 1 .5 19 .3 19 .4 2 0 .2 2 1 . 3 2 3 .4 2 0 . 6 21 .2

Cen t re) 1965 2 1 . 8 21 .6 2 2 .9 2 2 . 9 2 2 .2 2 0 .5 1 9 .8 2 0 . 0 2 2 . 5 23 .1 21 .5 2 0 . 6 2 1 . 6

90 37 112 1966 21 .8 2 3 . 4 2 3 .2 2 2 . 0 2 1 . 8 21.1 20.1 2 0 .7 21 .1 2 2 . 5 + 2 0 . 4 ♦

1967 2 0 . 5 22 .1 2 2 .7 2 2 . 0 2 1 .7 2 0 . 0 1 9 .9 21 .3 21 .9 21 .9 2 0 . 9 1 9 .9 21 .2

1968 21 . 1 2 1 .7 2 1 .6 21 .0 21.1 20.1 1 9 .2 19.1 2 1 . 6 2 2 .7 21 .3 2 0 . 4 2 0 . 9

1969 2 0 . 6 21 .7 21 .9 2 2 . 8 2 2 .7 2 1 .5 2 0 .9 2 2 . 2 2 2 .7 2 4 . 2 2 2 . 8 21 .2 22 .1
1970 2 2 .5 2 3 . 3 2 4 . 0 2 2 . 8 2 2 .2 2 0 . 8 20.1 1 9 .9 21 .6 2 3 . 8 21 .9 21 .5 2 2 . 0

1971 2 2 . 0 2 2 . 6 2 3 .3 2 3 . 3 21 .7 1 9 .8 1 9 .8 1 9 .9 2 2 . 2 2 3 . 2 2 2 . 4 21 .4 21 .8

1972 21 .1 2 2 .2 2 3 . 5 25.1 2 3 . 0 21 .3 2 1 .2 21 .6 23.1 2 3 . 5 22 .1 21 .5 2 2 . 4

1973 21 .7 2 3 . 5 24.1 2 4 .7 2 3 .2 2 1 . 5 20.1 2 1 . 3 2 2 . 9 2 3 .7 2 2 . 3 2 0 . 6 2 2 . 5

1974 21 .4 2 2 . 0 2 3 . 0 2 3 . 0 2 2 .2 21 .2 2 0 . 3 1 9 .8 21 .2 2 3 . 4 2 1 . 6 21 .1 2 1 .7

1975 21 .7 2 2 . 9 2 4 . 8 2 3 . 6 2 2 .5 2 0 .5 2 0 .5 2 0 . 0 2 2 . 0 2 2 . 6 2 4 . 3 21 .2 2 2 . 2

1976 21 .7 2 3 .7 2 4 .4 2 3 . 2 2 3 . 0 21 .4 2 0 . 4 21.1 2 2 . 8 23 .1 2 2 . 8 21 .8 2 2 .4

1977 2 2 . 2 2 3 . 5 2 4 .2 2 3 .2 2 2 . 8 2 1 . 3 2 0 .7 21 .5 2 2 .4 + 22 .1 2 1 . 4 +

1978 21 .0 2 2 . 4 2 2 . 8 2 2 . 5 2 2 .2 2 1 . 8 2 0 .4 2 0 . 8 2 2 .7 2 2 . 9 21 .8 21 .6 21 .9
1979 2 1 . 6 2 2 . 2 2 2 . 8 23.1 2 2 .4 21 .1 2 0 . 0 21 .0 2 2 .7 2 3 . 9 21 .9 21 .7 2 2 . 0

AVERAGE 21 .3 2 2 . 6 2 3 . 3 2 3 . 0 2 2 . 2 21 .0 2 0 .2 2 0 . 5 2 2 . 0 23.1 2 2 . 2 21 .0 21 .9
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T a b le  V I .  S u n s h i n e  h o u r s / d a y . Water  Balance S t u d y ,  M . I . S .  -  T h ib a  S e c t io n

S t a t i o n  name 
and/or number YEAR JAN F E B MAR APR MAY JUN JUL AUG SEP OCT NOV DEC AVERAGE

Embu-Mwea 1963 8 . 0 9 . 2 7 . 8 . 5 . 8 . _ _
( T h i b a  Recept ion 1964 - - - - - - - - - - - - -

C e ntre ) 1965 - 10 .2 - - - 6 . 3 - - - - - - -

90 37 112 1966 - - - - - - - - - 6 . 3 8 . 9 -
1967 9 . 9 9 . 9 9 . 3 6 . 9 6 . 2 4 . 9 4 . 2 5 . 0 7 . 2 6 . 8 6 . 7 1 0 .0 7 . 2
1968 8 . 7 7 . 0 6 . 8 5 . 8 6.1 4 . 6 2 . 6 2 .4 7.1 6 . 4 5 . 7 9 . 3 6 . 0
1969 9 . 5 7 . 2 7 .7 8 . 7 7 . 4 5 . 7 3 . 5 6 . 7 7.1 8 . 7 6 . 9 9 . 9 7 . 4
1970 7 . 0 10 .4 7 . 4 7 . 7 7 . 2 4 . 7 4 . 2 3 . 3 6 . 0 7 .7 7 . 8 9.1 6 . 9
1971 9 . 2 10 .5 9.  1 7 . 7 5 . 8 - 2 .7 4 .1 7.1 7 . 6 7 . 8 7 . 9 -
1972 9.1 7 . 0 9.1 7 . 6 6 . 2 5 . 2 4.1 4 . 5 7 . 2 6 . 6 7 . 6 8 . 0 6 . 8
1973 9.1 9 . 2 9 . 5 8 . 3 7.1 5 . 6 4 . 2 3 . 2 6.1 7 .7 7 . 0 9 . 8 7 . 2
1974 10 .2 9 . 7 6 . 4 6 . 7 7.1 4 . 0 4 . 3 2 . 7 4 . 8 7 . 9 6 . 6 9 .1 6 . 6
1975 9 . 9 1 0 .0 8 . 3 8 . 6 7 . 3 5 .1 4 .1 2 . 3 5 . 3 6 . 2 8 . 3 9 . 4 7.1
1976 10 .2 8 . 4 8 .7 6 . 3 7 . 0 6 . 4 5 . 5 4 . 5 7 . 5 8 . 2 7 . 3 8 . 3 7 . 4
1977 8 . 4 9 . 0 7 . 6 5 . 8 7 . 9 - 1 .7 5 . 5 6 . 3 - 5 . 5 6 . 5 -

1978 8 . 7 8 . 3 6 . 8 6 . 7 7.1 5 . 2 3 . 2 2 . 9 6 . 0 5 . 9 7 . 3 6 . 8 6 . 2
1979 6 . 7 8 . 3 8 . 6 6 . 6 6 . 2 5 . 3 3 . 9 7 . 0 7 . 8 6 . 8 7 . 8

A V ER A G E 8 . 9 9 . 0 8 . 0 7 . 3 6 . 8 5 . 3 3 .7 4 . 0 6 . 5 7 . 3 7 . 0 8 . 6 6 . 9
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D E F I N I T I O N S

SECTION an area o f  about 1215 ha.  which i s  com plete ly  
s e l f - c o n t a i n e d  w i t h  an a d m i n i s t r a t i v e  cent re 
f u l l y  equipped to r e c e i v e ,  weigh,  d r y ,  
rebag and s t o r e  the c r o p .

U N I T a s u b - d i v i s i o n  o f  a s e c t i o n  composed o f  
f i e l d s  each o f  0 . 0 4 0 5  ha.  and are the 
a d m i n i s t r a t i v e , a g r i c u l t u r a l  and h y d r a u l i c  
d i v i s i o n s  o f  the scheme.

MAIN CANAL conveys water f rom the headworks th rough  
c e n t r a l  p a rt  o f  the scheme.

MAIN FEEDER (somet imes c a l l e d  a U n i t  Fe e d e r) ,  i s  the 
main i r r i g a t i o n  channel o f  a u n i t  which 
draws i r r i g a t i o n  w a te r  f rom the main canal 
o r  branch c a n a l ( s ) .

F I E L D  CHANNEL the s m a l l e s t  i r r i g a t i o n  channel which draws 
w ater  f rom the u n i t  fee d e r  and d i s t r i b u t e s  
i t  to  i n d i v i d u a l  f i e l d s .

ROAD DRAIN r u n s  a lo n g s id e  an access  road and c o l l e c t s  
d r a i n  water f rom the f i e l d s  and conveys the 
d r a i n  water i n t o  a u n i t  d r a i n .

U N I T  DRAIN the main d r a i n  of  a u n i t  and i s  fed by 
road d r a i n s .

COLLECTOR
DRAIN

c o l l e c t s  the d r a i n  w a te r  f rom the u n i t  
d r a i n s .

M . I . S . Mwea I r r i g a t i o n  Scheme

N.I.B. N a t i o n a l  I r r i g a t i o n  Board,  r e s p o n s i b l e  f o r  
the management o f  a l l  major  Government 
i r r i g a t i o n  schemes.

S . R . D . S c i e n t i f i c  Research D i v i s i o n  -  a d i v i s i o n  
o f  the M i n i s t r y  o f  A g r i c u l t u r e .

CONVERSION FORMULAS (F rom  l i t r e s  per second to mm. per  day)

mm/day = 8 . 6 4  X = 8 . 6 4  X (11)  
A A

where X = l i t r e s  per second
and A = a re a ,  i n  ha.
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SUMMARY OF PRO FILE  SURVEY 

FOR MAIN AND BRANCH CANALS
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T a b l e  I . Summary o f  p r o f i l e  s u r v e y  o f  canal bed o f  main canal
(F rom Permanent B . M . *  at Wamumu o f f - t a k e  t o  H20 o f f - t a k e )

S t a t i o n  (m) E l e v a t i o n ,  m. Remarks
(a long the m idd le  
o f  the canal)

0 + 00 11 49 .3 3

2 + 0 0  11 49 .6 8
4 + 0 0 - 1 6 + 0 0

18 + 00 
20 + 00 
22 + 00 
24 + 00 
26 + 00 
28 + 00 
30 + 00 
32 + 00 
34 + 00 
36 + 00 
38 + 00 
40 + 00 
42 + 00 
44 + 00 
46 + 00 
48 + 00

11 50 .0 4  
11 51 .2 2  
11 50 .76 
11 48.07  
11 50 .9 0  
11 48.19  
1151.01 
11 48 .3 3  
1151 .3 0  
11 49 .4 9  
1 15 2.36 
1 1 49 .4 2  
11 51 .37 
I 149.73 
I 152.82 
11 49 .9 3

Located near b r id g e  
o f  main road to 
Embu, t h i s  b r id g e  
i s  near  T h ib a  
Rese arch  S t a t i o n

Water  too deep, 
no e l e v a t i o n s  
were determined

* 3 .M .  ( R . L .  = 1 1 5 0 .9 8  m) located on top o f  the o f f - t a k e  of 
branch canal  s u p p l y i n g  water to H2 ,  H3,  H4,  H5 and Wamumu 
S e c t io n



f
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Tab le I I . Summary o f  p r o f i l e  s u r v e y  o f  the branch canal  
s u p p ly in g  w a te r  to H I ,  H6, H7 and H8

S t a t i o n  (m) E l e v a t i o n ,  m (a long Remarks
the middle o f  the 
canal)

0 + 00

1 + 00 
2 + 00
3 + 00
4 + 00
5 + 00
6 + 00
7 + 00
8 + 00 
9 + 00

10 + 00

11 49.10

I 149.16 
1148.96 
1148.87 
1149.28  
1149.47 
1149.35 
11 49.34  
11 49.22  
1149.21 
1 149.15

Near HI o f f 
take
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s p e c i f i c a t i o n s of the o r i g i n a l a n d c u r r e n t c r o s s.
SECTIONS OF MAIN CANAL
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oe ffrCitnb; 0.: 0 0 3 3  ’
K .e sa \ tm ^  \Je.loc{-»-^ V :  | . 5 f e f p s
T w e  ^ftovu s t > E y p i t f t T < o N S  A-«.e F or . /V7A7's; c/w XVL“

IAJTA-K» T o  T B S  l/s/JVV\\)N\U — THlBf\ R.0/W
P ’O P v M O L - M  . .

A‘̂ T7V£)iVPT2-KS



- 19 <4 -

*

APPRNDTX VTT

ACTIONS FOR MAIN CANAL MAIN CANAL (FROM PERMANENT 

B.M. NEAR CHO OF HI TO INLET OF H20)

SECTION PO«. STN. 0 + 00, rv\..C

HORAZOMT?»l- D lS T A ,^ C e

A = Cross-Sectional Area 
D = Canal Depth 

sc o Scale for curve

P = Wetted Perimeter 
R = Hydraulic Radius 
3 = Top Width
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APPENDIX VIII

SPECIFICATIONS OF ORIGINAL AND 

CROSS-SECTIONS OF THE BRANCH 

(SUPPLYING WATER TO UNITS HI, H6

CURRENT

CANAL

H7 & H8)
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APPENDIX IX

PONDED W A T E R  I N  E X P E R I M E N T A L  P L O T S



Table 1. Ponded water (in cm.) for HI plot
APPENDIX IX

Month ( f o r  1979)

DATE JU LY  AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER

1 5 . 0 1 .0 10 .5 1 5 .0
2 6 . 0 1 .0 1 0 .0 1 3 .0
3 1 0 .0 0 . 5 2 2 . 0 1 0 .5
4 8 . 0 0 . 5 21 .5 10 .0
5 7 . 0 0 . 2 5 2 4 . 0 9 . 0
6 5 . 0 + 8 . 0 0 . 2 5 2 3 . 0 7 . 0
7 5 . 0 1 0 .0 9 . 0 2 2 . 0 6 . 5

• 8 5 . 0 9 . 5 8 . 0 2 0 . 0 6 . 0
9 0 . 0 9 . 0 8 . 0 1 7 .0 5 . 0

10 0 . 0 1 1 .5 7 . 5 2 3 . 0 4 . 5
1 1 0 . 0 1 0 .5 7 . 0 2 4 . 0 4 .0
12 0 . 0 9 . 5 6 . 0 2 3 . 0 2 . 5
13 0 . 0 8 . 0 6 . 0 2 2 . 5 0 .0 +
14 0 . 0 7 . 5 5 . 0 2 2 . 0 0 . 0
15 0 . 0 7 . 0 4 . 5 21 .0 0 . 0
16 0 . 0 5 . 5 9 . 5 2 0 . 0 0 . 0
1 7 0 . 0 2 . 0 9 . 0 1 8 .0 0 . 0
18 0 . 0 0 . 0 9 . 0 1 6 .0 0 . 0
19 1 .0 4 . 0 8 . 5 1 4 .0 0 . 0
20 2 . 0 7 . 0 8 . 0 1 3 .0 0 . 0
21 2 . 5 5 . 0 7 . 5 1 2 .0 0 . 0
22 3 . 0 3 . 0 7 . 0 1 1 .0 0 . 0
23 4 . 0 2 . 0 7 . 0 1 0 .0 0 . 0
24 4 . 0 6 . 0 6 . 5 9 . 5 0 . 0
25 3 . 0 5 . 0 1 8 .0 8 . 5 0 . 0
26 4 . 0 4 . 0 1 7 .5 1 0 .0 0 . 0
27 3 .5 3 . 0 1 7 .0 2 2 .5 0 . 0
28 * 4 . 0 6 . 0 1 5 .5 2 0 . 0 0 . 0
29 4 . 5 5 . 0 1 4 .5 19 .5 0 . 0
30 3 . 5 3 . 0 1 2 .0 1 9 .0 0 . 0
31 3 . 0 1 1 .5 0 . 0

REMARKS

+ gauges
i n s t a l l e d

+ f i e l d  
d r a i n

I
rss

u>I



APPENDIX IX
Ta b le  2 .  Ponded wate r  ( i n  cm) f o r  H2 p l o t

DATE
Month ( f o r 1979

JU LY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER REMARKS
1 4 . 0 5 . 0 4 . 5 5 . 0
2 3 . 5 8 . 5 4 . 0 4 . 5
3 3 . 0 8 . 0 8 . 0 4 . 0
4 6 . 0 7 . 0 9 . 0 3 . 5
5 5 . 5 6 . 5 1 0 .0 3 . 0
6 5 . 0 + 9 . 5 6 . 0 9 . 0

+gauges 
’ i n s t a l l e d7 5 . 0 8 . 0 5 . 5 9 . 0 / • u

8 0 . 0 7 . 5 5 . 0 9 . 0 6 . 5
9 0 . 0 5 . 0 4 . 5 9 . 5 6 . 0

10 0 . 0 4 . 5 4 . 0 9 . 5 5 . 0
11* 0 . 0 4 . 0 3 . 5 9 . 0 4 . 5
12 0 . 0 3 . 5 2 . 0 8 . 5 4 . 0
13 0 . 0 3 . 0 1 .0 8 . 0 3 . 5
14 0 . 0 2 . 5 3 . 0 8 . 0 2 . 0
15 0 . 0 4 . 0 1 1 .0 8 . 0

q _ +water  dra i

16 0 . 0 5 . 0 1 0 .5 7 . 5
q q f rom f i e l c

17 0 . 0 6 . 0 9 . 0 6 . 5 0 . 0
18 0 . 0 6 . 5 8 . 0 6 . 0 0 . 0
19 0 . 0 7 . 0 7 . 5 5 . 5 0 . 0
20 0 . 0 6 . 0 6 . 5 5 . 0 0 . 0
21 0 . 0 5 . 0 6 . 0 4 . 5 0 . 0
22 0 . 0 4 . 0 5 . 0 4 . 0 0 . 0
23 0 . 0 3 . 5 4 . 5 3 . 5 0 . 0
24 0 . 0 2 . 5 4 . 5 3 . 0 0 . 0
25 0 . 0 2 . 0 6 . 0 2 . 0 0 . 0
26 0 . 0 1 .0 7 . 0 2 . 0 0 . 0
27 0 . 0 1 .0 6 . 5 3 . 0 0 . 0
28 5 . 5 1 .0 6 . 0 4 . 0 0 . 0
29 5 . 5 1 .0 5 . 0 6 . 0 0 . 0
30 5 . 0 1 .0 4 . 5 5 . 5 0 . 0
31 4 . 5 4 . 5 0 . 0

2 1
4

-



APPENDIX IX
Table 3. Ponded water (in cm) for H3 plot

DATE
Month ( f o r  1979)

JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER

1 1 .0 4 . 5 0 . 5 9 . 5 7 . 5
2 1 .0 3 . 5 2 . 0 9 . 0 6 . 5
3 1 .0 2 . 0 9 . 5 1 3 .5 5 . 5
4 1 .0 1 . 0 9 . 0 1 3 .0 5 . 0
5 1 .0 1 .0 8 . 5 1 4 .0 4 . 5
6 1 .0 1 .0 9 . 5 1 7 .0 3 . 5
7 1 .0 1 .0 8 . 5 1 7 .0 1 .5
8 0 . 5 1 .0 7 . 5 1 6 .5 0 . 0
9 0 . 5 1 .0 7 . 0 1 6 .0 0 . 0

10 3 . 0 2 . 0 5 . 5 18 .5 0 . 0
1 1 3 . 0 3 . 0 5 . 0 1 9 .0 0 . 0
12 3 . 0 4 . 0 3 . 5 1 8 .0 0 . 0
13 3 . 0 6 . 0 2 . 5 19 .5 0 . 0
14 3 . 0 8 . 0 1 .5 1 8 .5 0 . 0
15 4 . 0 8 . 0 0 . 5 1 7 .0 0 . 0
16 5 . 0 7 . 5 . 0 . 5 1 7 .0 0 . 0
17 4 . 5 7 . 0 1 .0 1 6 .5 0 . 0
18 3 . 5 6 . 5 1 .0 1 6 .5 0 . 0
19 1 .0+ 3 . 0 6 . 0 2 . 0 1 6 .0 0 . 0
20 1 .0 3 . 0 5 . 5 3 . 0 1 5 .5 0 . 0
21 2 . 0 2 . 5 5 . 0 5 . 0 1 5 .0 0 . 0
22 3 . 5 2 . 0 3 . 5 4 . 0 1 4 .5 0 . 0
23 4 . 0 1 .5 3 . 0 4 . 0 1 4 .0 0 . 0
24 4 . 0 4 . 5 7 . 0 4 . 0 1 3 .5 0 . 0
25 3 . 5 5 . 0 6 . 0 5 . 0 1 3 .0 0 . 0
26 1 .0 8 . 0 5 . 5 7 . 0 1 3 .0 0 . 0
27 1 .0 10 .5 4 . 5 6 . 5 13 .0+ 0 . 0
28 1 .0 9 . 0 4 . 0 1 1 .5 1 1 .5 0 . 0
29 1 .0 1 1 .0 3 . 0 1 1 .5 9 . 5 0 . 0
30 1 .0 9 . 0 1 .5 1 0 .0 8 . 5 0 . 0
31 1 .0 5 . 0 1 1 .0 0 . 0

REMARKS

+ gauges 
i n s t a l l e d

+ f i e l d  d ra in 
in g  s t a r t e d

l2 1 5
-



r
2
3
4
5
6
7

. 8
9

10
1 1
12
13
14
13
16
17
18
19
20
21
22
23
24
25
26
27

59
30
31

APPENDIX IX

___________________________________________ Month ( f o r  1979)________________ ______________________

JU LY  AUGUST SEPTEM BER OCTOBER NOVEMBER DECEMBER

Ponded water (in cm) for H20

0 .0 1 2 .0 1 .0 1 3 .0 8 . 0
0 . 0 1 0 .0 0 . 5 1 2 .5 9 . 0
0 . 0 9 . 5 2 . 0 1 8 .5 9 . 5
0 . 0 9 . 0 4 . 0 18 .5 9 . 5 +
0 . 0 7 . 5 6 . 0 1 8 .5 9 . 0
0 . 0 7 . 0 1 2 .5 2 0 . 5 8 . 0
0 . 0 6 . 5 1 3 .0 1 9 .5 6 . 5
0 . 0 6 . 0 1 5 .0 18 .5 5 . 5
0 . 0 4 . 0 1 6 .5 1 7 .5 5 . 5
0 . 0 3 . 5 1 6 .0 21 .5 4 . 5
0 . 0 3 . 0 15 .5 21 .5 4 . 0
0 . 0 3 . 0 1 4 .0 21 .5 2 . 5
0 . 0 3 . 0 13 .5 2 0 .5 2 . 0
1 .0 2 . 5 12 .5 1 8 .0 1 .0
1 .0 2 . 0 1 1 .5 17 .5 0 . 0
2 . 0 1 .0 1 1 .0 1 7 .0 0 . 0
1 .5 1 .0 1 0 .0 1 6 .5 0 . 0
2 . 0 0 . 5 9 . 5 1 6 .0 0 . 0
1 .5 1 .5 8 . 5 1 5 .5 0 . 0
4 . 0 3 . 0 8 . 0 1 4 .5 0 . 0
3 . 0 5 . 5 8 . 5 1 4 .5 0 . 0
5 . 0 4 . 5 8 . 0 13 .5 0 . 0
4 . 0 3 . 5 1 6 .0 1 2 .5 0 . 0
3 . 5 3 . 0 1 6 .5 1 2 .0 0 . 0
7 . 0 2 . 5 1 6 .5 11 .0 0 . 0
8 . 0 4 . 0 1 7 .5 1 0 .5 0 . 0
9 . 5 5 . 0 1 7 .0 9 . 5 0 . 0

' 9 : 8 <1:8 1 9 :9 9 : 8 8 : 8
10 .0 1 .5 14 .5 7 . 5 0 . 0
11 .0 14 .5 0 . 0

REMARKS

+ f i e l d  d ra in 
in g  s t a r t e d

+ gauges 
i n s t a l l e d
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APPENDIX X

WATER RISE IN PIEZOMETERS AND 

WATER FLOW DIRECTION IN THE SOIL 

IN UNITS HI, H 2 , H3 AND H20
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APPENCIX X
TABLE I W.'TSff BI5C TV PTS.-iOMETgB.1;. UNIT: Ml MONTH Of. AUGUST , 1979
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APPENDIX X
TASLE I I  WATCH TLOW DIRECTIONS IN 3QIL. UNIT. H I _______________________ MONTH Or I AU0Ui{T» 1,79

d a t e :
VERTICAL rLOW HOR] ZONVAL FI.OW R E M A R K S

DPI & WP1 DPI 6 YP1 UPl 6 TP1 BP2 & WP2 0P2 & YP2 WP2 & YP2 UP2 -DP' WP2-WP1 YP2-YP1
1

i
1

2

3

4

5 . *

6 DOWN DOWN UP DOWN TOWN UP 2 to 1* 1 to 2 ♦ ♦ No Water Movom#.\fc •

7 w n ft «t tt It tt It 1 to 2

a w it tt tt m " tt H tt • 1 -  I t t  Piezometer near Oraln

9 - m t* tt tt ft if ft ff t - 2nd Pleaometer away from Drain

20 f* tt ft tt H ft ti ft ♦

11 tt ft If it ' tt tt tt , ff

12 tt It fr it ff ff t« M ft
•

13 tt It DOWN m ff ff •t It 1 to 2

14 it •• M n tt - it ff
♦

IS #» t* • It tt ff ff w tt 2 to 1

U ft ft ♦ tt ff If M tt tt .
17 ft n DOWN tt tt ft tt ft

.

13 ft " UP tt ff If tt -  • ♦ •

- tt tt J f tA 9

220



APFENt'lX X

TA»L£ I I I  W.’ T-JP P tfS  IN PIEZOMETERS ■ UNITiHl monti orl
SEPTEMBER, 1979

r\jINJ



appi;n o i x  x
- ^ S U  IV WATS3 FlOW DIW8CTT0NS IN SOIL. UNIT; >'l MOVTH Of I SEPTEMBER. 197?

o a :c
VERTICAL FLOW HOR [ZOUTAL F LOW R E M A R K 2

bPl A WP1 d p i t ypi w p i  t rpi DP2 & WP2 BP2 & YP2 w p 2 & VP2 3P2 -DP WP2-WP1 VP2-YP1 •

i DOWN DOWN DOWN o a w DOWN UP 1 tt 2 2 to 1 1 to 2

2 ft ft ♦ H it tt " ' •! " If"
♦ No Water Movement

3 N n DOWN M ft ft r It *

4 M w ft t •t tt f» - ft

5 ff tf ft .• M N tt tt ft *

6 n N tt n tt ft ft tt ♦ *

7 ft ft ft tt tt ff H
1

tt 1 to 2 •

8 •t ft ff fi tf ff ff
"

ft

9
ft ft ff tt tf , ft ff

!
ft *

10 L -
ft .t f tt •t ft ft tt ft

11 •» ft - i t ff ff • I tf tfn
1

□

ft ff tt ft DOWN ft tt tt

13 •V ft ft tt ft UP ** ft tf

14 «• ft ft it ft D'/WN N tt If

/
IS ft ft ft it " tt tt tt N

is M ft ft tt ft
UP

ft tt ft

17 ft * ft n ft
it ft it ft

18' ft ft ft tt t ff ft ff m ft

19 •f ft ft ft ft ♦ ft ft ft

20 N ft ft tt ft DOWN M ft ft

21 M ft ♦ if tt LP tt ft ft

22 ft ft DOWN w ft H ft ft ♦

23 ft ft ft « tt V If n 1 to 2

24 ft ft tt tt tt UP tt tt tt

25 ft ft ft it N DOWN ft tt tf

2 6
M ft tt tt tt - ft tt ft

27 H ft tt tf ft UP ff tt It %

28 H ft ♦ it ft It tf tt 1 to 2

29 M ft DOWN n tt DOWN ft tt ft

- - tt II :— r ♦ it ♦
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APPENDIX X
WATER RISC Tft PIE'.-.OHSTERS. l)NIT i h l KONTF Cr J OCTOBER, 19 79

d*ti:
SLUE PIEZOMETERS WHITE PIEZOMETERS YELLOW TlEZOt ETERS R E H  A R ’ K S

fcPl cm DP2C« V P 1 „c/n WP2 ^  08 yrl m  cn •P2 an

i 10.154 23.439 40.624 40.624 61.894 61.894

2 10.154 21.584 4’’.624 40.624 54.084 56.814 •

3 10.154 22.854 40.624 40.624 63.624 60.624

4- 10.154 16.504 10.624 40.624 60.624 60.624

5 10.154 12.694 39. .,54 40.624 60.624 55.354

6 ‘ 10.154 13.694 39.354 39.909 53.544 56.814

7 10.154 29.204 40.624 40.624 64.454 63.764

a 10.154 29.204 40.624 41.894 64.43, 63.164 ,

9 10.154 28.569 41.894 40.624 64.434 63.154

10 10.154 28.569 43.16- 40.624 64.434 63.164

11 10.154 29.204 43.164 40.624 61.894 60.624

12 10.154 27.934 43.164 41.894 64.434 63.799

13 10.154 24.124 43.164 41.894 G<..434 64.434

14 10.154 24.124 43.164 41.894 64.434 65.704

I S 10.154 26.029 43.164 41,894 64.434 65.164

I S 10.154 30.474 43.164 42.529 64.434 63.164

17 10.154 30.474 43.164 <3.164 65.7C4 65.704

19 10.154 31.109 44.434 43.164 64.434 63,. 154

19 10.154 30.474 45.069 44.434 65.704 65.704 *

23 10.154 29.204 45.704 44.434 66.9.74 66.974

21 ' 10.154 27.934 45.704 44.434 66.974 66.974

22 10.154 27.299 45.704 44.434 65.97< 66.974

23 10.154 27.934 45.704 45.069 69.744 68.244

24 10.154 24.124 <5.704 45.069 64.434 62.529

25 10.154 31.744 46.974 45.704 65.704 65.704

16 10.154 34.264 48.214 45.704 68.244 66.974

27 10.154 36.824 49.514 45.704 69.514 66.974

23 10.154 36.189 50.784 40.974 70.784 69.514

29 10.154 35.554 50.784 47.609 69.514 68.244

10.154 3 3 . 6 4 2 ^ ^ „  50.784 ^ ^  43.244 70.734 72.054 * '»

51, S.2< , 514
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APPENDIX X

I- - - - - -1 DATE

T A B U  VI WAT CP n o w  PTPr.CTI.ONjL IN S O I L ,  ■■ UNIT | HI MONTH C * ! OCTOBER, 19 ’ »

B?1 t VP  1

10
11

12

13

14

15
16

_1T_
18

18
20

21

22

VERTICAI PLOW HORIZONTAL FLOW

DOWN

BP1 & YP1

DOWN

VP1 6 YP1

UP

DOWN

UP

DOWN

UP

DOWN

UP

UP

BP2 1 WP2

DOWN

BP2 & YP2 WP2 & YP2

DOWN UP

DOWN

DOWN

UP

UP

UP

0P2 ••BP1

2 to 1

WP2-WP1

2 to 1

1 to 1 

1 to 2

YP2-YP1

1 to 2

1 to 2 

f to 1

1 to 2

2 to 1 

1 to 2

1 to 2 1 to 2

R E M A R K S

♦ No W ater Movement

224



DATE
BLUE PIEZOMETERS WHITC PIEZOMETERS YELLOW PIEZOMETERS R E M A R K  S

DP2__on W ? l _ _03 YV'l mCD VP2 cn

1 1 0 . 1 5 4 3 0 .4 7 4 5 0 . 7 8 4 4 8 . 2 4 4 7 0 . 7 8 9 7 0 . 7 8 9

2 1 0 . 1 5 4 3 0 .4 7 4 5 3 . 3 2 4 5 0 . 7 8 4 7 5 . 8 6 4 7 3 . 3 2 4

3 3 6 . 0 9 4 4 1 . 1 1 0 5 4 . 5 9 4 5 3 . 3 2 4 7 9 . 6 7 4 7 5 . 0 6 4

$ 3 6 . 6 2 4 3 9 .8 4 0 5 5 . 8 6 4 5 3 . 3 2 4 7 7 . 1 3 4 7 5 . 8 6 4

3 3 8 . 0 9 4 4 3 .6 5 0 5 8 . 3 2 4 5 3 . 3 2 4 8 0 . 9 4 4 7 9 . 6 7 4

6 3 7 . 3 0 4 0 .3 6 0 6 0 . 9 4 4 5 5 . 8 6 4 8 3 . 4 8 4 8 3 . 4 8 4 *

•r 3 7 . 3 0 4 0 . 3 8 0 6 0 . 9 4 4 5 5 . 8 6 4 8 0 . 9 1 4 8 0 . 3 0 9

n 4 2 . 3 8 4 6 . 1 9 0 6 2 . 2 1 4 5 7 . 1 3 4 8 2 . 2 1 4 6 3 . 4 8 4

5 3 6 . 8 2 4 3 8 . 0 9 4 6 2 . 2 1 4 5 7 . 1 3 4 8 2 . 2 1 4 8 3 . 4 8 4

10 3 6 . 8 2 4 4 3 . 6 5 0 6 3 . 4 0 4 5 8 . 4 0 4 8 7 . 2 9 4 8 6 . 0 2 4

11 3 6 . 8 2 4 4 3 . 6 5 0 6 6 . 0 2 4 5 9 . 6 7 4 8 9 . 8 3 4 8 8 . 5 6 4 '

12 3 7 . 3 0 0 4 3 . 6 5 0 5 7 . 2 9 4 60 9 4 4 8 9 . 5 6 4 C 8 . 5 6 4

13 3 7 .3 0 0 4 2 . 3 3 0 6 7 . 9 2 9 6 2 . 2 1 4 8 9 . 5 6 4 8 9 . 8 3 4

14 3 7 . 3 0 0 4 1 .1 1 0 6 8 . 5 6 4 6 3 . 4 8 4 8 9 . 5 6 4 9 1 . 1 0 4 ✓

IS 3 7 . 3 0 0 4 2 .3 3 0 6 8 . 5 6 4 6 3 . 4 8 4  . • 8 6 .0 2 4 8 8 . 5 6 4

16 3 7 . 3 0 0 4 2 . 3 9 0 6 8 . 5 6 4 6 3 . 4 8 4 8 7 . 2 9 4  9 0 . 4 6 9

17 3 7 . 3 0 0 3 7 .3 0 0 6 3 . 5 6 4 6 4 . 7 5 4 8 6 . 0 2 4 9 1 . 1 0 4

13 3 6 . 8 2 4 3 6 .8 2 4 6 3 . 5 6 4 6 6 . 0 2 4 8 7 . 2 9 4 9 3 . 6 4 4 *

19 3 5 . 5 5 4 3 5 .5 5 4 6 8 . 5 6 4 6 6 . 0 2 4 8 3 . 5 6 4 9 4 . 9 1 4

20 3 4 . 2 8 4 3 4 .2 8 4 6 7 . 2 9 4 6 6 . 6 5 9 8 9 . 5 6 4 9 4 . 9 1 4

21 3 4 . 2 8 4 3 4 .  5 6 4 6 7 . 2 9 4 8 6 . 0 2 4 9 3 . 5 4 4

22 3 3 . 0 1 4 6 8 . 5 6 4 8 7 . 2 9 4 9 6 . 1 8 4

3 1 . 7 4 4 294 6 9 . 8 3 4 8 9 . 5 6 4 9 7 . .  54

,1 0 9

,919
r«7<s

3 1 .  '

3i.: 
2 9 . f 

37.:

. 2 9 4  

. 2 9 4  

71.104

.iS

6 9 . 8 3 4

7 0 .  t

6 6 . 0 2 4

36.024 

.104

9 2 . 3 7 4

9 2 . 3 7 4  

10 1 . 2 6 4  

1 0 5 . 0 7 4  

•106.344
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r.'.DLB v i i  w a t  £ ft n o w  oiwscrioNS in s o i l . u n i t ; hi MONTH <)f; NOVEMBER, 1979
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APPl.'NOIX X
TASLC IX ■ < W »  PIS!: IN p i e z o m e t e r s . U'.'IT:H1 MOUTH OF» DECEMBER f 1979
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APPENDIX X

OATS
VERTICAL FL OW HOR CZCNTAL PLOW R E M A R K S

3P1 & WS>1 s p :  & y p i !»?1 6  YPI B?2 & W?2 DP2 U YF2 WP2 & YP2 n r ?  - bp WP2-WP1 i  YP2-YP1 .

1 OGwN court UP OCUN court UP Z t.J 1 ♦ 2 to  1 ♦ No baler  Movement

2 ■ a a a a a r» 2 to  1 a

5 • a a a a a + a a

4 M a* a a a a 2 to 1 a a

5 • ■ DOWN a a a 1 to 2 a a •

6 ■ • a a a a + a a

7 ■ a UP a a a 2 til 1 a a
.

8 ■ a a a a 1 to  2 a a

9 ■ a court a a i a a a a

TO ■ a a a a a a a a

11 • a ♦ a a a a a , .

12 a a court a a a a a a

13 9 a a a a OCUN a a a

14 ■ a a a a a a a a
, s

IS ■ a a a a a a a a

16 • a a a a a a a a

17 ■ a a a a a a a a

18 ■ a ♦ a a a a a a

19 • a UP a a a a a a

20 • a a a a 2 to  1 a u

21 • a a • a a a a a

CM • aa a 9 a a a a a

23 ■ • a a a a a a j ■

24 ■ a DC UN a a a 1 to  2 a a . •

25 ■ a a a a a a a a

26 a a ♦ a a N a a a

27 a a court a a ■ a a a

28 a a a a a a a a a

29
*

a a a a ♦ a u

t — - a a a
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X X  WVTSR P I 3 ?  IN P l S S O r - T C W S  ■___ UM T t H l MONTH ori JANUARYt 1980
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APPENDIX X
TABLE X t t  WATT ft fLO W  D IR E C T IO N S  IN S O I L ,  U N I T !  HI NONTH OP I JAMJARY, I 9 6 0

r» > •1 to

VERTICAL TLOW

ttOX

ZONTAL r L.OV r e m a r k s

DPI  & V?\ dpi  a t p i V P 1 & TP1 BP2 a WP2 DP2 A YP2 WP2 a YP2 CP2 - 0 P ‘ w p z -w ri YP2-YP1 #

i OC'Ji DC „N DtjL'N 00WN DOwT. 02UN 0 Z to 1 2 to  1 ♦ No blotcr Movement

2 9 ■ ■ ■ • a a a a
o No Uoter In Plstongtero

3 • • 0 ■ • ■ a 9 w

4 II • ■ 9 ■ ’ a a 0 a

5 a • 9 0 ■ a a a a *

« 0 ■ 0 9 • a a a a *

7 ■ • m 9 ■ a a a a •

ft 0 * 9 , • a a a a

J • • 9 • a a a a a , *

■ • m ■ M a a a a
1 1 m ■ ♦ 9 a a n

12 m • OO'JH • 9 . a a a

13 w ■ ■ ■ 9 . a a a

14 0 ■ • • 9 a * a a /

IS • . ■ ■ 9 a a a a

If. • 0 ■ ■ 9 a a a a

1 7 • 0 • • 9 a a a a

i{t • 0 • 0 9 a a a a
I
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APPENDIX X
TABUC XII WATCH PISE IN p:SS0,‘:STE»3. UNIT {H2 ___________________ MONTH <<r I AUOUST, 1979

d a t c
b'.'JC PIEEOMITtNS j WHITE P11ZCMETEHS YELLOW PIEZOMETERS R E H ' A R K S

S?1 mO) 0?2c« WP1__CR1 WP2 r-mcm v n  „err y ?2 C31
.

i

2 t

3

4 %

5

6 0.000 0.000 0.000 34.274 101.264 105.074 Piezometers installed

7 0.000 3.004 0.000 66.6S9 98.724 106.979

8 13.974 16.504 0.000 83.604 98.724 10«.884 *

9 21.584 22.854 0.000 91.424 103.804 113.964

10 21.504 24.124 0.000 92.694 103.804 112.694

It 20.314 25.394 0.000 92.694 104.439 113.329 •

32 17.139 26.664 0.000 93.329 104.439 113.964

PI 13.329 26.664 0.000 93.329 101.264 111.424

n 11.424 26.664 0.030 93.964 103.804 113.964 X ✓

IS 10.789 26.664 0.000 93.964 106.344 115.234

36 10.154 26.664 0.000 93.964 107.614 116.504

17 7.614 26.029 0.000 93.964 103.P04 113.964

. 13 4.439 26.664 0.000 93.964 106.979 116.504 •

19 5.074 26.664 0.000 93.964 102.534 112 .059

20 2*514 26.664 0.000 93.964 101.264 112 .693

21 5.074 26.644 0.000 93.964 103.804 113.964

22 11.964 26.664 0.000 94.599 104.439 114.599

23 20.314 26.664 0.000 95.869 105 074 114.579

24 21.584 26.664 U.Q00 96.504 106.344 115.234

25 22.054 26.664 0.000 95.869 105.074 113.964

26 21.594 26.664 1.254 97.139 108.884 no.. :09

27 19.044 __2 6.664 _  1.254 _  106.344 115.869 •

20 9 105.C 74 115.234

29 fS£. 2 105.074 114.599 •

==^  -----  7AA 116.S04 I • *
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APPENDIX X

t a b l c  *xv watch  n o w  d i r c c t i o n s  r :  a o n .  . u v i t i  h i ____  ________________ k o i h h  o n  AU0U3T> 1979

DA'.ri:
VERTICAL fLOW HORIZONTAL . LOW R E M A R K S

• a ?i a  w p i
i

3 8 1  A YP1 UP1 A YP1 3P2 A WPS BP2 A YP2 WP2 A YP2 iiP2 -B P 1| WP2-WP3. V P 2 -Y P 1

i 1 •

z

3 I

4 *

s *1— — —
•

« * o UP UP DOWN UP UP ♦♦ 2 t o  1 2 t o  1 ++ No W a te r  F lo w

7 M DOWN ft tt tt tt 2 t o  1 fl • I
o  No w a t e r  I n  P ie z o m e t o r s

8 DOWN i ,tt tt DOWN ft »t tt tf *  No W a te r  M ovem en t

» "
ft tt - tt H M ' • P i e z o m e t e r s  I n s t a l l e d

1 0 - tt ft tt tt ♦ tt N tt

1 1 " . ft tt tt
UP t< tt ' tt

12
r

- tt ft it tt ft N tt tt

1 3 „ N ft tt tt ft ft tt ft

14 M * tt tt tt ♦ V tt
✓

15 M ft it - UP tt ft M t

16 M ft tt tt - tf It It tt

17 n
-  .

tt N tt ♦ tt fl tt •

18 M tt tt ft tt UP N If ft

10 ft tt t* ft ft DOWN tt It tt

20 ft f* ft tt ft ft ft

21 ft ft tt ft tt
♦ tt M tt- .

2 * h ft ft tt tt tt tt tt

23 ft tt ft tt tt DOWN "  j
ft tt

24 ft *t ft ft tt ft ft It ft

25 ft « It ft tt " ' I It tt N

2G ft n ft tt tt UP " » tt tt .
27

26

ft tt ft tt tt DOWN • ft tt ft

M ft tt tf tt tf ft 1* tt

29 ft tt ft ft tt ft It tt tf

* - - T tt ft tf " 1
It .

I

I

233



APPENDIX X
TABLE XV .X.'LZZM<̂ 1=I6Mj_UUSXiiil MOUTH OP I SEPTEMBER, 1979

SA'.'C
DL'JE PIt<JC'c.rER5

:pi

24.759

24.124

24.759

26.029

25.394

29.204

SP2,

26.664

26.664

Will TB PIK80ME1 tlkj YELLOW PIEZOMETERS

Wpl
3.794

4.429

26.664

2C.C04

5 . 0 4 6

5 . 0 6 4

26.664

27.299

5.064

6.969

WP2

98.409

97.774

96.504

95.234

93.964

94.599

rn YP2

108.249

108.884

105.074

3 0 1 . 0 9 9

101.264

107.614

OH
117.139

117.774

113.904

111.424

110.154

116.504

7

8

_ 9 
10

11

12
13

14

29.839

29.204

26.664

26.664

26.664

25.394

24.124

24.124

25.394

474

C 14

014

3.014

014

e40
*40

640

840

040

39.840

38.570

4.439-

4.439-

4.439-

26.664 6.969 95.234 106.344 115.234

26.664 7.604 94.599 103.804 111.424

26.664 3-874 92.694 105.074 112.694

26.664

26.664

8.874 92.059 102.534 110.154

8.874 92.059

26.664 8.874 90.154
26.664 10.144 90.154

26.664 0.874

26.664 10.144

26.664 11.414

26.664 12.684

26.664 12.684

26.664 12.6*4

26.664 12.684

26.664 13.954

26.664 13.954

26.664 15.221

26.664 15.324

26.664

26.664

26.664

26.664

26.664

26.664

15.224

15.859

16.494

91.<24 

90.789

91.424

91.424

91.424

102.534 110.154

102.534 107.614

101.264 108.en4
101.214 108.884

99.994 107.614

102.534 110.154

105.074 112.694

99.994

90.154

88.884

91.424

91.424

9-.424

91.424

91.424

90.789

90.154

17.764

101.264

98.724

103.804

103.604

99.394

103.80-.

99.994

99.99'

99.994

108.884

HO .  154

107.614

112.694

112.694

108.884

112.694

108.884

108.884

108.884

109.884 • Blockage Adjusted

110.154

112.154
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APPEND! X X

w r e
BLOC ('ICXOKSrffcS WHITE PIEZOMETERS y e l l o w  •.•lEzoMi.rews ' R E M  A R K S

B?1 CTtX C?*c« WP1« WP;! cr. /rl r-mon YP2 cm . ‘ |

l 0.000 26.660 17.764 88.884 101.899 111.424 *

2 0.000 26.660 17.764 88.884 97.454 1 1C6.979

3 C.000 26.260 17.764 68.8S4 99 .994 109.519

4 0.000 26.260 19.034 90.1*4 99.994 110.154

3 0.000 26.660 19.034 90.154 99.994 110.154

6 0.000 26.660 19.031 89.519 97.454 10b.344

7 3.e04 26.660 20.304 90.154 101.264 111.- 24

8 3.804 26.660 20.304 90.154 99.994 110.154

9 5.074 26.660 20.304 88.884 98.724 108.884

10 5.074 26.660 20.304 88.884 98.724 108.884

11 5.074 26.030 20.304 88.SP 3 96.184 . 106.344

22 6.344 26.660 20.304 90.154 96.724 110.154

ii 7.614 26.660 22.209 88.884 99.994 110.154

14 8.244 26.669 22.944 90.154 99,994 110.154 • * /

15 0.884 26.030 22.844 90.154 98.724 109.519

16 „o  m  — 7 6 - 0 3 0 22.844 90.154 98.089 1 107.614

17 24.114 88.884 98.089 j • 107.614

1ft 11.4 o 30 24.114 88.884 _2$.184 106.344 .

19 1 2 .  - 20 24.749 ICO.884

20 1 . f 2 2 5 . ■ p b .  454 108.249

- . ■ .2 60 ^"■^6.164 107.614

11.96 
13.95

15.23

.030

560

.030

.660

,299

.934

27.92

27.5

2 7 .J

■ 194 

.089

.644

.644

94.114

96.

•,07.614 

■108.249 

103.804 

105.074 

•105.709 

1.344 

6.614
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AfPENDIX X

TABLE XV IJX  WATER PLOW DIRECTION? IN 301? , .  . UNIT! H2 . MOUTH Q f l 0CT0CtW» H T ?

DATE
VERTICAL TLOW

'<!»! A WP1

10
11
12
12
1 4

15
16 _
IT
10

19

20 

21 
22 

2 3 _  

24 
23  

26  
27

DOuN
3P1 4  YPt

UP

DCJN

OOtJN

v p i  & y p i

UP

0P2 4 WP2

DOWN

eP2 4 YP2

doun

WP2 6 YP2

UP

OOUN
UP

DO UN 

UP

D 'UN

UP

OCWN

DCuN

DC'IN

I0 R I2 0 N TA L  FLOW

DP2 -D P I

2 to 1

WP2-WP1

2 to  1

Y P 2 -Y P 1

R E M A R K S

2 to 1 « No w«t»r Mowmint
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Apri;wDi:< x
lA S L fiX IX  WAT SR PISE IN PIEZOMETERS. UNIT! H2 • MONTH Of: N0,J EM8ER , 1979

*ATE
o l 'jc p i e z o m e t e r s WillTC f ICZOMCTklKU VIU.OW PIEZOMETERS R E M A R K S

API
V  STM.

0.n2 Cfl»
wri on WP2 rr\ cnj m  c * * P2 e .

1 1 9 . 0 4 4 2 7 . 9 3 4 2 9 . 8 2 9 8 9 . 5 1 9  • 9 8 . 7 2 4 1 1 0 . 1 5 4

2 1 9 . 0 4 4 2 7 . 9 3 4 3 0 . 4 6 4 9 0 . 1 5 4 9 8 . 7 2 4 1 1 0 . 1 5 4

3 1 9 . 0 4 4 2 8 . 5 6 9 3 1 . 0 9 9 9 0 . l5 4 9 9 . 9 9 4 - .1 0 .1 5 4

4 1 9 .C 7 9 2 8 . 5 6 9 3 1 . 7 3 4 8 9 . 5 1 9 9 8 . 7 2 4 1 0 7 7 5 1 4

5 2 0 . 3 1 4 2 9 . 2 0 4 3 1 .7 3 4 9 0 . 1 5 4 1 0 1 . 2 6 4 1 1 0 . 1 5 4

6 2 1 . 5 8 4 2 9 . 2 0 4 3 4 . 9 0 9 9 0 . 1 5 4 1 0 1 . 2 6 4 1 1 0 . 1 5 4

7 2 2 . 2 1 9 2 9 . 2 0 4 3 5 . 5 4 4 9 1 . 4 2 4 1 0 1 . 2 6 4 1 1 0 . 7 8 9

a 2 2 . 3 9 4 2 9 . 2 0 4 3 5 . 5 4 4 9 1 . 4 2 4 1 0 3 . e 04 1 1 1 . 4 2 4

9 2 3 . 4 8 9 2 9 . 7 0 4 3 S .5 4 4 9 2 . 0 5 9 1 0 6 . 3 4 4 1 1 3 . 9 6 4

1 0 2 5 . 3 9 4 2 9 . 2 0 4 3 6 . 6 1 4 9 2 . 6 9 4 1 0 1 . 2 6 4 1 0 8 . 8 8 4

11 2 S . 394 3 0 . 4 7 4 3 6 . 8 1 4 9 2 . 6 9 4 1 0 5 .0 7 4 1 1 2 . 6 9 4

12 2 5 . 3 9 4 2 9 . 8 3 9 3 6 . 8 1 4 9 3 . 3 2 9 1 0 3 . 8 0 4 1 1 1 . 4 2 4

1 3 2 3 . 9 7 1 3 0 . 4 7 4 3 7 . 4 4 9 9 3 . 3 2 9 1 0 5 . 0 7 4 1 1 2 . t * 4

14 2 6 . 6 6 4 3 0 . 4 7 4 38.Of 1 9 3 . 9 6 4 1 0 7 . 6 1 4 1 1 3 . 9 6 4 /
\

IS 2 6 . 6 6 4 3 0 . 4 7 4 3 8 . 0 8 4 9 1 .9 6 4 1 0 5 . 0 7 4 1 1 1 . 4 2 4

16 2 6 . 6 6 4 3 0 . 4 7 4 3 8 . 0 8 4 9 3 . 9 6 4 1 G 5 .7 0 J 1 1 2 . 6 9 4

17 2 6 . 6 6 4 3 0 . 4 7 4 3 8 . 0 8 4 9 3 . 9 6 4 1 0 4 . 43J 1 1 1 . 4 . 4

2 9 . 2 0 4 3 9 . 3 5 4 9 3 . 9 6 4 1 0 a. . 3 4 4 1 1 3 . 9 6 4

2 9 . 8 3 9 3 9 . 9 8 9 9 3 . 9 6 4 1 0 6 . E44 1 1 3 . 9 6 4

.<64 3 0 . 4 7 4 • 4 0 . 6 2 4 9 3 . 9 6 4 1 0 6 . 3 4 1 1 1 3 . 9 6 4

. *'> e 4 2 9 . 8 3 9 4 0 . 6 2 4 9 3 . 9 6 4 1 0 5 . 0 7 4 1 1 2 . 6 9 4

29,839 4 0 , 6 2 4 9 3 , 9 6 4 1 1 2 . 0 5 9 1 1 2 . 6 9 4

[ ” ~  2 6 . 6 6 4 2 9 . 2 0 4 4 0 . 6 2 4 9 3 . 3 2 9 1 0 3 . 8 0 4 1 1 2 . 6 5 4  . 1

' 2 6 . 6 6 4 2 9 . 2 0 4 4 0 . 6 2 4 9 2 . 6 9 4 1 0 1 . 7 6 4 1 0 8 . 8 8 4 1

[ 2 6 . 6 6 4 2 9 . 2 0 4 4 0 . 6 2 4 9 2 . 6 9 4 1 0 . . 2 6 4 1 0 8 . 0 8 4

2 6 . 0 6 4 2 9 . 2 0 4 4 1 . 8 9 4 9 2 . 6 9 4 1 0 3 . 8 0 4 1 1 1 . 424

2 6 . 6 6 4 2 9 . 2 0 4 4 3 . 1 6 4 9 1 . 4 2 4 1 0 6 . 3 4 4 1 1 3 . 9 6 4

2 6 . 6 6 4 2 9 . 2 0 4 4 3 . 1 6 4 9 1 . 4 2 4 1 0 3 . 8 0 4 1 1 1 . 4 2 4

2 6 . 6 6 2 2 9 . 2 0 4 4 3 . 1 6 4 93 9 64 1 C 3 .2 4 S 1 1 6 . 5 0 4

9A AAA 2 9 . 2 0 4 4 3 . 1 6 4 9 3 . 9 6 4 -  j 1 0 5 .  -.05 113 .96 -1 • >
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APPENDIX X

TABLE XX WATER PLOW D IR E C T IO N S  IN S O I L .  U N IT | H 2 MONTH O f l HOtftHOER, 1 9 7 ?

n r VERTICAL PLOW HOP ICONTAL HLOW R E M A R K 3

3P1 A WP1 0P1 A YP1 DPI A YP1 SP2 A WP2 BP2 A YP2 WP2 A YP2 BP2 -UP WP2-WP1 YP 2-YP 1

1 DC 121 OOUtt UP DOUN CCUN UP 2 lo 1 2 to 1 2 to  1
♦ No Water Movement

?. ■ a a a a ♦ ■ a a

:i ■ a a a a a a a a

4, a a a a a DOWN a a a

• a a a a a ♦ a a *

e a a a a a ♦ a a *

1 a a a a a DOWN a a a

a a a a a a ♦ M a a

9 a a a a ur it a a

10 a a a a a CCUN n a a

11 a a a a a ♦ a a a

12 a a a ■ a OOUN a a

11 a a a a a a a a

1< a a a a a ♦ • a ■

15 a a a a OOJN a a

1 6 a a i a a t< a a ✓ a

17 a a a c a a a a ■

I S a a a > a ♦ a a a

19 a a a a a ♦ a a a •

*0 a a a a a ♦ a a a

21 a a a a a DOUN a a a

22 a a a a a a a a a

23 a a a a a a a a

26 a a a a . a a a a a

25 a a a a a a a a

26 a a a a a a a a

27 a a a a a UP a -a a

20 a a a a a ♦ a a a

2 9 a a a a a UP a a a

30 a a a a a ♦ a a a

'
•

I
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APPENDIX X
TA2LE XXI W'TEX T’) PIEZC M O N T H  o r  i P C C E V O S R  i  1 9 7 9
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a p p e n d x x

QATB
VERTICAL FLOW HOR C/ONTAL FLOW R E . M A R X S

d p i  a. w p i DPI ft YP1 WP1 ft YP1 BPZ ft WP2 BP2 ft YP2 WP2 ft YP2 tl-2  -BP WP2-WP1 Y P2-YP1 '

1 0cwri oom UP DCUN OCfcfll UP 2 to 1 2 to 1 2 to 1 *  No Water Movement

2 * ■ • N a ♦ • a a

) 9 • B a a UP
a a

\ 9 ■ • • a DOLN a a a

a 9 • • a a a a a * «

6 a 9 * r a ♦ a a a 0

ft ■ * ■ a UP ! * a a
•

c> * ■ 9 a a DOWN ♦ a a

9 ■ ■ 9 a a l
a ♦ a a

n o • • • a a a a ♦ a a

11 ■ a a a ♦ a a

12 • • a
% a a ♦ a a

13 * 9 a 9 a a ♦ a a

i + ■ 9 a a a a a a
/

15 a 9 9 a a UP a a a

16 9 9 9 a a a a a a

17 m • 9 a a DOWN
!

V
ft a

1 9 • • 9 a a a a a a %

19 ■ ■ 9 a a a a a a

20 • ■ 9 a a ♦ a a a

21 ■ • a a UP a a

22 ■ • 9 a a a a

23 ■ ■ ♦ a a a

24 • • a* a i 3un 9 a a

25 • ■ UP a a a
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Am.'NPix

TAA>-£ XXI11 VIA xni > : r  IS PXil/.OWtTBrt j. UKITl H2 MONTH Of I JANUART, 1990

5<T£
BLUE ?ItZO t*tT£Pf 1 WHITS PIEZOMETERS V E U  0W PIEZOMETERS R E M A R K  s

*”  < . < DP2o. wri cm WP2 __ca YP1 r~m cm YP2 on

1 0.000 27.934 50.704 82.534 92.374 101.899

2 «• 27.934 50.734 78,724 91.1C 4 1C 1.264

3 ft 1 27.934 50.784 76.104 1 88.564 95.545

4 i - 26.664 50.784 73.644 80.564 96.184

s 1 26.664 SO.784 71.104 86.024 92.374

6 •• | 26.664 49.514 68.564 83.484 87.929

7 • 1 26.664 ' 49.314 66.659 80.944 . 96.659 •

3 - 26.664 49.514 64.754 79.674 84.754

•) " 25.394 49.514 59.674 75.064 80.944

It) m 75.394 48.244 55.864 73.324 78.404 ■

“VL m 25.394 48.214 53.324 69.524 74.594

n . m 24.124 49.244 52.054 69.51- 74.594

» « 24.124 40.244 43.244 65.701 70.789

14 «* 24.124 48.244 46.974 63.164 68.244 ✓

« H 24.124 46.974 44.434 63.164 68.244

16 M 22.SS4 46.974 43.164 60.G24 65.704

17 ft 22.654 46.974 40.624 59.354 63.164 •

i s  ; n 22.854 46.974 39.354 54.274 59.354

z j H  ,.; H |_____________________ 22.854 46.974 36.814 54.274 58.084
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APf't.NOIX
t a b u g  x x vv WATr.i n o w  o i w s c r i o w a  I N  S O I L ,  u,viTiH2 MONTH o r ; JANUARY I 9̂60

VERTICAL fLOW H O R I Z O N T A L  F L O W

la t e
e ? i  Ci w p i C?1 & YP1 WP1 6  TSH BP2 t  WP.' 3P2 & 2P2 W P 2&  YP2 t P2 -C P WP2-WP1 YP2-YP1

l 00 Ji oojtj UP CO’JN DCJN DOWN 2 to 1 2 to  1 2 to 1 *  No Water MotfJiKBnt .

2 ■ • a a a UP 1 ■
a •

) • • a a a OCUN a a fi

•*« a § a a .• UP a a '

S a a a a a a a a a *

c • a a a a OCL'N a a a *

•»
■ a a a a .♦ a a a

(1 • a a i a a ♦ a a a
•

5 • ■ a a a UP a a a

IC ■ • a a a a a a a

11 * ■ a a a a a a a

12 ■ a a a a a a a a

IS • a oojn a a a
* *

14 a ■ a a a a a 1 to  Z a

15 ■ ■ a a a « a a a

1 6 a • a a r a a a

17 ■ ■ a a a a a a a

18 ■ ■ a a a ♦ a a a

19 ■ • a a a UP a

20 • a a K a a a a a •

2 1 ■ a a a a a a a a

22 ■ a a a a a a a a

23 ■ a a a a a ■ i
a a

24 ■ l l a a ■ a a a

25 ■ a a a a a a a

26 • a a a a . rt a a

27 • a a a a a a a a *

ze ■ a a a a • a l a

29 a a a a a a a a

30 ■ a a . • a a a a

3 1 ■ a a .  I a a ii a a
______________________________________________________ ________:______ I
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APPENDIX X
TAftlS xxv VfrTE* ftxsc tn riE::^STSP.g, I 'N m r? MONTH O n  FEBRUARYt 1990

244



APPENDIX X
245



246

Fig# Ills H3 Nursery Layout
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APPENDIX X

T M jL G x x m  rk Q * q i r s c t io n s  ih . s p j k .  U N iT t jg ,___________________ MOOTH o rm jJ J k A ra L .

DATE
VERTICAL FLOW H0> ,IZONTAL FLOW R E M A R K S

3P1 A WP1 OPl  & YP1 WP1 & / PI BP2 & WP2 BP2 & YP2 WP2 A YP2 n?2  - b p - WP2-WP1 Y P2-TP1

1

2

3

4 /

5 ■ •

6 * *

7- ■

e
9

•

1. *

10
11 •

12

13

14 •

IS

16

17 OC-fi OOUN 2 to 1 2 tc 1

13 ■ a a a a

:.9 ■ a a a

s o • a a a

2 1 • a • a

22 ■ a a a

23 • a a a

24 • u a a *

25 • a a a

t  5
• a UP a

27 ■ OOUN ♦ a

2!) a a a a operating.

2'.' a 1 a a a

30 a a a a

L i - a a a a * >
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p p a a M M m

A f t  CrtpJX A
TA BLE XX* WATSn n o w  P m C T I O N O  IN  S O IL ,. U N IT t H I MONTH o r  1 f llr t t ’S T ■ 1 97 8

D M 'C
V E R T IC A L  FLOW HOP IZ O .IT A L  FLOW R E M A R K S

8P1 4  w p i 3P1 & YP1 WPI & YP1 QP2 & WP2 DP2 U  YP2 WP2 & TP2 0P2 -DP WP2-WP1 Y P 2 -V P 1

i
OCUN court 1 to 2 2 to 1

2 a ■ 2 to 1 n

3 a 9 • ■

4 ’ 0 » 9 9

5 m 0 * 1 td 2 9 •

6 m m- • • ■ •

7 m ■ 9

9 m 9 0 9

9 9 a a 0 *

10
9 0 ■ 0

1 1 9 • • m

12 9 % 0 9 a to 2
1 3 9 * 9 2 to 1

1 4 9 9 0 ■

15 9 x ■ m ■ •

16 ■ m • ■

17 9 0 9 0
•

18 9 9 9 • • _

19 9 9 • ■

20 ■ 0 • a

21 • 9 9 a

22

2 3

• 9
*

0 a j

• 9
1

0 • i
*

2 4
• 9 9 •

25 • 0 w‘ ■

26 ■ 9 9 a

2 7 9 ■ a

23 9 ■ II a

29 9 n M a

30 9 0 • ■ 0 a

3 1 0
9

0 9

I

I
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APt'I.NDIX X

TABLE XXXIII WATER ELSE IN PIEZOMETERS, UNITiHS m o n t h  o r  . 5E PTK M nC R . l < ) 7 9
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APPENDIX
«r*l8l. £  XXXIII WATCH RTSS IN PIEZOMETERS, 0HITIH3 AONTH or I OCTOBER. 1979
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• APPENDIX X
TABLE XXXIV WATS? PLOW DIRECTIONS IN SO IL . UNIT: H3 MONTH o r i n r r rm r r i^q^Q

CATC
VERTICAL FLOW

ap i x wpi

2C.N
3P1 & YP1 WPI & TP1 BP2 & WP2

C1WN

BP2 6 XP2 WP2 & KP2

H O R I Z O N T A L  F L O W

BP2 -B P 1 WP2-WP1

2  -to 1 2 to

Y P 2-7P 1

R E M A R K S

9

. 1 0 .
11
12
1 3

14

15

1 7
1 8

19

20
21
JJ

23

_24 
2 S_ 
26
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APPENDIX >

TABLE XXXVI *ATCR PLOW DIRECTIONS IN SOIL. UNIT: H3 KONTM v 1 9 7 ?_

—  ■■ 

OATS
VERTICAL tVO '’ . HOR] N O z H > r -OW R E M A R K S

DPI 4 WP1 DPI U CP  1 v p i  & ypi DP2 & WP2 BP2 U ¥P2 WP2 & *P2 DP2 -BP- WP2-WP1 7P2-Vri ______________ - ________________________ 1
1 DL-iN OU'-TJ ♦ 2 to 1 •

2 • • 2 to 1 i

a ■ ■ 1 to 2 ' ■

4 9 ■ • m

5 m ■ m •

s n ■ • ■

7 ■ ■ 2 to 1 0

8 * 9 • m

9
m 9 1 • 9 #

10 ■ ■ • 9

11

12

■ ■ ■ m

■ ■ ■ 9

13 • ■ ■ 9

14 « 9 • ' * /

15 • ■ . •

16 ■ 0 ■ •

17 ■ ■ M •

IS ■ ■ m •

19 ■ ■ m 1

20 • ■ ■

21 • ■ ■ If

22 « II 1 to 2 II

-  ■ ■ 7 * «  « ••
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APPENDIX X

TASLE XXXIX •VATEP RISE IN PIEZOMETERS , _ UNIT ; _ H 3 _ ______________________________ MONTH OF  i_JANUaht  ,  1900.

ou r e
BLUE PIE ZOMETERS WKXTf PIEZOMETERS YELLOW PIEZOMETERS R E M A R K a

b p : _ _ Df2C» on WP2 ca Y P l ĈP YP2 ca ■ •

1 1 0 .7 8 9 0 .0 0 0 3 3 .6 3 9 4 0 .6 2 4

2 1 0 .1 5 4 ft 3 3 .0 0 4 3 6 .8 1 4 1 r„
3 8 .8 8 4 N 2 7 .9 2 4 3 1 .7 3 4 i

4 7 .G 1 4 W 2 7 .9 2 4 2 7 .9 2 4
f

5 0 .0 0 0 N 2 7 .9 2 4 2 4 .1 1 4

6  '
« M 2 2 .8 4 4 2 2 .2 0 9

7 M ft 2 2 .2 0 9 2 2 .2 0 9

8 N If '2 1 .5 7 4 1 9 .0 3 4

9
m If 2 0 . ^v4 1 7 .7 6 4

10 «9 M 1 7 .7 6 4 1 5 .2 2 4

11 m ft . 1 6 . 4 9 4 1 3 .5 9 4 •

12
m If 1 5 .2 2 4 1 2 .6 8 4

13
m If 1 3 .9 5 4 1 1 .4 1 4

1 + m * • 1 2 .6 8 4 1 0 .1 4 4 %

IS m 8 .8 7 4 7 .6 0 4

16 m It 8 ,8 7 4 7 .6 0 4

17 M ft 8 .8 7 4 6 .3 3 4
1 8 W ft 5 .C 6 4 5 .0 6 4

19 w If 4 .A 2 9 4 .4 2 9 •

20 M If 3.794 3.794 *

21 V If 2 .5 2 4 2 .5 2 4

22
■ If 1 .2 5 4 0 .0 0 0

23 » If 0 .0 0 0  ‘ If

2 4 M ft • If*

25 m « If ft
26 • ft m If

2 7 ft M If M •

20 w R it » .

29 m w If M

m ft m
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APPENDIX X

7A2LC XL WATER  FLOW DIPSO*ION3 IN 30T.L, UNIT: H3 MONTH O fj__ JANUARY.19QQ

DATE
• VERTICAL TLGW

tto

[ZONTAIi PLOW R E M A R K S

SP1 & WP1 api  «  y p i WP1 & YP1 BP2 A WP2 BP2 S. YP2 WP2 6  YP2 KP2 -U P" w m -v i 'i YP2-VP1
' •

,  |

Jl DCltN ODUN 1 to 2 2 to 1

2 ■ * • ■

3 ■ ■ • ■

4 • «i • ♦ ♦ No water movement
S ■ ♦ 1 to 2

s 0 • ♦ ♦

7 m V ♦ ♦

3 • • ■ ♦ 1 t i  2

> ■ • ♦ •

-  10
• ■ ♦ ■

4 1 • ♦ w

1 2 ■ • ♦ •

I S •
' ♦ »

14 ■ • ♦ n
>

1$ • ■ ♦ ■

16 ■ 9 ♦ ■

17 0 ■ ▲
•

2 3 m ■ ♦ ♦

19
m ■ ♦ ♦

20 ■ ■ ♦ ♦

21 • ■ ♦ ♦

22
■ ■ ♦ ♦

23 • ■ ♦
I

♦ i
24 P I E Z 0 M E T E 1 S W E R E U P R 0 0 T E C NO  H A T E R  L A S  I*N P I E Z O M E T E R S

25

26

2 7
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APPENDIX X

TABLE X U I  WATEr TLOW DIRECTIONS IN SO U .,_____U N IT H 2 3 _ M ONTH Or_l__ .n il V r W <

VERTICAL FLOW HORIZONTAL PLOW
Date -

3P1 A WP1 0P1 A YP1 WP1 A YP1 BP2 ft WP2 8P2 £. YP2 WP2 & YP2 01*2 - B r ' WP2-WP1 Y P 2-Y P 1

1.

2.

3 •
4 •

3 *

6

7

a

9
#

10
11 *

12

13 .
1A •i • /

IS

16

17

18 *

19 1

R E M A R K S
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API’KNDXX X

TA?uff k x - ix x  x>TCf> P l. s c j rw  P T g - .Q H g rcu s , U M X T tn g t t , . . _____________________________ MONTH O n^ ugU JSIU Jlg Jj) ..

blue  PiLzcrxTcns WH.T6 PICZOMC' cn s YELLOW PIEZOMETERS R E M A R K S
OATt

s p i C O l BP2c * WP1 C*l w'’ 2 ™  cm YP1 __ 1 Y P 2 ___cm. cai

1 2 3 .4 8 9 2 5 .3 9 4 3 4 .2 7 4 4 8 .2 4 4 1 0 4 .4 3 9  I 1 1 2 .6 9 4

2 2 1 .5 8 4 2 4 .7 5 9 3 9 .3 5 4 5 3 .3 2 4 1 0 6 .3 4 4  l 1 1 2 .6 9 4 *

3 2 1 .0 2 5 2 4 .1 2 4  ' 4 4 .4 3 4 5 8 .4 0 4 1 0 3 .1 6 9
r

1 1 0 .7 8 9

?r> 214 2 2 .0 5 4 5 3 .3 2 4 6 7 .9 2 9 1 0 ? .8 0 4 4 1 1 .4 2 4 .
2 1 .5 0 4 5 3 .3 2 4 6 7 .9 2 9 1 0 3 .8 0 4 1 1 2 .0 5 9

B r
5 -8 8 4 1 6 .5 0 4 5 5 .8 6 4 7 1 .7 3 9 1 0 1 .8 9 9 1 1 3 .9 6 4

8 .2 4 9

1 0 .1 5 4

1 5 .8 0 9 5 7 .7 6 9 7 3 .0 0 9 9 0 .7 2 4 1 0 7 .6 1 4

1 5 .C 6 9 5 9 .6 7 4 7 4 .9 1 4 9 9 .9 9 4 1 0 7 .6 1 1

^  2 4 .1 2 4 2 2 .8 5 4 6 2 .2 1 4 7 8 .7 2 4 1 0 2 .5 3 4 1 1 0 .1 5 4
■ _  1 5 .2 3 4 1 7 .1 3 9 6 4 .7 5 4 8 0 .6 2 9 1 0 1 .2 6 4 1 1 0 .1 5 4

J  1 9 .0 4 4 2 0 .9 4 9 6 7 .2 9 4 8 2 .5 3 4 1 0 1 .8 9  > 1 1 1 .4 2 4

■  2 4 .1 2 4 2 2 .8 S 4 6 9 .1 9 9 8 3 .E 0 4 1 0 2 .5 3 4 1 1 2 .0 5 9

5  2 4 .1 2 4 2 2 .2 1 9 7 1 .1 0 3 8 5 .7 0 9 1 0 1 .2 6 4 1 0 9 .5 1 9

B L  2 4 .7 5 9 2 2 .8 5 4 7 3 .6 4 4 8f .3 4 4 1 0 2 .S?4 1 1 1 .4 2 4 . * /

194 .2 4 .1 2 4 7 4 .9 1 4 ___. ^ _ J 0 1 . 5 G 4 ____1 0 3 .8 0 4 _____ 1 1 2 .6 9 4
^ ^ 5 . 6 6 4  

■  2 3 .9 7 1  “

2 5 .3 9 4 7 7 . 4 5 4 = ^ ^ ^ g p .  4 74 1 0 5 .0 7 4 1 1 3 .9 6 4

7 0 . ' T 3 ^ ^ ^ ^ ^ ^ £ p . 4  74 1 0 2 .5 3 4 1 1 0 .1 5 4

m ^ _ : c 4 24 204 1 0 5 .0 7 4 1 1 3 .9 6 4

2 5 .3 9 4 24 1 0 7 .9 3 4 102*534 1 0 8 .8 0 4
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• APPENDIX X
TABLE XLVI WATC* fLQW O IA E CTIO f/3 IN S O U ., UNITt H20 ___________ MONTH OK {QCTODER,1979

DATE
VERTICAL riOW HOP IZOHTAL F LOW R E M A R K S

'nri 4  wp i  
1

DPI  4  YP1 WP1 U  YP1 0P2 6 WP2 ' 8P2 6 YP2 WP2 & YP2 0P2 - BP WP2-WP1 YP 2-YP 1

1 HJU'N DOWN oouirt OQUN DQUN DOiJN 2 to 1 2 to 1 2 to 1 •
2 ■ a a a a a • a a

3 1 * a a a • a a a a

4 1 • a a a a a M r a

5 f ' a 9 a a a a a *

6

7

*
9 9 i. a a a a a

! ■
9 a a a a a a •

8 ■ 9 a a a a a a a • •

9 9 9 a * 1 a a a a *

10 • 9 a a a a a a a

11 ■ 9 a a a a a a a

12 • 9 9 a a a a a * 1

13 9 9 a a a a a
* *

14 m 9 a a a a w a a

13 m a a a a a a a a %

16 • a a a a a a a

17
■ a a a a a a a a

10 • a a a a a a a

19 9 a a a a a a a a

20 9 a a a a a a a a

21 9 a 9 a a a a a a •

22 9 i • « ■ a a a a a a

: j 9 ■ • a a a a
*

a

24 m a a a a a ■

25 9 a a a a a a a

26 9 a a a a
a a

27
9 a a a a a a a a

23
a a a a a a a a

29
9 a a a a a a «• ■

30
■ a a a a a a a a *

31
a a a a a a a a a

* \
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*pr«.Mi>ix x
TADLC L WATCg flOW DT^rCTIONj IN SOIL, UNTTl Mao MONTH Orjj_

VERTICAL TLOW HORIZONTAL FLOW R E M A R K S
DATL*

DPI A WP1 DPI 4 YP1 wri & ypi BP2 4 WP2 BP2 & YP2 WP2 4 YP2 »:>2 -Dpi WP2-WP1 YP2-YP?

t OC-lN O U N OCJN OOLIN DCuJN OOkiN 2 to 1 2 to 1 2 to 1

2 • • • • • ■ • ■ •

3 • • ♦ ■ • ■ ■ ■ • ♦ No wo tor m o v oment

4 • ■ DCUN ■ ■ • • 0 ■ , •

S • • • • • ■ ■ • ■ ■ •

6 ■ ■ ■ ■ ■ • ■ • ■

7 ■ ■ • ■ • ■ • 0 •

8
* ■ ■ • ■ • ■ 0 ■ II

9 • ■ • ■ 9 • • • ■ •

10 ■ ■ • ■ • 0 ■ ■

11 • ■ ■ ■ ■ • • ■ ■

12 ■ ■ ♦ ■ ■ ■ ■ ■ ■

13 * ■ OOJN ■ ■ • 9 ■ ■ *

14 • ■ ■ m 0 • m ■ 0 . /

IS ■ • ■ 9 ■ 9 • ■ ■

16 ■ ■ • » ■ • • ■ •

17 ■ ■ • ■ . • ■ m - - -A - »
18 m ■ ■ • * 0 • «

-- ■ m ■ ■ • . .  i ■ * ■
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APPENOXX X
TABU: U J  W ATf* FLOW DIBUCTIOKS IN SO IL , UNXTi H20  ___________________MONTH O f i PECEH0CBt H 7 9

r v w n r

V E R T I C A L  F L O W MORI Z O N T A L  F ILOW R E M A R K S

a p i  3  w p i ^ P 1  & Y P 1 W P I  3  Y P 1 B P 2  k WP 2 B P 2  k  Y P 2 WP 2  k  Y P 2 H IM  - d p i w p 2 - ,* m Y P 2 - Y P 1

1 O C 'J I 0 0  UN DOWN DOWN OCUN O CJN 2  t o  1 2  t o  1 2  t o  l

2  v
■ ■ 9 ■ ■ a a a a

3 • • • • 0 a a a a

4 • ■ 0 ■ a a a a

5 ■ ■ ■ • ■ a a a *

6 • ■ ■ ■ ■ a a a

7 ■ ■ • ■ ■ a a a a

3
■ ■ ■ • 0 a a a a •

9
9 • a • ■ a a a a

1 0
• ■ a • 0 a

’
a a

1 1 • • m • 0 a a a a

1 2 • ■ a ■ ■ a a a a

13 * • • ■ a a a a a

14 ♦ • ■ UP a a it a a *  No uatar novemont

IS UP • ■ a a a a a

1£
■ • * • a a 1 to 2 a a •

17 • • ■ • a a Z to 1 a a

1 3 OO'JN • • OCUN a a a a 1 to 2 •

-- 1 - - ■ a a a a 2 to 1
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APPENDIX XI

PENMAN METHOD OF EVAPQTRANSPIRATIQN COMPUTATION



APPENDIX XI

PENMAN METHOD

F ORMULA:1

ET - A H  + 0.27 Ea 

A  - 0.27

With vai’jos of H and Ea given by:

H =  R A < I - ^  )(0.1P ,55n/N)-6Ta (0.56-0.092 '/ed)

(0.10+0.90 n/N).

Ea = 0.35(ea-ed)(l+0.00982£)

Where H - daily heat budget at surface in 

mm H^O/day

RA = Mean monthly extra terrestrial 

radiation in mm H 20/day,

reflection coefficient of surface 

n = actual duration of bright sunshine 

N = Maximum possible duration of bright 

sunshine

CP= Boltzmann constant 

C T T c S  mm H 20/Day

ed = Saturation vapour pressure at mean 

dew point (i.e. actual vapour in 

the air) mm Hg

Ea = evaporation in (mm) f^O/day



279

ea = Saturation vapour at mean air 

temperature in mm Hg 

U z -  Mean windspeed at 2 metre above
O

the ground (miles/day)

E j. = evapotranspiration in mm H20/day

Ur measured windspeed in miles per

day at height h in feet

A = slope of saturated vapour pressure

curve of air at absolute temperature

T in °F (mm H /°F) 
a g

Wind measurements taken at other heiy'nLs ca.. be 

corrected to the 2—metre elevation by use of 

the formula:

u 2 “ u (log 6.6) 
log h

1
P Irriaation Principles by Israelsen



- 28C

U

______________ Ji
Table I: VALUES FOR T

Temperature
CT^a

0
C

mm HgO/day

18.33 1A.52

18. AO .1A.5A

18.50 1A.56

18.60 1A.58

18.70 1A.60

18.80 1A.62

18.90 1A.6A

19.00 1A.66

19.10 1A.68

19.20 1A.70

19.30 1A.72

19. AO 1A.7A

19.50 1A.76

19.60 1A.79

19.70 1A.B1

19.80 1A.83

19o90 1A.85

20.00 1A.87

20.10 1A.89

20.20 1A.91
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Table I: (Cont’d)

Temperature

mm K^O/day

2D. 30 14*.93

20.4*0 1«*.95

20.50 14*.97

20.60 14*.99

20.70 15.02

20.80 15.04*

20.90 15.06

21.00 15.08

21.1 15.10

CM•*■*CM 15.12

21.3 15. 14*

21.4* 15.16

21.5 • —* 03

21.6 15.20

21.7 15.22

21.8 15.24*

21.9 15.26

22.0 15.28

22.10 15.30

22.20 15.32
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Table I: (Cont'd)

Temperature

□
C mm H 0/day 

2

22.30 15.31*

22.1*0 15.36

22.50 15.38

22.60 15.1*0

22.70 15.1*2

22.80 15.1*3

22.90 15.1*5

23.00 15.1*7

23.10 15.1*9

23.20 15.51

23.30 15.53

23.**0 15.55

23.50 15.57

23.60 15.59

23.70 15.61

23.30 15.63

23.90 15.65

21*. 00 15.67
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APPENDIX X I

I

m
ooco

l

T a b l e  I I : 'Extra Terrestrial Radiation (R a) expressed in equivalent evaporation in i.im/day

. Northern Hemisphere

Jan Feb Mar Apr May June July Aug Sept Oct

3.8 6.1 9.4 12.7 15-8 17.1 16.4 14.1 10.9 7-4
4.3 6.6 9.6 13.0 15.9 17.2 16.5 14.3 11.2 7.8
4.9  7.1 10.2 13.3 16.0 17.2 16.6 14.5 11.5 8.3
5.3 7.6 30.6 13.7 16.1 17.2 16.6 14.7 11.9 8.7
5-9 8.1 11.0 14.0 16.2 17.3 16.7 15.0 12.2 9.1
6.4 8.6 11.4 14.3 16.4 17.3 16.7 15.2 12.5 9-6
6.9 9-0 11.8 14.5 16.4 17.2 16.7 15.3 12.8 10.0
7-4 9-4 12.1 14.7 16.4 17.2 16.7 15.4 13-1 10.6
7-9 9-8 12.4 14.8 16.5 17.1 16.8 15-5 13.4 10.8
8.3 10.2 12.8 15.0 16.5 17.0 16.8 15.6 13.6 11.2

9.8 11.5 13.7 15.

11.6 13.0 14.6 15.6 16.1 16.1 
12.0 13.3 14.7 15.6 16.0 15.9 
12.4 13.6 14.9 15.7 15.8 15-7

13.6 14.5 15-3 15.6 15.3 15.0 15.1 15.4 15.3 14.8'
13.9 14.8 15.4 15.4 15.1 14.7 14.9 35.2 15-3 15.0
14.3 15.0 15.5 15.5 14.9 14.4 14.6 15.1 15-3 15.1
34.7 15.3 15.6 15.3 14.6 14.2 14.3 14.9 15.3 15.3

Southern Hemisphere

Nov Dec Lat Jan Feb Mar Apr May June July
4. 5 ■3.2 50° 17.5 34.7 10.9 7-0 4.2 3.1 3-5
C t 0 3.7 48 17.6 14.9 11.2 7.5 4.7 3.5 4.0
s . 5 4.3 46 17.7 15.1 11.5 7.9 5-2 4.0 **. 4
6. 0 4.7 44 17.8 15-3 11.9 8.4 5-7 4.4 4.9
6. 5 5.2 42 17-8 15.5 12.2 8.8 6.1 4.9 5-4
7. 0 5.7 40 17-9 V5-7 12.5 9.2 6.5 5-3 5-9
7. 5 6.3 38 17.9 35-8 12.8 9-6 7.1 5.8 6.3
8. 0 6.6 36 17.9 16.0 13.2 10.1 7-5 t .3 6.8
8. 5 7.2 34 17-8 16.1 13-5 10.5 8.0 6.8 7-2
9- 0 7.8 32 17.8 16.2 13.8 10.9 8.5 7-3 7.7
9. 5 8.3 30 17.8 16.4 14.0 11.3 8.9 7.8 8.1
9- 9 8.8 28 17.7 16.4 14-3 11.6 9-3 8.2 8 . 6

30. 3 9.3 26 17.6 16.4 14.4 12.0 9.7 8.7 9-1
1C. 7 9-7 24 17.5 16.5 14.6 12.3 10.2 .9.1 9.5
11. 1 10.2 22 17.4 16.5 14.8 12.6 30.6 9.6 10.0
11. 6 10.7 20 17.3 16.5 15.0 13.0 11.0 10.0 10.4
12. 0 11. 1 18 17.1 16.5 15.1 13.2 11.4 10.4 10.8
12. 4 11.6 16 16.9 16.4 15.2 13-5 11.7 10. S 11.2
12. 8 12.0 14 16.7 16.4 15.3 13.7 12.1 11.2 11.6
13. 3 12.5 12 16.6 16.3 15.4 14.0 12.5 11.6 12.0
13. 6 12.9 10 16.4 16.3 15-5 14.2 12.8 12.0 12.4
13. 9 13.3 8 16.1 16.1 15-5 14.4 13.1 12.4 12.7
14- 2 33-7 6 15.8 16.0 15-6 14.7 13.4 12.8 J3-1
14. 5 14.3 4 15.5 15-8 15.6 14.5 13.8 13-2 13.4
14. 8 14.4 2 15.3 15.7 15 7 15.1 14.1 13.5 13-7
15. 1 14-8 0 15.0 35.5 15.7 15.3 14.4 13-9 14.1

5 8.9 12.9 16.5 18.2! 
0 9-3 13.2 16.6 18.2; 
5 9-7 13.4 16.7 38.3 
9 10.2 13.7 16.7 18.3 

,4 10.6 14.0 16.8 18.3
,9 11-0 14.2 16.9 18.3 
.3 11.4 14.4 17.0 18.3 
,8 11.7 14.6 17.0 13.2 
.2 12.0 14.9 17-1 18.2; 
.6 12.4 15.1 17.2 16. !L

3 18.1 
2 17.9 
2 17.8 
1 17.7 
0 17-5

.1 12.7 15.3 17. 

.4 13.0 15-4 17. 

.9 13.2 15-5 17. 

.2 13.4 15-6 17- 

.6 13.7 15-7 17-

12
12
13
U
13

.0 13.9 15-8-17 

.3 14.1 15-8 16 

.6 14.3 15-8 16 

.9 14.5 15-8 16.5 

.2 14.7 15-8 16.4
•5 14.8 15-9 16.2 
.7 14.9 15.8 16.0 
.0 15-0 15.7 15 
.3 15.1 15-6 15 
.5 15.2 15.5 15 
.8 15.3 15-4 15

0 17.4 
8 17.1 
7 16.8 
5 16.6
4 16.5

16. i 
16.01 

8 15.7
5 15-4
3 15.:.
1 14.8



28
4



APPENDIX XI

Table IV ;  "Values of Weighting Factor (W) for tho Effect of Radiation on ETo at Different Temperatures and Altitudes 
\

1 Tem perature °C 2 4 6 8 10 12 14 16 18 ' 20 22 24 26 28 30 32 34 36 38 40
in
CO
fNJ W at a ltitude m

0 0 .4 3 .4 6 .4 9 • 52 .5 5 .58 .61 .64 .66 .68 .71 .73 .7 5 .7 7 * .-7 8 .8 0 .8 2 .83 .§4 .8 5
1 500 .4 5 .4 8 .51 • 54 .57 .60 .6 2 • 65 .67 .7 0 .72 .74 • 76 .7 8 .7 9 .81 .82 .84 .8 5 .8 6

1 000 .4 6 .4 9 .5 2 . 55 .5 8 .61 . 6 ; .6 6 • 69 • 71 .7 3 .7 5 .77 .7 9 .8 0 .82 .83 .8 5 .8 6 .87

2 000 .4 9 • 52 .5 5 .5 8 .61 .64 . 66 .6 9 • 71 .73 .7 5 .77 • 79 .81 .8 2 .84 .8 5 .86 .87 .8 8

3 000 .5 2 • 55 .58 .61 .64 .66 .6 9 .71 .7 3 .7 5 .77 .7 9 .81 .82 .84 .8 5 .8 6 .83 .88 .8 9

4  000 .5 5 .5 8 .61 .6 4 .6 6 .6 9 .71 .7 3 • 76 .7 8 . .7 9 .81 .83 .84 .8 5 .8 6 .88 .8 9 .9 0 .9 0



a p p e n d i x  XI

Table V

-*  O K  < r V '„ ‘  K U It  V a K IO U .-s T k X U ’ K U A T U U B S  V . I I E N  C o M l ‘ U T I.N '0  K v a P O -  

T l t A N S l - I K A T I O N  n y  T I I K  I ' k n u a n  . W b t h o i *  ( a k t b k  C h i u d i . k )

Temperature a  T a4 Temperature * T . 4

“Abs min I l 20/day °F  <- mm HzO/day

270 10.73 35 11.4S
275 11.51 40 11.96
2S0 12.40 45 12.45
2S5 13.20 50 12.94
*90 14.26 55 13.45
295 15.30 CO 13.96
m 16.34 65 14.52
305 17.40 70 15.10
3i0 IS .60 75 15.65
315 19.S5 SO 16.25
320- 21.15 85 16.S5
325 22.60 90 17.46

95 18.10
100 18.80

Note: Heat of vaporizaliot. »as asiumed to bo constant ut 500 gal/gn
O f IToO .

Temperature vs. saturated vapor pressure. (After Criddlc.)
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fig. I I -  Temperature vs. A
H?a  (Aftcr Cridd!e )

\ V* «v.Uit>ViUI>l4IL| X /

TABLE V I

P o s s i b l e  D uration' or Sunlight tor t h e  T uohnthwaite M ethod 
i n  t h e  Northern and Southern H emispheres Expressed i n  Units 

o r  30 D ays of 12 Hours each ( a f t e r  Griddle)

N.
Lat. J F M A M J J A S 0 N D

0 1.04 0.94 1.04 1.01 1.04 1.01 1.04 1.04 1.01 1.04 1.0! 1.04
!0 1.00 0.91 1.03 1.03 i.OS 1.00 1.0S 1.07 1.02 1.02 0.93 0.99
20 0.95 0 00 1.03 1.05 1.13 1.11 1.14 1.11 1.02 1.00 0.93 0.94
3G o.r.o 0,97 1.03 1.0S 1.18 1.17 1.20 1.14 1.03 0.98 0.89 0.88
35 0.?7 0.S5 1.03 1.09 1.21 1.21 1.23 1.16 1.03 0.97 0.SG 0.85
40 0.S4 u.S3 1.03 1.11 1.24 1.25 1.27 1.18 1.04 0.9G 0.S3 0.81
45 o so 0 S i t.02 1.13 1.23 1.29 1.31 1.21 J.04 0.94 0.79 0.75
50 0.74 0.7S i .02 1.15 1.33 1.36 1.37 i.25 1.06 0.92 0.76 0.70
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Table VII: Percent Day-Light hours - 46° South Latitude to 60° North Latitude

Latitude
0° North January February March April May June July August September October November December

0 8.50 7.00 8.49 8.21 8.5' 8.22 8.50 8.49 8.21 8.50 8.22 8.50
6 8.32 7.57 8.47 820 8.05 8.41 8.67 8.60 8.23 8.42 8.07 8.30

10 8.13 7.47 8.45 S.37 8.81 8.60 8.86 8.71 8.25 8.34 7.91 8.10
15 7.B-1 7.30 8.43 S.44 1 8.98 8.SO 9.05 8.83 S.28 8.20 7.75 7.88
20 7.74 7 25 8.41 8.52 9.15 9.00 9.25 S.96 8.30 8.18 7.58 7.08
25 7.53 7.14 8.39 8.61 9.33 9.23 9.45 9.09 8.32 8.09 7.40 7.42
30 7.30 7.03 8.38 8.72 9.03 9.49 9.67 9.22 8.33 7.99 7.19 7.15
32 7.20 G.97 8.37 8.76 9.02 9.59 9.77 9.27 8.34 7 .'5 7.11 7.05
34 ' 7.10 6.91 8.33 8.80 9.72 9.70 9.88 9.33 8.36 7.1)0 7.02 • 0.92
3i> 6.00 G.85 8.35 S.S5 9.82 9.S2 9.99 9.40 8.37 1.85 6.92 6.79
as fi.87 6.79 8.34 8.90 9.92 9.95 10.10 9.47 8.38 7.80 6.S2 6.06

•10 6.70 6.72 S.33 8.95 10.02 10.08 10.22 9.54 8.39 7.75 G.72 7.52
•12 6.03 6.05 8.31 9.00 10.14 10.22 10.35 9.02 8.40 7.69 6.02 6.37
44- 6.40 0.58 8.30 9.00 • 10.96 .0.38 10.49 9.70 8.41 7.0.3 0.49 6.21

' 48 * 0.31 6.50 S.29 9.12 10.39 10.54 10.64 9.79 8.42 7.57 6.30 6.04
48 0.17 6.41 S.27 9.18 10.03 10.71 10.80 9.S9 8.44 7.51 0.23 5.86-
50 5.98 0.30 8.24 9.24 10.08 10.91 10.99 10.00 8.46 7.15 6.10 5.05

52 5.77 6.19 8.21 9.29 10.85 11.13 11.20 10.12 8.49 7.39 5.93 5.43

54 5.55 C.08 S.18 9.30 11.03 11.38 11.43 10.26 8.51 7.30 5.74 . 5.18

56 5.30 5.95 S.15 9.45 11.22 11.67 11.09 10.40 8.53 7.21 5.54 4.89

5.01 5.S1 S.12 9.55 11.46 12.00 11.98 10.55 8.55 7.10 4.31 4.56

60 •J.07 5.65 8.08 9.65 11.74 12.3^ 12.31 10.70 8.57 6.98 5.04 4.22
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T a b l e V I I : C o n t * d

L a t « J a n .  F e b „ M a r . A p r i l M ay J u n e J u l .

$outh 1
0 S.50 7.GC 8.49 8.21 8.56 8.22 8.50
5 S.68 7.7C 8.51 8.15 8.34 S.05 8.33

10 8.86 7.87 8.53 8.09 8.18 7.86 S.14
!.r> 9.05 7.98 8.55 8.02 8.02 7.65 7.95
20 9.24 8.09 8.57 7.94 7.85 7.43 7.76
25 9.46 8.21 8.60 7.84 7.66 • 7.20 7.51
30 9.70 8.33 8.62 7.73 7.45 0.96 7.31
32 y 81 8.30 8.63 7.69 7.36 6.85 7.21
34 9.92 8.45 .8.61 ■ 7.64 7.27 0.74 7.10
30 10.03 8.61 8.6;> 7.59 7.18 6.52 6.99

•38 10.15 8.57 8.06 7.51 7.0S 6.50 6.S7
40 10.27 8.63 — S.67 7.49 3.97 6.37 6.76
•12 10.40 S.70 8.68 7.44 6.85 6.2? 6.04
44 10.54 8.78 S.f.9 7.38 6.73 6.08 6.51
46 10.C9 8.80 8.70 7.32 a. 6 i 5.92 6.37

I



A u g . S e p t .
. .  »

O c t . N O V . D e c

8.49 8.21 8.50 8.22 8.50
8.28 8.19 8.56 8.37 8.68
8.27 8.17 8.62 S.53 8.SS
8.15 8.15 8.68 8.70 9.10
8.03 8.13 S.7G 8.S7 9.33
7.90 8.11 8.S6 9.04 9 oS
7.78 8.07 8.97 9.24 9.85
7.70 8.0G 9.01 9.33 9.96
7.03 8.05 9.06 9.42 10.08
7.58 8.04 9.11 9.51 10.21
7.49 S.03 9.16 9.61 10.34
7.41 8.02 9.21 9.71 10.49
7 33 8.01 9.26 9.82 10.61
7.25 7.99 9.31 9.94 10.S0
7.16 7.96 9.37 10.07 10.97
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SHORT RAINS CROPS PROGRAMME 1979/80 SEASON

(M.I.S.)



APPENDIX XII[
T able I :  TEBERE SECTION

APPROXIMATE ACREAGE ROTAVATIOH Date o f 
Issue o f 
Seed & 
S/A.

Date o f 
Sowing

Date o f 
issu e o f  
S/A.

Date o f 
Trans
planting

Approxlnate 
Date o f  F irst 
Harvest.UNIT

,N0 . HOLDING
EXTRA
FIELDS TOTAL

GROUP
TOTAL

CROUP
ORDER

ACRES
DAY/
TEAM

NO.
OF
DATE

START
(approx)

FINISH
(APPROX)

T.7
TO
T22
T23
T13
T16
T17
T20

220 
320 
160 

96 
112 
140 

36 ■ 
220

33
71
12
17
33
30
22
45

261
391
172
113
145
106

50
273

1599 1
y

22

12
16

0
5
7
9
3

13

5-3-79
1 9- 3-79 
9-4-79
20- 4-79 
26-4-79 
5-5-79 
16-5-79 
19-5-79

17-3-1979
7-4-79

19-4-79
25-4-79

4-5-79
15-5-79
13-5-79

4-6-79

13-7-79 16-7-79 10-0-79 13-0-79 12-12-79

T15
T19
T21
T25
T il

56
100
140

40
256

20
73
51
13
60

04
253
191

50
316

907 n 22
4

12
9
3

15

5-6-79
9-6-79

23-5-79
4-7-79
7-7-79

3-6-79
22-6-79-

3-7-79
6-7-79

24-7-79

27-7-79 30-7-79 24-3-79 27-0-79 26-12-79

T2
T5

32
240

23
38

55
286 341 h i 22 3

13
25-7-79
20-7-79

?7-7-79
11-0-79 17 - 0-79 20-8-79 5-9-79 0-9-79 16-1-80

B13
T6

140
116

24
24 !

172
140

312 IS 22 0 
71 '

15-3-79
22-0-79

21-0-79
29-0-79 31-0-79

•
3-9-79 21-9t 79 24-9-79 30-1-00

TOTAL 2544 615 3159 3159 \ f 1
________

6. Tractors In Rotavation to an. 
Perfoiuanoe ■ 3*67 acroo per tractor per day.
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T able  I U  MWEA SECTION

APPROXIMATE ACREAGE R0TAVAT10N Date o f  
Issue o f  
Seed & 
S/A.

Date o f 
Sowing

.T>ate o f 
Issue o f 
S/A.

Date o f  
Trans
planting

Approxiuate 
Date o f 
P lrct 
HarvestUNIT

NO. HOLDING
EXTRA 
PI ELDS TOTAL

GROUP
TOTAL

GROUP
oea>m

ACRES
D A Y /
TEAM

: ; o .
OP

DAYS
START

(APPROX)
IT NISH 

(APPROX )

112 92 3 100 5 5-3-79 9-3-79
H4 263 64 327 15 10-3-79 27-3-79
M9 105 21 126 6 23-3-79 3-4-79 14-7-79 17-7-79 11-0-79 14-0-79 13-12-79
InlO 59 22 01 1252 l 22 4 4-4-79 7-4-79
M12 154 34 180 9 S—4-79 20-4-79
Ml 3 140 20 160 0 21-4-79 30-4-"9
1114 212 50 262 12 -’.-5-79 1 5 -5 - '9

M16 216 110 326 15 16-5-79 2-6-79
115 124* 59* 184 1020 II 22 s 4.-G-79 13-6-79 •
mi 69 • 51 120 6 14-6-79 20-6-79 21-7-79 24-7-79 10-0-79 21-8-79 20-12-79
m 60 • 3 63 '3 21-6-79 23-6-79
Ml 100 9 197 9 25-6-79 4-7-79
M3 69 61 130 6 5-7-79 11-7-79

M6 140* 9* 150 7 12-7-79 19-7-79
1117 272 72 344 502 m 22 15 20-7-79 7-0-79 4-8-79 7-0-79 1-9-79 4-9-79 3-1-00

K15 104 11 115 6 8-0-79 14-0-79 25-0-79 28-3-79 22-9-79 25-9-79 24-1-00
Mil 79 40 119 234 IV 22 6 15-8-79 21-0-79

TOTAX 2363 645
---------- —L

3008 3008
.

•

6 Tractore In Rotaration tcan. /
Perfornence «  3.67 acrei per traotor per day.

<1 • «
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T ab le  I I I l  THIBA SECTION

APPROXIMATE ACREAGE ROTAVATIOH

T---------- -----
Date o f 
Issue Of Date o f 

Sowing

Date o f
Ioeu ^ 'o f
3/A .

Date o f 
Trans
planting

Approximate 
Date o f  F irst 
HarvestUNIT

NO. HOLDING EXTRA
FIELDS TOTAL GROUP

TOTAL
R̂OUP

ORDER
ACRES
DAY/
TEAK

1TO.
OP
DAYS

S M A R T
(APPROX)

FINISH
(approx)

Seed & 
S/A.

H4 204 17 221 10 5-3-79 15-3-79
H5 360 23 303 1146 i 22 10 16-3-79 5-4-79 16-7-79 10-7-79 13-0-79 15-3-79 14-12-79
H6 236 35 271 13 6-4-79 23-4-79
HI 9 223 43 271 13 24-4-79 9-5-79

H7 135 66 2 0 2
• 10 10-5-79 21-5-79 . -

HI 3 262 13 275 744 i i 2 2 13 22-5-79 6-6-79 23-7-79 25-7-79 20-0-79- 22-0-79 21-12-79
H3 260 7 267 13 7-6-79 21-6-79 •

1120 240 36 204 518 h i 2 2 13 22-6-79 6-7-79 30-7-79 1-3-79 27-0-79 29-0-79 28-12-79
H 0 196 30 234 11 7-7-79 19-7-79

H 1 176 3 179 9 20-7-79 30-7-79
H2 220 6 226 405 IV 22

I X 31-7-79 11-0-79 13-0-79 15-3-79 10-9-79 12-9-79 12-1-80

TOTAL 2526 237 2013 2813

‘ F lo o d in g  -  HI H2 H$
11 days 6 days 10 days

6- Tractors iri Rotavatlon toon, 
Porforuance m 3.67 aoree par tractor por day,

Flooding Allowance - 7 days of flooding before rotavatlon starts.
__ I

i
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T ab le  IV: WAMUMU SECTION

APPROXILIATB ACREAGE nOTAVATION Date o f 
Issue o f  
Seed & 
S/A.

Date o f 
8o«h ng

Date o f 
Issue o f 
S/A.

Date o f 
Trans
planting

Approximate 
Date o f  
F irst 
Harvest.UNIT

NO. HOLDING
EXTRA
PI.iLDS TOTAL

GROUP
TOTAL

GROUP
ORDER

A C R E S

DAY/
TEAM

NO.
OP

DAYS
START

(approx)
FINISH

(approx)

V2
T/4
W5

472
312
396

10
10$
6 }

402
322$
402$ 1207$ 1 22

22

15
19

5-3-79
30-3-79
19-4-79

29-3-79
10- 4-79
11- 5-79 17-7-79 •

•

19-7-79 14-0-79 16-0-79 15-12-79

V3
VS.

304
496

10$
11

394$
507 901$ IT 22

13
23

'.2-5-79
4-G-79

2-6-79
29-6-79 24-7-79 26-7-79 21-8-79 23-8-79 22-12-79

171 312 1 $ 313$ 313$ I I I 22 15 30-6-79 17-7-79 31-7-79 2-0-79 20-0-79 • 30-3-79 29-12-79

V7 292 292 292 IV 22 14 10-7-79 2-0-79 7-0-79 9-3-79 4-9-79 6-9-79 5- 1-00

TOTAL 2664 51 2715 2715 ,

‘

I _ .

6 Tractors, in  Rotavation tean. 
Perfom ance = 3.67 acres per tractor per day.
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T a b le  Vs KARABA SECTION

APPROXIMATE ACREAGE HOTAViiTIOH Date o f 
Issue o f Date o f  

Sowing

Date o f 
Issue o f 
S/A.

Date o f  
Trans
planting

Approxinato 
Date o f  F irst 
Harvest.UHIT

MO. KOLDIKQ
EXTRA
FIoLD3 TOTAL

GROUP
TOTAL

GROW*
ORDER

ACRES
DAY/
TEAM

HO. 01 
DAYS START 

( APPROX)
FINISH.

(approx)

Seed & 
3/A.

X3 316 9 325 15 5-3-79 21-3-79
K2 392 14 406 1240 1 22 19 22-3-79 12-4-79 18-7-79 20-7-79 15-8-79 17-8-79 16-12-79
K1 504 5 509 24 14-4-79 14-5-79 |
K4 356 3 359

725 II 22 17 15-S-79 4-6-79 25-7-79 27-7-79 22-0-79 24-0-79 23-12-79
K5 360 6 366 17 5-6-79 23-6-79

K7. 312 6 318 310 I I I 22 15 • 25-6-79 11-7-79 1-0-79 3-3-79 29-8-79 31-0-79 30-12-79

K6 264 7 271 271 IV 22 13 12-7-79 26-7-79 G-8-79 10-3-79 5-9-79 7-9-79 6- 1-00

TOTAL 2504 50 2554 2554
____________!

6. Tractors la  Hotavation team. 
Eerfoimance = 3,67 sores per traotor.pnr day.

• •

i t
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