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‘_ Kerala is a land rich in water rsscurces, A rough
assesanent of her water resouroes wvas made in the year 1938
at the instance of the Central Water and Powar Commission,
Simge the publication of this report, the State has been
striving hazd to utilise her water wealth to the maximum
axteat possible. But fiscal gomstraints had prevented her
from achieving the desired levels of development. At the
Imtmmefmummmuqsnm
started layimg claims for a share of our waters, on the plea
of national interest, Henos a reappraisal of the State's
nwmmmmmwm.

Detailed computations showed that the total runoff in
the rivers from Kerals's catchment was about 70,323 Mu®
(2484 TXC) and the utilisable water resources was about
42,722 ma®, (1510 TC). As against the State’s surfoce water
resources of 1510 TMC, the ultimate utilisation of wataxr
under various heads was estimated to be as followss

Irrigation 1020 TC
Domestic and Industrial use 265 THC
Salinity control aad navigation 254 TC
Removal of Toxicity from Karilands 377 TC

1716 TC

AR
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In addition, under an agresment sntered into with the Tamile
nadu Governmeat, about 70 TMC of water from the Periysr
catchment was being divertad ¢o Tamilnadu in 1971, The study
clearly showed that Kerala had defenite plans to utilise her
water wealth amd that she reguired it to the last drop.
Also, it was clearly established that this demand could be
met only by the conjunctive use of ground and surface waters,

The scarcity of water, experisaced in the sumer months,
over large areas of the State, during the last five or six
years has made studies on water yesources very important,

Water balance techniques are a way of solving important
theoretical and practical hydrological problems, By using
the water - balance spproach it is possible to make a
quantitative svaluation of water resources and to assess any
changes that might occur through the Mlmca of man's
activities, The study of the watar - balance structure of
regulated river basins permits the rational use, control and
redistribution of water vesources in time and space. Knowledge
of watsr balance assists the predictisa of the consequences
of mu.tcm changes in the regime of streams, lakes and

ground water,
An understanding of the water - balance is also

axtremely important for studies of thes hydrological cyele,
With water -~ balance data itupossible to compare individual
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moﬁuuzhanmtcmthat tinme,
and to establish the extast of their effect on variations ia
the water regime.

The initial analysis weed to compute the individual
water - balance components,; and their co-ordination in the
balance equation, make it possible to identify deficiencies
in the distribution of hydrometric observation stations axd
to discover systematic errors of measurements,

Watar balance studies san also provide an indigect '
evaluation of any unknown water - balance component by proe
viding the difference between the known gomponents,

The broad objective of this project was to make a
guantitative evaluation of the watar resources of the Karu-
- vannur River Basin,

The specific objectives of this project were:

i) To estimate the average momthly rainfall in the
basin for the period 1976 to 1985,

i1) 7To econdust frequency analysis of rainfall fer
various durations, :

114) 7o determine the total runoff from the basin for °
the period 1976 to 1985 and to develop an equation
connecting rainfall with rumoff,

iv) 7o estimate the evepotramspiration from the baain
during the period 1976 to 1965,



v) 7o study the moathly water balance for the
basin in oxdes %0 eatimats the balanos fox
groundeater regharce or deplation during the
period 1975 w 1988,

‘
b
Vo
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" REVERW OF LITERATURE
2.1, General form of the water balamnce equation,

The study of the watsr balance could be regarded as
an application in hydrology ¢f the principle of conservation
of mass, often referred to as the oontimuity equation,
According to this equation, for any arbitrary volume and
during any period of time, the difference between total
input and output would be balanced by the change of water
storage within the volume, In gemeral, therefore, use of
water balance technique would imply measurement of both
storages and fluxes or :nui of flow of water, HNowever,
by appropriate selection of the volume and period of time
for which the balance would be applied, some measurements
might be eliminated,

The water balance equation for any natural area
or water body would indicate the relative values of in-
flow, outflow and change in water storage for the area
or body. In general, the inflow part of the equation
would consist of precipitation and surface and subsurface
water inflow into the basin or water body from outside
and the outflow part would consist of evaporation from
the surface and subsurface outflow from the basin or
water body. The total water sterage in the body would
increase when the inflow is greater than the outflow and
viceversa, As all the water balance components are
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subject to errors of measurement or estimation the water
balance equation would also include a discrepancy term,
Consequently the water balance for any watsr body and any
time interval in its gemeral form could be represented by
the following equation.

P"'Qs:#%x‘bgﬁgm‘%‘ 68-17-0.-(2.1)

where P 48 the precipitation over the basin or the vater
body, Qgy and Q,, are the surface and subsurface inflow
into the basin or water body, Qg, and Q,, are the surface
and subsurface outflow from the basin or water body, B 1is
the evaporation from the basin or watsr body,25 is the
change in water storage in the basin or water body and 7)
is the discrepancy term, (UNESCO, 1974)

For application to a variety of water balance
computations the above eguation could be simplified or
made more complex, depending o the available initial data,
the purpose of computation, the type of body-river basin
or artificially sfperated administrative district, lake
or reservoir etc, - and the dimsasions of the water body,
its hydrographic and hydrologic features, the duration
of the balance time interval, and the phase of the
hydrological regime - flood, low flow - for which the
water balance is computed,
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In large river basias, Quandﬂmmtomwbo
small when compared with other terms and hemce could dbe
ignored. Also, there would be no surface inflow into a
river basin with a distinct water-shed divide - assuming
no artificial diversions from other basins - and heance the
term Qgy could be neglected, Thus, for a river basin the
simplified equation would be

PeolReQQe- 68-7] 2 0 «- (2;2)

2.2, Special features of the water balance equation
for different time intervals,

The water balance ocould be computed for any time
interval, However distinction should be made between mean
water balances and balances for specific periods such as
season, months, days etc,, sometimes called curreat or
operational water balances,

In the computation of mean annual water balance
{(for an annual cycle, calendar year, or hydrological year and
sometimes for a season or month), the change in water
storage in the basin A48, which are difficult to measure
and computs, could be disregarded, This becomes possible
because over a long period, positive and negative water
storage variations for individual years would balance and
their net value at the end of a long period would tend o

86X0,
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The shorter the time intarvals, the more precise would
be the requirements £or measurement or computation of the
water balance components md the more subdivided should be
the values of A8 and other elemeats, This would result is
a complex water balance egquation too difficult to close with
acceptable errors, For .ﬁn«- for short time intervals, the
change in total water storage 48 in a small river basin
might be subdivided into changes of moisture storage in the
upper lm, of soil (AM ), in aquifexrs ( 2 G), in lakes and
reservoirs ( A8;), in river channels ( 48_), in glaciers
( Asa) and in snow cover ( A8 ). The water balance
equation would then take the form.

”Qsz"’“ux“‘“so"%o‘ AN e AG-ASL

’Asch -ABQI -AS“ - 7 = 0 - ‘2.3)

2.3, BSpecial features of the water balance equation for
water bodies of different dimensions,

The water balance could be computed for water bodies
of any sise, but the complexity of 'mutation would depend
on the extent of area under sady.' It has been found that
the accuracy of computation would increase with an increase
in the area of the river basin. This is 30 because in the
case of small basins, the estimation of secondary components
of the balance such as ground - water exchange with adjacent



r' N
INCOMING ATMOS PHERIC 1OUTGUING .
WAT ER (VAPOUR WATER WATER VAPOUR
PRECIPITATION| - %‘;\,PORAL
P . AL
-\, Y . -
t“/fﬁg ATION LSURFACE DETENTION <> COVERLAND
TRANSPIRATION FLOW. Qs.
ERT INEILTRATION. F.
L | YINTER
- ) —
SOIL WATER — [FLow "] RUNOFE @.
GRAVITY WATER. G.l g'f‘g[‘__.LLARY STORAGE IN
BASE —*CHANNELANET-
GROUND WATER WORKS AND
{ FLOW. L_—___—d LAKE S

3 Gb.
DEEP PERCOLATION

Pe | DIRECT STORM Qs
RE SPONSE >

Qb

|
SOILMOISTURE |-G [ GROUND WATER j_}

FIC.2.2. A SYSTEMS REPRESENTATION OF A BASIN WATER
BALANCE (after Dooge )




11

glaciers and the dynamics of the water balance of forests
and irrigated and draned land would be difficult, In
the case Oof lakes, reservoirs, swamps, ground water basins
and mountain glacier basins the souplaxity of the
mwmm*mmwmmwaz
scourately seesuring snd computing ocmpoments such as
lateral inflow, varistion in water storage, precipitation
on the water surface ste,

2.4 Main components of the water balanee equation,

2.4.1.1, Presipitatioa
General

Precipitation from the atWosplwre to the ground
surfage would eecur in different forms such as drissle,
rain, glase, sleet, snow and smnow flskes, hail, dew, frost,
fog, mist eto, _

2080342, Neasursment of rainfall

Rainfall in a catchment would be measured by a net
work of raim gsuges and recorded om 8 daily basis, Bon
recording rain gauges (Standard rain gauge of 1D}, record.
ing xain gauges (tipping bucket, weighing or float type),
sutomatic radio reporting rain ganges or radar eould be
" used for measurement of rainfall at a station,



WMO (1975) recommsnded that the minimum rain gauge
density required for f£lat regions of temperate mediterranean
and tropical zones would be one station per 600-900 sq.km,,
relaxable to one station per 600-3000 sq.km, for coumtries
with limited funds, population or ethér factors such as lack
of communication. For mountainous regions of - temperate
mediterranean and tropical zones the cerresponding figures
would be 1 per 100-250 sq.km. and 1 per 250-1000 sq.km,
respectively, For arid or polar zones, a minimum density
of 1 per 1500-10000 sq.km, has been recommended.

Linsley at 3l (1969) recommended the following
minimum rain gauge densities. (Table 2,1)

Table 2.1 Recommended minimum rain gauge densities,

Area . Neo.of rain gauging
(sqe.km,) Stations

0-715
75-150
1501300
300-550
500~-800
800-1200

& W» e W N M

ISI (1968) recommended a statistical method for
determining the optimum number of rain gauges in order o
facilitate dstermination of average catchment rainfall
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within a certain percentage of error, Kagen (1966)
introduced a spatial correlation mmu approach to
design a rain gauge net work, Sreedharsn & James (1978)
used this approach for the design of s rain gauge net
work for the Chaliyar river basin in Xerala,

Kaur & Upadhyay (1987) observed that the precipitation
in mountainous regions had higher spatial variability and
that the correlation between precipitation series recorded
at two stations distant 's' apart dscreases with ‘s’ at a
faster rate than in plain regiom, A procedure for the
evaluation of net work demsity for mountainous catchments
was daveloped and then illustratad for the Beas catchment,

2.4.1.3, Estimation of Areal Rainfall

Hall (1972) has reviewed 1§ different methods used
for estimating areal rainfall and a selection of thess with
comments has been presentsd by Pierrs humbert (1975),

Table 2.2, Different methods ussd for estimating areal
rainfall,

Method ' Comment

Isohyetal average Most accurate method available,
Time conswming. Can be compute
erised with some loss of accuracy.



Aritimetical average

Thiessen Polygon
average

Abbreviated
Isopercentsal averasge

Orographic Thiessen
Polygon average

14

-Simple & easy, Requires fairly

dense & relatively sven geographi-
cal distridution of stations to
produce reliable results,

Allews for variation in station
density, but camnot make allowance
for ungaged areas of maximum
rainfall which occur frequently,
Time comsuming, Weighting
factors must be recomputed for
svery combination of reporting
stations, Can be readily
computerised without loss of
aCCUTacy.

The Thiessen weight for each
station is modified by the ratic
of the main catchment average
rainfall to the mean rainfall over
the Thiessen Polygons, Allows a
standard adjustment for orpgraphic
and other effects which 4o not
change greatly from storm to storm,

Thiessea polygons are determined by
elevation rather than by distance
betwesn _mmo



Multiple regressios
Analysis average

Percent to mean anmual
catclment average

Variation of the
abbreviated isoper-

centual average

average

19

Weighting factors are based on
multiple regression co-efficients
which are obtained from a multiple
regression equation using the least
squares method, Areal rainfall in
the Isohyetal method is the
dependent varisble and station
rainfalls are the independent
variables, Simple to use parti-
cularly 4n a maurind medel,

Isopercentuals of mean annual raine
fall are comstructsd and the storm
rainfall is calculated as a

percentage average.

Similar to the Thiessen methed
excepts that the weighting factors
are calculsted from the contribute
ion %0 the msar anamal ‘rwm
over the catclment from each
Thiessen polygon, -

Uses the cantreid height of planes
correspondisg te the raiafall at
sach gage ﬂ * “ﬂ -
triengle.
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as a polymominal function of its location vecter,

2.4.2. Infiltration,

This would include movement of water into the seil
through the surface of the ground, The rate of infiltrat-
ion would depend on a number of factors includané type aad
state of soil, ground cover etec,

2.4.3. BRvaporation, Transpiration and Bvapotranspiration,

2.4.3.1. ‘mramﬂ.

Evaporation could be defined as the process by which
a liquid is changed to a vapour or a gas, The fundamental
principle of evaporation from a free water surface vas
emunciated by Dalton in 1882, Accerding to him,

B = (eswed) £{u) - (2.4)

Where B = evaporation, es= saturation vapour pressure
at the temperature of the evaporating surface in mm, of
Ng., od = Saturation vapour pressurs at the dew peint temp.
of atmosphere is mm, of Hg, and £{u) = amctm of wind-
velocity. | ' |

A number ‘of empirical formulae have been develeped
based on Dalton’s Law to estimate evaporation, (Chow, 1964).

Evaporation could be measured using evaperation pans
(USWB Class A Land pan, US Burews of Plant Industry Swakea
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pan, 03X 3000 pan, Colorado Sunken pan or US Geological Survey
Floating pan), or atmometers (lLivingstom, Bellari or Piche
Atmometer), ZRmergy balance, water mmo and mass transfer
methods could also be used, Whem pans are used, the observed
evaporation should be multiplied by sppropriates co-efficients
to get the evaporation from land or water surfaces.

2.4:3.2, Transpiration

Transpiration could be defined as the process by which
water vapour leaves the plant body and esters the atmosphers,
Por measuring transpiration, phytometors could be used,

2.4.3.3, Evapotranspiratioa

Evapotranspiration could be defined as the combined
smount of water evaporated from the soil surface and
transpired from the soil moisture storage through vegetation,
Bvapetranspiration covld be estimated by using lysiwmeters,
or by field experimental plots, s0il moisture depletion
studies and water balance method, Bmpiricel formulae could
also be used,

Thoxnghwaite (1948) defined Poteatial Evapotrasspiration
as the evapotraaspiration from a large vegetation covered
land surface with adequate moisture at all times. He assumed
an exponential relationship bcm'm moRthly temperature



and mean monthly consvaptive use, based on experience in the

ew 1,6 ugg' - (2.9

where ¢ = unadjusted PET im om/wmonth for months of 30 days
each and 12 hrs, dsy time,, t = mean air vemp, in °C, I =
annual or seasonal heat index, the summation of 12 values of
monthly heat indices (1) where 1 = ( 1584 0 o = expirical
exponent computed by a = 0,00000067S I° ~ 0,0000771 I? +
0.017923 I + 0,49239. The wnadjusted values of PET would be
corrected for actual day light hrs, and days in a momth,

2.4:343,2 Cxop Evapotranspiration,

Paxmsan (1948) proposed an equation for evaporation from
open water surface based on a cosbination of energy balano.
and sink streangth,

B, = mAA %Yf& - (2:6)
vhere E, = evaporation from apen water sufface in mm/day,

A = Slope of saturation vepousr pressure v temperature
cuxve (s) at the mean air temperature Ta in mm of Hg per
*Css oa = saturation vapour pressure of the evaporating
surface in mm of Hg at mean air temperature Ta, Ta = mean
air tempersture ia °K = 273 ¢+ °C, On = net radfation (o,
of water) = 0a-(1-%) (0,18 + 0,55 @) ~cTat (0455 - 0,093 [€2).
(0.10 + 0,90 l) where r = reflection co-afficient of eva~
poerating surface (0.06 for open water surface), Qa = Aagot's
value of mean momthly extra terrestrial radfation nm of
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water/day, E = ratio betwesn actual and possible hrs, of
bright sunshine, o = Stefan Boltaman constant, ed =
Saturation vapour pressure of the atwmosphere in mm Mg at
dew point Wram-mgnx“uhua.m”m:m
relative humidity, Y = Piydhmtrlc constant or the
ratio of specific heat of air to the latent heat of eva-
poration of water, Ea = an asrodynamic component =

0.35 (ea « ed) (1 + 0,0098 “3’ and w, = wind speed in
miles/ day at 2m, ht, = “E $6,8), whare = wind
speed in miles/day at m:l othergb:iqht h in ::.

ET crop = K,ET, where K = crop co-efficient,

Blaney and Criddle (1950) observed that the amount
of water consumptively used by crops during their growing
seasons closely correlated with msan monthly temperatures
and day light hours, The relatioaship could be stated as

Ue KPP s s kf = < u - 2m « (2.7

vhere U = seasonal consumptive use of water by the
crop for a given period in inches, u = momthly consumptive
use in inches, x-mmm“uwmu-
ctt&eﬁmm\mmugm t-me!mmﬂy
consumptive use factors (£f) for the growiag season, k =
empirical consumptive use crop co-efficisnt for the woath,
t = mean monthly temp, °F and p = monthly day light hrs,



oo
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exprassed as percentage of day light hrl. of the year,

The relationship between USWS Class A pan evaporation
and crop evapotraaspiration oould be expressed as

Crop Bvapotranspiration s Pasevsporation X
Crop factor - (2.8)

Sharma and Dastane (1968) developed a Sunken screen
evaporimeter which gave evaporation values close to the
crop evapotranspiration,

Doorenbos & Pruitt (1975) rejectsd the use of crop
comefficients (K) in the original equations. They
introduced the coacept of reference crop evapotranspiration
(270), which was defined as the rats of evapotraaspiration
from an extensive surface of 8 om, t0 15 om. tall green
grass cover of uniform hefight, actively growing, completsly
shading the ground and not short of water, After ET0 was
computed by any of the four methods presented, one set of
crop factors (ke) could be used to determine crop

svapotranspiration ET erop,

Efcrop = ke X ETo - (2.9)

The recommended relationship, modifying the original
Blaney Criddle equation, could be expressed as

o =c [p (0,467 + 8) | mw/day - (2.10)



23

where T = mean dally temp. in °C over the moncth considered,
P = mean daily percentage of total annual day time hrs,
obtained from Appendix 1 for.a given month and latitude,

¢ = adjustment factor which depends on minimum relative
humidity, sunshine hours amd day time wind estimate.

Fig. 2.5 could be used to estimate ETo graphically.

According to the Radiation Method,
ET0 = C (WRs) mm/day - (2.11)

where Rs = Solar radiatioam in equivalent evaporation in
me/day = Ra (0.25 + 0.50 ?' W = weighting factor which
depends on temperature and altitude (Appendix 7) and

C = adjustment factor which depends on mean humidity and
day time wind conditions, g = ratio of actual measured
bright sunshine hours to maximum possible sunshine hrs,

and Ra = extra terrestrial radiation expressed in equivalent
evaporation in mm/day. Values of N and Ra for different
months and latitudes could be determined from Appendix 2 and
3 respectively and ETo could be determined graphically

from Pig. 2.6,

The modified Penman equation suggested ¢to0 determine
ETo involves a revised wind function term,
ETo = C [WRn ¢ (1-W) £ (u) (ea - od)] wm/day - (2,12)

Radiation term Aerodynamic term
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vhere, sa = saturstion vapour pressure in m, bar at mean
air temperature in °C (Appendix 4), ed = mean actual vapour
pressure of air in m, buacaxm% where RH =
relative hmidity, £(u) = a wind related function

(Appendix 5), (I-W) = weighting factor which depends on

wind and humidity (Appendix 6), and Rn = net radiation =
the net incoming shortwave solar radiation (Rns) < the

net long wave radiation (Rnl) Rns = Rs (1- A) (0,25 + 0,5 g)
where K = reflection co~efficient = 0,25 for most crops,
Rnl = £(¢t), £(ed), f.(g) the values of which have been given
in Appendices 9, 10 and 11 respectively, and C = adjustment
factor to compensate for the effect of day and night weather
conditions (Appendix 12),

The last of the four recosmended wethods was the
modified Pan Evaporation Method, USWE Class A pans or
Sunken colorado pans could be used,

ETo = Kp x Epan mw/day - (2.13)

where Epan = pan evaporation in mm/day (mean deily value
of the period considered) and Xp = pan Co-efficient,

Doorenbos & Pruitt (1975) also said that the prediction
of evapotranspiration from nonecropped or bare soils closely
followed the method shown for field crops initial stage.



(Fig. 2.7). For light and heavy textured soils kc values
might need a downward adjustment by about 30% and an upward
adjustment by 15% respectiwvely. Xxc values for aquatic weeds
and co-efficients relating opca water evaporation (Eo) to
ETo were also presented, (Appendix 16), For reservoirs and
lakes with depth greater than 25 m,, k values might be 20% to
30% lower in spring and early summer and 20% to 30% higher
during late summer,

2.4.3.3.3, 8tudies on suitability of equations to
estimate evapotranspiration.

Brut saert (1965) revealed that the evapotranspiration
measured in the lysimeter correlated better with the
evapotranspiration computed by the Penman or Blaney Morin
equations,

In summarising various studies, Hernandez (1970)
concluded that to produce satisfactory results water
balance models in tropical regioas should have a humidity/
wind term to serve as an index of the mass transfer
component and an advected energy term for the effect of
warm 4ry winds which prevalil during the dry season. MNone
of the empirical equatioans could be considered entirely
satisfactory in this respect,

Hossein (1969) has suggested that empirical equations
like the Thorntiwaite, Blaney « Criddle and Lorry - Johason
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would give a higher figure for the evapotranspiration
which in turn would lead to wnder utilising the available

water resources,

Schulz and Hossain (1970) made a study of wmoathly
rainfall and runoff over a 1,0%,000 sqg.kn, watershed in
Nortern Thailand, Comparison of the computed runoff with
the observed runoff from the watershed showed that the model
most nearly predicted the observed runoff when the Penman
or Blaney - Morin methods were used to estimate evapotranse
piration,

Doorenbos and Pruitt (1973) concluded that the
modified Penman method would offer the best results with
minimum possible error of ¢ 10% in summer and upto 20%
under low evaporative coaditions, 7The pan method was graded
next followed by Radiation and wmodified Blaney - Criddle
methods in that order,

Rao and Vamadevan (1986) studied the relative
evaporation rates from class A open pan, GGI 3000 and
Colorado Sunken pans under mnmid tropical conditions and
compared the observed evaporation valuwes with that
estimated by the modified Penman eguation, The seasonal
variation of evaporation was found to be between ¢ mm and
10 mw/day and variation in evaporation due to the type of
pan used was upto 3 mu/day. The estimated evaporation
values were withia 2 msm/day from the measured values,



2.4.4.

2.4.4.1.
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Stream flow or huneoff

General

Runoff could be defined as that part of the precipitation,
as well as any other flow coatributioas, which appear in surface

streams of either perennial or intermittent form. This flow

collected from the draimage basin or watershed would appear at

an outlet of the basin, From total precipation to total runoff

the different terms could be related as shown in Fig. 2.8,

2.4.4.2.

Measurement of stream flow.

Stream flow could bed:ctermined by the following methods,

1.

2.

3.
4.

Measurement of river stage using various types
of stage recorders and then employing stage
discharge curves, |

Measurement of mean velocity of flow at a

cross section of the river using current meters,
floats, pitot tube etc, and then computing
discharge by mid section, mean section etc,
methods,

' By salt dilution and radio active tracer methods,

By using oxygen polarography, wire anemometer,
electro-magnetic or ultrasonic flow meters,
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3, By employing empirical formulae,
6. By unit hydrograph method,

Inglis & De* Sousa (1930) made a critical study of
rainfall and runoff of the Bombay ~ Deccan area which is
criss - crossed by Tapi, Godsvari, Bhima, Niras, Krishna,
Ghata prabha & Wardha rivers, JYor basins in the Western
Ghats, having large catchments with rainfall varying from
30 inches to 200 inches it was found that,

Runoff = 0,85 X rainfall « 12 inches - (2.14)

For non Ghat areas,

Runoff = Rainfall = 7 inches X Rsinfall - (2.,15)
100 |

Khosla (1949) derived a rainfall runoff feormula
based on the rationsl concept for the Bhakra Project, Run~
off was taken as the residual of rainfall after deduction
of losses due to evapotraaspiration, Acoording to him,

Mean monthly runcff Rm = Mean meathly nma_u
Pm ~ Nean monthly ET Loss Ia o (2.16)

mum-(n;;!n)
LJ

Tm = mean monthly temp, in *F (Twm 40°r),

Taking mesn annual rainfall as 119 on, the estimated

the total water potential of the countcy ss 1.7 X 104w,

Dhar & Rakecha (1978) reportad that studies oconducted
mmw,m Demodar & the Nayurakshi River basins



5, By employing empirical formalae,
6, By uait hydreograph method,

Inglis & De" Sousa (1930) made a critical study of
rainfall and runoff of the Rombay -~ Deccan area which is
criss -~ crossed by Tapi, Godavari, Bhima, Kira, Krishaa,
Ghata prabha & Wardha rivers, 7Yor basins in the Western
Ghats, having hrqi catchments with rainfall varying from
30 inches to 200 inches it was found that,

Runoff = 0,85 X rainfall « 12 inches - (2.14)

For non Ghat areas,

Runoff = Rainfall - 7 iaches X Rainfall - (2.,18)
100

Khosla (1949) derived a rainfall runoff formula
based on the rational concept for the Bhakra Project, Rud=
off was taken as the residual of rainfall after deduction
of losses due to evapotranspiration, According to him,

Mean monthly runoff Rm = Mean monthly rainfall
Pm - Mean monthly ET Loss Lm - (2.16)

vhere Im = (h‘;-!lv

T™m = mean monthly temp, in *F (Twm 40°r),

Taking mean annual rainfall as 119 om, the esatimated
the total water potential of thes country es 1,7 X 2o‘m .

Dhar & Rakecha (197S) reported that studies conducted
in the Mahanadi, Xoyna, Damodar & the Mayurakshi River basias
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(2)
catchments,

34

Strange's curves and tables for Bosbay -~ Deccan

(3) Barlows' tables for runoff co-efficient in U.P,

Kerala PWD (1974) hqi. presented empirical forwmulae
for estimating annual runeff for some river basins in Kerala,

Manjeshwar - ﬂrpaxc Basin
Shiriya Basin

Chandragiri Basin -
Ramgpuram Basin
Valapattanam Basin

Kuttiadi Basin

The Greater Chaliyar Basin
Periyar Basin
Muvattupuzha Basin

Meenachil Basin

Manimala Basin
Pamba Basin

Achenkoil Basin

' Rw 0,68 P+ 0,32P, ~
s R=0,6 l‘ft 0.4?2 -

) Rm 0.73 Pz" 0028 P: -
$ Ru 0,7 P10 0.21 Pz -

4 Rw 0.” ’lf 0.22 p’ -

] Re °¢73 P1+ 0.27 Pz -

81,65
(2,26)

42,08
(2,27)

33.40

(2,28)
53,80
(2.29)
27.7¢
(2,30)
41,66

(3.31)
32,71
(2.32)

83.37
(2,33)
47.89
(2.3¢4)
45,00
(2.35)



Kallada Basin t Ru 0,97 P, ¢ 0,03 P, » 53,90 =~ (2.36)

R = Abaual remoff in Ma%, P, = Rainfall in the year ia e’ and
P, = previcus Year's M h*’o

:o 4.5, 80il Moisture

7o obtain data for the dstalled computation of water
balence of river basins, messsurement of soil moisture should
be done, The changes of water storage in the asration sone
should be determined from observations of data on the
moisture content in the upper layer of soil at such period
of tive as & season, & month or a ten day period,

UNESCO (1984) published guidelines regarding observate
ion of soil moisture, Chbservations should be made t;m a net
of points well distributed ever the cbserved ares in order o
obtain mean values of soil moisture storage in the basin with
s given accuracy. Hoil moisture surveys would be made in
order to establish the freguency of ohservations that are
necessary, to determine the criteris for their acouracy and
to assess how representative the points are, Multiple
moisture measurements should be carried out in alhbrtpcrm
of time (one to two days) to define the matural variation in
a given area, 7his would determine the mean square deviation
of water storage 'ulmi for an obsexved soil layer, The mesasn
squars deaviation of soil moisture ssorage ( ASy) would depend on
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the variabilicy of uﬁ,ﬁc vegetation conditions and
relief, 7The W wvalues of A Sy for basins of
different complexity would be as follows,

1. 3Siwple basinmy relief, soil and vegetation
are of the s iype over the whole basing
ASy = 10 me %0 25 s,

2. Complex basiny various parts differ in rellef,
soil and vegetation type (geatle and steep
slopes, £ield with virgin soil and with
agricultural plants, afforested or bushed in
some places,

A”n”‘h”“

3, Very ocomplex basin, its different parts are
charscterised by & wide variety of relief,
s0i]l and vegetation, (broken country, soils
of loamy to m types, forest, shrubbery,
field, virgin lands, common pasture)

ASy « 50 wm % 90 wm,

The sumber of obserwvation poists needed for the
determination of the mean moisture content ia the upper
s0il layer for basins of &iffsreat w.xlty would be
as given in Table 2.3,
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Table 2.3 <« MNo, of ebssrvation points necessary for
determinatien of mean moisture storage,

Mean moisture storage
Basin complexity determinational error (80% pro-
bability)

> 3 Snm £ 3 10m ¢ 15 sm

Simple 10 « 40 4 « 12 3«7
Compex 60 - 70 17 - 44 10 - 20
Very Complex QO—ZGO 62 » 135 30 - 80

2.4.6 Ground water

The water located in the sub surface strata of the
earth would be called m Nater., 3Sources of replenish-
ment of ground wvater include precipitation, snowmelt and
runoff, Occurence of outflow of vater from aquifers could
be due to concemntrated spring flow, diffused seepage flow,
or evapotranspiration, Nan induced cutflow might be aduwe
to (1) further development of natural outlets and (2) the
construction of wells, boreholes or tumnels,

Ground wvater and surface water are inter related
although their watershed w‘a do mot necessarily
coincide,
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2.5, Water Dalance of water hodiss,

UNESCO (1974) published wlm regarding metheds
that might be used for water balance stadies of various
water bodies, This has besn susmarised in this section,

2.5.1, River basias,
2.5.1,1. m

River basins form the main subject of water balance
research and computation,

tnﬂu\mumhnuuoumanot:hmrmuuuimlﬂn-
balance slemsnuts are mean values for the basin, PFor
computing the water balance of large river basins (hundreds
of thousand kn?) with different physiographic fostures, the
basin should be divided into an appropriats smumder of areas
(sud basins) for vhich water balance computations should be
made individually. The water balesace of the winle basia
is computed from weighted average values of main water
balance acomponents of mném. Ia the case of small
river basins (1000 km? - 1200 xu?) characterised by balance
regime, grass land, forest, irrigated er drained lands,
swanps, glagiers stc, the componsats of the water balance
should be determined taking iate account the specific
water balances of these arsas, provided these land types
cover more than 20% 0 30% of the total basin area, Por
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mowntainous river basims, the effect of altitudinal sones
on the distridution of water balance cowponeats should be
considexed, |

2.5.1.2. Mean water balance of a river hasin.

The mean water balance equation of a clesed river
basin for a longterm period (Calendar or lhydrolegic year)
would be of the form,

PeleE » 0 e (2,37)

In the absence of significant ground water sxdhange
with adjoining basins or the sea, the valus of mean shausl

svaporation from the basin could be computed as
EsP~Q
I£f the river water is uased on & large scale for

primary or secondary industry, the term Q_ f£or water
removal for economic purposss and the tarm for return
water should be introduced in equation 2,37,

Neuka (1969) and Lvovitch (1973) used a differeatiated
watar balance squation for a long term period, in which the
total rumoff O vas seperated isto surface runoff (Q ) and
underground runoff (Q.)e Bquation (2.37) was modified as

9-0.-%;:-0 -(z;st)
ml-r-a.-o"pnr\-?:x,-‘ - (2.39)



where N is the total infiltration (gross moistening)s K,

is the co-efficient of river flow due to grouad water,
indicating the proportion of ananual infiltration forming
underground runoff into rivers and X, the evaporation co-
afficient, The total infiltration of an area, with the
exception of losses of rainfall and smow melt water by
infiltration, would include evaporation from the water
surface and evaporation of water wetting the drainage
basin surface and accumilating in micro & mezo depressions.
These two sources of precipitation losses would be quite
high in regions with a high perceatage of lakes amd
forests particularly in flat drainage basins with a great
number of depressions,

The mean monthly or seasonal water balence eguation
of a closed river basin would be

PeoQelEkas ML'Aa&“M“‘Aa w NG -
Qd\’ Qp"y) = 0 - (3.“)

When solving this squation the mean variation of
moisture storage in the basin should be coasidered,

For asa unclosed river basin, the surface fnflow
Qgy and uaderground inflow Qm from adjacent areas should
be added in eguatiocns (2,37) to (2,40). The balance



.discrepanay -)7 - ~AI' + -'>7. where A!’ . w variatiou
of water storage in the soil mantle beneath the wpper im,
laysr and v)' = wuagssigned balance discarepancy.

2.5.1.3. Porests and Forested basins.

Smith gt al (1974) ocutlined the scientific and
practical importance of water balanoe studies and Comput-
ations relating to forest plots,

(1) Necessity of determining the hydroclimatic role
of the forest and of assessing the effect of forest cutting,
reforestation and forest development measures on the
water regime and water resources of forested river basins,

(2) EBstimation of possible changes in the tramsport
of water in the atmosphere due to deforestation of large

Water balance studies of forests and forested river
basins should be carried out on water - balaace plots, with
. an area raaging from several humdred to several thousand
sq. W, located withia the forest, The plots should be
artificially isolated from the surrounding arsa by a wvater
shed divide wall from the surface down to the aquiclude,
Depending on the type of vegetation & soil, ome or several
plots, representative of the surrounding forest terrain
should be used,
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The general water balancs squation for a closed
forest tarrain would be

k’t”z”:“’n‘%":"‘:"a" 8, ~
B -« G - - 0 - (2.41)

where Py = precipitation over ths forst terrain penestrat-
ing through the canopy. ’2_' precipitation flowing down
the stems of trees, O, and Q_, the surface and under-
ground outflow respectively from the forest tarrain,

By = evaporation under the canopy, £, = evaporation of
precipitation intercepted by the canopy,- 83 = transpirate
ion of trees, 8, = water storage variation on the
forest terrain surface and = n'+o‘p+ '
whare “w = percolation beyond the sone of saturation,

Precipitation pemetrating through the camopy P, and
precipitation flowing down the tree stems ’z could be
Setermined by special methods, (Sopper and Lull, 1967.,
lachshev, 1970),

PrmP ol =Py | - (2,42)

Kitson gt gl (1984) recommended that precipitation
gmges should be installed in the oceutrs of forest
clearings, where the elevation asbove the horisontal line
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from the gemge orifice to the top of the nearest trees
is 30° vo 50° for conifersus forest & 78° for decidious
forest,

Penman (1967) proposed that evaporation from forest
terrain could be determined by methods of water balance,
heat balance snd turdulent aitfusion,

Bvaporation from forest terraia could be exprsssed

E»E+E, + 8, - (2.43)

Evaporation vader the canopy

B, = :1' + 8+ B - (2.44)
wheze l'i = Evaporation from the soil, tz' = evaporation of

precipitation intercepted by the grownd water, moss, low
bushes, grass and 83' » ground cover transpiration,

Pedorov (1969) found that depending on the type of
forest and the twwnomic characteristics of the forest
stands, composition, age, density etc, the ratio betwesn

the evaporation componsnts would vary. Mowever transpiret.

ion and evaporation of precipitation intarcepted by the
canopy constituted a major part of the total evaporation,



To determines evaporation under the camopy, weighing
evaporimetsrs should be installed acosrding to the geo-
botanic map of the forest plot, and the evaporation should
be computed as' a weighted mean,

Tree stand transpiration en the forest plot could be
detarmined by the eguation,

1!3-?14-?3-0”-0”.-% -B - 588-

oM -ox - Ag - (2.46)

For the computation of evaporation izon forest
terrains using the heat balance method, initial data may be
obtained by means of gradient masts installed in the forest
and equipped with meteorcological and actinometric instrumeats.
The masts should be located in the forest at a distance
from the forest edge equal t© 50 to 60 times the tree helight,

Por forasted basins, the priacipal aspects of water
balance study would be the same as that for forest plets,

2.5.1.4, Irrigated and drained land,

Irrigated areas could be subdivided hydrologically into
well drained lands with underground runoff predominating
among outflow components of the balance and peorly



drained lands without underground runoff, On the basis
of climstic factors it would be possibls %o distinguish
between the arid irrigation arsas, where irrigation
water is the predominant water balance composeat and the
sone of approximates wassr balamce, whers precipiation may
be as important as irrigation water,

The water balance equation for an irrigated field
froma the soil surfsce down to the aguiclude, for any time
intarval could be expressed as

Po/lmtmly/s /D¢ By ¢ / Ogr- Ogof ¢
/oy = e/ + Myy = Ggo/ + /gy = Yy = /5 ¢ By

- Ls -V) - 0 - (2,47)

where X, amd I, indicate water flow due to filtration
from arterial and irrigation cenals, 23- the inflow ef
irrigation water on the f£ield surface, I‘ = outflow of
irrigation water fm the field, ls = irrigation watar
removed from canals, Qgy and Qg indicate natural inflew
and outflow of surface watar, O, sad O, indicate the
inflow and outflow of s0il water in the umsaturated sone,
Gyy aMd Qyn indicate the inflow and outflow of shallew
ground water, Q,, and Q,, indicate te inflow and cutflow
of ground wvater from lower aquifers, E = evaporation from

¢



the land surface, :x-mrama!mmnmmm
in censls and A S « water storage variation om the surface

and underground,

As w Aa”+ As, + Ax « A6 « {2:48)

where 8“ and 8. are the water storage variation oa the
soil surface due t0 snow accumulation and water accumulation
in the depressions respectively, Asm. As, and AN
could be computed as the difference between the values of
the respective water balance elements at the end and at the
beginning of the balance period and /AG could be computed by

spplying the water balance equation for ground water,

Evaporation, ground water discharge into the unsaturated
sone and ground water recharge due %0 infiltration of
precipitation and irrigatioa water wuld be determined using
lysimeters, VWhere the depth %0 the watsr table is about
zihs-ntm:w-mrtnmmmumd. Bvaporat~
ion oould also be computed by the heat balance method,
Phenological observations would aid in the evaluation of
lysimetric observations and in the spplication of the resulis
to agricultural filelds, taking into account the state and
density of crops in the monoliths and the field,

Ground water inflow and outflow could be estimsted
by hydregeological msthods., In the case of ground wvater
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rodhArge WRder Pressure, & mat work ef ochesrvatisn wells
mmmmunmupmmm taking
inte scoount the topograply, hydrogsological conditions,
distridution of water @ollecting undexr drainage canals
snd irrigation met works etc, and the seperation of
could be done by studying the hydrsmlios of ground water
£1ow,

' Soil water inflow and outfiow sould be disyegerded,
Noisture storage variations Mhﬁ-mm
should be determined by gravimetric methods weing mewtren
probe Or s04l moisture metexs,

mmiwmmmmmum
solved for the term 04S or its cowpement O N,

Por a realaimed basis, mmmmﬁw
any period of time could be expressed &

P+ Qgy = Qgq ¢ %m%f%-ﬂ%_ﬁ,vg'ﬂl&“k w {(2,49)

2.5.2, Lakes and Raservoirs,

mimwmmma!vm ,
lakes wuhoauzm closed (endoxbeia) mmm
and lakes with intexmittent (ephemaral) cwiiilew durimg
watexr stages,
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mumm-nammiummmum-
could be written as

aﬂ*%”h"h'%”%- AS&O‘ Vl'@*(lo”)

where Qg y = surface inflow into the lake or reserveir U, , =

ground water iaflow, P, = precipitation on the lake surface,
B, = evaporation from the lake surface, Qw- surface oute
flow from the lake or reservoir, Q50 * underground outflow
iacluding percolation through the dam and Alz' = variation

of water storage in the lake for the balance period,

For large lakes and reservoirs the surface inflow
would be subdivided into inflow Q £from the main stream and
dateral inflow Q

Qgz = 9 + 9y - (2.51)

Por lakes and reservoirs with considerable variation
in surface area due to water level fluctuations, the compon-
ents of the water balance mﬁum&dmmmu
volumetric unita, FNor lakes with coanstant surface areas,
this could be expressed as a depth of water layer relative
to the mean surface area of the lake, The msan surface
area would be equal to the arithmetic mean for the balance
period,



The mean wvatsr balance eguation for open (exorheic)
lakes and reserwvoirs would be

Qg + By + Py, *® Qg0 + Gy * By - (2.52)
For closed (enderhsic) lakes the corresponding
equation could be expressed as |

Ogy ¢+ P = B | - (2.53)

For an approximate computation of the water balance
for the purpose of routine costrol of water inflow and
outflow, the water balsnge squation would be

SIe Q q-AsL - (2,54)

whare ﬁ-mofimtmotthcmua.

Q0 = sum of discharge through turbines, spilivays, locks
and infiltration through the dam, and Atnuvutaﬂnnﬁt
nmnamhmmmummbnmpm

Bqge 2.60 should be used only for small reservoirs with
intensive inflow and outflow and for which discharge throwgh
hydroelectric plants and surface wvater inflow constituts
mwatmtmummm. In the case

of large lakes, its plysiographic peculiarities should be
taken into account, ‘

The sccuracy of computation of dalance and the
minimum allowable balance period, would depend on the



50
accuracy of estimation of surface inflow and water storage
in the reserveir, | — |

m:-uunmnnmmwm
ummmmauwu

¢ = 10t AL S, - 10‘ A 8, - (2.55)
v, 86400 0,7

where “l. = water surface area of the reserwoir, ‘n = @rror
of mean lewvel estimation, D‘ -‘uﬂuuu’/aee ad Tw
duration of the balance period in days,

Equation (2,55) could be used to determine the leagth
of the balance pericd such that C is mot more than t 35X,

Kiteon gf 3l (1984) reportsd that the amount of pre=
cipitation falling on water surfaces, including islands amd
beaches, i3 less than that on the land and littoral area,

To take this into acosunt, they recommsnded that gages should
be installed not only arvoumd the periphery of the lake, but
also at some Adistance from the coast on islands and light

ships.

2,%5.3. Ground water basins

The computation of the water balance of ground water
basins is considered important for substantiation of projects
on ground water as a source of water supply.
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could be estimsted by msans of hydrodysamic computation of
groundwater £low sccording to the spprepriate equation of
ground water motion, The third term could be estimated on
the basis of discharge measuremsnts for springs and ground
vater flow calculations fer Q.. end Q‘r\. The net value
of ground water recharge by infiletration / Q“p - Qu/ could
be estimated using the a0il moisture balance equation,

%-QM'P-QGVO"-A“ ‘V‘S - (2,87)

where P = precipitation, £ = Evaporation, 4, V, is the
over land flow input to the stream channel and AM = change
io 20il moisture storage, Data on artesian aguifers end
recharge wells could be used 0 estimate the fourth term in
equation 2,56,

Chaturvedi (1936) developed an ampirical formula at
Rooxkee, which gave rechargs as a function of annual preci-
pitation, ‘

Re 2 (P-15)0% . - (2.58)

where R « net rechargs to ground water in inches & P = sannual
rainfall in inches, Later this formuls was modified as

Rw 1,35 (Pe14)?°® - (2.39)

Sehgal (1973) developed the following formula as
Amritsar.

Ra 2.5 (Pe16)98 - (2.60)



93

Bouver (1969) dafined the following thres basic
conditions to which the mmltitude of Satural profiles
of soil hydrsulic comdwstivity could be reduced for
theoretical troatment of sespage flow systems,

Condition As The soil im which the chammel is
enbedded is imiﬁa:uf and underlain by more permesble
material, Sespage flow in this case is generally amensble
to exact amalytical solution, The problem was solved by
Kosney using Khukovsky's function and later by Pavlovsky
(Harr, 1962) .assuming an infinite water table depth, 1The
solution 414 not incorporate any specific channel shape
but assumed it to be described by the equation of the
equipotential line, Exact solution for trapesoidal
channels with finite as well as infinite water table depth
were obtained by Muskat (1946), Harr (1962), Poluborinova
Kochina (1962) used hodograph and conformal mapping
techniques,

Condition B:1 The soil in which the channel i»
enbedded is uniform sadis underlain by less permeable
naterial, Linear sodels for solving this problem assume
a linear relationship between flowrate and head difference
between channel and aquifer and is based on Dupuit -
Forchheimer assusptions, JNon linear modela could also be

\ised.



Comdition Cs The soil in which the chamnel is embedded
uofmhlmrmmuwmmerimn
soil for a relatively mtt distance hormal % the chnaol
perimster, This euald occur if a relatively thin layer
of low hydraulic conductivity ocooured along the wetted
perimeter 0f the chaanel, Bouwver (1969) gave analytical
solution for estimation of seepage im such conditions,

For estimating seepage from channsls embedded in
»on homogenecus soils ase wuld have to resort to numerical
solution of Laplace squation with sppropriate boundary
conditions using finite difference or finite eclemant
techniques,

In alluvial tracts, the gemeral practice has been
to take 6 to B cusec per miliion sg, £%. of wettad area
as seepage losses from canals, The following formulas have
also been used,

Uttar Pradesh: losses in cumec/km,= s_;ﬁm_ - (2.61)
where C = constant taken as 1 for intermittent ruaning
chaanels and 0,75 for confidniously running channels,

Davis & Wilsons q = 8,64 X 10”3 cpx /3 - (2.62)

where q = Saspage raunn/m/u. lsangth of canal, P =
wettad perimter 4in m,, H = water depth in canal in m, and
C = s0il coeefficient ranging from 12 for Joams to 70 for

sandy gravels,
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AN Kostyakovs q = 2,94 O3 - (2.63)

(for highly permeable seils) and
a = 1,64 %8 . (2460

{for modiwm permeable 30ils),whers Q = canal discharge ia
n’ per second. |

Chandra and Saksena (1975) proposed a method whereby
reliability of water balance cosputations could be aross
checked, Water balance study for monsoof and NOR-ISASOOR
periods were carried cut seperately. The former would yield
an estimate of recharge co-efficient and the latter would
datermine the degree of accuracy with which the cemponeats
of the water balantce equation have been astimated,

Methods for estimating recharge from rainfall based on
s0il moisturs data include lumped and distriduted modeld
methods, (Chandra,1979),

Chandra (1979) reportsd that estimation of recharge
from water table dan'mmm“mu assessment
of the net effect of pumping, sespage fram irripgatien, leake -
age from adjeining aquifers, seepage from canals, rivers aand
other water bediss and gechydrologicel charseterissies of
the aquifer, | | |
Accoxrding o him, .

a‘,on.+110108‘~-l.¢001t0.f”¢ 8 « (2,68)



where R, R,, and R, represeat recharge due to rainfall, canal
seepage and return flww of irrigation water applied in the
£ield reppectively, I = inflow from areas cutside the basin,

8; = recharge due to influent sespage from rivers, streams,
reservoirs, lakes, ponds etc., a‘ = loas of ground water due ¢to
effluent seepage in rivers and streams, O = ocutflow to areas
outside the basin, B, = lssses due to evapotranspiratioa from
water logged areas, big trees, etc,, fp‘ puspage of ground
water in the basin for irrigation and other uses and & =
change in ground water storage. All the conponents of egquate
fon (2.65) other than rainfall recharge would be estimated
using the relevant hydrological and meteorvlogical informatien.
Rainfall recharge could then be calculated, Table 2,4 shows
the values of recharge coe-efficients fe,, recharge per umit

of rainfall for some catchments in Uttarpradesh estimated
using this method.

Table 2.4 Recharge co-efficients for some river basins
in Uttarpradesh

Name of Inter buiq/béu Recharge co-efficient
Ganga Ramganga 0,232
Gomti -~ Sai 0.252
Upper Ganga Canal cosmand 0.264
Varuna 0,318
Gomti - Kalyani 0.354

Krishna - Hindon | o.18
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Rushton- (1979) carrisd out experimental studies for
determing the recharge mechanism for chalk agquifers in North
Linconshire and developed the formula ‘

Recharge = 0,15 R, + 0.15 (Ry ~ 8) 1£f R, > Smm - (2.66)
= 0,15 R, 1f R, < Sam - (2.67)

vhere R, & R, are effective and total precipitations 4in mm,

Naney (1979) carried out investigations to develop an
equation for estimating the amount of seepage lost from a
reservoir in relation to the hydraulic head behind the dam,

Recharge from applied irrigation would depend on facters
such as pattern of water availability, mode of irrigation
management practices, literacy level among cultivators, mode
of water charges etc. As human factors are involved, estimate
ion by analytical methods would be difficult. In the case of
a project in Haryana proposed for World Bank assistance the
following figures were adopted,

Canal irrigation with unlined water courses 3 37%
Canal irrigation with lined water courses s 20%
Tube well irrigation s 20%

However, these figures were considered low for flooding
irrigasion. (Chandra, 1979},
2.6, Case Studies

UNESCO (1974) published a report of the initial survey
on water balance of the major lakes and reservoirs of the
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earth conauctad by the secretariat of the IND co-ordisating
council, The water balamee of 137 lakes and reservoirs,
situated all over the werid, were studied. Couplets data
satisfying the required socurscy were received for oaly 63
lakes and 43 reservoirsy the iaformation on the remainder of
the water hodies either characterises omly certain water-
balaace slemsnts or reveals the discrepancies betwesn the
loss and gain elaments of water balance squations, The
figures as calculated from this survey were tabulated as
given ia Table 2.8,

Tadle 2.% Water Balance of Lakes & Reserwvoirs of

the World,

Tl o -

va ~face ¥ ace ™
Country invoived  inflow w outflow don

cu. km, cu.km, ocukm, cu.km, ocu.km,
North America 440 261 194 73 167
Eurepe 126 100 24 108 18
Asia 172 140 30 66 104
Africa 154 2s 100 26 ”»

It was found that other compofents such as underground inflow,
draw Sown of accumulated storage etc, amounted to only about
1% 90 2% of the total inflew into lakes. Surface inflow
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acoounted for the follewing prepertions of the total inflow,
$5% in Nerth America, 80% in Europe, 83% in Asia and 20% ia
Africa., The proportion of cutfliow asccounted for by rumoff
vas found %0 be 62X in North America, 86% in Burope 39X in
Asia and 21% ia Africa, In areas of intensive economic
development the total water exchangs was high dus 0 large
reservoirs,

Peixoto (1981) reported details of the Mediterranean
wvatar balance (Table 2,6).

Table 2,6 Water Balance of the Mediserranean Basina,
(10% ws)

Carter (1956)
i Tases) TGorer” UG ey
Mac 1948) (1970) (197¢) m,

—

Bvaporation (E) 92

] 100
Precipitation (F) 33 » 43
) I | 59 Y ; B (TS
River rumoff 14 16 14 |
m‘m ¢ ¢ ¢

Atlantic 40 435 9

According to Lacasbe and Twheraia (1973) the met iaflew
of water into the Mediterranean ssa frxum the Atlawtic weuld
be 1740 cu.km/year mmmnuum !bw
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figure would be 189 cu,km,/yr. The exchange of water with
the Red Sea vas found to be megligible, The coatribution of
underground vater discharge to the sea, which is not negligble
quantity, was ignered ia all studies on the Mediterranean
water balance.

Chandra and Pande (1973) developed a mathematical model
for the Varuna Sesin in Uttarpradesh to determine the average
annual recharge and water balance available for the year
1972 « 1973, The xecharge due to rainfall was estimated as
| 65,567 ha.m. and the recharge co-efficient was found to be
0.32, This closely agreed with the value of recharge co=
efficient (0,312) given by the empircical Amritsar formula,

Chandra and Saksena (1975) conducted a detailed water
balance study of the Ganga - Ramganga Doab in the alluvial
plains of the State of Uttarpradesh, 7The principle of multie
ple correlation was applied t¢ develop a linear regreasion
equation, summarising the relatiomships of the past lydrologic
events as evidanced in records of matural regeneration and
base flow in a river and of acrdrs contributing to the same,
Complete water balance and a ssparats inventory of the ground
water ragime for the hydrologic year 1971 « 1972 was dosme,
This revealed that the distribution of total precipitation
falling on the doab area wwuld be surface runoff ¢4%, recharge
to ground water 23% and evapotranspiration 33%, 7The safe
yield end utilissble yield of the doab were estimated o be
4,01,200 ha, m and 2,81,000 ha, m» respectively,
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venugopal g3 gl (1979) computed the ground water
recharge from um.n in e hard rock areas of Karaaja
Basin in Karnstaka State by ebestviag water table fiwche
uations and by water balamge anslysis, It was recosmended
that for the Karsanja basis recharge values of 15% to 20%
1n laterites and 5% to 12% s baselts could be adopted.

Ragimnath (31982) reperteed the results of the water
balance studies for the Noyyil river basia ia Coimbatere
district for the period 1970 - 1972, A uniform evepotrans-
piration of S’ was taken for the months Jamuary to May
and Movember - Decesber, For the remaining months
evapotranspiration was taken as 16m?, Subsurface inflow
afd outflow were not taken iato agoount, Ground water
rechargs for different months during this peried were
estimated using water balance methed,

Anjos (1984¢) stuldied the watar balance of the S0
Francisco River basin located in the castarn regions of
Brazil, A pﬁlhinary watar-palance of the basin, considere
ing only its anaual average resources, indicated a 1410 sm
pregipitation, a 1,185 mm (84X) evapotranspirationa and a
155 mm (11%X) runoff. The usable ground water ressrvoirs
ware estimated at 4570 x xo‘:’. A secondary w;ut bal anoe,
considering the demands of water was also performed, 7Ihis
indicated that by the end of the century domestic consumption

would reach 35.3/: with a retusn of effivent of m’/s.
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Industrial demand would be 35a’/s returning 25w’/s; animal
needs would be 15m%/s with a retarn of S5a%/s and the irri-
gation demand would be 538m’/s returaing 236m°/s. The total
use of 3“?;3/3 wvas found to be compatible with the hydroloqied
availability within the Sao Prancisco,

S8zlavik (1984) Aemonstrated the Jnman impact in the
water balance of the Hungarian section of the Xoros River
System, Monthly water balances for the year 1978 were

lvanov (1984) used the water balance technique to cowpare
the change of water storage in the Kairakum and Chardara
Reservoirs (Volga and Syrdarja basins) computed according to
the balance, with the values obtained from the storage curve,
for the period March - December, 1969, |

George et al (1987) made a water balance stmdy of the
Marutiur Thodu sub basin of the Neyyar River to estimate

ground water recharge,

A detailed water balance study of the loﬁa basin im
Nadhyspradesh by swtcliffe (1987) showed that anmual soil
moisture recharge could be estimated by comparing seasonal
net rainfall with runoff, Detailed investigation of the Mion
tributary showed that the net rainfall was Adivided in |
sequence between s0il moisture replenishment, ground water
recharge and runoff,



Materials and Mot hod's
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MNATERIALS AMD METHODS
3.1, Objectives

The broad sbjective of this project was to make a
quantitative evaluation of the water resources of the
Karuvansur River Basin,

The specific objectives of this project were the
following:

1) To estimats the awerage monthly rainiall in the

basin for the period 1976 to 198S,

i1) To conduct frequency analysis of rainfall for
various durations, |

i14) To determine the total runeff from the basin
for the period 1976 to 19685 and to develop an
equation connecting raiafall with runoff,

iv) 7To estimate the evapotranspiration from the
basin during the period 1976 to 1983,

v) To study the monthly water balance for the basin
in order to estimate the ground water recharge
or depletion. for the period 1976 to 1985,

3.2, 7The Karuvannur River Baain,

The Kaxuvannur river basin lies oa the South of the
Keecheri river basin and on the north of the Chalakudy river
basin, between 76° 23°E and 76°* 26°'k longitudes and 10°* 13°'N
and 10°® 31°'N latitudes, It has an area of 1054 sq.)km,
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‘aprudug over Trichwr, Makundapuram and Chavakkad Taluks
of Trichwr Nsmt.

The river origisstes f£rom the Western Ghats and is fed
by its two main tributaries namely the Manali and the Kuru-
mali, The Nanali originates from the Vaniawpara Hills at an
elevation of ¢ 385m, The Chimoni and the Muply, the two sub-
tributaries of the Xurusali originate from Pumalal at an
elevation of + 1100m, The Pillathodu joins the Kurumali just
dowastream of the coanfluence of eh- Chimony with the Maply.
The Manall river flows westwards uwpto Mundanchira and then
soutwards upto Nemmenikkara bdefore turning towards the west
and subsequently to the south and joining the Kurumali at
Palakadavu mear Aratupusha, The Chimony & the Muply flow
westwards through dense forest and these join together at
Elikode to form the Kurumali river, The Kurumali river thea
flows in s westerly direction till it joins the Manall to
ﬂcneh-tamamdm. The Karuvannur river then takes a
- South westerly uroction ,and then a westerly course, Just
before joiming the backwsters, it bifurcates and one branch
flows towards south to join the Periyar at Cranganore while
the other branch flows northwards and emters the Arabian sss
at Chettuvai,

No rainfallerunoff correlation studies have so far been
made for this basin, Using the Inglis formula the anmual
yisld vas assessed, This oomes 1007!&3 and the utilisable



vield works out to nm’. The total water requirement for
irrigation is estimated to be 970&3.

The Peechi Irrigation project, the only major irrigat-
ion éroject at present located in this basin is built across
the Manali river at Peechi, Commissioned in 1957, the scheme
consists of a masonry dam of the straight gravity type 225m
long and 39m high and a distribution system comprising the
left and right bank canals, The reservoir has a total
capacity of 113.227&3 and serves an area of about 17,3355 ha,
for the Ist and 2nd crops including 8100 ha, of kole lands
for the Puncha crop, The water spread area at full ressrweir
level is 5 sq.km.

In addition there are 3 minor 1rﬂ.gauon (Class I)
schemes, 77 minor irrigation schemes (Class II) and 6 1ife
irrigation schemes which serve about 4000 ha., of lands mainly
for two crops,

For providing irrigation facilities to all the wet lands
of the pasin for three crops aand for mﬁag the irrigation
needs of the garden lands an integrated project called Chimoni
- Muplli « Kole Project has been formulated,

The Chimoni - Mupli « Kole Project imvolves
1. the construction of two storage reservoirs, ome each

on the Mupli & Chimoni tributaries of the Karuvaamur river,
for irrigation,
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2. the construction of two regulators one at Chettuval
and other at Valliattom for preventing the imgress of salt
water.

3. the diversion of a part of the Mupli storage through’
a tunnel and canal system to the Vellikkulangara valley to
irrigate 3 crops in 100 ha, of high level lands and

4, the reclamation of 1100 ha, of low lying kolelands

| toqoiher with the construction of a direct flood outlet to

the sea at Kuttamangalam. Ultimately, the project is
estimated to benefit a cropped area of 60,600 ha, The kole
project envisages five flood outlets - Enamakkal, Putheathodu -
Chirakkal thodu, Herbert camal and Shanmugham canal regulators
in addition to the existing ome in the Enamakkal - Muriyad
Moorkanad canal, Work on the Chimoni project is progressing,

3.3, Water Balance Study.

3.3.1, Estimation of average areal rainfall,

Pig. 3.3. shows the map of the Karuvannur river basin
along with the location of raingauge stations in the basia,
Data regarding monthly rainfall at the various raingauge
stations in the basin for the period 1976 to 1985 were collect-
ed from the Water Resources Divisional Office, Kerala P,W.D.,
Trichur, Rainfall data at Pottimada, Irwspupalam and Trichmr
1.C.C. compound were not taken imto account as they 40 mot
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extend over the entire period of study, Rainfall data at
Triprayar for the perfed 1976 to 1985 was mot available and
. hemce this station was also not included in the computation
of monthly mean areal rainfall, Rainfall data at Irinjala-
kuda for the years 1981 and 1983 and at Thanipadam for the
years 1984 and 1985 were also not available, This wvas
however estimated using the following equatioms,

xhtPth - G
3

(Provided N,, N,, and N, differs within 10% of M )
1 2 3 x

and
P, = /3 (0, “.*"z;;"’s n) - (3.2)
5 2 ",

(Provided any of N,. N, and N, differs from N
by more than 10%)

where Pl. ’z‘ 93 and ’x represent the rainfall of the month
at stations 1,2,3 and X, M,, Ny, N, and N represent the
average annual rainfall at statfoms, 1, 2, 3 and X, X repre=
sents the station with missing record and 1, 2 and 3 repree
sents three nearby raingauge stations,

For the computation of the average areal rainfall Thiessen
poiyqon method was used, Fig, 3.3, shows the Thiessen
polygon constructed for this purpose, The area soming under
the influence of each station was measured., (Table 3,1)
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Note: Notation of raingauge stations as in Fig. 3.2

FIG.3.3- THIESSEN POLYGON FOR ESTIMATING MEAN AREAL RAINFALL

nt



Table 3.1, Area coming wader the influence of each rain-
gaage station in the Karuvannur Basin,

Raingauge Station Area (sq.lome)
Enamakkal , 22.76
Irinjalakuda 44,76
Kallichithra 21.74
Ksnngra CPCRI , 11,7
Karikadava 9.14
Mupli Estate 1.88
Ollukkara 23,12
Pananchery 8.%2
Peschi 29,5
Puducad Estats 32.54
Thanipadam ' 6,56
Trichur Railvay Station 50,96
Trichur Taluk Office 5,30
Vaniampara 0.92
Varandarasppilly 40,42

Bchipara 0,56
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Mean monthly rainfall was calculated um the equation

Pup *P oo -a-rl_:. - (3,3)
4._1‘“:1?* — A,

where ’1' ’2. --wee " denote moathly rainfall at
stations 1, 2, mthAx. Az. D Anmum
area coming umder the iafluwence of respective raingauge
stations,

3,3.2, Estimation of runoff

Data regarding rumoff from the basin, msasured at the
seven river guage stations shown in Fig, 3,2, were collected
from the Water Rescurces Divisional Office, Kerala P.W,D.,
Trietur. 7To calculate the tetal runoff, the inflow ints the
Peschi reservoir would also have to be taken into acoount,
This data was obtained f£rom the Watar Resources Divisional
Office, Trichur and the Iastrumentation Division, KERI,
Peechi, | |

The total runoff from the basin would be the sum of the
runoff valwes measured at Karuvanour and Naduthodu and the
inflow into the Peechi Reserwoir,

A pmber of bunds are being comnstructed in the river at
various locations following the north cast monsesa, lence,
during the months from Jamsary to May discharge in the river
is not being measured, mn:m-mwm
values of stream fiow have been assumed,



RIVER GAUGE AT KARUVANNUR BRIDGE






it =

. Computer analysis was dome in order to determine the
correlation between annual rainfall snd annwal runoff and
to develop equations for predicting the rumoff from rainfall
data using the theory of multiple regression,

3.3.3. Estimation of Evapotranspiration,

3.3.3.1., Estimation of referemnce crop evapotranspiration,

Evspotranspiration from the hnln- was cdeniaud using
the modified Penman formula, The climatological data
required for this purpose was obtained from the District
Agricultural Farm at Mannuthy and the Agromet Observatory
at Vellanikkara, It was assumed that the climatic conditions
would remain the same at uxmﬁm»t the basia,

As discussed in section 2,4.3.3.2., the unadjusted
reference crop evapotraaspiration in mm/day is given by

B0 = W.Rn ¢ (1-W), £(w) (ea = ed). - (3,4)

The adjusted refersnce crop evapotraaspiration RTo in
mm/day was calculated using the Table 12 presented in
Appendix,

Mean air temperature for each month (t) was taken as
the average of the ncnn moathly maximum and minimum tempe
eratures, For caloulating mean monthly relative humidity
(RH mean) the average of the mean monthly maximum and
minimum relative humidities was determined, Wind speed (u)
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measurements wsre being made at 3m, height, As wind speeds
at 2m, height were required for calculation, the cheerved wind
specds were multiplied by & eowsfficient equal to 0,93,
mnmnmpmsmuin"n. bar was ealculated using
Table 4 of the Appendix and the mesn actusl vapour prassure
of aix ed in m, bar was ealoulated wsing the expression,
ed = oa X R mean. |
100

The values of the wiad related function £(u), the weight~
WMrﬁormofMefwm.ﬂmtgum
crop evepotramspiration (1-W) and the weighting factor for
the effiect of radiation om yreferemos ¢rop evapotraaspirzetion (W)
vers determined from Tebles §, 6 amd 7 of the Appendix
respautively. | |

" Nor detesmining the mean daily smssciamms duration of bright
sunshine hours (N) and the extrs errestrial redtstion (Ra)
expressed in equivalent evaporatien in me/lay Sox diffevent
months of the yeas; Table 2 and Teble 3 of the Appendix wexe
the besin vas taken as 10° 22° Ny The sutual howrs of Meight
co-sfficient () was taken as 0s35: The met fnooming short
Rms = Ra (1-d4) (e.zhe;sgy |
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The net long wave radiation Rnl = £(t). £(ed). f(ﬁ)‘

The values of £(t), f(ed) and f(%) were obtained from tables
b
A.9, A,10 and A.11 respectively., The net radiation Rn =

3.3.3.2. custimation of Actual Evapotranspiration,

For calculating actual evapotranspiration (ETa), the
level of the available soil water should be considered, The
maximun evapotranspiration (ETm) in mm/day for the period
considered could be cbtained using the equation,

ETm = kc ETo - (3.4)

where k¢ = crop factor. Actual evapotranspiration would be
equal to the maximum evapotranspiration only when there is
adequate soil water available to the erop, However, ETa
would be less than ETm when avallable soil water is limited,
The available so0il water could be defined as the fraction (p)
to which the total available soil water could be deplated
without causing ETa to become less than :ETm and the total
available so'l water (Sa) could be defined as the depth of
water in mm/m soil depth between the soll water content at
field capacity and the soil water content at wilting point,
As a general imdication, Sa mym for different soil textures
could be taken as follows:
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Heavy textured soils 2000/,
Medium textured soils 140me/m,
Coarse textured soils 60mn/m,

According to ijtema and Aboukbalcd (1975), actual
evapotranspiration (ZTa) in my/day could be calculated using
the eqguation,

- Emt +
T"p had (305)

(1=p) SaJd
LTa = | SgubD 1« (1uple
+

’
when t 2 t where t' = g.%g = time in days during which

ETa is cqual to Z0m,

ETa could be quantified for the interval betweocn irrie
gation or heavy rain (Table A,17) and £or monthly periods
(Table A.18),

Mean monthly actual evapotranspiration (£Ta) for a
given grop could be obtained using the aveoilable soil water
index (ASI), The ASI would give an indication of the purt of
the month when adequute s0il water would be available for
mecting full crop water regquirements, (STa = 2Tm), A
combination of A3l value, maximum Evapotranspiration (2Tm)
and remaining available soil water [(lop) SaeD| would cive
an estimate of the mecan monthly :ET7a,

ALl w Ig ¢ Pt 0~  (lep) 534D
ETXR 1n . 2 ?Tnm. - (3.6)




where In = nct monthly irrigation application in mn/month,
Pe = effective rainfscll in mm/month, Wb = actual depth of
avallable soll water at begining of the momth in mm/root
depth and [(1-9) Sa. D] = depth of remaining available soil
water when ETa ETm in mm/root depth.

For the ASI it has been assumed that In + Pe when
smzller than or equal to 30 ETm would fully contribute to
the evapotranspiration and no deep percolation or runoff
would occur, It has also been assumed that mean monthly
ETa would be affected only by the total of In, Pe and Wb and
not by their distribution over the month,

When ASI>1, ETa = ETm and when ASI 0, crop growth
is hardly possible except when ETm is low and the remaining
avallable soil water is high.

Due to lack of data, the concept of available soil
water index could Bot be used for estimating the mean monthly
actual evapotranspiration. Instead, it was assumed that
actual evapotranspiration would remsin the same during all
irrigation intervals and hence Table 17 of the Appendix along
with equation 3,5 was used for estimating actual evapotranspie
ration, The various crop combinations in the basin were
determined and the area under each of these combinations was
estimated., Por the computation of ETs, the value of the
fraction *p' was taken as 0,5. Total available soil water
(Sa) was assumed to be equal to 200 mm/m, for heavy textured
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soils and 60 mm/m, for coarse textured soils,

In the case of irrigated crops, the irrigation inter-
val was assumed to beé 8 days for the months of January to May
and for November and December, The recurrence interval of
significant rain was taken as 2 days for the months of June,
July and August., The corresponding figures for September and
October were assumed to be 6 days and 4 days respectively,

In the case of non irrigated crops, the calculation of
actual evapotranspiration during the rainy months (viz, May to
lNovember) was done in the same way as for irrigated crops,
For calculating the actual evapotranspiration during the dry
months (viz, December, January, February, March and April), a
constant value was taken for the avallable soil water (DSa)
for all the months (for egs- 72 mm in the case of coconut,

60 mm, in the case of rubber etec,) initially., The wvalue of
't' in equation 3,5 was taken as 31 days for December, 62 days
for days for Jamuary, 90 days for February and 121 days for
March etc, The values of mean moanthly actual evapotranspirat-
ion (ETa) in mm/day obtained using this method was found to
be reasonable, However, the total evapotranspiration during
the dry spell exceeded the amount of available water in the
soil, Hence this method could not be adopted,

Since no other method was available for estimating
actual evapotranspiration, a mean value of ETa in mm/day was
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calculated using equation 3,5 for the entire dry spell
preceding the first rain, The value of 't' in equation 3,5
was taken as the number of days since the cessation of rain
(at the end of the rainy season) to the beginning of the
month in which the sum of the s0il moisture balance and the
effective rainfall exceeds  the available soll water., (D,Sa).
Once this was calculated, actual evapotranspiration during
each month could be dotermined, If considcrable rain occured
during a dry month, (for egt- April 1981) the effective portion
of it was determined and added along with the value obtained
using the above method to get the total evapotranspiration

from the basin,

ke values for calculating the evaporation £rom bare
soils and watcr surface were taken from Fig, 2.6 and Table 16
of the Appendix respectively,

3.3.,4, Inflow into the basin from irrigation,

Data regarding the amount of water released for irri-
gation from Peechi Reservoir was eollected from the Watexr
Resources Divisional Office, Trichur and the Instrumentation
Division, KERI, Pcechi, However for other small irrication
achemes, this data was not available, Irrigation water along
with rainfall would form the input into the basin,

3.3,5. Ground water accretion or depletion,

This was taken as the balance obtailned, after deducting



the sum of the runoff and the actual evapotranspiration from
the input into the basin, ’

3.4. Fregquency Analysis of Rainfall for Various Durations,

Frequency analysis of rainfall for various durations
was done for the Ollukkara raingauge station, Daily raine
£all data for a period of 20 years was collected, The sum
of successive one day, two day, three @ay, four day and five
day rainfalls were determined for the entire period. 1In each
case the highest twenty values 80 obtained were ranked in the
descending order, Rank was assigned to each value and the
recurrence interval of each rainfall was detcrmined,
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RESULTS AND DISCUSSION

The results of the water balance study of the Karuvannmur
river basin have been discussed in the following sections,

4.1, Rainfall,

Table 4.1 gives the values of mean monthly and mean
annual rainfall in the Karuvannur basin for the period 1976 to
1985, The tacle clearly shows that a major portion of the
rainfall in the basin (about 65%) occurs during the months
from June to August, Decenber, Jamiary, February and March
are found to be dry months,

The average annual rainfall in the basin, estimated from
longterm records, is 3033,50m, From the point of view of
total rainfall received in a year, five years are found to be
bad yecars viz, 1976, 1982, 1983, 1984 and 1985, The raine
fall deficiency in 1976 may be termed "large®, In the remaine
ing years, annual rainfall has been more or less equal to or
greater than the average annual rainfall in the basin,
Eventhough low rainfall has been recorded during the years
1982 to 1985, it is too early to say that this is an indication
of a ‘decreasing trend® in rainfall,

Fig. 4.1 shows the variation of amnual areal rainfall
from the average annual rainfall in the basin and Fig. 4.2
gives an indication of the distribution of rainfall among the



Table 4,1

Mean monthly rainfall in the Karuvannur Basin {mm.)

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985
Month

i

January 0 0 0 C Oel4d ] ] ] 1,09 34,44
February 0 8417 11,71 25,97 0,65 0,09 0 0 11,76 0,42
March 5.76 11,65 11,61 4428 11,61 8,51 4,87 ] 18,78 0.55
April 107.48 68,02 42,25 39,31 137,88 43,59 61,69 9,36 141,20 33,57
May 74,93 304,56 292,47 112,08 149,38 243,10 140,34 57,01 50036 192,93
June 218,66 589,51 870,26 793.94 959,40 1155,04 802,82 403,91 876,61 974,37
July 730,98 756,62 752,82 889,99 1180,08 471,93 604,23 766,15 756,94 519,16
August 401,44 270,13 659,69 481,63 554,42 516,30 581,95 757,50 279,11 427,85
September 127,88 164422 96,98 271,69 180,69 684,81 86,22 594,78 136,51 129,70
October 218,70 382,59 163,19 182,75 404,28 268,05 237,28 129,05 377.21 263,23
November 226,33 447,19 302,33 284428 183,17 127.94 107,14 108,94 18,95 27.94
December 15,16 0,05 T4.14 0 8013 7,63 3,60 41,70 16,92 47,31
gzingggual 2123,16 3002,68  3277,16  3085,93 3769,16 3526,99 2630,17 2868,40  2685,43 2651.47

a.

£R
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Table 4,2

FPreqquuncy Analysis of Rainfall at Ollukkara for various

Durations,
Rainfall in mm Recurrence interval
g:ggat 1 day 2 day 3 day 4 day 5 day (years).

1 196 277,7 382.0 43045 472.1 20

2 183 26342 350.6 415 459,2 10

3 182.6 262,2 350,0 413,5 455,3 6,67
4 177.8 261,8 347.4 398 454,35 5

-1 173,4 241.1 318,6 376,1 434.3 4

6 153 238,1 313.4 360.2 433.4 3.3
7 146,6 236,3 304,0 359.5 429,5 2.86
8 142,2 235,95 302,9 358,2 426,9 2.5

9 135 234 297.3 353,.6 408,9 2.22
10 129,6 232.4 2824,6 343.4 390,2 2




Table 4.2 (contd.) Frequency Analysis of Rainfall at Ollukkara for various
Durations.

Rainfall in mm

Recurrence interval

Rank (years).
Number
1 day 2 day 3 day 4 day 5 day
11 129,4 224.2 279.,3 328,05 397.7 1,818
12 120,7 217,35 27642 321.3 388,2 1,667
13 120, 217,2 25945 31647 380,3 1.53
14 118,3 209,.4 25943 31447 379.9 1,43
15 116,38 20844 2567 314.2 3773 1,33
16 116,7 201.3 256,53 30846 377.4 1.25
17 115,2 201,1 250,2 304.3 376,06 1,18
18 113 20043 248,1 301,.3 37542 1,111
19 112.4 199 245 300.2 367.3 1,05
20 112,13 198,2 244,.2 297 366,3 1

& o)

-2
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different months during the yeurs 1981 and 1982, During the
period of study, maximum annual areal rainfall occured in

1980 (3769.16mm) and minimum rainfall occured in 1976,
(2123,16mm), The results of the frequency analysis of raine
fall at Ollukkara for various durations have also been presente
ed. (Table 4.2 and Fig.4.3).

4.,2. Runoff

Table 4,3 gives the total runoff from the Karuvanmur basin
during each month of the period 1976 to 1985, 1In general, it is
found that during the months of heavy rainfall, runoff im the
river is high and viceversa,

The runoff co-efficient for the basin, on the basis of the
10 years of record, shows considerable variation., (from 0,62 to
about 0.74). On an average, the runoff Co-efficient for the
basin works out to 0.667.

Using the principle of simple and smltiple regression,
equations have been developed conmecting rainfall and runoff,

These equations are

R= 0,606 P + 188,675 “ - (4.1)
Rw 04629 plf 0.021 Pz + 54Q602 - ‘402)
Ru 0,92 P 96 - (4.3)

where R = annual runoff in m;{' P = annual rainfall in un‘?‘.
P, = rainfall in the year in Mx? and P, = rainfall in the
previous year in m3 .
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Table 4.3 Total Runoff from Karuvannur River Baain (Mm

5

Year 1976 1978 1979 1980 1981 1982 1983 1984 1985

Month v

January 40,96 38,79 88,19 53,73 71,04 89,28 72.29 53.25 70,28 42,81
February 32,74 33,67 64,76 50,29 494,11 67,11 52,07 39,67 44,19 29,96
March 27,26 29,47 42,09 38,41 30,97 47,08 41,99 26417 31,72 18,47
April 62439 50,93 43,24 49,93 68,70 69,73 63,78 154,45 60,40 16,29
May 57.47 128,17 121.19 79443 85,21 110,20 89,92 30,45 50,32 36,80
June 83,34 181,10 325,34 252,21 256,15 528,43 244,15 51,28 288,06 435,40
July 284,21 612,23 - 535,38 557,49 860,44 288,70 339,88 418,48 658,05 610,52
Augusat 305,45 211,42 536,52 455,76 479,57 347.44 418,05 581,71 248,71 384,99
September 153,06 147,77 162,69 168,43 132,07 405,88 89,04 419,07 113,64 133,50
October 144,90 285,18 88,84 289,81 318,28 124,58 109,20 123,30 310,04 168,90
November 148,47 309,79 182,47 139,57 146,00 121,68 111,91 105,08 150,20 140,00
December 61,19 134,66 76,64 95,10 137,12 94,41 79.69 90,79 50,19 50,71
Tctal 1401,44 2163416 2267,35 2160,16 2634,66 2294,52 1771.97 1954,70 2075,.80 2068,.35
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It is found that high correlation exists between the
values of rainfall and runoff during the period 1976 to 1985,
The correlation co-cfficient is equal to 0,935 in all the
three cases. Fig. 4.4 shows the graphical representation of
equations (4.1) and (4.3). The observed values have also
been plotted., Fig 4.4 clearly shows that the simple 1l near
equation (eguation 4.175 represents satisfactorily the relat~
ionship batween rainfall and rumoff,

It has to be noted that the stream flow in the
Karuvannur river, taken for water balance computations, is not
measured at the outfall of the river into the sea but a few
kms, upstream of it, due to various practical limitations,
Also, the quantity of water that is taken from the river for
various purposes including irrigation is not known, Moreover,
stream flow in the dry months have been assumed, All these
factors are expected to effect the accuracy of stream flow

values to some extent,
4.3, Evapotranspiration

Table 4.4 gives a detailed account of the computation
of reference crop evapotranspiration for each month of the
year 1977. The values of mean monthly reference crop
evapotranspiration (ETo) for the period 1976 to 1985 have
also been tabulated. (Table 4,5).
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Table 4,4 Computation of reference crop svapotranspiration

for the year 1977

1977 t(°C) RH wmean wat 3ma uat 2m ea 10 ed in w 1-W n » -
% ()an/day) (km/day) m.bar m.bar (hrs) (hrs) N
January 26.1 63 204.2 189,9 33,81 21,30 0.76 0.24 8,98 11,58 0,776
February 28.4 58 176.6 164,.3 38.72 22,46 0.78 0,22 7.64 11.785 0,648
March 30.3 64 135.4 125,9 43,15 27,62 0,79 0.21 7.23 12,000 0,603
April 30,5 70 109.4 101,8 43,65 30,56 0.78 0,20 6,20 12,315 0,504
May 28,1 80 80,6 75,0 38,03 30,42 0,77 0,22 3,23 12,618 0,256
June 26,6 86 71,8 66,7 34,86 29,98 0,76 0,23 1,73 12,720 0,136
July 25,7 87 84.2 78,3 33,03 28,74 0,77 0.24¢ 1,34 12,620 0,106
August 26,9 82 84,7 78,8 35,49 29,10 077 0.23 2,05 12,415 0,185
September 27,1 81 89.8 83,5 35,91 29.09 0,77 0.23 3.,2¢ 12,107 0.268
October 27.4 80 80,0 Teed 36,54 29,23 0,77 0,23 4,54 11,800 0,385
Rovember 26.7 82 88,3 82,1 35,07 28,76 0,76 0.23 4,35 11,585 0,376
December 26,3 63 856,38 238,88 34423 2:.57 0,76 UVe24 T,95 11,48 0,693




Table 4.4 (ocontd.) Computation of reference crop evapotramspiration
" for the year 1977

1977 Ra Rns £(t) £(ed) £(pn) Rnl Rn £(u) (eu-ed) ETo* XTo
(rnz/day) (my/day) N (m/day) (mm/day) m.bar (WW/day) ("/day)
January 13.13 6,28 15,92 0,134 0,801 1,71 4.57 0.780 12,51 5.82 5.82
February 14,15 6,09 16.38 0,128 0.688 1,44 4.65 0,713 16.26 6.18 6,18
March 15,26 6,31 16,78 0,112 0.643 1,21 5.10 0,608 15,53 6,01 6,01
April 15¢5¢ S.,91 16,83 0,097 0,55¢ 0.90 5.01 0.540 13,09 S.43 Se43
May 15.3¢ 4.41 16,32 0,098 0.335 0,54 3.87 0.475 7.61 3.81 4013
June 15,3¢ 3,66 16,02 0,100 0,226 0,36 3.30 0.450 4,88 3,05 3.25
July 15.52 3.49 15,83 0,106 0,196 0,33 3.16 0.485 $4e29 2.90 3,15
August 15.28 3,87 16,08 0,105 0,252 0,43 3.44 0,486 6.39 3,36 3.70
September 14,65 ¢.40 16,12 0,105 0.34¢ 0.58 3.82 0,497 6.82 3.72 4,95
October 13,55 4,86 16,18 0,104 0,448 0,75 4,11 0,473 7.31 3.96 .27
November 15,70 4.45 16,04 0,106 0.441 0,75 3.70 0,494 6,31 3.57 3.57

December 12,83 5.7¢ 15.96 0,132 0.724 1,53 4.21 0.916 12,66 S.98 5.98

4



Values of reference crop evapotranspiration ETo (mm/day) for each
month during the years 1976 - 1985

Month/Year

1976 1977 1978 1979 1980 1981 1982 1983 1984 19685
January 6,75 5.82 5,77 6,08 6,11 5,68 6,19 7,14 6.89 6,46
February 6,58 6,18 6,15 5,00 6,63 5,96 5,89 5.82 7,66 6,48
March 5.68 6,01 5.59 5,57 S5.80 6,12 5,82 6,38 6.30 6,72
April 5.35 5,43 S5.45 5,16 85,896 5,64 5,14 6,40 5.76 6,33
May 5.50 4,13 4,53 4,74 5,38 5,13 5,21 5,78 6,03 S5.46
June 4.30 3,25 2,96 3,41 3,29 3,05 3,41 4,44 3,28 3,31
July 3.30 3.15 3,05 2,68 3,28 3,51 3,29 3,56 3,63 3.63
August 3,48 3,70 2.96 2.94 4.22 4.33 4,30 3,36 4,59 3.79
September 4,68 4,05 4.47 3,40 4.87 4.6¢ 5,19 3,88 5.61 4.86
October 4,22 4.27 4.21 3,75 4,43 4,59 5,02 5,38 4,77 5.0}
Rovesber 3,68 3,57 4,15 2,82 4,46 4,26 4,84 5,08 5,30 5,01
December 5,69 5,98 5,65 4,16 4,51 5,55 6.27 4.57 6,03 5,75

(BN
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Reference crop evapotranspiration (ETo) values are
high during the momths of December, Jamuary, Februsry, March
and April, This may be because of the low relative mmidity
and the grzater number of bright sunshine hours during these
months, In December and January, the strong winds experien-
ced in the basin is also considered to be a major factor
producing higher evapotranspiration, During the months of
June, July and August, ETo values are found to be low,

Table 4.6 (1) to 4.6 (xii) gives an account of the
calculation of actual evapotranspiration from the basin for
the yeaxr 1977 and Table 4.7 gives the actual evapotranspirate
ion f£rom the basin Quring each month of the period 1976 to
1985,

While calculating actual evapotranspiration, the
variation in the area under different crops or crop corbinate
ions from year to year have been ignored for the sake of
simplicity, Also, it is assumed that in the case of non
irrigated crops, evapotranspiration would cozcur at a uniform
rate during the dry months until the caset of rain. In fact,
during the dry months, the rate of evapctrans iration would
be maximun in early December, Therefore it will continiously
decrease until the rains arrive, The exact pattern of
decay in the rate of evapotranspiration is not known, The
assumption of a uniform rate of evapotranspiration will
affect the accuracy of monthly actual evapotranspiration



Table 4.6 (1)

COMPUTATION OF ACTUAL EVAPOTRARSPIRATION FOR JANUARY 1977

Particulars of D Sa DSa kc ETo s ETa Ko,of Total Area Total
Crep/surface {(m) (om/m) (o) (rm/day) (mm/day) (mm/day) days in ET (sq.km.)  ET ,
the month (mm) (M)
Coconut 1.2 60 72 0,85 5,82 4,95 0.476 a1 14,756 S0.40 0.74
Coconut with Cocoa/
tapioca/banana 1,2 60 72 1,10 §.82 6.40 5.72 3 177,32 40,20 7.13
Coconut with Cocoa/
young coconut under
planted with tapioca/
banana etc. 1.2 60 72 1,20 5.82 6,98 6.07 31 188,17 42.70 8,03
Coconut with misc.
tree crops 1.2 60 72 0,75 5.82 4,37 0,476 31 14,756 56,50 0.83
Cashew 1.2 60 72 0,60 5.82 3.49 0.476 31 14,756 18,70 0,28
Banana 1.0 60 60 0,95 5.82 5.53 4.88 31 151,28 6.00 0.91
Tapioca 0.5 60 30 0,60 5.82 3.49 2,75 31 85,25 6,00 0,51
Foddexr 1.0 60 60 1,05 5,82 6,11 Se24 31 162,44 0.39 0,06
Rubdbaer 1.0 60 60 0,50 5.82 3.49 0.397 31 12,36 456,56 0,57
- Pulses/Vegetables 0.5 200 100 0.50 5,82 2.91 2.91 10 29.10 6,37 0.19
Sesamm 0.6 200 120 0,50 5,82 2,91 2,91 10 29,10 4,26 0,12
Rice 1,10 5.82 6.40 6.40 21 134,40 128,00
1612 3.82 8,31 Ge5i 10 65,10 128,00 27,37
1.10 5,82 6,40 6,40 3 19,20 106,00
Forest 1.2 60 72 0,75 5.82 4.37 0.476 31 14,756 345,00 5,090
Bare Soil 0,125 &.,82 0,73 0,72 31 22,63 98,5%
28 20,44 95,37 5.15
18 13,14 10,63
Water 1,15 5,82 6,69 6,69 31 207,39 4,00
Total ET (Mm3) 57.18

QR



Table 4,6 (11)

COMPUTATION OF ACTUAL EVAPOTRANSPIRATION FOR FEBRUARY 1977

by il D sa DSa kc ETo ETm ETa  Ko.of Total  Area Total

crop/surt (m) (wm/m)  (mm) (mn/day) (mm/day) (mm/day) days in ET (aqodm,)  ET ,
. the month  (mm) (Mm”)

Coconut 1.2 60 72 0.85 6,18 5.25 0.476 28 13.3 50,40 0,67

Coconut with Cocoa/ *

tapioca/banana

(2 tier) 1.2 60 72 1,10 6.18 6.80 5,96 28 166,88 40,20 6,71

Coconut with Cocoa/

young cocomut

underplanted with

tapioca/banana etc, 1.2 60 72 1.20 6,18 T.42 6.33 28 177,24 42,70 7.57

Coconut with misc, tree

crops like jack, mango

etc, (intensity of

coconut about 50%) 1.2 60 72 0,75 6,18 4.64 0.476 28 13,33 56,50 0,75

Cashew 1.2 60 72 0,60 6,18 3.7 0.476 28 13,33 18,70 0.25

Banana 1.0 60 60. 1,00 6,18 6,18 5.27 28 147,56~ 6,00 0.89

Tapioca 0.5 60 30 0,60 6,18 3.7 2,90 28 81,20 6.00 0.49

Fodder 1,0 60 60 1,05 6,18 6,49 5.40 28 151,20 0.39 0.06

Ginger and Turmeric 0.3 60 18

Rubber 1.0 60 60 0,60 6.18 3,71 0.397 28 11,12 46,56 0.52

Pulses/Vegetables 0.5 200 100 0,63 6,18 3.89 3.89 28 108,92 6,36 0,69

Sesamnm 0.6 200 12¢ 0,62 €,18 3,89 3.89 28 108,92 4.26 0,47

Rice 1,19 6,18 7.35 735 28 205,80 128,00 26,34

Forest 1.2 60 72 0.75 6,18 4.64 0.476 28 13,33 345.00 4,60

Bare Soil 0.03 6,18 0,19 0,19 28 532 195,93 1.64

Water 0,15 6,18 7.11 T.11 28 199,08 3.00

Total ET (Ma’) 51.65

L ]



Tebla 4.6 (111)

COMPUTATION OF ACTUAL EVAPOTRANSPIRALION FOR MARCH 1977

Particulars of D Sa DSa Xe ETo ETm ETs ' Mo,o0f !btal Area Total

Crop/suxface (m) (/)  (aem) . (mmy/dxy) (mw/dxy) (mm/day) dtg- in ET (sqekm, E‘;r- 3,
menth

Coconut 1.2 60 72 0,85 6,01 5,11 0,476 i 14,756 50,40 0.74

Coconut with Cocoa/

tapioca/banana (2 tier) 1.2 60 72 1,10 6,01 6,61 5.85 k31 181,35 40,20 7.29

Coconut with Cocoa/young

coconut underplanted with

tapioca/banana etc, 1,2 60 72 1,20 6,01 7.21 6.21 3 192,51 42,70 8,22

Coconut with nisc;troe‘ N

crops like jack,mango etc,

(intensity of coconut

about 50% 1,2 60 72 0,75 6,01 4,51 0,476 31 14.756 56,50 0.83

Cashew 1,2 60 72 0,60 6,01 3,61 0,476 31 14,756 18,70 0.28

Banana 1,0 60 60 1,00 6,01 6,01 5,19 3 160,89 6,00 0,97

Tapioca 0.5 - 60 . 30 0.60 6,01 3,61 2,81 3 87.11 6,00 0.52

Fodder 1,0 60 60 1,05 6,01 6,31 5.32 1 164,92 0.39 0,06

Ginger and Turmeric 0.3 60 18

Rubber 1.0 60 60 0,60 6,01 3,61 0,397 3 12,307 46,56 0,57

Pulses/Vegetables 0,5 200 100 1,033 6,01 6,21 6.21 31 192,51 6,36 1,22

Sesamum 0,6 200 120 0,95 6,01 S.71 5.71 31 177,01 4.26 0.75

Rice 1.25 6401 7.51 7.51 31 232,81 128,00 29,80

Forest 1,2 60 72 0,75 6,01 4,51 0.476 31 14,756 345.00 5.090

Bare Soil 0,405 6,01 2.43

Water 1,15 6,01 6.91 6,91 31 214,21 2,00 0.43

Total ET (Mm3) 56,770

Fr Y



Table 4.6 (iv) Computation of actual evspotransporation for April 1977

. No.of Total
D Sa DSa kc ETo ETe ETa Area Total

Particulars of crop surface (m) (men/m) {mm) (mm/day) (mm/day’ (mm/day) 2;:3 in ?:m) (sq.Jm.) ET )

- L ) 3 month (Mm™)
Coconnt 1.2 60 72 0.85 5.43 4.62 - 30 65.40 50.40 3.30
Coconut with Cocoa/tapioca/
bababa (2 tier) 1.2 60 72 1.10 S.43 5.97 5.48 30 164.40 40.20 6.61
Coconut with Cocoa/young coconut
under planted with tapioca, 1.2 60 72 1.20 5.43 6.52 5.79 30 173.70 42.70 7.42

banana etc.

Coconut with misc.tree crops

Lini+

lixe jack, mango etc.{intensity 1.2 60 72 0.7s 5.43 4.07 - 30 63.50 56.50 3.%9
of coconut about 50%)
Cashew 1.2 60 72 0.60 5.43 3.26 - 30 60.99 18.70 1.14
Banana 1.0 60 60 1.00 5.43 5.43 4.82 30 144.60 6.00 0.87
Tapioca 0.5 60 30 0.60 5.43 3.26 2.62 30 78.60 6.00 0.47
Fodder 1.0 60 60 1.08 5.43 5.70 4.71 30 141,30 00.39 0.06
Ginger and Turmeric 0.3 60 18 - - - - - - - -
R VR AR Y 1.0 60 60 0.60 5.43 3.26 - 30 58.62 46.56 2.773
Pulses, Vegetables 0.5 200 100 0.99 5.43 5.38 5.38 25 134.50 6.36 0.86
Sesamum 0.6 200 120 0.64 5.43 3.48 3.4R 21 73.08 4.26 0.31
Rice - - - 1.13 5.43 6.14 6.14 21 ’ 128.94 128.00 16.50
Forest j.2 6G 72z 0.78 5.43 3.93 - 30 £63.50C 45 .00 21.91
Bare Soil - - - 0.43 5.43 2.31 2.31 30 69,30 103.55 -
S 11.55% 6.36 10.19
9 20.79 132.26
Water . - - - 1.15 5.43 6.25 6.25 30 187.50‘_ 1.00 -
Total ET(Mm °’ 75%

TN



Table 4,.6(v)

COMPUTATION OF ACTUAL EVAPOTRANSPIRATION FOR MAY 1977

Particulars of D Sa DSa ke ETo Eim ETa No.,0f days Total Area Total
crop/surface (m) (rm/m)  (wwm) (m/day) (mm/day) (sm/day) 1in the ET(mm) (Sg.)m,) ET 3
month, (Mm”)
Coconut 1,20 60 72 0,85 4,13 3.51 3.46 31 107..26 50.¢ 5.41
Coconut with cocoa/
tapioca/banana(2 tier) 1.20 60 72 1,10 4,13 4,54 4,35 31 134,85 40.2 5.42
Coconut with cocoa/young
coconut under planted
with tapioca,banana etc. 1,20 60 72 1,20 4.13 4,96 4,67 1 144,77 42,7 6.18
Coconut with misc, tree
crops like jack, mango
etc, (intensity of coconut
about 50%) 1.20 60 72 0,75 4,13 3.10 3,06 31 94,86 56,5 5.36
Cashew 1,20 60 72 0.60 4,13 2.48 2,46 31 76.26 18,7 1,43
Banana 1,00 60 60 1,00 4,13 4.13 3,97 31 123,07 6.0 0.74
Tapioca 0,50 60 30 0,60 413 2.48 2.46 31 68,51 6,0 0.41
Fodder 1,00 60 60 1,05 4.13 4.34 4,10 31 127.10 0.39 0405
Ginger and Turmeric 0.30 60 18 0.50 4,13 2,07 1,95 3l 60,45 0.55 0.03
Rubber 1,00 60 60 0.60 4,13 2.48 2,45 31 75.95 46,56 3.54
Pulses and Vegetables 0.50 200 100
Sesamum 0,60 200 120
Rice 1.10 4,13 4,54 4,54 15 68,10 150 10,22
Forest 1,20 60 72 0,75 4,13 3,10 3,06 31 94.86 345 32,73
Bare soil 0.49 4,13 2,02 2,02 kB 62,62 102
16 32,32 234 16.64
15 30,30 84
Water o 1.15 4,13 4.75 4,75 31 147,25 1
Total ET (MmJ) 88,16

ALY



Table 4,6(vi)

COMPUTATIOR OF ACTUAL EVAPOTRANSPIRATION FOR JUNE 1977

Particulars of D Sa DSa ke ETo ETm ETa No,0of Total Area Total
crop/surface (m) (wen/m) (wam) (ma/day) (mw/day) (mm/day) days in ET(mm) (Sq.km.) Eu‘l'-s)
the
month
Coconut 1,2 60 72 0,85 3.25 2.76 2.76 30 82,8 50.4 4.17
Coconut with cocaft/
tapioca/banana (2 tier) 1.2 60 72 1,10 3,25 3,58 3.58 30 107,.4 40,2 4,32
Coconut with cocoa/young
coconut under planted
with tapioca,banana etc, 1.2 60 72 1.20 3.25 3,90 3.90 30 117,0 42,7 5.00
Coconut with misc,tree crops
like jack,mango etc, (intensity
of coconut about 50%) 1,2 60 72 0,75 3.25 2.44 2,44 30 73.2 56.5 4.14
Cashew 1.2 60 72 0,60 3.25 1,95 1.95 30 58,5 18,7 1.09
Banana 1.0 60 60 1.00 3,25 3.25 3.25 30 97.5 6,0 0.59
Tapioca 0.5 60 30 0s54 3.25 1.76 1,76 30 52.8 6.0 0.32
Fodder }.O 60 60 1,00 3.25 3,25 3.25 30 97.5 0,39 0,04
Ginger and Turmeric 0.3 €0 18 0,64 3.25 2,08 2,08 30 62.4 0.55 0,03
Rubber } 1.0 60 60 0.60 3,25 1,95 1.95 30 58.5 46,56 2.72
Pulses and Vegetables 0.5 200 100 0.54 3.25 1,76 1,76 30 52.8 6,00 0,32
Sesamum 0.6 200 120 ’
Rice 1.10 3.25 3,58 3.58 10 35.8 150.00} 16,05
1,094 3,25 3,56 3,56 20 71,2

Forest 1,2 60 72 0,75 3.25 3.56 3,56 20 73.2 345,00 25.25
Soil 0,935 3,25 3,04 3.04 30 91,2 97,00
Water 1.10 3,25 3.58 3.58 30 107.¢4  83,00] 1776

81,80

Total ET (Mm3)

get



Table 4.6(vii)

COMPUTATION OF ACTUAL EVAPOTRANSPIRATION FOR JULY 1977

Particulars of D Sa DSa e , ETo BTN ETa. No,of Total  Area Total
crop/surface (m) (ren/m) () (mm/day) (mm/day) (mm/day) d-{:‘ in ET(mm) (Sq.km,) l::‘ 3,
month

Coconut 1.2 60 72 0.85 3,15 2,68 2.68 N 83.08 50.4 4,19
Coconmut with cocoa/
tapioca/banana (2 tier) 1.2 60 72 1,10 3.15 3.47 3,47 k33 107,57 40,2 4.32
Coconut with cocoa/young
coconut under planted - )
with tapioca/banana etc, 1.2 60 72 1,20 3.15 3.78 3.78 31 117,18 42,7 5,00
Coconut with misc.
tree crops 1like' jack,
mango etc, (intensity of
coconut about 50%) 1.2 60 72 0.75 3.15 2.36 2.36 31 73.16 56,5 4.15
Cashew 1.2 60 72 0,60 3.15 1.89 1,89 31 £8,59- 18.7 1,10
Banana 1.0 " 60 60 1.00 3.15 3,15 3,15 3N 97,65 6,0 0,59
Tapioca 0.5 60 30 0.41 3.15 1,29 1.29 31 39,99 6.0 0.24
Fodder 1.0 60 60 1.00 3,15 3.15 3,15 3 97,65 0.39 0,04
Ginger and turmeric 0.3 60 18 0,91 3.15 2.87 2,87 31 88,97 0.55 0,05
Rubbesr. 1,0 60 a0 0,60 3,15 1,89 1.89 31 58,5% 46,56 2,33
Pulses and Vegetables 0.5 200 100 0697 3.15 3,06 3,06 31 94,86 6,00 0,57
Sesamum 0,€ 200 100
Rice 1,06 3,15 3.34 3.34 31 103.54 150,00 15,53
Forest 1.2 60 72 0,75 3,15 2,36 2,36 31 73.16 345.00 25,24
Bare Soil 0.94 3,15 2,96 2,96 3 91,76 97.009 1 g3
Water 1.10 3.15 3.47 3.47 K} 107,57 83,00

81,56

Total ET (Mm3)

N

[eel



Table 4,.6(viii)

CONPUTATION OF ACTUAL EVAPOTRANSPIRATION FOR AUGUST 1977

2% ETm ETa Ko.of Total Area Total
Crop/eurtace @ mm) ) (mm/day) (myday) Ge/exy)  days in ET U (scm) BT,
Coconut 1.2 60 72 0.85 3.7 3.15 3.15 31 97.65  50.4 4.92
Coconut with Cocoa/
tapioca/banana (2 tier) 1,2 60 72 1.10 3.7 4.07 4,07 31 126.17 40,2 5.07
Coconut with Cocoa/young
coconut under planted
with tapioca/banana etc, 1,2 60 72 1,20 3.7 4.44 4,44 31 137.64 42,7 5.88
Coconut with misc,tree
crops like jack,mango
gggééi:t:ggitysgi), 1,2 60 72 0.60 3.7 2,78 2.78 31 86,18 56,5 4.87
Cashew 1.2 60 72 0.60 - 2,22 2,22 31 68.82 18.7 1,29
Banana 1,0 60 60
Tapioca 0.5 60 30
Fodder 1.0 60 60 1.00 3.70 3.70 3.70 31 114.70 0.39  0.05
Ginger and Turmeric 0.3 60 18 1,05 3,70 3.89 3.89 31 120.59 0.55 0.07
Rubber 1.0 60 60 0.60 3,70 2,22 2.22 31 68,82 46,56 3.20
Pulses/vVegetables 0.5 200 100 1.015 3,70 3.76 3.76 31 116,56 6.0 0,70
Sasamum 0.6 200 120
Rice 0.6 200 120 1.041 3.70 3.85 3.85 31 119,35 150,00 17.90
Forest 1.2 60 72 0.75 3,70 2,78 2.78 31 86,18 345,00 29,73
Bare Soil 0,92 3,70 3.40 3.40 31 105.40 109.00} 21.96
Water il.m 3,70 4,07 4,07 31 126,17 83,00
Total ET (Mm3) 95,64

nnT



Table 4.6(ix)

COMPUTATION OF ACTUAL EVAPOTRARSPIRATION FOR SEPTEMBER 1977

Particulars of D Sa DSa ke 2 Y ETa ETa No.,0f Total Ares Total
crop/surface (m) (m/m) (o) (m/day) (mm/day) (wa/day) days ia B2 (sq.}m) BT ,
she moath (mm) (m™)
Coconut 1.2 60 72 0.85 4,05 3.44 3.44 30 103,2 50.4 5.20
Coconut with Cocoa/ i
tapioca/banana (2 tier) 1.2 60 72 1.10 4,05 4,46 4,42 30 132,6 40,2 5.33
Coconut with Cocoa/
young coconut under
planted with tapioca/
banana etc, 1.2 60 72 1,20 4,05 4,86 4,79 30 143.7 42,7 6.14
Coconut with misc.tree
crops 1.2 60 72 0.75 4,05 3,04 3.04 30 91,2 56,5 5.15
Cashew 1.2 60 72 0,60 4,05 2,43 2,43 30 72.9 18,7 1,36
Banana 1.0 60 60 0.70 4,05 2.84 2.84 30 85,2 6.0 0,51
Tapioca 0.5 60 30 0.35 4.05 1.42 1.42 30 42,6 6.0 0.26
Fodder 1.0 60 60 1.00 4,05 4,05 4,05 30 121,55 0,39 0.05
Ginger and Turmeric 0,3 60 i8 1,05 4,05 4,25 3.41 30 102.3 055 0,06
Rubber 1.0 60 60 0,60 4,05 2.43 2.43 30 72,9 46,56 3.39
Pulses/Vegetables 0.5 200 100 0.91 4,05 3.69 3.69 3 11,07 6.00 0.11
0,50 4,05 2,03 2,03 20 40,6 1.00 °
Sesamum 0.6 200 120
Rice 0.6 200 120 0.976 4,05 3.95 3.95 13 51,35 150,00
1.10 4,05 4,46 4.46 25 111,5 1.7 22,05
1.10 4,05 4,46 4.46 25 111.5 112
Forest 1.2 60 72 0.75 4,05 3.04 3.04 30 91,2 345 31,46
Bare Soil 0.56 4,05 2.27 2,27 30 68.1 96 7.21
water 1.10 4,05 4,46 4.46 30 133.8 S
88,28

Total =T (Mm3)

-

g9



Table 4.6(x)

COMPUTATION OF ACTUAL EVAPOTRANSPIRATION FOR OCTOBER 1977

Particulars of D Sa DSa kc ETo ETm ETa Noj,of Totkal Area Total
crop/surface (m) (mm/m) (wen) (m/day) (mm/day) (mem/day) days in ET (sqe.Jam) ET 3
the month (mm) (Mm”)
Cocomut 1,2 60 72 0.85% 4,27 3.63 3.63 31 112.53 50.4 5.67
Coconut with Cocoa/
tapioca banana (2 tier) 1,2 60 72 1,10 4,27 4,70 4,70 31 145,70 40,2 5.86
Coconut with Cocoa/
young coconut under
planted with tapioca/
banana etc, ) 1.2 60 72 1,20 4.27 5.12 S5.12 31 158,72 42.7 6.78
Coconut with misc, tree
crops 1,2 60 72 0.75 4.27 3,20 3.20 31 99,20 56,5 5,61
Cashew 1.2 60 72 0.60 4,27 2.56 2.56 31 79.36 18,7 1,48
Banana 1,0 60 . 60 0.70 4,27 2.99 2.99 31 92,69 6.0 0.56
Tapioca 0.5 60 30 0.41 4,27 1,75 1,75 31 54,25 6,0 0,33
Fodder 1.0 .60 60 1,00 4,27 4,27 4,27 31 13?.37 0.39 0.05
Ginger and Turmeric 0.3 60 iB 1,05 4,27 4,48 4,13 31 128,03 ‘Q.55 0.07
Rubber 1.0 60 60 0.60 4.27 2,56 2.56 31 79.36 46.56 3.70
Pulses/Vegetables 0.5 200 100 0.83 4,27 3.53% 3.5% 31 109.74 1.0 0.11
Sesamum 0.6 200 120
Rdce 0.6 200 120 1.081 4,27 4.62 4,62 31 143,22 234.0 33,51
Forest 1.2 60 72 0.75 4,27 3,20 3.20 31 99,20 345.0 34,22
Bare Soil .70 4.27 2.99 2.99 31 92,69 96.0 9.63
Water 1.10 4,27 4,70 4,70 31 145.70 5.0

Total ET (Mm3)

107.58
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Table 4.6 (xi)

QOMPUTATION OF ACTUAL AVAPOTIRANSPIRATION FOR NOVEMBER 1977

Particulars of

D Sa béa k¢ BT ETm BTa No.of Total Ares Total

erop/surface (m)  (ww/m) () (wa/aay) (ws/day) (me/day) days in  ET (squom)  ET 3
the {am) (")
month

Coconut 1.2 60 72 0.85 3,57 3.04 3.00 30 90.00 50.4 4,54
Coconut with Cocoa/
tapioca banana (2 tier) 1,2 60 72 1,10 3,57 3,93 3,86 30 115,80 40,2 4,66
Coconut with cocoa/
young coconut under
Siﬁﬂﬁide2§fh taplocs/ 1.2 60 72 1.20 3.57 4.28 4.15 30 124.50 42,7 5.32
Sorggg‘:t WAEh misc.tree 1.2 60 72 0.75 3.57 2.68 2.66 30 79.80 56.5 4,51
Cashew 1,2 60 72 0.60 3,57 2.14 2.14 30 64,20 18,7 1,20
Banana 1. 60 60 0.75 3,57 2.68 2,64 30 7.92 6.0 0.48
Tapioca 0.5 . 60 30 0.54 3,57 1.93 1,93 30 57.90 6.0 0.35
Fodder 1.0 60 60 1,00 3,57 3,57 3.48 30 104.40 0.39 0.04
Ginger and Turmeric 0.3 60 18 1,05 3.57 3.75 2,69 30 80,70 0.55 0.04
Rubber 1.0 60 60 0.60 3,57 2.14 2.13 30 63,90 46.56 2.98
Pulses/Vegetables 0.5 200 100 1,046 3,57 3,73 3.73 30 111,90 1.0 0.11
Sesamum 0.6 200 120
Rice . 200 120 1.052 3.57 3.76 3,76 30 112.8  234.0 26,40
Forest 1.2 60 72 0.75 3,57 2.68 2.66 30 79.8 345.0 27.53
Bare Soil 0.50 3,57 1.79 1.79 30 53,7 96.éji 5.74
Aater '{1.10 3.57 3.93 3.93 ko) 117.9 5.0
Total ET (ma)

AL



Table 4,6 (xii) COMPUTATION OF ACTUAL EVAPOTRANSPIRATION FOR DECEMBER 1977

Particulars of D Sa DSa ke ETo ETm ETa No,of Total Area Total
Crop/surface {m) (mm/m) (mam) (mm/day) (mm/day) (mm/day) days in ET (sq.}m. ET ,
the (omn) (}m”)
' month
Cocoout 1.2 60 72 0,85 5,98 5.98 0,476 31 14,756 50.4 0,74
Coconut with Oo?oq/
tapioca banana \2 tier) 1.2 60 72 1,10 5,98 6,58 5.83 k) 180,73 40,2 7627
Coconut with cocoa/young
coconut under planted
with tapioca/banana etc. 1,2 60 72 1,20 5.98 7.18 6,19 31 191,89 42,7 8,19
Coconut with misc., tree
crops 1.2 60 72 0,75 5.98 4.49 0.476 3 14,756 56,5 0.83
Cashew 1.2 60 72 0,60 5.98 3,59 0.476 k3§ 14.756, 18,7 0,28
Banana 1,0 60 60 0,90 5.98 S.38 4,78 31 148,18 6,0 0.89
Tapioca 0.5 60 30 0,60 5.98 3.59 2,80 kh 1 86,80 630 0,52
Fodderxr 1.0 60 60 1,05 5,98 6.28 S5.31 3 164,61 0,39 0.06
Gigner and Turmeric 0.3 60 18 0,98 5,98 5.86 3,03 26 78,78 0.55 0,04
Rubber 1,0 60 60 0,06 5,98 3.59 0,397 31 . 12,307 46,56 0,57
Pulses/Vegetables 0.5 200 100 0,953 5,98 5,70 5,70 14 79.80 1.00 0.08
Sesamum 0.6 200 120
Rice 0,6 200 120 1,019 5,98 6,09 6,09 31 188,79 234.00 44.18
Forest . 1.2 60 72 0,75 5,98 4.49 0.476 3 14,756 345.00 5,090
Bare Soil 0,19 5.98 2.42 1.14 31 35,34 96,00
17 19,38 1.00 4.49
S $.70 0,55
Water 1,15 5,98 6,88 6,88 k)| 213,28 5.00
Total ET (Mad) 73.23.
RIS SEERGS SR
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2
Table 4.7 Actual Evapotranspiretion from the basin (Mm )

Year 1976 1977 1978 1979 1980 1981 1982
Month o . ~
January 65.41 57.18 56.86 61.31 63.91 56.31 59.89
February 58.53 51.65 54.88 61.92 58.37 50.54 55.28
March 56.18 56.77 53,74 60.40 57.05 55.67 57.20
April 79.03 75.96 64.21 61.01 112.19 69.01 80.93
May 76.43 88.16 94,92 99.17 125,18 107.32 107.26
June 107.75 81.80 74.59 85.85 82.82 76.92 85.74
July 85.48 81.56 79.12 £9.68 89.97 90.69 85.23
August 90.02 95.64 76.76 76.39 108,13 111,82 110.90
Septombar 101,20 2e 22 o7, 112 7e,%7 108,40 Pt 112,1%
October 106.49 107.58 106.17 93.21 111.64 115.30 126.13
November 86.56 83.90 96.49 66,60 103.15 99.09 111.43
December 61 850 73 23 ar. 37 70 .98 ~1.49 73.00 78.45

19832 1984 1985
64.24 66.04 84,93
48.18 70.68 58.04
59.01 75.44 67.16
30.3C 87.48 68,45
78.07 120.33 111.01
111.25% 82.56 83.22
92.08 93.76 93.70
87.65 118,24 96.73
as oc 119 47 1ns 24
134,79 119.§4 125.83
116.72 75.38 74.98
79.96 83.08 91.99

Ny
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Jestimates during this period, However, when the dry period
is considered as a whole, the actual evapotranspiration
estimates will be corrxect,

4.4 Input from other sources

The input of water into the basin due to domestic
consurption, industrial and commercial activities, public usc,
wastages in the distributicn system ete, has been ignored
because preliminary analysis showed that this quantity would
be very small in comparison with the other quantities fnvolved
in the water balance eguation,

Irrigation water is the other source of input into the
basin, The quantity of irrigation water relcased from the
Peechi Reservoir has been measured and recommend, But data
regarding the irrigation water rcleased from other schumes
are not available and hence it has not been taken into account.
Ignoring the quantity of water diverted for irrigation £rom
other sources is likely t© reduce tha balance available for
ground water recharge or depletdion, However, ac the stream
flow values used in the water balance computation are estimated
to be less than the actual values, the error introduced by
ignoring this part of te irrication input may not be considere
able,

445+ ater Balance study

Table 4,8 gives the monthly water balonce statement
of the Karuvannur river basin for the period 1976 to 1985,
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The abstract of the water balance statement on an yearly
basis has also been presented, (Table 4.9).

Recharge to the ¢round water reservoir occurs mainly
in the momths of June, July and August, In some years,
recharge occurs during the months of May, September, October
and November also, The balance avallable for ground water
accretion, (unaccounted water) 1is maxirmum either in June ct
July, During the remaining months, the balance works out to
be negative, This indicates that water 1s withdoawn f£rom the

ground water reservoir,

When the water balance of the basin 1s calculated on
an annual basis, it is found that the balance available for
ground water accretion (uneccounted water) is negative in
1976, 1984 and 1985, It may be noted that low rairnfall has
been recorded in these three years, Although low rainfall
was recorded in 1582, the balance works out be positive,

(+ 58,086Mn>) Maximum annual rainfall (3972.70Mn%) was
recorded in 1980, However the balance for ground water
accretion was maxirum in 1981 (+ 531,127 Mm®), the year in
which the next highest rainfall occured, 7This is because of
the comparatively lower values of evapotranspiration and
stream flow in 1981,

When the values of the balance water available for

ground water accretion or depletion (unaccounted water) are



Table 4.8 Monthly Water Balance Statement (1976-1985)

Balance avaijil-

Inflow Evapotran- Stream Cumulative
- spiration flow able for ground Balance
Month Irrigation Total water depletion
Rainfall water released inflow or accmetion
from Peechi (unaccounted
Reservoir water)
Mm Mm> Mm> Mm> . Mm Mm>

1976
January 0 6.032 6.032 65.41 40.96 -100.338 -100.338
February 0 10.915 10.915 58.53 32.74 - 80,355 -180.693
March 6.073 13.35%7 19.430 $6.18 27.26 - 64,010 ~-244,703
April 113,284 1.971 115,255 79.03 62.39 - 26.165 -270.868
May 78.971 - 78.971 76.43 57.47 - 54.929 -325.797
June -230.470 - 230.470 107.725 83.34 + 39.380 -286.417
July 770.449 - 770. 445 . 85.48; 284.21 +400.759 +114.342
August 423.116 - 423,116 90.02 305.45 + 27.646 +141.988
September 134.787 11.056 145.843 101.30 153.06 -108.517 + 33.471
vctoper L2b.2Y 1/:.098 443,995 106.4Y 144,90 - Te395 + 46,076
November 238.547 4.883 253.430 86.56 148.47 + 18.400 + 44.476
December 15.983 17.342 33.325 61.50 61.19 - 89.36°% - 44.88¢

11



Table 4.8 (Contd.). Monthly Water Balance Statement (1976-1985)

Inflow Stream igian?e avail-d Cumula-
7 Evapotran- flow wat:r gz ?Zzzgn tive
Rainfall Irrigation Total spiration P Bal ance

Month or accretion

water released inflow ( ted

from Peechi unac§oun €

Reservoir water

Mm> Mm3 Mm> Mm> Mm Mm

1977
January 0 2.789 2.789 57.18 38,19 -92.581 ~137.470
February 8.612 0.998 9.610 51.65 33.67 -75.710 -213.180
March 12.282 14.358 26.640 56.77 29.47 -59.600 -272.780
April 71.691 3.062 74.753 75.96 50.93 -52.137 -324.917
May 321.003 - 321.003 88.16 128,17 +104,.673 ~220.244
June 621.344 - 621.344 81.80 181.10 +358.444 +138.200
July 797.475 - 797.475 81.56 612.21 +103,705 . +241.505
August 284.718 - 284.718 95,64 211.42 - 22.342 +219.563
September 173.084 13.300 186.384 88,28 147.77 v 49.666 +169.897
October 403,248 17.100 420.348 107.58 285.18 - + £7.5886 FiD7T .48k
November 471.339 11.500 482.837 83.90 309.79 + 89.147 +286.632
December 0.047 Z25. 339 25.38¢ 72.23 134.66 -182.504 +104.128

ery



Table 4.8 (Contd.) Mcoathly Water Balance Statement (1976-1985)

Inflow Balance avail-
— Evapotran- St;ream able for ground Cumula-
Month Irrigation spiration flow water depletion tive
Rainfall water Total or accretion Bal ance

released inflow (unaccounted

from Peechi water)

Reservoir

Mm> Mm3 Mm Mm Mm> Mm>

1878
January 0 5.621 5.621 56.86 88.19 ~-139.429 ~35.301
February 12.347 13.671 26.018 54.88 64.76 - 93,622 ~128.923
March 12.232 17.947 30.178 53.74 42.09 - 65.652 -194.575
April 44.529 8.052 52.581 64,21 43,24 - 54,869 -249.444
Mav 308.267 0.058 308.325 94,92 121,19 + 92.215 -187_229
vulbie S37.s98 - vyl 25k la 5S¢ 225,34 +51/,328 +3q0 nuQ
July 793.469 - 793.469 79.12 535.38 +178.969 +539.068
August 695.312 - 695.312 76.76 536.52 + 82.032 +621.100
Cvs wtinibsic s it2.232 5.078 i3r.o2z 3711 HE N - dR ATA —a g B
October 172.007 28.338 200. 345 106.17 88.84 + 5,335 +477.857
November 318.654 20.925 339.579 96.49 182.47 + 60.619 +538.476
December 78.148 26.106 104.254 98.37 76.64 - 70.756 +467.720

all



Table 4.8 (Contd.). Monthly Water Balance Statement (1976-1985)

Inflow ; Evapotran- Stream Balance avail- Cumula
« gpiration flow able for ground tive -
Month Irrigation water depletion Balance
water or accretion n
Rainfall Total
released inflow (unaccounted
from Peechi water)
Reservoir
Mm3 Mm3 Mm3 o Mm3 Mm3 Mm3
1979
January 0 7.496 7.496 61.31 53.73 ~-107.544 +360.176
February 27.377 4.736 32.113 61.92 50.29 - 80.097 +280.079
March 4,515 24.321 28.836 60.40 38.41 - 69.974 +210.108
April 41.437 10.076 51.513 61.01 49.93 - 59,427 +150.678
May 118.132 - 118,132 99.17 79.43 - 60,468 + 90.210
June 836.809 - 836.809 85.8% 252.21 +498, 749 +382,G%%
July 938.052 - 938,052 69.68 557.49 +310.882 +899,841
August 507 238 “ 507.638 76.139 455.76 - 24.512 +875.329
September 286,359 21.994 308.353 74.57 168.43 + 65.353 +940,682
October 192.619 25,292 217.911 Ys.21 ¢civ.B1 - 55,108 ¥C2T.272
November 299,635 22.481 322.116 66.60 139.57 +115.946 +961.519
December C 23.90¢8 23.005% 0.e 95,10 -142.875 +£10.41

PTT



Table 4.8 (Contd.)

Monthly Water Balance Statement (1976-1985)

Inflow Balance avail-
Evapotran- Stream able for ground Cumula-

Irrigation spiration flow water depletion tive

water or accretion Balance
Month Rainfall released ?oziéw {unaccounted

from Peechi n water)

Reservoir

Mm> M Mm> Mm?> Mm> Mm3

1980
January 0.152 5.496 5.648 63.91 71.04 -129,302 +689,342
February 0.681 14.793 15.474 58.37 49.11 - 92.006 +597,336
March 12.233 21.463 33.696 57.05 30.97 - 54,324 +543.012
April 145,327 3.217 148.544 112,19 68.70 ~ 32.346 +510,.666
May . 157.446¢ - 157.466 125.18 85.21 - 52.924 +457.742
June 1011.206 - 1011.206 82.82 256.15 +672.236 '+1129.978
July 1243.805 - 1243.805 89.97 860 .44 +293_ 3985 +1422.372
August 584.363 0.975 585,338 108,13 479.57 - 2.362 +1421.011
SeplLauiel 190 . &4 Z3. 105 214.214 105.40 132.07 - 23,256 +1397.755%
October 426.108 22,068 448,176 111.64 318.28 + 18.256 +1416.011
Novemiiel 153,064 2Z2.51% 215.583 RSN 146,00 - 33.567 +1382,.444
December 8.572 27.267 35.839 61.49 137.12 ~162.771 +1219.673

eTT



Table 4.8 (Contd.). Monthly Water Balsnce Statement (1976-198%5)

Inflow Balance svail-
Evapotran- Stream able for ground Cumula-

Month Irrigation spiration flow water depletion tive

water or accretion

Rainfall released f:;;éw (unaccounted Balance
from Peechi water)
Reservoir
Mm> M Mm Mm> M Mm

1981
January 0 8.890 8.890 56.31 89.28 -138.700 +1082.,973
February 0.095 21,671 21.766 50.54 67.11 - 95.844 + 987.089
March 8.966 33,949 42,915 55.67 47.08 - 59.835 + 627.254
April 45,945 3.711 49,656 69.01 69.73 - 89.084 + B838.170
May 256.222 - 256.222 107.32 ii0.20 i+ 38,702 + £87€.272
June 1217.411 - 1217.411 76.92 528.43 +612.061 +1488.933
July 497.412 - 497.412 90.69 288.70 +118.022 +1606.955
Auguct 542, 1n4 - 344,154 111.82 347.44 + 24,024 +16971 R79
September 721.791 16.489 738.280 99,65 405,88 +332.750 +1924.629
October 282.532 26.952 309.484 115.30 124.58 + 69.604 +1994.233
November 134.853 24.248 159.101 99.09 121.68 - 61.669 +1932.564
December 8.038 27.559 35.597 73.00 94.41 -131.813 +1800.751

—
[l



Table 4.8 (Contd.). Monthly Water Balance Statement (1976-1985)

Inflow Balance avail-
able for ground

Evapotran- Stream Cumula-

Irrigetion water depletion
spiration flow tive
Month water Total P or accretion Bal ance
Rainfall relessed inflow (unaccounted
from Peechi water)
Reservoir
Mm> . . M

1982 .
January 0 5.945 5.945 59.89 72.29 -126.235 +1674.516
February (] 12.201 12.201 55.25 52.07 - 95.119 +1579.397
March 5.133 15.549 20.682 57.20 41.99 -~ 78.508 +1500.889
April 65.024 2.285 67.309 80.93 63.73 - 77.401 +1423.488
May 147.920 - 147.920 107.26 89.92 - 49.260 +1374.228
June 846.171 - 846.171 85.74 244.15 +516.281 +1890.509
July 636.858 - 636.858 85.23 339.88 +211.748 +2102,257
August 613.376 - 613.376 110.90 478.05 + 24.426 +2126.683
September 90.87¢€ 17.242 108.118 112.15 89.04 - 93.072 +2033.611
October 250.094 27.342 277.436 126.13 109.20 + 42.106 +2075.717
November 112.930 24.466 137.396 111.43 111,21 - 85.244 +1990.473

December 3.797 23.386 27.183 78.45 79.69 -130.957 +1859.516




.Table 4.8 (Contd.). Monthly Water Balance Statement (1976-1985)

Month

1983
January

February
March
April
May

June
July
August
Seitenbe
October
November

December

-

Balance avail-

inflow able for ground Cumula-
Irrigation Evapotrans- Stream water depletion tive
Rainfall water Totel piration flow or accretion Balance
released inflow (unaccounted
from Peechi water)
Reservoir
Mm> Mm? Mm> Mm> Mm3 Mm>
0 1.531 1,531 64.24 53.25 -115.959 +1743.557
0 13.111 13.111 48.18 39.67 - 74.739 +1668.818
o} 10.129 10.129 $9.01 26.17 - 75.051 +1593.767
9.864 - 9.864 30.30 15.45 - 35.886 +1557.881
60.091 - £0.091 78.07 30.45 - 48.429 +1509.432
42,718 - 425.7186 111.25 51.286 +263.1686 +177¢.040
807.521 - 807.521 92.08 418.48 +296.961 +2069.601
798.406 - 798.406 87.65 581.71 +129.046 +2198.647
AZA LN H_o2r4 835,210 eL.2E {12.07 1231.004 +2225.721
136.023 28.028 164.051 134.79 123.30 - 94.039 +2235.692
114.818 27.480 142,298 116.72 105.08 - 79.5C2 +21€6,190C
43,954 27.566 71.520 79.96 90.79 - 99,230 +2056.960

WAl



Table 4.8 (Contd.). Monthly Water Balance Statement (1976-1985)

Inflow Evapotrans- Stream Balance avail- Cumul a-
piration flow able for ground tive

Month Irrigation water depletion p,)ance

water Total or accretion

Rainfall (unaccounted

released inflow water)

from. Peechi

Reservoir

Mm> Mm3 Mm° Mm> Mm> Mm

1984
January 1.150 3.993 5.143 66.04 70.28 -131,177 +1925,.783
February 12.393 13,142 25.535 70.68 44,19 - 89,335 +1836.448
March 19.796 14,270 34.066 75.44 31.72 - 73.094 +1763.354
April 148.824 2,345 151.169 108.70 60.40 - 17.931 +1746.423
May £3.07¢ - 53.C78 £7.48 50.32 - 84,724 +1AEN 60C
June 923.950 - 923.950 82.56 288.06 +853.33 +2214.029
July 797.809 - 797.809 93.76 658.05 + 45.999 +2260.028
Boynos 204 177 - 294 177 11R.24 248.71 - 72.773 +2187.255
September 143.879 18.473 162.352 119.47 113.64 - 70.758 +2116.497
October 397.578 25.217 422.795 119.47 310.04 - 7.185 +2109.312
November 19.978 25.364 45,342 75.38 150.20 -180.238 +1929.074
December 17.831 27.144 44,975 83.08 50.19 - 88.295 +1840.779




Table 4.8 (Contd.). Monthly Water Balance Statement (1976-19£%;

Inflow Balance avail-
Evapotrans- Stream able for ground Cumula-
M
onth _ piration low water depletion tive
Irrigation €1 B
Total or accretion al ance
Rainfall water (unaccounted

released inflow water )

from Peechi

Reservoir

Mm> M Mm> Mm> Mm> Mm

1985
January 36.297 7.478 43,775 84.93 42,81 -83.965 +1756.814
February 0.446 7.895 8.341 $8.04 29.96 -79.659 +1677.155
March 0.577 15.18%1 15.728 67.16 -10,.47 ~-69.902 +1607.253
April 35.379 - 35.379 68.45 16.29 -49,361 +1557.892
May 2032.35¢0 - 203.35C 111.01 36.80 +55.540 +1613.40Le
June 1026.985 - 1026.985 83.22 435.40 +508.365 +2121.797
July 547.194 - 547.194 93.70 610.52 -157.026 +1964.771
Anongt 450 961 - 4580, QK1 Qs .73 284,99 - 3n 789 +1034 Mo
September 136.699 25.406 162.105 105.24 133.50 - 76.63% +1857.377
October 277.444 23.179 300.623 125.83 168,90 + 5.893 +1863.267
November 29.450 27.480 56.930 74.98 140.00 -158.050 +1705.217
Degember 49.861 23.536 73.397 91.99 50.71 -~ 69.303 +1635.914

£cl



Table 4.9 Yearly Water Balance Statement (1976 - 1985)

Inflow
Evapotrangsi- Stream Balance for
ration flow ground water
Rainfall Irrigation Total depletion or
Water rele-  inflow accretion
Year ased from ccounted
the Peechi (3::‘:)
reservoir
M3 M3 M nmz Mo M3
1976 2237,977 93,254 2331.,231 974.680 1401.44 - 44,885
1977 3164.843 88,446 3253,289 941,710 2163,16 +148,419
1978 3454.13 129,794 3583.,924 953.220 2267,35 +363,354
1979 3252,.57 139,381 3391.951 880,89 2160,16 +350,901
1980 3972,70 141,563 4114.263 1079,30 2634,66 +400,303
1981 3717,50 163,467 3880,967 1005,320 2294,52 +581,127
1982 2772.20 128,416 2900,616 1070,056 1771.97 + 58,086
1983 3023430 116,059 3139,359 987,21 1954,70 +197,449
1984 2830,44 129,948 2960,388 110030 2075,80 =215,712
1985 2794,65 130.125 2924,775 1061,28 2068,35 «204,855
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cumulated, very high values are obtalned, This does not
mean that the ground water storage has improved since
January 1976, Immediately following the rainy season, a
considerable drop in the level of the water occurs. Even
during the rainy season, the water table level would go
down considerably 1f there is no rain. for- three or four
days together, This is a clear indication of considerable
amount of subsurface runoff taking place from the basin,
Portion of the runoff water f£lows into the Kole lands with-
out joining the Karuvannur River, These quantities have
not been accounted for in this study due to lack of data,
As a result, the cumlated values of the balance water 1is
found to be high,

In this study, the basin is considered as an independ-
ent hydrologic unit, Surface and subsurface inflow from
other basins and outflow to othex basins are assumed L0 be
negligible, A detailed water balance study will require
accurate assessment of surface and subsurface inflow and

outflow, irrigation wa . er applied etc,

The study clearly shows that in years with heavy raine
fall, the balance available for ground water accretion is
positive and in other years it is negative., The negative
balance occurs mainly because of the relatively high values



of runoff, By adopting appropriate rain water harvesting
methods, a considerable portiocn of the runoff water in the
dry:mnths can be conserved., The water so collected may
be used for meeting irrigation and other demands, Optimum
development of water resources can be achieved only
through the conjunctive use of suriace and ground watexs.
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This study was undertaken to quantitavely assess the
water resources of the Karuvannur River Basin and to study
the monthly water balance in order to estimate the balance
for ground water recharge or depletion during the period
1976 to 1985,

The mean monthly rainfall over the basin during the
period 1976 - 1985 was determined by Thiessen polygon method.
Data regarding the amount of water released for irrigation
from the Pecchi Reservoir was also collected., Due to lack
of data, contribution from other sources was not taken into
account, The total runoff from the basin during each month
of this period was determined. The wvarious crop combinations
in the basin were identified and the area under each of these
was estimated, The actual evapotranspiration during each
month was estimated using the method ocutlined by Doorenbos
and Kassam, The basin was regarded as an independent hydro-
logic unit, Hence surface and subsurface inflow and outflow
were assumed to be negligible.

It was found that high correlation exists between
annual rainfall and annual runcff, Equations for predicting
annual runoff from annual rainfall wvalues have been developed.



The results of the frequency analysis of rainfall at
Olilukkara for various durations have been presented graphi-
cally,

The study showed that accretion to ground water occurs
mainly in June, July and August. Some recharge may occur
in May, September, October and November also, Except during
the low rainfall years viz. 1976, 1984 and 1985 the balance
available for ground water accretion or depletion works out

to be positive

When the values of the unaccounted water were cumulated
very high values were obtained. This may be because oi
factors which have not been taken into account in this study
such as subsuriace runoff from the basins, unaecounted portion

of surface runoff etc,

By adopting appropriate rain water harvesting methods
runoff during the dry months c¢an be reduced and ground water
atorage can be increased, Optimum development of water
resources can be achieved only through the conjunctive use

of surface and ground water.
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APPENDIX 1, Mean Daily Percentage (p) of Annual Daytime Hours
for Different Latitudes
North Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
Latitude 1/
v South=" | July Aug Sept Oct Nov Dec Jan Feb Mar Apr May June

60° .15 .20 26 .32 .38 .41 .40 .34 .28 .22 .17 .13
58 .16 .21 .26 .32 .37 4O .39 3L .28 .23 .18 .15
56 .17 .21 .26 .32 .36 .39 .08 .33 .28 .23 .18 .16
54 .18 .22 .26 .31 .36 .38 .37 .35 .28 .23 .19 .17
52 .19 .22 .27 .31 .35 .37 .36 .33 .28 .24 .20 .17
50 .19 23 .27 .31 .34 .36 .35 .32 .28 24 .20 .18
48 .20 .23 .27 .31 .34 .36 .35 .32 .28 .24 .21 .19
46 .20 .23 .27 .30 .34 .35 .34 .32 .28 .24 .21 .20
4L, .21 .24 .27 .30 .33 .35 .34 .31 .28 .25 .22 .20
42 .21 .24 .27 .30 .33 .34 .33 .31 .28 .25 .22 .21
40 .22 24 .27 .30 .32 .34 .33 .31 .28 25 .22 .21
35 .23 .25 .27 .29 .31 .32 .32 .30 .2 25 .23 .22
30 24 25 27 .29 .31 .32 .31 .30 .28 .26 24 .23
25 .24 .26 .27 .29 .30 .31 .31 .29 28 .26 .25 24
20 25 .26 .27 .28 .29 .30 .30 .29 28 .26 25 25
15 2 .26 .27 .28 .29 .29 .29 28 .28 .27 .26 .25
10 26 .27 .27 .28 .28 .29 .29 28 .28 .27 .26 .26
5 .27 .27 .27 .28 .28 .28 .28 28 .28 27 .27 .27
0 .27 .27 .27 0 .27 .27 .27 .27 .27 .27 .27 27 .27

1/ Southern latitudes: apply 6 month difference as shown.




Mean Daily Duration of Maximum Possible Sunshine Hours (N) for Different Months and Latitudes

APPENDIX 3,

Nc;;g\sem Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
Sof;l:m July Aug Sept Oct Nov Dec Jan Feb Mar Apr May June
500 8.5 10.1 11.8 13.8 15.4 16.3 15.9 14.5 12.7 10.8 9.1 8.1

48 8.8 10.2 11.8 13.6 15.2 16.0 15.6 14.3 12.6 10.9 9.3 8.3

46 9.1 10.4 11.9 13.5 14.9 15.7 15.4 14.2 12.6 10.9 9.5 8.7

L4 9.3 10.5 11.9 13.4 14.7 15.4 15.2 14.0 12.6 11.0 9.7 8.9

42 9.4 10.6 11.9 13.4 14.6 15.2 14.9 13.9 12.6 11.1 9.8 9.1

40 9.6 10.7 11.9 13.3 14.4 15.0 14.7 13.7 12.5 11.2 10.0 9.3

35 10.1 11.0 11.9 13.1 14.0 1£.5 14.3° 13.5 12.4 11.3 10.3 9.8

30 10.4 11.1 12.0 12.9 13.6 14.0 13.9* 13.2 12.4 11.5 10.6 10.2

1 25 10.7 J1.3 12.0 12.7 13.3 13.7 13.5 13.0 12.3 11.6 10.9 10.6
20 11.0 11.5 12.0 12.6 13.1 13.3 13.2 12.8 12.3 11.7 11.2 10.9

15 - 11.3 11.6 12.0 12.5 12.8 13.0 12.9 12.6 12.2 11.8 11.4 11.2

10 11.6 11.8 12.0 12.3 12.6 12.7 12.6 12.4 12.1 11.8 11.6 11.5

5 11.8 11.9 12.0 12.2 12.3 12.4 12.3 12.3 12.1 12.0 11.9 11.8

0 i 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0
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APPENDIX 4 Saturation vapour pressure ea in m bar
as function of mean air temperature t in °C,

Temperature ea
oC me.bar
0 6.1
1 6.6
2 7.1
3 7.6
4 8.1
5 8.7
6 9.4
7 10,0
8 10.7
9 11.5
10 12.3
1 13.4
12 14.0
13 150
14 16.1
15 17.0
16 18.2
17 19.4
18 20.6
19 22.0
20 23.4
21 249
2 26.4
23 28.1
24 29.8
23 37
26 13,6
27 -35.7
8 378
29 40.1
3 424
31 4.9
32 4.6
33 50.3
k71 53.2
s 56.2
- 36 59.4
3 62.8
38 60.3
39

69.9




APPENDIX 5

Values of Wind Function f(u) = 0.27 (1 +

for Wind Run at 2 m height in km/day

U

2
160

k;&g@; 0 10 20 30 40 50 60 70 80 9
] .30 .32 .35 .38 .41 .43 .46 .49 .51
100 .5 .57 .59 .62 .65 .67 .70 .73 .76 .78
200 .81 .8, .86  .89* .92 .9 .97 1.00 1.03 1.05
300 1.08 1.11 1.13 1.16 1.19 1.21 1.24 1.27 1.30 1.32
400 1.35 1.38  1.40 1.43 1.46 1.49 1.51 1.54 1.57 1.59
500 1.62  1.65 1.67 1.70 1.73 1.76 1.78 1.81 1.8 1.90
600 1.89 1.92 1.94 1.97 2.00 2.02 2.05 2.08 2.11 2.15
700 2.16  2.19  2.21 2.24 2.27 2.29 2.32 2.35 2.38 2.40
800 2.43  2.46 2.48 2.51 2.5 2.56 2.59 2.62 2.64 2.65
900 2.70




APPENDIX 6,

Values of Weighting Factor (1-W) for the Effect of Wind and Humidity on ETo at Different
Temperatures and Altitudes

Temperature °C 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
(1-W) at altitude m ’

0 ]0.57 .5 .51 .48 .45 .42 .39 .36 .34 .32 .29 .27 .25 .23* .22 .20 .19 .17 .16 .15

500 .56 52 .49 .46 43 .40 .38 .33 .33 .30 .28 .26 .24 .22 .21 .19 .18 .16 15 .12

1 000 540 .51 W48 45 420 .39 36 .32 .31 .29 .27 .25 23 .21 .20 .18 .17 15 14 13

2 000 .51 .48 45 42 .39 .36 .34 .31 .29 .27 .25 .23 21 .19 .18 .16 .15 .14 .13 .12

3 000 LB 45 420 .39 .36 .34 .31 .29 .27 .25 .23 .21 .19 .18 .16 .15 .1& .13 .12 .11

% 000 LG W42 .39 .36 .32 .31 29 .27 .25 .23 .21 .19 18 .16 .15 .14 .13 .12 .11 .1e

APPENDIX 7. Values of Weighting Factor (W) for the Effect of Radiation on ETo at Different Temperatures
and Altitudes :
Temperature.®C 2 4 6 8 10 12 1 16 18 20 22 24 26 28 30 32 3L 36 38 40
W at altitude m

0[0.43 .46 .49 .52 .55 .58 .61 .64 .66 .69 .71 .73 .75 .77 .78 .80 .82 .83 .8, .85

500 44 48 .51 .54 .57 .60 .62 .65 .67 .70 .72 .74 .76 .78 .79 .81 .82 .84 .85 .86

1000 | .46 .49 .52 .55 .58 .61 .64 .66 .69 .71 .73 .75 .77 .79 .80 .82 .83 .85 .86 .87

2 000 49 .52 .55 .58 .61 .64 .66 .69 .71 .73 .75 .77 .79 .81 .82 .84 .85 .86 .87 .88

3 000 .52 .55 .58 .61 .64 .66 .69 .71 .73 .75 .77 .79 .81 .82 .84 .85 .86 .87 .88 .89

L000| .5 .58 .61 .6 .66 .69 .71 .73 .75 .77 .79 .81 .82 .8 .85 86 .87 .89 .%0 .90




APPENDIX 8, Conversion Factor for Extra-Terrestrial Radiation (Ra) to Net Solar Radiation (Rns) for a Given
Reflection of C.25 and Different Ratios of Actual to Maximum Sunshine Hours (1-&«)(0.25 + 0.50 n/N)

n/N 0.0 .05 .10 .15 .20 .25 .30 .35 .40 .45 .56 .55 .60 .65 .70 .75 .80 .85 .90 .95 1.0

(1-)(0.25 + 0.30n/N) 0.19 .21 .22 .24 .26 .28 .30 .32 .34 .36 .37 .39 .41 .43 .45 .47 .49%.51 .52 .54 .56
APPENDIX 9, Effect of Temperature f(T) on Longwave Radiation (Rnl)

T°C ] o 2 4 6 & 10 12 1 16 18 20 22 2 26 28 30 32 34 36

f(T)=0'Tké l]].O 11.2 11.7 12.0 12.4 12.7 13.1 13.5 13.8 14.2 14.6 15.0 15.4 15.9 16.3*16.7 17.2 17.7 18.1
APPENDIX 10, Effect of Vapour Pressure f(ed) on Longwave Radiation (Rnl)

ed mbar 6 8 10 12 14 16 18 20 22 24 26 28 30 32 3. 36 38 40 |

1
fed) = 0.34 - 0.04¢Ved | 0.23 .22 .20 .19 .18 .16 .15 .14 .13* .12 .12 .11 .10 .09 .08 .08 .07 .06 i
APPENDIX 11, Effect of the Ratio Actual and Maximum Bright Sunshine Hours f(n/N) on Longwave Radiation (Rnl)
n/N e} .05 .1 .15 .20 .25 .3 .35 .4 .45 .5 .85 .6 .65 .7 .75 .8 .85 .9 .95 1.0
f(n/N) =0.1+0.9n/N 0.10 .15 .19 .24 .28 .33 .37 .42 .46 .51 .55 .60 .64 .69 .73 .78 .82*.87 .91 .96 1.0




APPENDIX 12, Adjustment Factor () in Presented Penman Eguation
RHmax = 30% RHmax = 60% RHmax = 90%
Rs mm/day 3 6 9 12 3 6 9 12 3 6 9 12

Uday m/scc Uday/Unight = 4.0

0 .86 .90 1.00 .00 .96 .98 1.05 1.05 1.02 1.06 1.10 1.10

3 .79 .84 .92 .97 .92 1.00 1.11 1.19 .99 1.10 1.27 1.32

6 .68 .77 .87 .93 .85 .96 1.11 1.19 .94 1.10 1.26 1.33

9 | .55 .05 .78 .90 .76 .88 1.02 1.14 .88 1.01 1.16 1.27
Uday/Unight = 3.0

0 .86 .90 1,00 .00} .96 .98 1.05 1.05 |[1.02 1.06 1.10 1.10

3 .76 .81 .88 .94 | .87 .96 1.06 1.12 .94 1.04 1.18 1.28

6 .61 .68 .81 .88 .77 .88 1.02 1.10 .86 1.01 1.15 1.22

9 WAL .56 .72 .82 .67 .79 .88 1.05 .78 .92 1.06 1.18
Uday/Unight = 2.0

0 .86 .90 1.00 .00 .96 .98 1.05 1.05 1.02 1.06 1.10 1.10

3 .69 .76 .85 .92 .83 .91 L99*  1,05H% .89 .98 1.10* 1.14*

6 .53 .61 74 .84 .70 .80 .94 1.02 .79 .92 1.05 1.12

9 .37 .48 .65 .76 .59 .70 .84 .95 .71 .81 .96 1.06
Uday/Unight = 1.0

0 .86 .90 1.00 .00 . .96 .98 1.05 1.05 1.02 1,06 1.10 1.10

3 .64 .71 .82 .89 .78 .86 . 94* . 99%* .85 .92 1.01* 1.05%

6 .43 .53 .68 .79 .62 .70 .84 .93 .72 .82 .95  1.00

9 .27 W41 .59 .70 .50 .60 .75 .87 .62 .72 .87 .96
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APPENDIX

13.

Pan Coefficient (Kp) for Class A Pan for Different Groundcover and Levels
of Mean Relative Humidity and 24 hour Wind

P Case A: Pan placed in short green Case B/ pan placed in dr
| Class A pan n P cropped darea ® fﬂflm" Cca d —
r N ! low | medium| high low | medium| high
| RHmean % <40 | 40-701 70 <40 | 40-70] 70
| i Windward side | Windward side
! Wind i distance distance
{ km/day | of green crop of dry fallow
i . m m
| Light f 1 55 65| .75 1 7 8 | .85
<175 i 10 .65 .75 .85 10 .6 .7 .8
{ 100 - 7 .8 .85 100 .55 .65 .75
1 000 75 .85 .85 1000 .5 .6 .7
Moderate 1 .5 .6 .65 1 .65 .75 .8
175-425 10 .6 .7 .75 10 .55 .65 .7
100 65| .75+ .8 100 5 6 | .65
1 000 .7 8 .8 1 000 .45 .55 .6
Strong 1 .45 .5 .6 1 .6 .65 .7
425-700 10 .55 .6 .65 10 .5 .55 .65
100 .6 .65 .7 100 45 .5 .6
1 000 .65 .7 .75 1 000 A .45 .55
Very strong 1 A 45 .5 1 .5 .6 .65
> 700 10 .45 .55 .6 10 W45 .5 .55
100 .5 .6 .65 100 A 45 .5
1 000 .55 6 .65 1 000 .35 A .45

14, Pan Coefficient (Kp) for Colorado Sunken Pan for Different Groundcover and
Levels of Mean Relative Humidity and 24 hour Wind
Sunken Case A:  Pan placed in short green Case BI/ Pan glaced in dry
Colorado cropped area fallow area
N low [ medium{ high low | medium| high
Rimean % <40 140-70] >70 <40 | 40-70 | > 70
Windward side Windward side
Wind distance distance
km/day of green crop of dry fallow
m m
Light 1 .75 .75 .8 1 1.1 1.1 1.1
<175 10 1.0 1.0 1.0 10 .85 .85 .85
2100 1.1 1.1 | 1.1 100 .75 75 | .8
1 000 .7 7 75
Moderate 1 .65 .7 .7 1 .95 .95 .95
175-425 10 .85 .85 .9 10 .75 75 .75
2100 .95 951 .95 100 .65 65 | .7
1000 6 .6 .65
Strong 1 .55 .6 .65 1 .8 .8 .8
425-700 10 .75 .75 .75 10 .65 .65 .65
/100 .8 .8 .8 100 .55 .6 .65
1 000 5 .55 .6
Very strong 1 .5 .55 .6 1 .7 .75 .75
2700 10 .65 .7 .7 10 .55 .6 .65
>/1()O .7 .75 .75 100 ) .55 .6
1 000 45 ) .55

1/ For extensive areas of bare-fallow soils and no
under hot, windy conditions; by 5

agricultural de-velopment, reduce Kpan by 20%

-10% for moderate wind, temperature and humidity conditions.




APPENDIX

15, Ratios Between Evaporation from Sunken Pans Mentioned and From Colorado
Sunken Pan for Different Climatic Conditions and Pan Environments
Ratio Epan mentioned and Epan Colorado
Climate Humid -temperate climate Arid to semi-arid

(dry season)

Groundcover surrounding pan Short green Short green | Dry fallow
(30 m or more) cover Dry fallow cover
Pan grea
m2

CGI 20 dia. 5m, depth 2 m 20 - 1.0 1.1 1.05 1.25%

(USSR) .

Sunken pan dia. 12 ft, 10.5

depth 3.3 ft. (lsrael)

Symmons pan 6 ft2, 3.3

depth 2 ft (UK)

BPI1 dia. 6 ft, depth 2 ft 2.6

USA)

Kenya pan dia. 4 ft, 1.2

depth 14 in

Australian pan dia, 3 ft, 0.7 1.0 1.0

depth 3 ft

Aslyng pan 0.33 m2, 0.3 1.0

depth 1 m (Denmark)

CGI 3000 dia. 61.8 cm, 0.3

depth 60-80 cm (USSR)
[
. Sunker pan dia. 50 cm, 0.2 1.0 .95 1.0 .95
Ldepth 25 cm (Netherlands)

EXAMPLE:

8 mm/day.

CGI 20 in semi-arid climate, dry seasoh, placed in dry fallow land;
for given month Epan CGI 20 =

Corresponding Epan sunken Coloradois 1.25x 8 = 10 mm/day.




‘ b?_PENDIx 16.

kc Values for Aquatic Weeds and Coefficients for Open Water

Type of vegetation

Humid

Dry

light to mod. strong, light to mod. | strong |

‘ wind wind _wind 1 wirul
Submerged (crassipes) 1.1 1.15 1.15 { 12

Floating (duckweed) 1.05 1.05 1.05 ; 5
Flat leaf (water lilies) 1.05 1.1 1.05 :
Protruding (water hyacinth) 1.1 1.15 1.15 1.2

Reed swamp (papyrus, cattails)

standing water .85 .85 .9 .93
¢ moist soil .65 .65 .75 .8
Open water 1.1 1.15 1.15 1.2




in mm/day over the lrrigation Interval

day), D.Sa (mm) and p (fraction)

17. Mean Actual Evapotranspiration (ETa)

APPENDIX
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APPENDIX 17 (Contd,)

ETm = 6.0 mm/day
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17 (Continued)

APPENDIX

ETm = 10.0 mm/day
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potranspiration (ETm

and Maximum Eva

Remaining Available Soil Water when ETa <ETm ([(1-p)
in mm/day)

Monthly Mean Actual Evapotranspiration (ETa in mm/day) for

Sa.D}.in mm/root depth)
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APPENDIX 19, Avecrage Monthly Effective Raintall as Related to Average Monthly
: ETcrop and Mean Monthly Rainfall
(USDA (SCS), 1969)

Monthly mean 1
rainfall mm

N
(@]

25 37.5 50 62.5 75 87.5 100 112.5125137.5 150 162.5 175 187.5 200

Average monthly effective rainfall in mm®

Average 25 8 16 24

monthly 50 8 17 25 32 39 46

ETcrop 75 9 18 27 34 41 48 56 62 69

mm 100 9 19 28 35 43 52 59 66 73 80 87 94 100
125 10 =20 30 37 46 54 62 70 76 85 92 98 107 116 120
150 10 21 31 39 49 .57 66 74% 81 89 97 104 112 119 127 133
175 11 23 32 42 52 61 69 78 86 95 103 111 118 126 134 141
200 11 24 33 44 54 64 73 82 91 100 109 117 125 134 142 1%0
225 12 25 35 47 27 68 78 87 96 106 115 124 132 141 150 159

1

250 13 25 38 50 72 84 92 102 112 121 132 140 150 158 167
X Where net depth of water that can be stored in the soil at time of irrigation is greater or /
smaller than 75 mm, the correction factor to be used is:

Effective storage 20 25 37.5 50 62.5 75 100 125 150 175 200
Storage factor .73 .77 .86 .93 .97 1.00 1.02 1.04 1.06 1.07* 1.08
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ABSTRACT

Water balance techniques are a way of solving important
theoretical and practical hydrological problems, By using the
water balance approach, it is possible to make a quantitative
evaluation of the water resources and to assess any chapges

that might occur thwough the influence of man®s activities,

The broad objective of this project was to make a quanti-
tative evaluation of the water resources of the Karuvannur
River Basin, The ultimate objective was to study the monthly
water balance for the basin in order to estimate the balance
available for ground water recharge or depletion during the
period 1976 to 1985,

Monthly rainfall data at all rain gauge stations in the
basin were collected. The mean moathly rainfall in the basin
for each month of the period 1976 to 1985 was calculated using
Thiessen polygon metnod. Irrigatién water was identified as the
other input into the basin, Data regarding the amount of water
released for irrigation f£rom the Peechi Resexrvoir was collected,
Due to lack of data, contribution from other sources was not
taken intc account, Surface and subsurface in flow and out flow,

into and from the basin, were assumed to be negligible.

Data regarding total runoff from the basin during each
month of the above period was also collected, The amount of water



used up in meeting evapotranspiration requirements was
Qstiﬂam.

Daily rainfall data at Ollukkara for a period of 20 years
was collected and a frequency analysis was done, The result
has been presented graphically.

Equations for predicting annual runoff f£rom the basin were
developed, It was found that a high degree of correlation
exists between annual runoff and annual rainfall values,

For each month during the period 1976 to 1985, the balance
water, available for ground water accretion or to be met from
the ground water reservoir, (unaccounted water) was estimated,
It was found that accretion to ground water occurs mainly in
June, July and August, Some recharge may occur in the months
of May, September, October and November also,

When the water balance is calculated on an annual basis,
it was found that the balance available for ground water accre-
tion is negative in 1976, 1984 and 1985, Low rainfall had been
recorded during these three years.

The values of the balance water avallable for ground water
accretion or depletion (unaccounted water) when cumulated gave
very high values, This may be because of unaccounted factors
such as subsurface runoff from the basin, unaccounted portioﬁ of
surface runoff from the basin etc, These factors could not be
accounted for due to lack of data.



The study underlines the necessity for using the
available water resources most judiciously, It emphasises
the need for adopting appropriate rain water harvesting
methods for rcducing runoff duxing the dry months, Optimem
development of water resources can be achieved only through
the conjunctive use of surface and ground watexs,
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