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RUNOFF ANALYSIS OF TWO INDIAN BASINS
USING TANK MODELS

BHASKAR DATTA#*
ABSTRACT

Tank models as developed by Dr. M,Sugawara has been used to
obtain Tank models of two Indian basins Jemtara and Belkheri
located in the Central part of India, These two basins are the
sub~-basins of Narmada river basin, Narmada river is the largest
weat flowing river of peninsula and is the £ifth largest basin of
India, The basin Jamtars is a part of the Narmada river basin
from its source at Maikala hill range upto Jamtara discharge
measuring site ha{ri.ng a catchment area of 16575 sq.km. The basin
lies between east longitudes 79°-45' to 81°-45' and north latitudes
21° 200 to 23° 45', The basin falls in the upper hilly zone of
Narmada basin and experiences average annual rainfall of 1480 mm.
Upper reaches of the basin is well forested and covered with good
quality sal and Teak Woods. Soil of the basin is loamy clay in
general with red, yellow and black variety. The basin Belkheri
is the drainage basin of river Sher, a tributory of river Narmada,
from its source at Mahadeo hills upto Belkheri discharge measuring
site having a catchment area of 1508 sqg.km, The basin lies between
east longitude 79° 15' to 79° 45' and north latitudes 22° 24! to
22571, The basin experiences average annual rainfall of 1340 om,

*#5cientist-C, National Institute of Hydrolegy, Roorkee-247667,
U,P., INDIA; worked mainly on Tank model with Indian date under the
guldance of Mr, I.Watanabe, Director, Fourth Research Division,
NRCDF, Japan during his five menths training at NRCDP from mid
February to mid July'83 urnder UNDP programme,
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Upper reaches of Belkheri basin is mainly covered with Teak woods.
S011 of the basin is loamy clay of deep black varlety. Both the
basins experlence about 90% of average anmual rainfall in five
Monsoon months from June %o October and comparatively long dry
period of seven months from November to May, The basins do not
experience any snowfall, From the available hourly data of Monsoon
period for 1978 and 1979 of Jamtaras basin,four floods have been
selected and using six hourly rainfall, runoff and evapotranspira=-
tion values, Tank model for flood analysis of the basin has been
cbtained and six hourly runoff values have been simulated. It is
observed that the overall fit of the computed hydrograph iz quite
good, specially fit for the second and third floods. From the
available hourly data of Monsoon period for 1978 and 198C of Belkheri
basin, two floods have been selected and using three hourly rain-
£all, rumoff and evapotranspiration values, Tank model for flood
analysis of Belkheri basin has been obtained and flood bydrograph
has been simulated. It is observed that the overall fit of the
computed hydrograph is quite good. Using available daily rainfall,
runoff and monthly meen of daily evapotranspiration values for
1978 and 1979 of Jamtara basin, Tank model for daily analysis has
been obtained and daily flow is simulated., Then dividing the
basin into four parts and using the data for the same period, &4x4
Tank medel for daily analysis has been obtained and dally flows
are simulated, Performance of the two models are then compared to
find suitability of the model. It is observed that the 4xh Tank
model has given better simulated runcff hoth for peak flows in the
five rainy Monsocon months and low flows in the remaining seven dry
months, From this analysis, it is seen that the Tank model Ifor
flood analysis ard 4x4 Tank model for daily analysis can suitably
be used for Indian basins.



Runeff Analysis of Two Indian Basins — B, Datta

1, O  INTRODUCTION

Different rainfail runoff models are in use in Irdia for
simulation of fleood and/or daily runoff., Use of Tank models for
simulation of flood and daily runoff are comparatively new in India,
Only a few basins have been analysed by Tank medels so far,
Hydrometeorology varies widely in India from place to place. Topo-
graphically Indis can be divided breadly into two parts, Gangetic
plains and Deccan plateau, Besides innumerable small and medium
mountains, there are number of big mountailn ranges like Himalaya,
Western Ghat, Eastern CGhat, Vindhya, Aravalli etc. which influence
the hydrometeorology to a great extent, Annusl rainfall varies
frem less than 200 mm in the Western desert area to more than
400C mm in the north eastern and in the Westernghat aresa. Almost
throughout India, southwest Honsoon is responsible for 75% to 90%
of ammual rainfall in five months from June tc October ond mainly
dry weather prevails in the remaining seven months, Unly small parts
of India Easternghat and eastern Himalayan and sub hHimaglayan areas
experiénce guite reasonsble winter rainfall. Northern Himglayan
and sub Himalayan areas experience medium to heavy snowfall in
winter months, In the eastern part of India, Cherrapungi, a
gauging station situated in the Khasi hill district, experiences
maximum annuel rainfall in India and has three world highest records
of five-day, one month and one year rainfall, India can be divided
into eight ¢limatic regions like polar, hot desert, cold humid
winter, tropical savannah, dry winter hot summer followed by heavy

rain etc.

Two sub basins of Harmada river basin, Jamtara and Belkheri
located in the Central part of India have been selected to wxier-
teke flood and dailly analysis by Tank models., The two basins fsll

in the tropical Javarmnah Climatic region, Catchment ares of the
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Jamtara basin is comparatively large and is 16575 sg.km, For
Jamtara basin available hourly rainfall values of the three self
recording raingauge stations (SRRG) at Jamtara, Mandlae and Pemdira
Road for 1978 and 1979 and daily discharge and hourly stage values
for Monsoon pericd of 1978 and 1979 of river Narmada at Jamtara
have been used to obtain Tank models for flood analysis, daily
analysis and 4x4 Tank models of the basin., Simulated hydrographs
have been compared with observed one to find the suitability of
the models for such hydrometeorological conditions. There are
mumber of ordinary raingsuge stations (ORG) in the basin but the
available data are very much discontinuous, where as SRRG data
are available continuously., 3o, daily ralnfsll values are also
computed from three SRARC stations data., For Belkheri basin, data
of three SRRG Stations at Lakhamndon, Harrai and Narsinghpur fof
1878 and 1980 ard daily discharge and hourly stages of Monsoon
period for 1978 and 1980 of river Sher at Belkheri have been used
to obtain Tank model for flood anslysis. Discharge hydrograph is
simulated and compared with observed hydrograph to khow the suita-
bility ¢f the model. Avallable discharge data are very much
intermittent, so could not be used for daily analysis. Study of
these two basins by Tank models can further be continued when
longer period data will be available.

2.0 Basins And Data

Jamtara and Belkheri basins are the Sub basins of Narmada river
basin, Data of Jamtara basin were utilised for flood and daily
analysis by Tank models and data of Belkheri basin were utilised
for flood analysis by Tank model.
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2.1 The Basins:

Narmada river basin is the fifth largest basin of India and
is the largest west flowing river of the peninsula, Tofal length
of river is 1312 kn and catchment area is 98796 sg.km. The basin
lies in the northern extremity of the Deccan plateau between east
longitudes 72° 32' to 81°45' and north latitudes 2120t to 23°45t,
Fig.=1 shows the location of Narmada basin and Jamtara and Belkheri
sub basins., The Narmada basin is bounded on the north by Vindhya
hill ranges, on the east by Malkala hill ranges on the south by
Satpura hill ranges and on the west by the Arabilan sea., The hills
sorrounding the basin are not very high and the heights vary from
600 meter to 1000 meter. The basin has an elongated shape with
a maximum length of 953 km from east o west and a maximum width
of 234 km. from north to South. The basin has five well defined
physiographic zones and they are upper hilly areas, upper plains,
middle plains, lower hilly areas ard lower plains. The river has
41 tributories of which 22 are on the left bank and 19 on the
right., The river Narmada rises from the Amar Kantak Plateau of
Maikala hill ranges at 22°40' north latitude and 81%45' east
longitude at an elevation of 900 meter from islL, The river has
number of falls in its head reaches. Flowing in a generzlly
south Westerly direction in a narrow and deep valley the river
takes pin head turn at places. Close to Jabalpur City, 404 km,
from the source, the river drops nearly 15 meter at Dhaundhara
£alls, after which it flows through a narrow channel carved
through the famous marble rocks. Emerging from the marble rocks,
the Narmada enters the upper furtile plailns and receives river
Hiran from right at &64&4 km. Centinuing to flow in a westerly

direction through upper and middle plains, the river receives

several tributories like Sher, Shakkar, Dudhi, Tawa, Ganjal
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Tendoni, Barna and Kolar, Flowing further west, the river enters
the lower hilly regions and flowsthrough 113 km long gorge and
receives the river Goi from left and the Uri and the Hatni from
the right., The gerge is formed by Converging the Vindhya hill
ranges from the north and the Satpura ranges from the south.
Emerging from the gorge, the river enters the lower plains and
mearders in broad curves. The Karjan from left and Orsang from
right are the two important tributeries joining the river in this
reach, The valley then widens into an estuary and Jjoilns into the
Gulf of Cambay.

Jamtara basin is the part of Narmada basin from its source
a2t Maikals hill range upto Jamtara stage and discharge gauging
station, containing 399 ko of main Course of the river Narmada,
This falls in the upper hilly zone of Narmada basin. Catchment
areca of the Jamtara basin is 16575 sq.km. The basin lies between
east longitudes 7945t to 81945' and north latitudes 21°20' to
25° 45*, Fig,-2 shows the details of Jamtara basins. In this
bzgin, two important tributories, Burhner and Banjar meet the
river Narmada from left at 248 amd 287 km reaches mear Mannot
ard Mandla respectively, The river Burhner rises in the Maikala
nill range at an elevation of about $00 meter at north latitude
22932% and east longitude 81°22' and flows generally westerly
direction for a total length of 177. km., The river Banjar rises
in Mahadeo hills of Satpura hill range at an elevation of 600 meter
at north latitude 21%42' and east longitude 80°50" and flows
generally north westerly direction for a total length of 184 ikm.
Soil of Jamtara is loamy clay, in general with about 60% area
having red and yellow variety, about 25% area having deep black
variety and rest portion having medium black variety. Upper
reaches of the basin is well forested and covered with good

quality Sal arnd Teak woods. Population density of the basin is
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quite low and is only 66 per sg.km. against 182 for India as a
whole,

The basin Belkheri is the drainage basin of river Sher
upte the discharge measuring site at Belkheri having a catchmsnt
area of 1508 sq.km. ard next sub basin west of Jamtara sub basin.
The Belkheri basin lies between east longitude 79%15% to 79%45!
ard north latitude 22%25' to 22055'. Details of the basin is
shown in Fig.-3., The river Sher rises from Mahadeo hills of
Satpura hill ranges at an elevatlon of 600 meter at north latitude
22°31' and east longitude 75°25¢ and flows in a generally north
westerly direction., The upper reaches of Belkheri basin is
mainly covered with Teak woods. Soll of the basin is loamy clay
of deep black variety,

2,2 Hydrometeorology

Major part of the Warmada basin lies just below the tropic
ol cancer, The climate of the basin is humid and tropicel
elthough at places extremes of heat and cold are often encountered.
The basin falls in the tropical Savannah Climatic region. In the
year four distinct seasons occur in the basin and they are cold,
hot, southwest Monsoon and post Monsoon., In the cold weather, the
mean temperature varies from 17.5%C to 20°C amd in the hot weather
from 309 to 32,5°c. The maximun and minimum temperatures at
Mandla and Jabalpur Citiles for four periods are given in Table 1.

Table-1: Maximum and MimimmTemperatures of Mandla and Jabalpur in®C

For: For: For: Fors:
Station _Jan- Mar April-June July-Sept Octe = Dec,
Max__Win Max _ tdin Max Min Max Min

Marﬂla 34-9 900 40.2 19.6 29.1 21.7 804 6-8
Jabalpur 36.2 10,1 42.1  21.0 30,6 23,1 30,5 7.7
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Table-2 3 Annual and Monthly Average Railnfall of Jamtara
and Belkheri 3asin in mm

Jamtara Belkheri

Basin Basin
January 33.5 20,0
February 35,0 24,5
March 24,0 18,0
April 18,0 12.5
Hay 15.5 13¢5
June 190, 0 1710
July 440,0 425,90
August 420.5 367.5
September 221.,0 210, 5
Qctober 57.0 49.5
November 18,0 18.5
December 75 9.5
Annual Average Rainfall 1480,0 1340,0

Southwest Monscon from June to October is the principel rainy
season for the basin accounting for about 903 of the annual rain-
f£2ll, During this period a seriles of iroplcal storms originating
in Bay of Bengal move west, northwest towards the basin ard some-
times move parallel along the length of the basin ard energe at
\robian sea., average annual rainfall over the Narmada basin is
1230 mm. Aeinfall decreases from more than 1550 mm in the eastern

pert to 750 mm in the western part, The rainfall is heavy in the

upper hilly area and upper plains of the basin. It gradually
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decreases towards lower plains and lower hilly areas and again
increases towards coastal plains, July ias the reiniest month with
a third of the annual, closely followed by 27% im August. Rainfall
in the post rainfall seascn from October to Decesber is about 5%
of the annual total in different parts of the basin; the amount
ranges between 30 mm to 100 mm, Rainfall in the winter two months,
January and February accounts to 4% of the anmual in the eastern
part with an average of 60 mm. Over most of the reminder of the
basin, it is negligible being less than 10 mw. Rainfall in the
perlod from March to May i3 negligible except in upper hilly zones
which receives about 50 mm. The basin average is only 27 mm.
Average annual rainfall and approximate mean monthly rainfall for
two basins Jamtara and Belkheri are given in Table-2. Coefficlient
of variation of annual rainfall for stations Mandia and Lakhandon
are 21% andi 19X respectively,

‘2¢3 Method of Measurement And Data Used:

There are two types of rainfall messuring instruments in the
basin, firstly ordinary rain gauge (ORG) which gives daily rainfall
and secondly self recording rain gauge (SRRG) which continuously
record the rainfalli, Hourly rainfall deta are tabulated from such
continucus record, In Jamtara basin there are mmber of ORG
stations but data of ORG stations are not available continuously
where as S3RRG stations data are available continmwusly, For
Jamtara basin available hourly rainfall data of three SRRG
stations ngmely Jamtara, Mandla and Pendra Road for 1978 amd
1979 have been used for both flood and daily analysis, The
station Pendra Road lies 1ittle outside, east of the basin but
very close to the basin; so data of this station is also considered
for analysis. In Belkheri basin there are three SRRG stations at
Lakhandon, Harral and Narsinghpur, The station Narsinghpur lies
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1ittle outside of the basin and downstream of Belkheri, the
discharge measuring site of river sher. Avallable hourly rainfall
data‘oi the three stations Lakhandon, Harrai and Narsinghpur for
1978 and 1980 have been used for flood analysis by Tank model.
SRRC datz of Narsinghpur statlon is alse considered as it is very
close to the basin.

The discharge of river Warmada at Jamtara is measured with
current meter once in a day at 8 O'clock in the morning and is
available as deily discharge. Discharge is measured once in a
day in the morning, generally at B8 0fclock, throughout the year
in 21l important sites of major rivers and hourly gauges are
measured only in the lonsoon months from lst June to 15th October
to monitor reak flows in #lood season, tor this Jambtara site
daily discharge and hourly gauges are avallable only for the
Monsoon months and available data of 1978 and 1979 have been used
for analysis., Daily evaporatlon values are available from two
class A type pan evapor imeter situated both sides of Jamtara basin
at Perdra Road and Jabalpur, Average daily evaporation values
of these two stations have been used as daily evaporation values
of Jamtara basin. Evaporation values of Jabalpur station haVe
been used for Belkhori basin., The two basing Jamtara & Belkaerl
do not experience any snowfall in winter months and there is
no snow covered mountain peaks. Tepographic, vegetation and soil
nmaps of the basins hove been consulied to find the basin area, to
Judge the orographic effect, to divide the basin info number of
zones for 4xh Tank model and helps in selecting initial set of

parameter values for first trial run.

_12._
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3.0 ANALYSIS RESULT AND DISCUSSION

For Jamtara basin flood anslysis, daily anelysis and 4 x &4
Tank model for dally analysis has been done using avallable data of
1978 ard 1979, For Belkheri basin only flood analysis has been done
from the available data of 1978 and 1980, Available dally discharge
data of Belkheri basin for Monsoon months are too discontimious to
be used for dally analysis,
3,1 Flood Analysis

For flood analysis, Tank model with three tanks laid verti-
cally in series with top tank having three aide outlets has been
considered for both Jamtara and Belkherl basin.

3.1s1 For Jamtara basin

Available daily discharge data of Monsoon period i.e, from
June to mid October of 1978 and 1979 of Jamtara basin bhave been plott-
ed in semilog paper and therefrom four floods, three medium and one
large, have been selected for flood analysis. The four floods that

have been selected are for the following periocdst

(1) First flood ( medium) : From June 22 to July 13, 1978

(ii) Second flood (medium) : From August 1 to August 20, 1978
(11i) Third flocd { medium): From August 20 te September 2, 1978
{iv) Fourth flood ( Large): From June 21 to August 29, 197%.

Time unit for flood analysis of Jamtara basin has been
selected as six hours, Using available daily stage and discharge
values, stage-discharge relationship ils established from the straight
line fit obtained from H VvsVQ plot. Six hourly discharge values
for the selected flood periods have been calculated from the corres-
ponding stage values teken from available hourly stage records, Six
hourly precipitation values have also been calculated for the flood
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periods for the three SRRG stations namely Jamtara, Mandla and
Pendra Road., Mean evapotranspiration value of 1 mn/6 hour has been
conﬁidared. The value of £ = 0,15 has been calculated from observed
hydrograph. Using this value of £ , the initial value of parame-
ters of the three tenks has been selected for first trial run as
below,

For:Top Tank A, = A= A2 - A3 - 0,075
HA = 15, HAZ = 25, HA3 = 40

2rd Tank B°- B1 «B, = 0,015, HB.&» 15

2

3rd Tank Cq = Cq = Cp = 0,003, HC = 15

Initial values of coefficient of precipitation ( Cp) and welight of
discharge ( we) of the tbree rainfall stations have been considered
as unity.

From subsequent trials, it is observed that the rainfall of
Pendra Road station has no effect on runoff of Narmads at Jamtara
and effect of raingauge station of Jamtara is 25% l.e. W, = 0.25.
Base flow component for four floods has been considered as zero
in the first run end them the values have been provided from the
result of first run, The lag time for rainfall station Mandla is
found to be unity i.e. 6 hour. In subsequent trials other parameters
have been adjusted till a best fit computed hydrograph with observed
one 1s obtained, Fourteen trials have been made to arrive at the
final Tank model for floed analysis of Jamtara basin. Fig-4 shows
the model with different parameter values., The final computed
hydrograph with observed one are shown in Fige6. It is observed
that the overall fit of the computed hydrograph with observed one
is quite good, The first flooed 1ls slightly overestimated; the fit
for second and third floods are good. The peak flow of the fourth
flood has matched nicely but the fit for the low flows are not good.
For flood analysis, emphasis is to be given more on the match for
peak flows. The model has simulated pmak flows nicely for the fourth

— 14_.
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£lood also.
3¢1s2. For Belkheri Basin

Availlable dally discharge data of Monsoon period for 1378
ard 1980 have been plotted in semilog paper and two floods, one
medium and other small, for the periods July 5 to September 2, 1978
and June 24 te July 8, 1980 respectively have been selected for
flood analysis hy Tank model, Availlable data of 1979 is too discon-
timous to be used for analysis, Time unit for flood analysis of
Belkheri basin is considered as three hours. Using the rating curve
established from observed daily rainfall and runoff, three hourly
discharge values for flood pericds have been computed from available
gauge records., Three hourly precipitation values for flood periods
have also been calculated for three SRRG stations Lakhandon, Harral
and Narsingpur from available hourly rainfall values, Evapotranspie
ration value of 0,5 mm/3 hour has been considered. From observed
hydrograph, value of Cx 0,104 has been computed and in similar
way as done in case of Jamtara basin, initial set of parameter
values for first triel run has been considered, From the result
¢f Initial trial, value of base discharge for first and seccnd flood
has been considered as 0,02 mm and 0,005 mm respectively. From the
result of subsequent ftrials it is observed that, though the rainfall
station Lakhandon lies within the Belkheri basin, it has no effect
on runoff of river Sher at Belkheri, It appears that there are
some errors in observed rainfall data of Lakhandon or the raingauge
station is under the influence of orographlc effect, Though the
Narsinghpur raingauge station is little outside the basin ard at
downstream side of river Sher from Belkheri, rainfall of this sta-
tion has direct influence on the runoff characteristics of river
Sher at Belkheri, The weights of discharge of rainfall) stations.
Lakhandon, Harrai and Narsinghpur have finally been taken as V.0,
1.0 and 1.0 respectively. Time lag of the station Harrai is foumd
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to be &4 units i.e, 12 hours. After six trials final Tank model for
Belkheri basin has been obtained and is shown in Fig~5. The final
computed hydrograph with eobserved one are shown in Fig~7. It is
observed that the overall fit of the computed hydrograph with oba-
erved one is quite good, The first flood has matched very nicely
almost throughout the flood period considered, except for the las%®
seven days where 1t is slightly underestimated. This may be due to
relatively high rainfall in ungauged upper hilly reaches. The over-
all £it of the computed hydrograph for second flood is good; the
rising part and the peak flow have matched nicely with observed
hydrograph. Flow is slightly overestimated in the recession part.

3.2 Daily Analysis

Tank models for daily analysis applicable to humid basin
and &4 x 4 Tank model for dally analysis applicable to non-hmmid basin
have been obtained for Jamtara basin using daily rainfall, runoff
ard evapotranspiration velues for 1978 and 1979. Using the models,
daily runoff have been simulated and performance of the two models

has been compared.
3,2,1 Daily Analysis of Jamtara Basin by Dally Analysis Tank Model

For the Jamtara basin, Tank model for dally analysis
applicable to humid basin is considered to dontain four tanks laid
vertically in series., Top tank contains two side outlets. Avalleble
daily rainfall of the three stations Jamtara, Mandla and FPendra
Road from June 1978 to December 1979, daily runoff for Monsoon
months of 1978 and 1979 and monthly mean of daily evapotranspiration
values for respective months from January to December have been
considered for analysis. Mean daily rainfall values of the basin
have been calculated for the period. From the observed runoff hydro-
graph the value of coefficient « is calculated to be 0,23 and the

initial set of parameter values considered for first trial run are

_16_.
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For, Top tank Ay = Ay m Ay = 0,115
Hay = 15, HA, = 40
2nd Tank B, = By = 0,023, HB = 15
3rd Tank SC, = Cq = 0,0046, HC = 15

Lth Tank D, = 0.0, Dy = 0,001, HY = 0,0

Other parameters considered for initial trisl are

(1) primary and secondary soil moisture storage of top tank:
31 - 50m,82 = 250 mm,

(11) Water supply rates Ky « 2.0 and K, = 20,0

(ii1)Coefficient of precipitation C, = 1.0 and weight of runoff
"e = 1.0

P

(iv) monthly mean of daily evapotranspiration values considered
for different months are (in mm/day)

Jan, = 2,3 May = 6.6 Sept. = 3.5
Feb, = 3,3 Jun, = 5.5 Oct, = 3,5
Mar, = 4,5 Jul. = 3,3 Nov, = 2.6
Apr. = 5,6 Aug, = 3.3 Dec, = 2,1

From the result of first trial run, it is observed that the

calculated flow is underestimated for the complete Monsoon periocds

of 1978 and 1979, The precipltation stations are located in the

plains or low altitudes, where as there may be heavy rainfall in

upper mountain reaches. The mean rainfall values calculated

from the SRRCG stations seen to be low, so the Cp i3 increased

and by trials, it is observed that Cp
Fifteen trials have been made to arrive at the final model

structure and is shown in Fig.8 with paramster values, Using

= 1.2 gives good result.

this model the runocff hydrograph for the period from June'78 to
December'79 has been simulated and is plotted togather with
observed hydrograph as shown in Fig.10. Overall fit of the
computed hydrograph with observed one for 1978 and 1979 1is good,

7177
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The f£it for 1979 is better than that of 1578, Two major peak flood
occured in 1879, one in July and the other in August, The July
flood 1s overestimated where as August flood is underestimated. Fit
of low flow for Monsoon months of 1979 is better than that of 1978.
The low flow computed for the dry months from November 1278 to May
1979 shows a graduall fall of the rate of flow ard it has reduced
to zerc by the end of first week of May. But in realilfy river
Narmada has a steady base flow in dry season, OSo the model has not
simulated low flow properly. As the dry season continues, the
saturated area of the basin gradually reduces and only the area
nesrer to the river bed remains in saturated state. Soil moisture
reduces as the distance of the place from river bed lncreases, As
the Jamtara basin experiences long dry period of seven months, 4x4
Tank model sultable for non humid basin or basin experiencing long
dry period is tried next by dividing the basins into number of zanes
to Judge the suitability of the model.

3.2,2 Daily Analysis of Jamtara Basin by 4x4 Tank Model,

The &xf Tenk model for Jamtara basin is considered by
dividing the basin into four zones, Each zone contains four tanks
1aid vertically in series. So in total, the model contains 16
tanks, Three side outlet model for the top tanks of each zons is
considered, Daily rainfall runoff and evapotranspiration values
for the same perisd as has been considered in previous daily analyss
model, has been considered for this model also. Taking o= 0,23,
initial set of parameter values for all the four zones has been
fixed in & similar way as has been done in case of previous daily
analysis model, The initlal set of other parameter values
considered for 4xi Tenk model for first trial run arei-

(1) ratio of area of different zomes S,: 5,1 Szt S = 0.675
0, 225:0,075:0.025

— 18_
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(31) initial storage height of secondary soil moisture of each

of the top tank XS = 5 mm.

(1i1) saturation height HS = 600 mm.
{(iv) multiplying factor of basin precipitation for each month
from Jarmary to December as unity.

From the result of the first trial run, it is observed that
the higher flows has matched reasonably well and the low flows at
the initial stage has been undersstimated, So the initial storage
value has been considered as 75% of storage that remsined at the
erd of May'879, All the parameter values have been adjusted in
the successive trials till an overall good fit 1s obtained, The
final 4x4 Tank model for Jamtara basin with channel deformation
has been obtained after 16 trials and the model is shown in Flg.9

with different parameter values, Other parameter values of the

model are:
For zones

(1 (2) (3) (&)
XA 0.0 0.0 0.0 0.0
Xs 6.0 6.0 7.0 740
XB 0.0 0.0 0.0 0.0
x .0 9.0 120.0 360,0
*D 0.0 120,0 390,0 840,0
HS 500,00 500, 0 500,0 500, G
And PP » 1,0, PA = 1,2

PB (N) = 1,0 for N = 1 to 12

B = 2,0, IC = 20,0 Lag = 0,0
Using this 4x4 Tank model,the runoff is simulated from June'78
to December!79 and plotted with observed runcff for Monscon periods
of 1978 and 1979 as shown in Fig.11. The overall fit of the
computed hydrograph with observed one is good, Peak flowa of the
Monsoon period of 1978 and 1979 has matched nicely. Recession
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slopes of the two major peak flows of 1979 has matched nicely.
Overall nature of fit of the computed hydrographs of the Monsoon
peridds of 1978 and 1979 obtained from this daily analysis model
ias similar to that of the previous daily analysis model, except
some mentionable improvement in the fit of the low flows of 1979.
Respense to small rainfall during low flow period is smoother

from 4xi Tank model., This jJustifies the fact that when some small
storn rainfall occurs during contirmation of low flows, initial
part of the rainfall gets absorbed in the dry part of the
basin, Most remarkable improvement about the performance of this
model is that the model simulated a steady base f£low for long dry
season of seven months from November'78 to May'79, which Jjustifies
the fact. 8o the overell performance of the 4x4 Tank model for
Jamtara basin is much better than that of the daily analysis model
for humid basin,

4,0 CONCLUSION

In this study, overall performance of the Tank model for
flood analysils for two basins Jemtara and Belkheri is found to be
good., These two basins experience about 90% of average annual
rainfall in five Monsoon menths from June to October. Most of the
basins in Indie experience 75% to 90% of annual rainfall in Monscon
months., So, Tank model for fleod analysis can suitably be used
to simulate peak flows of such Indian basins. Study on flood
analysis has been made here considering four floods selected from
two years data for Jamtara basin and two floods selected from
two years data for Belkheri basin, But meore number of floods
from number of yzars are generally considered as sufficient to

undertake such study.

It is observed that the overall performance of the Tank model
for daily analysis for Jamtara basin is reasonably good, Jamtara
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basin experiences long dry period in non Monsocon months from
November to May, Performance of the model for high flows during
Monsoon months is good but the performance of the model for low
flows particularly for long dry period is not good, Performance
of the 4x4 Tank model for daily analysis for the Jamtara basin is
found to be better than that of the previocus model beoth for peak
Ilows and for low flows. So, fram the present study, 4x4 Tank
model is found to be a suitable daily analysls model for such
basins experlencing long dry period. Study on daily analysis
has been made considering two years data of one basin which cannot
be considered as sufficilent to take any general conclusion.

Study on flood analysis and daily analysia by Tank models
will further be made when data for longer period will be avallable
for these two basins, Study will alsc be made with data of other
Indlan basinsg selected from different hydrometeorclogical

conditions,
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