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In shis dlesertadion, three lineer distriduted
paramet sx hydrelogio models have deen evolved, The in-
Pus to the syetew hus bwen considered as distrivited,

It 1is compuled by aswaming the abstraotions &% o oonstan®
rate during the storm duration.

The oatohment im apliit up inte subeuygtens ine
sccordmnes with the metenzologioal hosozenity snd drale
nage proparties $0 acoound for the distributive nature
of the input, 1In the firet asdel, it Aydrographs have
Been developsd for sauh sube-ayatem with the help of » son-
“pmul nodel to vepresent she transfer function. The
differential xesponses Irom each sud-systsm are sudjected
1) pamtm:hum ¥y intreduoing the linsax ¢hsnnels
&t the sutlet of sach subuysteam to the gauges  Appropri-
ate time lasge of these differsatial resaponses have besn
established. The total responss uvf the system is e~
boblished by supsrimpesing thes,

In the second model, sach subayotes so daveloped
i® conceptuniised by s ocascade of linear reservoirs und
murﬂuﬂy the tranafer funotion bas een egtablished,
Kot response =t the outlast of <he nstMnt is odtained
by estadlishing the time~laze for esoh iinear channels,

{1¥)
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(1) Oeneral Features of 2he Upper Cauvery 3ab Basin

(11) Statement of Sthe Prodlea



™he river Cauvery rises in the Qoorg Matrict
of Karnataka highup anid the Vestem Ghat, 1% flows ganee
rally south-gast dirsotion scross the plesstu of Kamataks
and finally pours itsslf into Bay of Jangsl in Tamil Hadu,
The river rises a% an elevasion of absuy 1235 metras and
within e distanoe of about 20 kilometres it falls into
a0 elevation of adeus 885 metres, Theresafter the xiver
has an aversze ded slope of avous 1/1000,

A index map abwewling the upper Cauvery aubebasin
upto Chunchankabse Anftout in whieh oatchment upto Kushale
nagar brdge site ia denpriceted with &1l the relsvant fea-
surss i# shown in Flget.%:.  The upper Oauvery sub dasin
gonsidered for the Present study lies In Coosrz distxiot
of Kgmataka, The catchment is sainly in Western Ghat
region and extends in sise upto 1200 mg. kes. (Upto Kushale
nagar bridge site). | ZThe asjor consribusion to ﬁ}iq aT:3 2
chuent is fron sonscon rainfall which starte in Nay extends
upte October. Thes catohaent usually exprariences cot-
plex stemas. It reosives heavy to very heavy minfall
during monseon, The rainfall over the oatohment cone
tinues for a longsr peried shus making &t impossible te
select or 1solate a sters and its responses, Since the
catohment i located in Zhe Westemm Ghat region there
19 Se0 much variasion An spatial and time distritutien
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of rainfall, As sesn froa She previous records of the
rainfall over the catohaent, the stoym centres over the
niddle oentroid of the eatohmint and shen gradually exe
tends %o the upper and lewsr censroids, The seasonal
monseon rainfsll veries from 250 cms. in the upper reaches
te ¥0O omss in the lower reaches.

The ocoures of river Cauvery in Coorg is tortous;
its Ved is rocky; Aite benks are Bigh and covered with
luxuriant vezetatisn, During rains it swells Anto a
torrent of 6 %0 10 metvres deep, Ihe srea falling in
the Upper Cauvery sud « bagin in Xamatake sainliy coaw
prisss of igmeocus rocks and metomorphlo roske of Pre-
Casbrian age, sither axpossd at the surface ox coversd
by a $hin mantle of rssidual and transported solls,

The main oomponent rook typea are the m:mnr muu.
Granites and Orenitic ineles and Charkonites.

The Ipmesus and Metemarphic rooks weathe:zed
$0 denth upto 3 metres in places depending unon the rook
types, topegraphy and olimate. he weathersd material
is predon nantly gravelly or sandy in vaxying smount of
clay.

Thers sare adout 9 nen-recording rsintsuze sta-
tiens operating in and nesrsy the ostohnent. The point
Tainfall observations are deing taken at an interval of
one day, The discharye obDssrvatiens are »bung made at
Kushalmagar bridge site whioh fe loceted on the main



strean exagtly at the suslet of the sudaystea considered
for the atudy, e current meter olservalions are deing
taken duxing monsoon period from the year 1969 and onwards,
Suring the non-monsocsn period the ﬁnzly discharges are
resd from the sta eddigoharse relationship sstabdlished at
Xushslnagar dridge site.

As discussel abeve, owing %o the complexities
in physiography and msiworology the comnon approaches in
hydrology is, the uait hydrograph theory eto., 414 not
#ive very sasisfactory resultis. Therefors, this study
is proposed te evolve ut suitadle hydrologio models to
sult the requiremsnts of the Uppexr Coauvery Sub-dasin.

Hydrologle investigatlons involving lorge draie
neage Yasing requires greater attension in viev of growing
dsvelopment of water resources. Alac there is a greater
need for he prepsr predicsien of magnitude of fleode
whiolh are pre-regquisites for the proper dasign of hydroe
stmotures, This includes not only the knowledge of
the peak flood bdut also the tine dimstxibution of 4iecha-
rzes throughout the pariod of flows. The flood peak
and time distribution of zunoff from a drainage bSasin
during & stors depend upon the weteorclogioal conditions
snd ales on the physiographical oharnoteristios of the
vasin, To find a suitable hydrelezic solution to suoh
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1.3 Rrssent.AnRresqhs

1% is propossd te develop s linesr distributed
parsmeter hydrologic modsl to sult She requirsasnts of
the upper Guﬁwry mbsbasin. For thia purpoas the ine
pud to she Mydreloglo nystem will be traated ss distridue
ted, The transformation precess of transforsing the
rainfall exceas into the runeff is considered as linear,
fhe same Das baen Laken care of by the linear soncwptual
14ensitinsg Ior ez, ldnsar Resexrvoir, linear Channel along
wikh the help of derived dentities like L.U.H. snd U.H.

The basioc definitions and the concepts to be
used in She development of the hydrologis model has been
discussed in chapter No.2. |



(1) Definitions and Conowpts

(11) Brief Sumamary ef Linear Cenceptual Hodels developed
for Rainfallsunotf fransformasion.



2.1 pefinitiens and Conospyss
2.%.1 Intxpduakions

The Transformation process of rainfall sxcess
generated over a natural catchmwnt during o storn inte
runoff st its outlet is a complex process, I% is vexy
d11ficult Lo study she same 3y direct apnlioasion of the
physiosl lawe, The mathematicel experizsntation of the
Arainaze basin's response is considersd to be wore apiens
tific %o study this proceas,

Zhe cosplicated hydrolozlc phenomanon oan be
batier understood by modeliing. In the recent yonis &
nusber of mathenatical modele have deen developed. Most
of thea treat the Rydrelegic aystes te bBe a black box.
Balok box is one ef the asnalytical mﬁmoﬁa ueed %0 inw
vastignte the physioal syastems when details sbout the come
ponents influmolng She systen are Unknown or $00 CoOMpe
lex 50 be expressed analytically. In this mathod she
solution is not the details of the compononts and their
internotion inastde a aystem Tasher it enly gives an equi-
- valsn$ 'device' which transforss input into output,

A brief review of the hydrologlo asystem and
the concepiucl Ldentities that are being used %o ansg-
1yse the systea is presented in the following wub ssote
Lons,
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A hydrslogioal syatem is sald to perform a ilnear
operasien of a step input to the systss produces an out~
put regponsss which is directly propoxsiocnal %o She Input
at any time, 4 linear sygtem gan be dssoribed dy linear
squation,

In general the hydrolegioal aystea may ve defined
by dkfferential equations of the foliowing type.

RISV WPl DU

at® at™*!
* l'w LR . n(aoz)

The aysten iy aald to be linear snd tine lo~
variant only 1f all the cosfficients Bap Bq 0 0 0 By

sto, are oonstants. The intu is mald %0 Ilnear bud
time wariant, if ene sr moxe of these coeffioients are
funcsion of the independent variubis ¢ bus are not the
funotien of 5&' o  HoweveZ, s systea would be none
linsar 1f one or mors of these coeffiolents are Yhe
function of sb .

Ume inverisant MMM: systans are ssay to vork
with, as principles of auper position and homogenisy
hold goed., The prinoiple of super position may de sta~

ted as
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where as homogenity of She syastam assures
L (a .* a) = & £ ’n) I N
Nowever depending uron the saturs of the input
function a linear er non~iinear hydxologic systes say

bs furdher bde classified into a lumped or distridbuted
systen, |

2¢1.8

The hydrologic ayetes #may be defined as "lumped?
if the input funotion dosa nod involve spatiel co-ordinates,
thersfore, & lumped systes can B¢ located at any single
point in 3he wexking spacs. As shown in Fig, 2.4(a)
2 Jumped systen oan be represented mctheuatloally by ordie
nary 4ifferential equations,

Hathematiocal sgustions representing s *distrie~
buted ayastem involve spatial cowerdinstes aw shown in
Yige 2,1(u), input to such ¢ ayeten i distributed asd
therefore, 1% canuet be located at 2 single point, e
distxidused aystem omn snly oe desarived by partiel
di fferential equasien® and, therefors, theorstionl solue
%iom %o such mystem requires coaplevs knowledzs of the
boundry eendisions.



—— TRANSLATION

ATTENUATION

TIME —

FIG.2'2 _(a) THE CATCHMENT ACTION

TIME ———p

FIG.2-2b)PURE TRANSLATION




10

4e shown in Pig. 2.2 (a), a» & result of the catoh-
nent sotion, output responss geis distributed over » larger
time period which not only asSsnuates the input hydrograph
pask buk also shifts Lt in time., The translation and
eStenuetion of input hydrograph Le due %0 storaze acilons
of the wasin asystem, In most of the conusptual models,
the catchinent action is represedsd through gonceptual
identisiss such ss Linear Cheunels and linear or non-linear
XH88YYOire.

2.1.7 Ruge Trangletions

It 19 » phyeicel ooncept which atgnifies the
Y4ime Amz's  As Llluesrated in Pig.2.2(h) pure tomnslatory
functions affect only the time paremeter. It is intreduced
in a systexm by a oconceptual Sdentity defined as a ilnear
ahannel,

4 linear channel congepltially reprenents the
pure tranalatoxy effects of a ayatesw and, thersfoxr can
be defined ass

' A gonosptual ohannsl on whioh the time (¥)
required to translets s Aischarge (G) of any magnisude
thyough s ochannel reach of given lemgth (x), is alwsys
osnstant, Thus when an inflow hAydrograph is routed the
rough the channel, its shape is not affeated,
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| If I » 2{t) de the inflow functien %o a linsar
ohannel, after reuting the sutflov funotien Q(t) would be
ideatical to the inflow funotion exvept for a tine lag whioch
in xntxfodund by the systes and whose magnitude is given

by the translatien time ( 0%) of thae iinear chwmelt®,
Henoce

s} = (vt~ A%) so s 2,5

he R i

Aeservolzes

The oatolment action on it input precipliiation is
‘annlegeus te the reservolr action on its inflow hydrograph,
runr‘v@aé too, tranaslates and attenuates the inflow hylro-
Zraph By regulating its outflow over s desired period of
time, This anslogy susgests that s dreinage basin systen
gould perhaps be analytically represented by the reservoir
sonceps,

A Peservolyr may e olassilied as s linesr or nen-
iinear depending upon Ats mode of operation. A linear
Teservelir is a conceptual {dentity in whioh the storaze 8
is dixeatly propertional te the outfiow dtecharze Q.

Sa @
aﬂxq « s » s a.ﬁ

vhere the cenatant £ has she dismennfon of time and equsl
to the average delay~tine, lmposed on its flow dy the re-
servolir nodel, |
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- The functional relationship between the storage and

discharge of a non-linear reservoir may be written as

S = KQB ¢ o ¢ o 207

where K and B are dimensional constants which represents
the two characteristic parameters of a non-linear conce-

ptual model.

2.1.10 Derived Identities:

Thege are identities which may be derived with the
help of conceptual identities or from available record
of input and response functions to represent the transfor-

mation process of a system.

In linear hydrologic modelling popularly used de-
rived indentities are (i) the unit hydrograph (ii) the

nstantaneous unit hydrograph,

2.1.11 Unit Hydrograph (U.H.):

As per the definitions given by Sherman (Sherman
L.K.) ''The discharge time relationship resulting from
a study effective rainfall of unit duration uniformly'dis—

tributed over a catchment,'!

2.1.12 Instantaneous Unit Hydrograph (I.U.H.):

If the duration of the effective precipitation .

becomes infinitersimally small, the resulting unit-
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hydrograph is called an I.U.H., which is expressed by u (o,t)

2.1.13 Responses:

Response is the output of a subsystem due to certain -~
type of inputs. According to the nature of the input to
the system, the responses may further be classified as

(a) unit pulse response (b) unit impulse response.

2.1.14 Unit Pulse Response:

A unit pulse function is defined as follows

a(t, ¥ )

1M 0 < t £ 7

0 otherwise

The term pulse used here refers to the rectangular

pulses.

Unit pulse response is the output of a system,

that is initially at rest, to a unit pulse input.

2.1.15 Unit Impulse Response:

A Unit impulse function A(t) is defined as
follows

A(t) = 0 t £ O
+f°°A(t) dt = 1

Unit impulse response is the output of the system

that is initially at rest to a unit impulse input.



he unit pulse and unit fmpulse aotion is ae showmn
in Mg, 2,3 (o) and Fige 2.%(¥)

Usiliasing the Drepertiss and concents d&scuuao& in
this section different hydrologists have propesed warious
hydrelegic models which have geb s dirzest relevance 1# e
develepuent of the propessd model, A brief sumsary of
thase hydrelegic approaches is prezented in the next sect-
ion, |
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The osmeittes en floods, im Yhe year 1930 suggested
that the hydrograph due £0 an instantanecus sters could
provide s goed indioation of watershed reapsnse, It was
omeidered uat peak of such & hydrogruph would refiecs
she widsh of the waterahed and the velooity of flow, all
other faobers dejug constans, This ides was not sdepved
¥y sther invastigators at Shat tine probably because of
orudenese of the avallable data and the 81221culties inw
herent in the derivation of IUK by numsriesl or graphioml
aifferentiation of the 3 =~ ourve based on unlt hydregraph
of finite duration,

The moat notadle of the sarly atbhespts Lo derdive a
reXstisnship betwoen rainfall snd runof{f was in a aeries
of srbioles by Zoch {Zach, R0, 19%54-37) in which it was
assuned that the x xuncff Irom each elsmentary srea of
the watershsd was related to the storage 5 cver the ele-
nentary area By a linear relstionship 35 = KkQ

Clark (Olaxk 0.0., 1945) Aintroduced the first ine~
stantanecus unit hydrograph Sheory. Aocknowledging the
insysduction of the Anstantanscus stoms by t%m Boston Sow
olety sad the introduotien of unis hydrograph by Sherman
(Shezman L.K, 1932) he ocombined the two %0 fros instantas
neous unis sydrograph. e furthexr sonsidersd the IUR
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%6 b8 the remilz of $im8 ares concentratism diagram routed
through a single reaexvelr ad the gauging station and pro-
ocnded to estinets the reserveir constant X and the dos len~
£th T of the concentration diagram, for the runoff hydro~
graph. 1% should bs noted that the time area curve used
By Clark is that due t® ingtantanepus rsinfall and thue
differs from ether such curves used previocusly which ine
cluded rainfall of finite durmiiocn,

The sarly theorxies of the unit hydrograph sssused
the prinoiple of mupexwposition as the only way in which
the runoff due to rainfall at xscessive $ime Intervals
could be sdded, Sherwan voiced his valief that there
ia the mmngtion precess of nature and ather investizeters
aocepted thie vimw wishout gqualifications, The Liret
doublt abous the validity of the principie of superpesitien
and hence of the linesrity ef rinfall runoff process ap~
pea¥ed te have originated from flood rousing utuﬂtcs.%%‘}

Kelly (Xelly, J.J,0. 1955) showed that a lezical
sxtonsien of the procedure of whioh unit hydrogimphs of
unit period could be dexived Ly weans of time-ahiift of the
Seourve is the reduction So walues approaching sero of
the unis period and Sime shifk, ©his leads to sthe cone
cep8 of the Instantaneous vuzt‘ﬁydrngruph. This unit
hydregraph cerrvesponding te a rsinfall ef unit volume inan
fiostant has speaial propersies. Its ordinates are the
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slepe of the Beourve and conversely, the 3-gurve is Li%e
Insegral, A twe parameter model for the unit hydrograph
based on the reusing of time sres dlagram shrough a resse
IYMLY was propesed.

An adsusption shat the opsration performssd by the
catchment en an imstantanecus rainfall is equivelent to
& sucsession of reuting through linear stormze, Wes sade
by Wash (Nash, J. R, 1957) in deriving = gesral equation
of tm I.9. 8. omntatning twe parameters and of suffiocfent
flexidility to permit the oclose approxinas ian of any ex-
pirically derived instantanssus unis hydrogreph.

In the digoussion of the above paper &y Nash Daoge
(Doogs J.CuX. 1957) suggested the assumption of u hydroe
graph produced by sucosssive equal stompzes was not attrew
ative from a physieal view point, The wﬂ.&:m prafered
the assumpiion of a triangular inflow routed through a
1insar storage, clatuing it to be aore rensonable, smpirie
oally satisfastoxry and sathemstioally mors convenient,

A year later Nash (¥mab, J.E. 1955) bdrought another
paper where he discussed the historical developament cf
various methods for deternining the minfall runoff rela-
tionahip and shiowed them to be the partiouiar casse of
genaral unit hydrograph, he methods be disoussed vers -
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(1) Rational method
(11) Tangent methes
(111) Tiwe~irea method
{i¥) Unit Hydrograph theory

In She year 1358 Docge (Dooge Cud X, 1959) ine
troduaed the opnoept of linear channsls and linesy reser~
voirs, sugk that the translstion effsuts wers due solely
to linear channsls and the stoxraze effests solely t¢ linear
reservolirs,

In the same year Nash (Hash J.B. 1953) showed thog
the nusbder of degress of Ireedon which are useful so saine
tain in the ferm of insvantsneous unis hydrograph wers
limited by Che number of significant indepsndent sorrelss
tions with the oatohment characteristiics. The soments
ol the instentansous unit hydrogreph were suggestied as a
series of parsueters of the responas fer which oorrelstions
sould be sought,

Again in the year 1960 Nash {Nash J.X., 1960)
correlatod thae moments of the inastantaneous unit hydre-
graph with topographical aharncteristios for u large nuaber
¢f Brisish catchments and & general equation for the 1,U,.H,
vnn chossi. The use of the correlation to pradict the hy-
drogreph for catohments where sulficient dnta is not avale
lable vas alns expluined with wxawmple,
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Teugh recognising the hydrologic sxwnsformstions
te be none~linear, it was suggested that linear systexs the
soxy provides a first order approxisation o changes in
ous-put 'tutuuca for planned or unplanned sodifications
of the hydrolegio mumn-m’o. The changes in input-oug-
pus statissios may %l used as seasure of linearity of water-
shed respomes., Theory of random funotions is employed S0
prediot she out-put akatistios of a variety of transforaation
proecsases as rainfall o runofl oo, Thie wos stated by
Chester C.Kistel (Chester C.Kisel 1367),

Use of Dunctiomals and statistics is involved in
the generxsl Aethods and procedurss i’mr dateraining the
minfall-runoff relstivnship of 'Blook Box' analysis in a
paper 3%y Chao-iin cm: (Cheo Idin Chiw.1967) possible appro~
aches were presanted for solving the prodless soncerning
the non-linearity and non-atationarity of hydrologlc sys-
tons,

Yot another 'Blogk-~Box! approach based on Auto-
matio centrol techniques was introduced in the paper by
Sapella Visoaino and Sanches Bribiesca (Capella Visosino
Asy and Swne=Ches Bridioses J.l., 1967) as a syntshoais
system odtained Lrom observed inputs (rainfall) and oud -
puts (runeff), Zhe uodel could take inte censideration
rainfall distribution in a basin area, once & weighing
funotion has Baen sstadlished for eamch input from s set
of orthogenal funotions.
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The spatial impulse rTespones was smployed in a
Ainsarisation of the ostohment dynamios S0 oblain & simple
super pesition relasion Lor sstimaging the affeskt of resl
variability in rainfall distributien upon the peak surface
rnoff, A papex to this effeot wae introduced by Eaglesom
(Peter 3.Zaghson 1967).

In the year 1972 Rashur {(Methur D.3. 1972) deve=
loped a simpler spprosch based on linesr channel concept
$0 aocount for the unevennsss of rainfall distxidution,
The respongs model develeped by hin for Indian catohments
in based on series of arrangesent of linesmr channels.
Zaoch linsar channel of the sexles network receives its Aisw
triduted input from a subd wakershed area which 1s asaigned
te 12, This study concluded that differsnt sub arsss of
drainsge basin aystem are direatly corrxelatsd to the bssin's
 responss funotion through the linear ohannol soncept, Furw
ther 1% was shown thas wainfall inpus on different subd area
need not de the same and thus spatial non-uniforaity of
rainfall is taken into scopunt. The Responss model dew-
veloped by Mathur has lead %0 the classioal sethodology
whieh 1w eapadle of taking the spatial wariation in reine
fall over She naturai catchment. The model is capable |
of LdenSifying the parts of the sub ares responsidie fer
flevd peaks, thus snadling the flood foresashting pProgra-
nue s,



Kesping inview the efforts and limiiatiens of the
above linear conceptual models, a preposal foxr the cnvplap-
sent of a lingar distributed parsmetsr hydrologic model has

~baen discussed in the next chapter,



SQHARIRE.3

(1) Pormulation of the Hydrologic Model
(13) Input Funotion
(141) Proposed Models 1 and 2



As digoussed in seotion 1,2 of Chupter No.1 4t s
proposed to develop a hydreloglice sodel ocapable of daking
into acoount the following typloal features.

(1) Uneven distridution of minfall in tise
(11) Unevenness of preaipitadion in spsos

Yor the parpoan a iineay distributed parsseter
model is preferred, TtThe propesed linearity ef the system
sniadles to apply the prinoiples of homogenisy and super-
posision which considersdly simplify the ocomputations.

The distrisuted nature of input is scoounted for
the entire aystem Ly splitting 4¢ up into sub-syatems, The
foliowing three Aizferent propesals have Jesn studliesd to
svaluate the responss of the system,

SsVets Rrgnesal He. 1s

The transformation prooess of each sub-aysien is
taken inte acoount by a Unit Hydrograph developsd with she
help of a conoeptusl model, Idnear channels have been
introduced %o the responge of eagh sub-aysten to coupute
the net reasponae at the out les,

3.1.2. Rzepoesd No, 2o

The transformation prvcess is taken cazre of by
a cascade of linear reservoirs developsd fory sach sub-system
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snd linear channels are introduced to account for the re~
spotise at Cthe gauge.

3.%.3. Ergpessl Ae, 31

4 partioular configuration of linsar reservoirs
is adopted to atesunt for the stoxage effscts of the ocat-
chesnt, The ahamnel effeots have bedn taken care of by
the linear reservolr in saries,
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The effsctive wean depth ef precipitation is
obtalned by the relationship

Post " ¥ P4
1 - 1’ n
J » 1, n days

v oo e (3.9)

vhers
F“’_ « Rean deph of effentive reinfall over
the sy aysten 1 « 1, n for ths duration
songlidexred.
ra w Factoy evaluated for the duration

J » 43 n days

Pd = Mean depth of gross rminfall over the
sud systen L =« 1, n
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an Anstantansous unit hydregraph far the sud system is
dexived,fince the responses for input funokions of finite
duratien are required, the unit hydrograph of unit duratien
2 18 Gerived es follows

the equation ef the S~curve is given by

%
s(t) = {u(o.t) at e e o o (3.1%)

Frem squation .10 we have

s(t) .l 7/ tIV K (t/l)""‘ a (t/x)
m e

« f (n, t/K)
whears

' /K
; 0

i an K incomplete gamna funotion of order n as {3/K).
The uniz hydregraph of period T is given by

uw (2,3) o t/2 | f(n,8/K) = £ (n, six ) |

. & @ .(3a12)



3¢3.3.

Tor a varticular storm input, 4ifferantial cut
puts of sach sub system oan De computed DY using the unit
hydrogreaphe The linear channel is usmsd to gi.iu she appro=
priste time lag for routing these differential outpute,

Ap indiceted in Mgz, Ho. 3 the uppermost sud systom will
have the largest vaius of the iin—hz and its wvalue would
raduoe for the following sub aystexs. fhe time lag for
the lowess sud eystea is practically saxo as the sub aystem
is contriduting %0 the-cut le¥ direotly.

The valuea of the Sime lags (i.e. pure transiation
time of each linear ohannsl) oan be sarcivad a$ by trial
and error, oconsidering a particular odssrved rasord of stors
precipitation and the runoff a% the oud lek,.

3.3.4 ZegwAng of the Nedels

The input funetion (excess rainfall hyeSograph)
can be arrived at by using the procedurs dessribed vide
seetion 3.2,0. For a observed minfall runoff rscord
the nodel can bde established, Knowing the rainfall snwe
assses and the transfor funotion (unit hydrograph) of the
b aysteap, the differsmtial responses of each of theas
" gan be computed, Then thass respensss are sudjeotad to
pure translasion., Super position is to de done to matoh
the compuied direct runcff with the observed direat run -
off. These pure translasions are reprsssuted dy the



9.

”~
\

1inear channel which is associated with She cencepiual
representation of each sub-aystem,

Now the adoptsd base flows may be added to the
cemputed runoff to obtain the total runolf at the gauge.
The aame nay Ve ocompared with the obserrsd runoff at the

Sauge,
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3.4.0 jApplication of the Prapoged Model to the

Upper Cauvs B in Ka: ’

3.4.1. Jntzequotioms

It 4is proposed to develop the model as per the
procedure described in seotion 3.3 to the Upper Cauvery
b bastin in Karnataksa, 2he looation detalls of the
catehment with all relevant features such as location of
raingauges, gauge-discharie #ite eto., are shown in ¥ig,
No.3.1%,

Se4e2  Avallability of the Dntas

(1) Bainfsll Datas There are 9 non recording type
of raingsuge stations locasted in the catchnent, The
point rainfall edservations are being taken at an {nterval
of a day. The observations are dDeing taken in mm. the
rainfall Auta is deing collacted By (1) The Buresu of
Beonomics and Statistios (i1) Water Resourcss Development
Organisation of Kaxnataka,

Je4e%.  (S1) Runoff lgtge

The discharge observations are being mode at Kushale
nagar Bridge Site, The current mster observations ars
being taken during sonsoon periods. During non-monsoon
peried She digsharges are deing cosputed from the esta~
blished stage dlscharie relationship for the Kushalnagar
Bridge 3its, The datly runoff data is availsble from
1969 onwards,



3.4.4. Stormp Jelecred for the spglysies

Jour stomas tha® have ocourrsd ever the catchment
ont dates (1) D770 (2) 74T T2 (3) 15,7472 (4) 44773 have
been considersd for the snalysie, TIhe details of storm
and the direot runoff hydrograph ordinatos ure shown in
Appendix 4 and 5,

30‘05“) N

As discussed in seciion 1,2 of Chapter No,t, the
Upper Cauvery sub basin is experisncing uneven distridbution
of rainfall in time and apage. In order to sccount fox
the above mx:tatmm, the 4isSributed input to the system
1e to ds considered. PFor this purposs, ths Upper Cauvery
subd basin aystom io split up intc 3 sub systems on the
Yasis of the ssteorologzicel odsarvations mads in the past.
Pormation of the sud systeas with all she ralevant features
such as "hieasen Polygonms sto., are shown in Pig, %o.3.%.
The phisiographio featurss and $hefasen weightages are

given An Appendix Nos. {1 and 2 respeotively.

Fach sub system is oonceptuslly repressnied by
{1) a Unit Hydrograph (2) a Linaar Chanusl as shown in
Fig. No.3.2.
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3.4.5 (0)

A8 4iscusssd in Section 3,%.2 of Chapter No.3,
the concepiual model proposed by Nash (J.2. Hash,1957)
is used to develap the unit hydrograph for each sub aystem.
The parsmeters of this conosptual model are (1) n- the
nusber of linssr reservoirs in asries (2) K « the storage
cosffloient which is amsumed to be consteant for & cascade.
The value of n and K are odtained as follows,

Stom ¥o. (2), (3), {4) ami their oorresponding
direot runoff hydrographs ars considersd for astablishe
ing the values of Cy and Cqe  The storms selented are
having ai1fferamt Sype of dlstribution henocs the mean wvalue
of the coeffiolents oan e taken us repressaiative of the
gatchment., Thres valuss of n and K for the sntire cat-
chment are obtained on the dasis otorms statsd above,
Mean values of n and Kk ars computed. Using shess mean
values (of n and X) with cetchaent chsraoteristios in
the equations 3.6 and 3.7, the walues of C, and d, are
computed.  Subsequently using thess values of C, and
g, and physiographic charsoteristios of the sud aystens
the values 0f n and X for saoh are found out, The
detalled computation is shown in Appendix Fo.3,

The L4mtified valuns of n snd K of ench sud
system are used to develop the unit hydrograph as psr
the proocedure detalled in Seotion 3.3.2. The unid
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hydregraphs developed for sach sud systems are given
belew in Tadle Ko 3. 1.

W‘: :
b Aystian
] 10.16 12,26 2,40 O.48 - -
2 21,08 | 28.17 8.58 2.32 0.55 -
3 19.58 26,38 9.00 248 Cu62 Q‘ﬁ‘
34445 (8) g0 14

r. 1AL SAGNE O
She Mojsls

Ssoxs No. (4) is considersd for astadliishing
iinesr Chanmels, The rainfall excess for the above
storm whioh s under investigation have heen computed
and given in sppendix ¥o.6.

Diffarential rsgponses for the storm No.4

used in the Ldentifhostion of the translation times
are givea in Tadle “0030_211



The superposition of the 4ifferentisl responses

©f the J=pud systems at the outlet has seen done Wy adju-
sting time 1“.. of sud system t and b systen 2 by trial
and error S1ll the compudsd response agress well with the
observed responss. he resalts indionted thes the
txmil.ﬂ.on times of linsar chaunel are A4, = 0.9/(the Losy
time lag for the differantial output of aub systen Ne.t
$0 reach the out let),

0%y = 02 day ( time lag for the differentisl cutpus
of sud aystem ¥0,2 %o reach She sut let,)

Supsr-position of dirferantial outputs of aterw
Hoo 4 amd comparision of the obsexveld snd computeld direot
runoff Aydrographs sre shown In ¥ig. ¥0.3.3,
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J.446 Jegting of the Prepeged Models

The model developed has bBem tested for the
stoxras Nos. %, 2 and 3 shown in sppendix ¥e.S,

3.4.6 (a) Jnpus Funotions

‘m. input funotion of thes above 5 atorms sslecte~-d
for taesting the modsl are domputed as per the procedure
desoxibed in Section 3.2. ey ars shown in ippendix
Ho.G.

3.4.6 (%) Zrsgeger Yunqhions

The trunsfsr functisn i.e. ths unid hydrograph
has besn established vide ssotion 3.4.5 (o) and ohown in
Zable No.3,1,

3".6 (c) LORDU B4

2he mjmt funoction of the above 5 storms are
applied on to unid hydrographa, the differential res~
ponsos of saoh subk aystem dus %0 etach stoza ars com~
puted and they ars shown in Tadle Ne.’.2

Se4e7

The differsntial cutputa of all ths 3-gud aystems
due to each storn are superimpossd wish the time lage
L\.ﬁ1 = 0.9 day and At, = 0.2 day respestively and the
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osabined response at she outlet is odtained, Bawe
flews are odded te ths coaputed responges of eaoch StOTM.
The osasputed responsss are compared with the observed re-

Sponses,

The ocomputaticnel soheas of reaponses at the out -
1ot of the system and comparision of obhserved and computed
reapenses are sheown in Pig. Home 5.4, 5.5 and 3.6 respe~
otively,
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cembined response at the outlet is obtained. Dawe
flews are odded to the computed responses af saoh storm,
The cesputed responses sre compared with ths odserved re~

sponges.

fhe oomputationsl schess of reaponses at the oud -
let of she system and comparision of obhserved and computed
regspenses are shewn in Mg. Nos, %.4, 5.5 and 3.6 respe~
otively.
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3.5.0 RrecemadBer 2
3.5.1 Iatzeduotions

In the Preposal Ro.t, Unit Hydrographs for 4iffe
erent sud systecs are developed to represent the transfer
funoctien. Thegh the resulis are satisfactory, yet the
approach suffers from the liumitation of the unit hydrograph
theory. In oxder to improve, in the present Proposal Ko.2,
the tranefer function has been proposed to be Saken ocare
of 3y means of sathematioal sguations developed with the
Relp of casoade of linear ressrvoirs whioch cenceptually
represent sach sud systems. Two types of transfsr fun-
otions are ¢o be develuped for esoh sud systes to evaluate
its Tesponss due to osrtain Anput for the following casss,

{1) the peried for whioh the rainfall exceas input
of a unit duration exists over the sud system,

(1) perieds for which the rainfall excess input
stated in (1) ‘d.ou not sxiste over the sub
aysten,

Ths differential cutputs of the sub systems are
wibjeoted to pure translatiom which is repressnted by
the linear channels., Ihe linearity of the model will
snable to apply $She prinoiple of supsrpositien in arxrive
ing 4% the comdined rasporises at the outlet of tho system,



130G0W Q3S0d0Hd 3IHL 40 3IYNLINYLS 7IS-€7°014

hmumzo%ua YY3INIT 40 NOILISOd-Y3dNS

“?9

S'S S_, 40 1ndNI

137.LnC 3HL Ol S°'S C.‘Z

WOH 4 I3NNVHI Y¥YV3INIT 3HL 40
IWIL NOILVISNVHL 3dNnd

W 04!

S S 40 3SNOdS3H

I=

a
Z
u

=(¥]
= Wy
uy "— 1o
TX3aNI

IJ.V _—

(232

iy

YYINIT

.

=

TINNVHD

i1t

v 1

1371n0




42

5.5.2 Ravelspeent el the Models
The sadel Ap proposed te bs developed in the
follewing lines,

(o) Zoxmakicn ef Sub zygteag:

- Sormatien of the sub~systems has to de done as
deosoxrided in Reoltion "3‘3.:L~

The paraseters n and X of each sub system has
te be Ldantified as per the procedure dipcussed in Seotion
5+53.2. The conosptual repressntation of ths aodel is
given in Pig, Neo.3.5.1.

3.3.3 Jnpus Fanggions

Input function of emch wub oysten of a Alstributed
hydrologic aystem is t0 2e svaluated as pox the nethodology
descrided in Seotion 3.2.0,

3:9¢4 Jhe Tmnefex Functions

It s assuned that the transforamation prooeass is
linear. Hence s linear trunsfer funotion which is ocapadle
of repressnting the transformation process can vs develope
#d as followa,

fhe parsusters n and X of the cascade of linear
resexvoirs are utilissd to develop the transfer function.
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Mo above parsneters oan de fdentified as desoxibed in
Section 3.3.2, Intezer velues of 'n' are considered
and the asthematiosl squation whioh represent the trane
sformation process during

(3) the period for which the ruinfall excess of
unit duretion sxists over the subsysten

{11) the periods for whioh %he rainfall excess
stated An(l) ceanes over the subsysken.

et I be the ralnfull exaess Ln osue/day over
the sybayastes of area 4 sg. as. Q‘ be the surface pute
flow in cumecs and S bLe the storage of the linear reser-
YOiX,

Fros the continuity equation of flow it is known
that

Pate of change of utoragze = Inpud«Output

¢« & %. w 14 - Q" 8 & 2 ‘305"”

Asmeotion of linearity of the reservoir will leads %o

ﬂ.g— e K ﬂﬂl oo o s (32942)

Squating 3.5.1 and 3.5.2 4t takes the fors

4Q , «
-31 0-31—- ﬁs » e w0 (3-513)
1 K 4



44

and shis is & Mnsar differemtial squation of orderiand the

solution of this for the initial conditions ad By w0y Qg0
is

Gy =34 ("D A KXY

and 4t governs the dligoherge from the linear reservolr
Ros1 for the psriod t for whtoh rainfall excesns exists,

'aw for thq' ssoond linear ressrvolr Anput will be
ogqusl to the gutpus of the first linear reservoiz of the
Sansonde,

Input = Q4(sg)

coubination of the consimisty squation of flow and the
linearity of the resexvoir will leads ¢

ﬂ@z , at + Q{x - QJ‘ . » Q(}wSu&s) This i
19 a linesr differential squation of order one and its so=
lution for the inisial conditions B, «0, Q, = O will be

and this governs the dissharge from ssoond iinsaxr reservolr
~ ‘of the oasoade for the period t, during whioh rainfall excess
oxints, -

Muilazly the dischaxrge at the end of n‘h linear
resssvoir of the casosds for the period %4 during whioh



Yeiasadd exCuns exigts over Lthe sub-gysten can de show ¥0
80 0f the gzensrl foxrm

oy o[]S |
n(t‘) (n-W)! |

Pl

. » e 0(355'4-?)

wherse | o
(s * She dimoharge st the end of the n'P
| for the period %,

reservoly

n = nuaber ¢f linear reservolys in searies
X = storsge coafficiant

{v) Davelopment of the Transfer Rmotion for the
periods greater than the period of rainfall exasss

At the nd of t,‘n-dqyﬁ the rainfall Inpud $o the
systen ceanes mnd output at the outlet of the casocade of
lineax resasrvolirs is $0 ¥ svalusted fox the periods gremter
Shan rainfall sxcess,

1) Molysis of Pirst Linear Remervoir ef the Casoade

Eainfall
™ Input e 0.0

et Output w o} fors > e,

condination of she condinulty equation of flow vith the
linearity of the reservolir will leads %o

dQ; / as - Q: / X «0 . » bcﬁua)o thim i &
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fives order linear differentisl equstion and its solution
1
for the initiasl sonditiong 4% Tt - t') Q‘(g} - Q‘(t,)

ill s ddy, =Ta (gl ~0)eVE )

(11) malysis of Segend Iinear Hessrvolr of the Oascade
' 1
18t Outpus « Q;w)

ooubination of the continuity equation of flow with the
linearity of the reservolr will leads %0

ag}/as +al/x Q) /& + + +(3.5.10) and 1ts
e _ 1
solution for the indtial oonditions at ¢ = & ., Q. .»
1 Lo %y

will de
. | - 8,/8
4 -l s /K ‘1/‘ - ‘ = - LI L - ¥ ]
Qg - A [t/ ° /K s 0 /K

xe¥E | (3.5.11)

Similarly the dischazze at bhe end of the nd

linsar ressxvolr is given oy the renersl form of the
eqation

- (b=t . } by/E - ¥/
Q"'-IA { _}_ 7 (n=tup)? e %@
o4
- { T
pP=0

. ¢ 0.50‘:)
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vhere
Q‘ . » 4lscharis at the end of n'”‘ rensrvoir
n
’ al time ¢

n = pumder of linear resscvolirg of the casaade

4 » storage ocoeffioient

he rosponses &f each sudsysiem for the periods
{1) when the minfall excess of unit Surmtion exists
(14) u;nm She rainfall axcess specified in (1) owanes
oan be computed using the equation 3.5.7 and 3.5.12 rew~
pectively. TIhess differentianl responses are subjeoted
$0 pure tranalation by using linear channel,

I35

™he linear channels are used to gﬁi the appro=
prists tims lavs for zouting She differemtial cutputs of
o dlstriduted aysten. The linear channels has 0 De ed~
tablished as per the desoription glven in Section 3.3.3.

3.5.6s  Jasting.of She Modeds

The wodel developed on the lines Mioumoﬁ
above has to e teated Lo svaluabe its performance,.
Zesting of the mode) has to be done as per the prococdure
desoribed in Seotion S.3.4
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It is propuosed to develop the model as par prooe~
durs dosoribed 4in S.otion 3.5,0 to the Upper Couvery subebasin
and then apply to Sogt ity performancs,

The aodel Ls proposed to De developod on the folw
Aowing lines,

{e)

As disouo-ed in Seotion 3.,5.4 the Upper Cauvery
Bub Dnoin 18 aplitup into S-oudaystems to account for the
uneven distribution of rainfall in tims and space.  Them
osth gubwaysten is conceptuanllissd by meoans of o onocade of
1insar rossrvoirns,

(v)

The paraneters n and B for emoh sudeagystes arc
4dembified pe per the provedurs dosorided in appendix o.%.
Interer valuss of the psaraneter 'n' are considered foxr the
nodel, Ihe values of identified n and K are ~iwen in the
following Sable,
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mtzau  §
1 | @ D45
2 2 0.58 |
3 2 O.64 |

{o)

ae linsax ohannsls are introduoed from the outw
let af the sud-aystem N¥o.t and 2, Sinoe the sub.system
3 1a oontriduting 50 the geuze Alrsotly thars 18 n0 nsdes
seity of estublishing linear abarnel to 4%, The tioe
lage of she linsar channels are identifisd as described
in Seotisn 3.4.8 and the sane values of time lags 1.9
o8y » 03 day {time lag for iinear ohannsl from the oute
let of subaystem Xo,1 to the saugs) and Atz w G,2 day
(t1me lag for linear channel Crom the outlet of the sube
systom No.2 to the gauge) are adopted,

fhe shrvuoture of the Model is shown in Fig.

©

!
Noa346ets

49
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Se8.2.  Jastinz the HMedgl:

Shres storme of Moms (1), (2), (%) are seleoted
fox vesting the perforssncs of the model. Tho details of
SN01me are shown in sppendix Boa.? and 4. The input fune
ctions of thess storwa ars developed se por the procsdure
desarived Sn Seosion 3,2.0 and they shown Lin Ayppendix Ho,8,

Ths input functions ars applied on the sransfer
Tunotions developed in Jsotion 3.5,4 snd the M 7ferantial
respensss at the outlst of esob subsygdem arp stmpiited
and taddulated in Pable No«%.64%s These differantial onte
pute ars supsricposst with the estanblishad valuee of time
inga 1.0, Aﬂgﬁ o 0.9, Gay and L\‘&g w02 Say and the rasponses
of esoh skorm are obiained xt tha oublot ol the eystem,
Adcpsed base Ilows ars addsl te izhérm regpoenaes,  Computed
- Dasponsty sr3 compared with the obseresd responses of the
atoxm New., {1}, (2}, {3) respeasively, Tiue zosparision
ko showh An #pg. Fou3.6.2,

/06987 3
CENTRAL LiBRA™Y UNIVERSITY OF Roanve:

AL
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mﬁﬁ‘ X5 -

dnalog Simmlation of the Upper Cauwvery Sud=Basin



4.0

4.1 Intromosions

I,nv the pyevious Chapter, linear channels nmmn
introduced to agoount for the time lags of the Aiffarential
responges from the cutlets of sudsystems to the gauge. In
practice this flow has to pass through the natural channsls
which will havs their storsgze effests, linear shunnelsosn
take care of purs-transiations of the differential respoms
ses Wt attenustion in peaks canncs e introduced, 1In
oxder to over coms the abkove lmmﬁtm, in this propessd
: uppmm the chammael sotion ia u&tnﬁ»hﬁly repressntesd by
introducing another linsar reservolr, The oufputs of saoh

sudsysten ars routed thyovigh thess linear ressrvolrs in ae-
ries as filustrated in Fig.4.9 wiloh shows the configurse
tion of the concasptual reprasontation of the physioal sy-
stan propossd for tVhe Upper Cauvery Jubdwbasin.

The physiosl aystem shown in fig. 4.1 can be
anglysed mathasatioally in the foliowing waye.

Consider the Mg, 4.2, JApplication of the con-
tinuity equation of flow to the Fig.4.2 leads te

48/8% = ¥=Q .. s s (41)
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vhexe

| ¥ = Inpus
Q » Qutput
3 » Stoxrage

Iinesrity sssuangion of the ressrvolr leads %o
8 »kQ . s« {4.2)

and ﬁVﬁﬂ - X ﬂﬂld" e v {4.3)
whesze

K wstorage cosffiolent

Coabining equation {(4.,1) and (4,3), the sathesa-
tical model for ¥ig. 4.2 Dscones

K ..m..«q - ¥ . o » (4e4)
as
Pig. 4.9 oonsigts of nine sioh seotions as des-

aorived in Fig.4.2 thue the mathexatial sodel foxr Flg. 4.1
sonsist of nine first order linear differentisl equations

nemely
K, .%gl. L Qg - ?““ s s o s (4,5)
“ _HQ e Qa - ’2 . » . “06)
“1 & * 11 - Qf "Qz P P “07)
’ as
: a4
la --E?- » Q, - ', * . +« » (4.8)
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‘2 * Q‘ - 1‘ v s o s {4.9)
¢ 49 —1#—’12 -034'04*1‘ 0-“.‘0)
x’ .;&- g Qs - ’5 LR LI “ﬁ”;
t
-?& -2 en oo (4,92
5 = % % . (4.12)
XK3 s *X; wQgeQgeXy o oo (4.93)
at
where

Kye Ky Eg are the stozage oceffistents of the
1ineay xoservolrs respresenting the subsygten 1,
243 rsspectively

KEY, KKX2, KXK3 are the storage cosfliolants of
the linear resexrvoirs, vwhich are considered at
the outlet sjtaysten 1,2,3 rospectiveliy

Qo Qp e o o s + Qg are the sutfiows
fros subksysten 1(s) through 3(b)

x,. ch X, are the outflows from the nwnptm
linear ressrvolirs 4,2,3

¢.3 Analeg Slwalaeion of the Rasins

Bath magnitude snd tine scaling e negosrary he-
fore the above uyshematical molel is simulsted on the anaw
deg cemputer. 'Norsalised Variable ipproach' is used fer



wvhere
r,,, q,. Q' ars the possidle saximus values of
) 4 1 respectivael
] QM, q‘ m " ’

& o 50m9 -3, (Y oo (4
vhere ‘
8, =¥ /KQ, o o (4,18)
and
8, = Q/Eq e o (4.19)

Malog simxlation of the sguation (4.17) is shown in
F‘-EG 4.5 whexe |

56

Ky = _é__ oo (4,20)

fhere 1is ozil,y one integrator In ¥Fig.4.3 and the
gain of Shis is to bs modified from Ky %0 Ky/5, in
order %o introduce the time sosls Laonter 5& &0 that

Tew s" s (3.14)
™he modified dhgram is showm in Fig.4.4 in whioh the

fact that integrators have gains of 1 and 10 only
have also been taken care of

aquations (4.7), (4.10), {4.13) axrs of miallar

nature., Considering the eguation 4,10, 1% is normalised

to give



00

magni tude scaling and *Piositicus Integrator Gesin Hethod!
(tiwe soaling en the computer) is used for time sealing.
In Shese approaches it 19 first sasumed thet there is one
$0 ene correspondance between the computer time and the
prodiem tims (7 = t), and the egquations are rearranged

te represent the psr unit quantivies of the variables.
Then the analoz simulation diagram ie dxawn foxr the nore
aaliged squations, Mereafiar the gains of the intagra~
toxrs in the simulataed diagran ars divided ny time scale
faoter '8" ap that

‘Tula‘.ﬁ . » “Q(‘*)

vhere
&t = prodlsm tiae
T =» eomputer tine
By = tiae soale factox

In the mathemasical model the sguasions 4,5, 4.6,
$.8, 4.9, 4,11, 4,12 are of similer nature and they can
B8 represented in the gsmeral form '

K ¢ G w¥ (#015) and this iw
romalissd to give

< - gg; (/1) = Gty

(/) o0 oo (4,16)



vhere
Fye Qe & ars the possible maximas values sf
¥, Qm, %rupoouuly

«& « 5,(¥/n) = 2, (Vo) s o (4T
where ‘
8, =71, /Kq, . » $4,48)
and .
8, = Q/%Q oo (4019)

Analog simulation of the sguation (4.17) is shown in
F4ge 43 wheXe |

ob

‘x - é‘. . “O”) _

Thers ie milg one integrator in Figed.3 and the
gain of Shis is to be modified from Ky $e K/5, in
oxder to iniroduce the tims aoals faoter 8, so that

'T' - 3'. ) (40“)
The modified dhgram is showm in Fig.4.4 in which the

fact thet integrators huve gains of 1 and 10 only
have also been taken care of

Iquations (‘07)' (4:‘9), '(‘Q“) sre of sinllar

nature. Considering the squation 4,10, 1% is normalised

to give



l::;.[_% (/O # %co‘/%n ‘.;.; (Xy/Xgq)

%W&.’J".&,

e o o s (4,29)

vhere |
QJR. Qv Tqite Zgye !:a are the possidles saxisum wvalues

_ °

Bquation 4,21 can be furthex reduced %o

,_z_, K21 (Gy/Qgy) ¢ K22 (Qy/Qy,) + K23 (x,lx,,,)

o
~x:a(x2/xm)] *
.. ..(4@2}
vhere
K21 = Qg / X eo s (a29)
K22 = Qg X e oo (420
K25 o Xgy/ Xy e o o (425)
KXt - X, / Xy e e oo (4.35)

Bquation 4,22 can e can e umlut:d on analog cosputer
as shown in m. 4.5 wvhere K24 » % ™ s » (4.2?)
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auv guan wa W ADVSETATOr 1IN TFig.4.5 18 Rodifled

frem XM to xﬂ/.a‘ in order %0 introduce time scale faoter
§,» The modified diagras is shewn in Fig.4.6.

Anglog simulation of the ontire physioal aystea
i.0. She Upper Ceuvery Mubd-Basin is shown in Pig. 4.7,

4.4

™he A0-20 19 u 10 volt compuler with 20 chopperx
stabiiliesd operational amplifiers snd matohing non-linear
unitse It employs sellid state ciroutary with butile in
electronic protection enginearsd and tested for relisble
pexiomancos over a wide range of teaperature, 1I¢ hna
20t a centralieesd problem beard wired with cosputing compon~
mss, individual amplifier ovarlesd indioators and push
utton conirel for mode sslection. It haw PO2SKY, RAESED,
HOLD an@ COMPUZE modes 0f operation for precision gcompusing.
It can also be cperated on REPETIPIVE mode for fast prodlies
sheoking and preliminary parasster optimisation with 1,5,
20 coupusations per segond, o facilitats the modular
- u];-tm Sf the computing capacity JSLATR mode 1 inoluded
and thig allows the control of a nuaber of AC=20s from any
of the uniss,

the dasle sodules / cosponents of 40-20 are
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(1) Twenty chopper stabilised operational ampiifiers
with individugl overload indicatorss. Out of the
above ten ean be conneoted ag summer or integrator
and the other 10 as ummaxr only with five inputs,

(81) Your Kleokronic Quarter Square Mulvipliers.
(142) One Diode Funotion OGenerator

(1v) Thirty, ten %urn helical coeffioient potentiow
weters for sscurate coefficient setting

(v) One Rafarencs poltentiometer of 0,1 pervent
dinearity for praoision parameter satting.

The following are the gensral regquirwmonts of
the i0~20

(1) mmung temperature rangs . « « 20° to 40%

(s4) Hum$aiSy o 4 o o o o ¢ » » UPTO 60 parosnt

(441) Powsy requiressnts . . s« » 230V, %042,
singls phase

:m/l specifications for reference powar suprly are

Koainal woltage s s 0 s s OV and »0V
Idne Regulation « s e e
Ined Regulation e« s 8 o o« 0,01 perownt
Output Curxent c e s e e 0w

0,004 percant

*

*
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4,5 Conolusionss

The components reaquired for aznslog simulation
of the bLasin ars more than the avallable in the AC-20
analog computer, Hence the prodlem could not he sisulated.
However another qpyroasch has been aonaidered vhers the
transformation Divoess of the distriduted systes ia simuw
lated by considering the unit hydrogrsph spprosches The
same has bean discusssd in the nexs chaptex,



QURIER.S

Maloz Amulstion of the Uppar Cauvary Subd-Basin
by Unit Hydrograph Approash



5.1 JIntzeduatiens

In this Chapter & ozee stuly is made fer she csmpue
tatien of amthetio respsnges foxr sssumed preoipitatien ever
the system, as 2iscusesd in the previcus chapter the simus=
lation of the Bﬁpor Cauvery Sub-basin oould not be taken
up becauss ¢f the limited cosponents in the AC-20 Anslez Come
puter.  However, using the unit hydrograph develeped for

the Upper Cauvery sub-bdasin, the Ldentities of the conceptusl

represmtation for the sube-basin shown in Fig.4.1 have been
identified for the untiora presipitation excess vver the
entire aystem. This has deon achieved by giving *he trial
valuas for the storage coefficlenss of the saosgads of linear
ressrvoirs represented by XK1, KK2 and KK3, ‘The trials
wars continued $411 the response of the analog simulation
matched well with the ocompuied Unit Hydrogmaph. Yhe come
puted unit hydrograph has dsen arrived st by the super posi~
tion of the 3 Unis Rydrographs keeping in view the time-lage
given by the respeotive linsar channels., This has been
given in tadle No.5%.
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20 payciacd oyotca chovn in Pin.4.4 m annlynod
anthczotloodly cal $ho catheantfen) sedol Govoloped in
Sagtica 4.2 of Gacplor 4 will hold geod fox tho propoat
ohudy,

En ¢ho oothonaticnd medol Cho onunticon 4,5, 4.6,
be8p G099 86990 0012 orxo 9f oirilor naluro ond thay oon DO
zoproocafed in tho gonornl foxo

B¢ ¢ 0 ob o s(5:1)en@ thic 4o nomnliccd o
cAvo -'
5%» & QE: o ﬁlo (ﬁ/%x) o o olGe8)
G B Bg

LOES

Qm cz8 % nro Sho pocoiblo nopees valuos of O
caf C? DOCHCOtAVORy
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Colugion of Dyuation (9.1) Ao
Q =¥ (Mﬁﬁ/g) * ® o o £93)
o’ % e ¢ ® e ® (500)

Teen OQ‘B&Y&ECB (509)3 s:n%‘ 55 p1o Gﬁﬂ/ﬂ e » (509)
¢ =5

-(5-6)
qbnﬁaﬁmﬁmg tho voleop of @ mﬂ. gj in Equatsim (@»2)0

’ wa—_

L. o1 (efo) I K
0
€3
Mmolog oimaletien of Equatien (5.7) 4o chovn in Fig.S.9
YROXD E -ﬂsn % * e o (5-5}: In F&{}.’; 5.9 thozo

4o ealy ono .&aeogmtoz- ond tho godn ef thio io te Do cofle
£iod fron By GO j‘,g in ovdor G0 intreduco tho Sino csalo

gootor Sy 0o Shao s 2 g o8 o s v o {9.9)a SO
nodifiod Siagren 4o chicon 4n Plse 9.2 in vhdgh tho faol
thot Antoizatoro havo rodno of ¢ cnd 10 only havo alos btoca
tolton eaxo 0F

Crantlion 4.7, 4090 28 4,13 oro of cdnflor naturo,
ConclGording tho cqunbion 4,%0

EKQI?E @Xa CJQgQQé 08% s 0o o o {5+%0)

2ho nozonlicod Loz of HOho oguaticn (5.%0) 4o



RX2 = -—Eﬂ-—a o +{5.16)
kK2 (Xo)

Solution of Equation (5,10) assuming Qgs Qe and X, te de
censtants 1is '

2, = Qg+ 9+ Xy ) (VK25 | (54

L

¢ o Phe possidle maximun vamng of 12 and fz are

Xpyg = @ ¢Q X o o (5,18)
° Q¢ | -
X - -—zﬁ-—-——- v LA (5"’9)
o 2 |

A sizilar analysis gives the approximates maximun
value of Igq s

xﬁ - Qfl - Qa‘ e (50&%)

Sabstituting the velue of Xy Koy x;n £5x43¥, in equns,(5.13),
through (5.16) the values of the ocnstants of the squation
(5.12) will be

‘21 - -TQJB -n n(5.21)

b Qm
iei

K22 = ..‘.%!1 .o (5.22)

T Qyp
Lot
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2. - 3w (o) ¢+ 3m__ (g /0
xa nl(xm} u (xm)

-

uz(xa)

--—-m—- cx{‘m’ L {5¢11)
W2 (Xp,)

Qaye Qe Tgpqe Xpy and x°m are the possible

oaxims values of Q,. Q‘. x,, xa and x; rappeatively,

xO
2. - [m F’ ; *» K22 (QfQq) (Xy/Xgy) = KX2

Zong Qm
{;xz/xm) ] o o (5.12)

vhere
Kx2 (x;,)
K22 = b e e (5a14)
KK2(X )

K3 - ...'.‘14... .« o (5.1)



X

X2 = '_'m"? ¢ +{5.16)

kX2 (X))

Solutien ef Nquation (5.,10) assuming Qs Qge and X, te Do
cengtants is

xz - (Q’ * Q‘ + x" ) (M'.”/m ) o +{5.97)

. ... The possidle maximom mmug of 12 and x°2 are

xﬂ .- Qy +Q o X, ' + » (5.18)
o Ry ‘ '
X » u—lﬁ—-—. , LA (5"9)
L X2

4 siallar analysis gives the approximates maxisus
value of *"m as

Im - Q‘n * Qa . (5.20)

Juvstituting the velue of X, Ky, X, #3283, in equne.(5.13),
through (5.16) the values of the constants of the aguation
(%5.12) will be

‘2* - -Tqm | L4 Q(Soz“)

Gm
iet

X22 = ..,Sm . o (5.22)

L Gy
Se1
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Mmedos clonlatica of tho ocquatton (5.92) 40 chema
in Plrebed vhiozo

m_‘w;,i_,' qot5¢2§)

Tho onén of oo AnSozentor in Flg.5.5 4o nogificd
R2d to JRG.. 40 omdor Go 4mtrefwco tho tiro ceclo
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Oho redudoo oxd muntopcd 3 tho dinarans  Gooffiolcado
0f pld Oho potcaticsotoro weod An 010 ORXSUds AP0 @olchw
3otcd e24 notcd An Sho dloren aleng WAth the oino of
tho Entoppatoro, “u—torp onnfl Invordorpe TR0 orzo 4o
chewm An Thne J.60 2o dotofled saleulatican of tho
sonctenlo aro chervm An 20020 H.2.

Ccomaor AC cuitohod one I8 2o plosod An Gho
pot oot obodo by procolng Cho Potecol puch pultong in
thio obolo o2l the cucfffciont potomticnotorc oro ool
uwodng tho rofopcnad peftonficaotor rmd null balonoing opds
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iating the unit hydrograph. Thereafter the compuser is
placed in the COMPUZE mode for ten secouds at the snd of
whioh 1% 4is placed in 'Hold’*mode sZate and the output of
Integrator 04 is nosed dowmn. T™he process is continued
till the required nemder sf reandings axre taken, ZThe
readings are tabulated end corxresponding responses are
oaloulated and the sane i compured with the computed unit
hydxograph,

The expsriment is repeated for various combing-
tions of variadles KK, Ki2 and KK3 €11l the ofmulated
unit hydrograph mstches wall with the computed Unit Hydve
graphs Thus the values of the above variablss are Lden-
tified.

the readings ef the various trials are shown in
Tadle No.5.5.

Comparision of the aimulated end compuiled unit
hydrographs ure shown in Flg. Ho.%.7.

 Using the Sdentified values of KXY, KK2 and KK3,
four different cases shown in Table 5.4 has been stulied,



(3oter IS ne ¢, . a1 the 2etailed equations
In the ler
R he aponse of the (. )1

of compmrer uﬂ aystom ten meconds

‘Wame of Vartable |- —- = - e o
- |ox the oongptent Value of the
aconatant
G o
E‘g o - ' 005”
) |
A 0.462
X
- e A
G » 0,410
L
!m |
|
4
Con = 0.294
) 1]
%
Sm 0. 200
x” l
- -
U
fﬂ 0.598
Q
AN
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Cembination } Time
of variadles] in

L ¢ 4P | \mbgnt 0.%9 Q30 0.28 0.20 0.12 0007 0.04
of O4 .
KE2wi U.H,Ozd~ (27,45 43,34 40.45 28,89 17.33 10.1% 5,78
m.“ inatos in
v ounecs
* MHue | -
in

days

Condinati
ot vatﬁb?:n ,
| 1 T 2 3 s s &

" e

Gutpu 33 +42 «3T 0.1 0,08 0,03 0.5

| t o
N et

kK205 UeHoOxd8ml 47,67 60,67 53.45 23.11 11.56 4,33 2,17

nates in
KE3«0.5 SURE0S,
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=0,5

TRI4L NO: 3
Combination 1[ Time in |
of variables | days 1 (1.6) 2 3 4 5 ¢
KK1s0.5 Qutput of | 0.355 ©.460 0.400 0.180 0,060 0.020 O.
| | .
200, 5 U’f“’ri"‘" | - . o
nasesg in : ‘




NDEX.
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[ COMBINATIONS Of |
TRIAL VARIABLES

NO- KK | kk2 | kK3 |

| | | |

2 | 05 | os
~
3 05 o5 | os |

S \.—COMPUTED HYDROGRAPH.

w

()
Ty

€ (,® ,3), SIMULATED HYDROGRAPHS
z OF TRIALS 1,2,3 RESPLY.

=

O

p |

L

TIME IN DAYS —

FIG. 5.7. COMPARISION OF THE COMPUTED AND
SIMULATED UNIT HYDROGRAPHS.
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3 L 21
351 1 882 [ 883
W 05 9 0.4
(11) 1.0 0.5 1.0
1) 0.8 0.3 0405
(£v) 0405 0.3 0.8

The simulated rssponaszs of the above four cases
are compared with the oomputed rasponses and the kame is
shown in Fig.5.8.

S.4 Sonclusionss
The results 6t this study showed a roxsonable
acouracy. The study has indloated thas storage effeots
of the nastural cheunels aan de aocountsd in the modeliing
of the catchaent by the conceptual coneideration of %the
linear rassrvolisrs.
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INPUT_DETAILS

r— P

RAINFALL EXCESS

CASE INcMS OVER
S$S1185.S5.2]18.5.3
- ‘- W T —_— et
l 05 -0 0-40
H | -0 05 I O

in 08 03 005

v 005 | 03 o8

1t —>

CASE (1)

t —

case(lil)

_INDEX.
F =FLOW IN m>/SEC
t -~ TIME IN DAYS

$.5.=SUBSYSTEM
—O— COMPUTED DRH
-O---SIMULATED DRH

50
,” t\
40+ ? \
/ \
/ \
o / \
/ \
20f/ \
/ \
/ N\
{10 A\
/ ~
0 J_ l L J < “ﬂ
o] I 2 3 4 5 6
1t —
CASE(ID)

t —

CASE (iV)

FIG.5-8_.COMPARISION OF COMPUTED AND SIMULATED
RUN-OFF HYDROGRAPHS.




Summery of Proposals, Conolusionse
Discussion of Resulte and Propossls for Muture ¥ork
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In this dlissextation, three linear distriduted
parameter hydrelogic models ars evolved and the same sre
applied to the Upper Couvery Subebsein in Xarnatske.
Bach modsl has Desn tested foxr a est of storas.

The #istributed input L.e, the precipitation
sxoess is comaputed by using thisasen polygon 2ethod, It
would have bdoen more appropriste to uss the isohystal proce~
dure for a& oatohaent iiku the Upper Csuvery Sub-basin vhere
the londsaspe i{s billy, However, the same ocould not be
done o8 the procedurs invelves too much labour it is time
aonsuming aisd and the results are llkely to be subjected
to personnsl srrors, It was oonsidered appropriste to
Anvestizate a veight factor batwesn the thiessen approach
and the ischyetal approach to modify the input, The foe
ster worked cut to ¥ & to 7 perosnt on eithexr side of the
mean values adopted and no definits trend gould be sstad-
lished,

A constant f-index iz adopted to ewsluate the
precipitation exosss, it would have been appropriate to
oonsidexr the F-indicien for esch subsystem but dus to none
avalladtility of she data the same could not be adopted,
However, refinement is sought hy introduecing a weight
faster vh.t#h is computed on each sime unit bLaais, In



74

all the Shxee propesals, the input funation is evaluated
on $he lines disgussed sbove,

In the preposal Xo.1, three unit hydregruphe
are Adsvsloped for the thres subgystems of the distridbulsd
aystom by using a cenceptual moel., Iinear channsls,
eongidered from the cutlet of sach subsyatem to the gauge
enadled in getting the appropriats Lime lazs of the &ife
ferential responges, fhe linearity asmaaption of the
molel has enabled the propsr superposition of the 4if-
ferential responses in order to arrive at the combined
regponge of the systes at ite cutlet,

Eventhough the resuits of the proposal Ho.t are
reasonadly ascurste he approsch suffers from the limita-
tien of uwnit hydrogruph theoxzy. IHence the Proposal No.2
is considered for developing the lineaxr transfer funotion
which is capadle of repressnting the transformation proow
oas during she peried for whloh the ralnfell excess over
she aystem exists and for the periofds greater thun the
period of rainfall sxceas till the ﬁow becones negilie
gidle, The same has been zohieved by representing each
subsysten by s cascade of linear roservoirs. 7his has
enabdled to censider the digtributive nature o!’ input
effeotively,

In both the proposals linear channels have been
introduced to ssooumt for the tine lags of the differens

CENTRAI LIPRARY UIMERSIYY OF DOERIT®



tial respomases from the cutlets of ths subsystems to the
gauge. In practice this flow has to pasa through the
natural channels which will have their atormge effects,
Linear channels can take care of Afifferential responses
but attenustion in peaks cannot bve introduced., In order
to overcone the abdove linitation in the Propesal No.3 the
channel potion is attemptedly represented by introducing
another linesr ressrvoir. Tho storage ococefficients of
these cxavade of linsar reservoirs are proposad to Ls
fidentified Yy simulating the problem on the AC=20 anmslog
coaputeyr, Me analoz simulation 1w shown in Fig,No, 4.7
The conponents avalladle in AC-20 where not suffioiont

to sfmulate the problem, Howsver the unis hydrograph
approach has besn adopted for arriving at the stormge
cosfficient values of the conceptusl reservoirs., The
regalts ef this study has indicated ressonadle soccurncy
in the sisulation of the distriduted system. |

The faot"$hat exact simulation of the qatchment
sction is possidle only when the digtrihutive nature of
faput L{g sonsidered?! has daen revealed by the present
study, 3 suitable sinmplified procedures has been deves
loped to acoount for ihe dligbrivuted input to the system.

Proposal No.1 has indicated that the combination
of uait hydrogrsphs along with linear channels sze ompable
0f modelling the eatchamst,
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Proposal Ko.2 has indicated thal the oonceptual
representation of subaystems of a digbtributed syatem by
mesns 0f a ocawcade of linear reservoirs and linear channels
is ocsapadle of modelling the hydrologio systeam,

Aalog simulasion of the catchment has revealed
that the linear reservoirs which ame considered to repre-
sent the channel action are capable of accounting the
storage sifeats of the chsnnels,

The precipitation exvess has bDeen considered as
propoxtionats to the gross i:mmll registexed over the
stoxm duredion., This nesds further invastigation, mﬂ
relationship oan only be odtained when the output reaponmses
of different subsystons are known.

The @-index involves seny assumptions. If
the infiltration eapacity curves for the soil Uypes are
known, the saccuracy of the prwaipltation excess coxputias
tion oan be improved upon.

For an ideal distrivuted systes the oatahment
hews to b aivided inta subsymitens o0f infinitesinaly ssall
dimensions L,8. point veprasentation of the drainage dbasin,
But %he ssme 18 of thepgretioal inferest and doss not find
any useful application in practice. In the wodels proe=
pesed, the sudbsystems have deen worked out on the basis
of meteorslogionl homogenity and drainuge propertiss.



Hewvever, it would be moxe apprepriate to divide the cat-
ohment Linto sybaystesm o tributary-wise £ the precipita-
tion obassrvations are msle sxtensively over the catchment.

Stralght proportion practice has demn adopted
fer sepurat¥ing the kaseflows. However, it will bHe moye
apprepriate to have an inside into the time Alstridution
of the ‘assflews Detwesn the point of rise and the and
point of s partioulsr fiood wave,

(o
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o

Aren in Iangth ef Over land
8qGeJm, Main channel | 3lope in
in kas, pnr;ao pex

o
S0,

Oy
e Systen 1204 .00 1015 200
2,  Sub-aystes '
Ho.1 2114.60 18,02 212
Yo.2 508,50 21,56 22%
&, -y stan
He,3 483,76 30,957 1514
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Poer the adove purpoms 3 recorded stora events which
axe having alfferent distiridutions of Excess Rainfall Byeto=
graph (RNH) and Direot Munoff Hydrograph (DRH) mre selected.
The BAH end DRE of the storms selooted amre given in Tadble
Noe & 342 and A 3.%.

Using the DiH and ERF of a storm, the values of
'n' gnd X' are caloulated as shown bslow,

nbm" - “fm.’ = nx . * @ (1)

Momiz = "za12 w n (net) X2 o DMy o o (2)

where Hm.." nm, are the first aocaments of BAH and BRH
~ abeus the time origin,

Moxuos Bopip s¥e the ssoond somsnts of DRA and
BRI about the time erigin.

The valuss of My, 0 Hopiime amm. Nog 8T
oalculated and substituted in the sbove equations {1) smd
(2) snd the equations are solved 10 get the values of n
and X, The wean values of n and K are oaloulated using
thess values of n and K along with the physiographic
charactaristics (that are given in Appmndix ¥o.1) in the
follewing sguatione, |
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4 u01 ‘0.25 ’010“0'5*5.0‘065 s o » s (3)

nw ca I.Q.Oas oo s+ ofd)

the values of the constants C, and U, ave obtained. hese
values are assimed ap the representative valuss Yor the cate
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chaans, The details of the above caloulations are given in |

the following tadle A 3.1+ (Page Ho. %2)

Subsequantly thens satablishied wyalues of Gy ana
C, sre used in the squations {3) amd (4) along with the
physiographic eharacteristios of the sudaystems to evaluate
the values of n and £ for the subsystens, Zhese valuss of
n and X ars the Ldentified valusd of the parnzeters aﬁd
they are shown Delow,

Sk System
Ne,

IR |
1 2.18 045
2 2,20 .58
, 3-2? 0‘6'
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’3:1"‘% Dt %

obsexvel
ranoff

in

cuneus

g Base
flow in
ousecs

mnoff in

Mrent
{ oumsos

Dhrees
mnoft depth tn
ams

o e

7.7.70 62,34 62,34 K
(1) 847470 244022 77.87 166,35
 9.7.70  448.44 93.40 355,04 :
10.7.70 525,81 108,93 416,90 1204 2907 o
7,70 832,40 124,46 410,94 = 16,07
12,770 613,54 139,99 473,55
15,770 439,15 185,32 283,63
#.7. 21,34 171,06 100.63
15,770 218,70 186,57 32,13
16,7470 202,14 202. 14 0
6,072 382,15 342,15 0
TeToT2 450458 331,77 118.74 be
B.T.72 607491 321,39 I o2x86400
| 1204 = 106,
(2) 9772  5T5.51  311.00 264,51
10,772 380,58  300.53 80,05 v 5.38
290,22 - 290,22 0

11772
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R S [ S TR
14.7.72 225.41 225.41 0
3) 15.7.72 299.64 219,35 80429 - |
16.7.72 455,29 213.29 242,00 De wmo.go_. X 0
120 x 10
17.7.72 452,45 207.23 245,23 - 6o
18.7.12 383.44 21,17 182,27
19.7.72 276.52 195, 11 B81.41
20.7.72 208,00 189,05 19.95
21.7.72 3,00 183,00 0
2.7.73 66.73 66473 0
) 3,778 79.52 74..60 4.92
4.7.73 153.75 82.47 71.28
5¢7.73 515,56 90,34 425,22
6.7.93  TS0.00 95,21 651.59 De .A.m.mﬁmr X %00
7.7.75 8,25 106,08 708,17 1204 % 10
8.7.73 858,19  113.95 744,24 . 34,1
9.7.73 885,13 121.82 763,36
0773 815,18 129.69 685,49
11.7.73 641,99 137.57  473.41
12.7,73 216,34 US4 130,99
13,7.75 208,00 153,31~ 54,70
14.7.73 198.00 161.18 36461
15.7.73 169,09 169.09 0
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