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1* this ssertation thrs, nesz' distributed 
psxaniter h drao4io no4e2s hair been evolve.  The in-
ut to tko syetss hes sewn considered *6 tstb%t0d, 

It is c+ WteA bj ae*aing th# sbsrobLons at a c s t 
to dudn the stoat duration. 

v e os$abs t ii split up into sb-iyatass 
soaorita. With the n* .oroIoiaal boso.nity and dm 1" 
nags properties 'c0 *cooirnt for the ati st ribiz tiV• nature 
of the input, In the first mo del* 	' hydrographs b* Y* 
been deve op for .*oh aUbøoJats with the help of a + 
+stud model to represent the transfer Motion. rho 
li `forsati l responses iron each t39* stea a" r bj sd 
to pureitrenslations 7  int 	cin the linear channels 
at the outlet of +moi subsystem , to t e at*ge. App p -
ate tins lags at these dffezat1s1 response* v be 
established.  Tee total ruse of the 0)' +a is se" 
tblih,d by suporiepseing them. 

in the ea o * d dsl-, each eubayotes so deviloped 
is *0 s*spi 2►t. by a oaacada at linear reservoirs end 

cordth ly the transfer fiction has b*an eot*bli hdo 
$s* r ans+ *t Who outlet of th5 ostchssnt is obtained  
by establishing the tiao.las for esob linear channel+. 
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The river' Qs .# rises in the 000xg District 
of l* b 	htghup said the Western Ohat, It flows gang+► 
ral1y southsast direction sc ess The pl utu of Zairnataks 
and finally pours Itself Into Bey of nom]. In tsaLl N*du,r 
rhs tier rases at an .1+ stt , of abeUtabout 1235 *et rse e 
villin a distance of about 20 kilosetres It Falls Into 
s► rust en of eDt ; 5 aØresw thereafter the river 
hasan vers boa slope of *out 1000, 

,U in1*x sap sflfin5 the upper 0aiwer pub--'b*stn 
upto 0h o mite scut to whi. * ►t0h*sft upto Ku l' 
n *r b • site is d or *used with all the relevant f 
sure* to Gown In ,t.1.1, the Upper 0*U?117 sub 'ate 
06440tr" for the present atudj lies in Ooer . district  
of 	rte« The eateh t is s*th1y in Western aTst 
region and extends in *Is* *p%o 1200 sq. kes. (upto Ku l— 
new b dg* site) . 	t• 	or con ri tLoa to the +gat 
otuient is fro* sonecon rainfall which atoms in ;y extends 
upto October* the cstohssnt usually vpv*rids 00 • 

Alex utezes. Zt receives h v: to very heavy reinfall 

4uAng sones on. the mtnfsU over the oatohsant Dani 
ttnsss for 0 Zonsr period thus asking it Impossible to 
s lwet or ice.*te a *to= and its responses. Since the 

Oat&% 't is located in the Western G t region there 
L ► too such Tsrt*tt*n. in spatial and $100 distribution 
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of raL* U. As seen tree t'h• p vio is records Of thi 
rainfall over the ostohssa ,, the store osotr . over the 
audio e,fltrbol►4 of the eat o unit and that grettusUy ear 
toads to tO upper and Lever esntrotde. The seasonal 
sonseon rainfall Varies fron 250 one, in the upper reaches 
%* 100 airs, .in the savor rosebss. 

The coin of 4vsz Csu rr in Coors to to o t* s 
Its abed is ro&yI itsbanks are high and coves with 
iu*4rMnt ys4ststtOn. Thar1ri,ç rains it swells into a 
torrent of d to 10 Notre$ dr~ep, the area . alUine in 
the UpperCauvery tea ► 	r.r in Is *ziatsk, assn 
prises it J revs rocks and aeteelrphto ree.ge of ` - 
Ceabrian s of either exposed at the st rf er or cowered 
by a alit aenllo of residual and %rensorta4 eons. 
tea•asia eo*ponent rook tapes are the hemar 3ohLsts, 
Getsw and Ozoitic nets* ,tnd Charkositsa. 

Tho Zçtseus and M+ 	o rooks w the Mrd 
to depth upto 30 retres in places depending upon the reek 
V"Osw toporophj and o : te. the, weathered material 
Is prid era : tom pavel2 or sandy in v* yin mount of 

There ores *out a natreoordin rsin ,u a rpt 
Stats operating in and n r y the ostahis.nt. The point 
rainfallohs *tt 	are *iag taken at an tntsrvti of 

one dot's Thø discharge obs rwaticts ors bdn4 cad.* at 
l&s oxor rrtdds *It* doh to located on the rain 

4 



( 3 

sty. •ze*fly at the • .$ ..t of the sub►*y*tes cansidered 
for the etudj. The or en* ester oUserYsticas er. being
take; during .man period froe the i.*r 1969 and onwards. 
Atria$ the non..onso,n period the daily di soha r es are 
read free the ate ;° dis hsr ;. relate+ SP4p est*bliahsd at 
Zushalusger bridge sits. 

As discuesed above, owing to the coapl+xitier 
in phystography end aeteorology the eo**en approsohes in 
hydro].ocr 1e, the Unit byd og ph 'theory olo.,p did not 
tTe rrox aa$isaator, ruts-.. therofo o thi* study 

is proposed to olvro as 	sole bydroio Lo *del* to 
mat the C*qui est* of the Upper C&ter, $ab.bsin. 

ts.: 	f 	^~~..•. 

fl7drOLogto in sstiga ioni involiin largo dret.. 
usgo basins req 	rater sttenflon in view of gowing  
dsvdopsent of w ter aoaouroea, Also there to a ,greater 
need for the pr p r v titefl n of nttude of floods 
whtoh are preureqai itt.. for the proper design of d 
stri*otures. This includes not only the knowlodge of 
thi Peak flood but also h* time 	bu$ion of dieche.  
r w• tb 	ou* the period of flows. the flood peak 
aid tie* di 	$Lan of x*nof' tree * dr*tnsge "bad 
during a stere depend upon the ateorelo&ieal candittone 

4 sl•* on the phydoraph1e.1 chariotoristios of the 
baits. to tIM a eta ►e t*ydrslogLo solmlim to suob 
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It is pz!opo•SM to dsv,lep 0 in ss disc itutid 
Atzasstsr 	dr&okio model to suit the requirseants of 
the upper Geuve 	z*st. for this p ►mss the In*& 
Put to 'she t ''dro e o system Will be test 	as 4tst butt 
**a* The tr sfoz**tion PMOSO of tr*netorLng the 
r in.f 	.x ess Into U s rsif Is ointdsrs4 as tinser. 
the 	* has Wan t : oars of by the lLn z, 3on*sptW1 

idsettfles for * o Z&n r Iteservoir, 14nssr chi. along 
with 'the help of 4y4  140ati ss 	a 1,,tMH. and U, fl. 

'Phar mesio dsfinitLøns and the ooncøpts to be 
need In the 	e s 	of the b4ro1oio sodsi Us boon 
discussed d 	chapter flo.2, 

5 
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(LI) 3riif fir *9 Unaar Csnasptuai2 I5odals develop 
for in 4nooIIuofl '*r*n ater**t ion. 



2.1.1 jtrt4; 

The trsm.t,reation process of rainfail illi!• 

,getwo d ever a nature] aster cntc during a stora into 
ruseff at Its outlet is a coaplex procas5. Zt . is vexy  
411TI 4$ to study the si br aireot a,;Uoa$ton at the 
pbYsto*i 16WOo The r*thMatioal .zpertaIation of the 
drsina a basin's response to consid.r t to be eon noun► 
tittc to study this process, 

The o 	oe$sd h.ydtoiogio phsciosson can be 
better understood bi nod.0 in , In the Mont ssrs 
number of asthesetica] models have boen div oiled. . most 
Of bes treat the ky►t a 64io * tIs to be a block box. 
Smack box Is an* of the 4"41YUo d methods used to in. 
Y st1, t* the physical s • s when details about the co..- 
pon is intluirzol.ng the ajstss are maw or too coap.  

lox so be expressed ene3.rttesUy. In this *ethod the e 
solution IS not the details, of the oopononts and their 
int rsotion inside a +%#* rather It iiU► yss an + + 
vsl $ 'device' wbtol $rinfonss input into Output# 

A brief rev $W Of the ldrolo4o systes and 
the 	opus] identities that ar being used to &~ 
,~►se the rystsw is presented In she toUowtn rib ssot4* 

tons* 
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p ocac the IarC 0i'leaa C 'c cn cog bo OiCDOLfLOd coo a 

n 1M or 4'.'On-1 ncc  



A bhydrological syst is said to pokfors a 111MV 

operation of a stop Is ►ut to the o rstso p~av .s 	out. 
put responses whiob is directly propoxtionel to the Input 
of any tieia. A Uneir systsa con be described by Unur 

equation. 

In general the hydrole 4oR1 set** M. defined 
by Offeronti, +d ations of the to owing t$p+~. 

:'E 	 + 	n'.1 	M1 ' + 	• 	S 
din 	 dei'+' 

0 0 	0 0 .( M2) 

'Dhs y.t+sIo -SoldtoboZina 	d t 	 in.  
viri ani only if #11 the cost tioi is o * A, * 0 * s 

oto. are oonstsi ts« 'T1 • system is said to linear but 
time veriant, If o or sore of 'those oocf o. snto ,r 

Lotti of the spad t r ohls 4 but an not the c 

function of t . 	Uowsysr, o qstea would be non 
Unsex it one or sora of then oosfA4tsmts ire th* 

function of 	0 

iLi in1a,,snt Unsex syst see are easy to work 

whiz,# as pr&no&plee of super position and loaoinity  
hold vet. the principle or super position eq be its. 

ted is 



t 
(0) UNIT IMPULSE 

(b) UNIT PULSE 

FI (', 2 

INPUT 	TRANSFORMATION 	OUTPUT 
PROCESS  

I (t) 	 [f (t)] 	
Q (t) 

(0) LUMPED INPUT 

0 (tax) 

INPUT 	TRANSFRMATION 	OUTPUT 
PROCESS 	--~ 

I (t , x) 	f (t,x 	
Q (t) 

II 

(t,x) 

(b) DISTRIBUTED INPUT 

FIG. 21_ INPUT TO A SYSTEM 



whets es hoaC r ttj of the + e* *iuu s 

flowevs: d*pn4in wan tbi nsture o ' tPs Input 
tunotisb a Un.sz Sr no .Uriar h d r .r o y* t** 
bo 	 her ► oisssLZie4 into lunpad. or distributed  

wRi 

the 	da o •' may to det 	, as ' lu idt 
it the input fuuatiott does not involve spatis2 ut r4inst•*, 
ike is , 0 lamed iysta Can b# 10600 at any sLn4s 
point in the wszting epsos, As shown in flg, ,1(s) 
u lu e4 st Oan be tp rsssotettm tt+mioaUU by or,L« 
Harry differential squat ions, 

thssuiti oul elqu*bans ar pr antro a • 414%ri - 
i.d stSM involve spatial o • instes s shy in 

YLg. 2.1(b), input to such * aystQn to di. 'ib ted and 
therstera, it canuet be boated at a stn 4s point. 	he 
distributed ayat * Off! only  35 d *earl i+ by ztal  

furs► ia1 squstisne ands, tit*re `o;s, theoretio4 aolu. 
beat to auah slaw requires compbsts knowlete of the 
Cdr$ sendilteas. 

9 



TRANSLATION 

ATTENUATION 
I 	INPUTI 

OUTPUT 

TIME --- 

FIG.2.2 _(a) THE CATCHMENT ACTEON 

TIME --0- 

FIG.2.2(b).PURE TRANSLATION 



2.1.6 httç t A fls 

,baron in H1g. 2.2 (a) , as, a r.sLt of the 
a a go% action, output response gets distributed Over a 	ger 
Lias period whjh not only e*t 	tss the Input hjd o raph 
peak but also shift* It in tins* The + rs1.stL 
s$tsnu.$ton of Input h4roi~rsph is duo to storage actions 

of the basin .ystas. In *oat of the consptusi modsl6, 
the taent lotion Is represented through oonoopt 1 
identities such as Jân .r tele and linear or non*-4Lnesr 
reservoirs, 

It to a phstcsl oon,pt ich signifies the 
1s', AS II • t*d in YLJ34*2(b) pure tr*nel*to 

fictions stt•ot only the time par titer. Xt Is Lntxsdue.d 
in * sstes by 0 ocitoiptud Identity defined as a linear 
channel. 

A lLnøsr camel conctsptuaUl represents the 
pure tVa n*latoxy effects of a Orate* ond, ther*fcrc can 
be defined *so 

O f A ono.sptual chansl -in which the t ss (f) 
required to translate * discharge (0) of any eagnttuits 
thx'ouijh a channel roach of Siisn length (z), to always 
o*nst $. Thur when an tntlaw hydrogr*ph is 	 + 	ri 
rough the channel,, its shape is not sff otec , 

10 



it 

It x 0 f(t) be the isfLov funtie to a linear 
oha*o.1, after s tini the outflow Cott* Q(t) would be 
i tlool to E s inflow Hatton except for a t o 1M whi+ 

to Introduced by the system and whose a ttud♦ Is given 
by th• translation tint (At) of the Unsar ohimnel", 
inoe 

aCt) o f (t - 0 1) 	r. .. 2+ 5 

ETR"TTr 41W13 ±}i . 	9 t 	t 

he ostobeent action an its input r.o1pttittton in 
an.lsg.us to th* rruue iz' action on its inflow )ydra, 
A reservoir toe, translates ond *t'tsnu*tis the Inflow hyd 

a$ by rogulstta its outflow ►w•r a desired  period of 
tiM, This r►*lo r suggests that a drainage basin system 

uld pew*ps bee an lyttosUy raproaontod by the reservoir 
*oncep$. 

A reservoir say be olsssjjtwd as linear or n*► 
wear dr ►ends upon Its MOO of operation, A Un *r  

se it is a o orpt l• .idontity in whiub the storage 3 
is dirsetly proportional  to the outflow dt.eharg. Q, 

$a Q 
+ `►! 	 0 4 r s 2.6 

where the ons*ani * has the duan*Lon +sf ties and equal 
to the *w,r5 1 4aisy tioe, imposed on its flow by the wow 
s1rvotr *odel. 
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The functional relationship between the storage and 

discharge of a non-linear reservoir may be written as 

S = KQ 	.• .. 2.7 

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: 

The4e 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 

iistantaneous unit hydrograph. 

2.1.11 Unit H.ydrograph (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 	): 

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 

d(t, -Y ) = 1/"li  0 < t < T' 

= 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 0(t) is defined as 

follows 

L (t) = 0 	t A 0 

+ 00 
f A(t) dt = 1 

-Co 

Unit impulse response is the output of the system 

that is initially at rest to a unit impulse input. 



!k. aait Paso and t to ispuiss action is as shord 
In Pig. 2.1 (0) 4md Its* 2.Y() 

I$i 	*,g *ba propo i.. and oonospts flscusssd In 
Mks ***Sian dttir ,M do .Q 5 s bay* prop.* various  
1 y4r.X.1►e ao.2. which have gil a Bi of a1itsacs In thi 

Sf i t props s *odtt. A brief 	*sri of 
*hse► hdrsiogic approa kos is presont d in tho next sae 
Soso 

14 
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.inrWo u , 
	 iii 

	

'tis os t tos on floods, is t1 s ,sr r # 	M960006 

that tho h4r.irspi du to on tn,t*ntsinsoao *tor could 
provide s void indiostion of w*t.rsi.d roaponos, It was 
o,+ 	4*r.l that pask of such * b 	pb would reflto 
the vt4th of the w*ter&ie4 md the v 01001t, of flow* .l 
ethir facto bow; aans*rnit, ThLe ides was not *dep*rd 

other tnV* i tG at that tLa. p b* Zj be u * of 
ez*deness of the %1s 1s d*ta awl the etftiotAn,s Ln 

heft in the derivation of I1JU b nu*sxis.t or r*pMc 
dt 	*nttstion of tb* 3 a. curve bald an unit h3'drogrsplL  
of tinit duration. 

Thø most notable, of the esrlj attempts to derive a 
rd.ttsnabip ietwesn z*tn *UU d MAW was in a Pori** 
of artioles y Zo (Zaob, L. 1934wM in 'W'h'ich it was 
assa*sd that the m r noS ' tram each .,tet*air area of 
the watered w S related to the etor i 3 over the *I* 
*sct*z area b' a linear relationship 3+•q 

OI Cork 0.0., 1945) intraduo be `ir*t in 
st*ntsneous sft 	o x*pb t .or. Aoknowl 	the 
intwduoUon of lbs mats%ecus ato b this baton  
oie* 	the introduction of unit hydc xmiih by o 

(t.zman I, 193 2) be oominsd the two to from s$ a-
no ns unit bjdz'ogsapb, Ho further eo sid rx*d the ZUN  
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$0 be tho r.oult of tiaus ares cs oontratism d► at 	routed 
thruug. s angle rssrTaiz at the s a*g station and paw 
ceded to sstL: .ts the reservoir Dose*ant 1 and the o3 Ion-  

2 of the concentration + ta►i ►, fox the runoff b$ro.. 
graph. It should be noted that the %too area curve used 
by Clark is that this is instantansous x*.nft,l arid thus 
lifer* f roe • er sc&oh curves used previously which 
cludd xithtaU of finite duration, 

o early theories of the unit h rorsph sesused 
the principl, of aup•z'os&tion as the only way 	 which 
the runoff due to rainfall at recessive tins intervals 
could s add*d, 	israan voiod his Debet that thers  
is e ,m can process of **tive and otter tnvssti a to 
eocoptsd this viv without qua !to*tLons. t'hC first 
doubt about Who validity of the principle at supsrp•sitt 
and bans* of the linearity of r*iotUU runoff process wp 
pe•a .d to have orijtnsted fro* flood routingstudios. 

ru, (wly, J .J.O. 19 ) ahawid that a logical 
extension of the pr000duro of doh unit )tydrogxaphs of 
unit period could be derived 'tom° scans of 51 shift of the 

ou rya is the r.uotion is muss appy ahing euro of 
her unit period *d ties shut. his tØ4$ is *he *oo« 

ca pt of the Znst*ntsne►ua Unit L*$drograph.  'this wdt 
hydr.irspb correspond ing to s, rainfall of unit volas titan 
taut s epsaisi properties* Its ordinates are the 
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s to ►e of the &SUM and a+ctV*rss 7, the 	urva Is It. 
i**sg 1, £. two p*r .t.z' and•i for the unit hyrograph 

a4 an ° h * isiting at G is* wasram thr u e a resew 
v•it was propsssd. 

rn +asumpti that -the op.ration plrtoi by the 
aateb snt as 	i*#tAntansawa rata 'aii1 10 UJLV* *ftt to 
* succession at rautiig throughlinear ,taraia, vai' soft 
by Walsh C$asb f  J,► 1957) in d. 	n4 a as*ra1. equation 
of *ho i. .L» osntatntng twa par**eters and ofsufficient 
£sztbiltty to Permit the *I* approximation of any 
pirically derived Inst 	n.ou. iait 4 g 	o 

Zn # ba diaussion of That abov p*piss 	wash 1sogs 
(. 	J.C.i, 1957) sia estad the s*suispflon of a hydxo  
rsph prodno.dby suoosssiva aqw4 storages was not stir 

ativ a "r ►a a p  i,*.i flaw point. rho wzt4tsw p for*d 
the, &smuap i of a* i*n*u]ar inflow routad through a 
li ►sar star.,, a14*i*tg it to be not rassonabla,. +fir 
oaU3r setiafastory and atheastt .ly rale convsntsnt. 

A Year later" Sash (ash, J s Z. 1958) brought mother 
parer where he dtscusud the historical d..elopaent of 
various aithods for 4ataxdnIng bs uptnfaU xott r.l* 
ti 	p rad showed this to be tbe pa tiot4ar oasis of 

sn.re2 unit ' 	►mph. Air aat od* ba dIse a s 4 wars sue- 



U) et&onà1 **U 
(U) Tangent mites 

(Sit) fl »A ►s *e*b 
(L v) Unit flj'drogxaph theory 

7s the Year 1954 Doi (ioojg. Ga.I. 199) ini. 
treduesd the o ncept of n.sr oh*nueis and 3„ . r cess 
Volvo* ak that the tafls1atia ansae were duo solely 
to linear channels snd the storage s sots solely to Unsex 
r. i rvoirs. 

in the w * year wash (Nash ,l, . 19 ) showed that 
the mz*e r of de ea of treelon which are u'sef'ul to srr~ 
tau in the form of instantaneous unit b„ .r rg pk wsr+ 

United by the number of at,dttcant Lndepsn4tent cor gi 
tions with the O*to le* G + Z?*Ot i* jC$a hS mea ter 
of tho trIskntQneous unit by'droreph were susated as 0 
series at p araseters of the response for wbioh oorr.l*tton.  
ouhd r sought, 

Again in the sear 190 sb (sash J.L* 1960) 
correlated the gents of the, instantaneous unit hldr.. 

with topographical characteristics  for a ager nuaher 
of Sriti cetohasats and a .general equation for the i,U, , 
was chosen* he use of the correlation to pact the h 
drop► for ostoh ants Where sufficient  data is not sYai~► 
hele ire$ also explained  th .gip . 

13 
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Theu 	oosnt sing the hyd .o, o t nsfor a tto*s 
to be nen• .iglai`, it was suggeeteti that linear systemOta-
'*►3 provides s flr.t order appro]tsetton to obanss in 
out-pt •Iatts iOe for pled or unplanned *t.ttc ationn 
of the iy drolegio environment. The oben;ear in input-out. 
put etatietios as, e used as aessure of linearity Of waters. 
shot resp ease. Thsory of random funottons is employed to 
pretLtot the out-put stattstios of a variety of transformation  
process.. as rsinfaU to Doff *too This was stated by 
Chester . 4s] ( ost.r o. ... 1967). 

U* of tuuotton&.s and stsiotios to involved  
the 	*rsl addhots anti pa +3edu a for *t rratn 	the 
.*antes- Off relationship of '8loo 	' ans4ysLs in a 
Vapor fpr Chao-itn emu (Qh*o Wi t i*w 1961) pose *ppm 
* .ii were presented for Solving the, problems*oneorning  
the non.lin.srtty and zom-statten*rLty of hydrolo4c  syi 
teas. 

Tot another' +ao Bo*' approach hse4 on Auto-
**$Io ositrol teahaiqui ws intreduecti In the psp.r by 
Capeus YtseaSna and Sanchez 1ribi ass a (Cepslia Visosino 
A. , end 	Ch*s Brtbteacs .L., 1961) as a syntebais 
system ,btained from obs*zVd inputs (rainfall) and out --
puts (runoff). Th* model oeuld take Into cen3id.r*tiar  
rainfall distatuticn in a basin area, ones a v.iing 

funct,iet has boon eat t ltsh+d for each input from * out 
of ,rtheguil fictions. 
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The spatial ispuiss respso was smploysd in a 

Ua*szisstion of Site astehasnt dyna*ias to obtain a .simple, 
. . position rslstion for *sttaafls the effoot of Ms3 

in r4ni . distribution upon the POO. earfacs 
runoff. A parry to this off.os was tntrodtsoed bl l ►S] so 
(Psts: $.Zs*a 1967).. 

in trot ,Sar 1972 Isthur ( 	uz * . 1972) 4sys 
laved a simpler sg soh based on linear a snnsi concept 
to sooaUnt for the iznsvetnses of rainfall ttsributton. 
'hew r.spon~rs sad,], do velepsd by his for Zn4i astohsats 

is based an series of srr*Agos.nt of 1tnear channels. 
sb linear Anel of the sort,'* a+etwo 	a►eivss Its diss  

trtbuls4 input fros a sub watershed area which is a*si nsdl 
to At. his s*u&y concluded that d ttsrsn* sub cress of 
dr+ 	s basin *jets are, directly correlated to tha bean's 
respons. ,fiction through the liners &tsnsel concept. 
thOr it was shrew that rainfall inputs on dtUarent sub area  
,need not be, tho res and thus spatial non-unitoraity of 

rainfall Is taken into account. The ftsspo ss model d 
wOloW by **thins bas lead to the classical WIt o4olo y  

which is 00pabls of taking the spatia VVAOUC : in rsth. 
all over the natural catch t. i ►s 	e] is capable 

of identifying Ute, parts of This sub ares responsible for 
flood peaks, thus enabling the flood fassssst ; prc rsu.eS 
sus« 



Z.*ptnnirwlsw the effort* *nd limitations of -thi 
►boor 	.*r oo sptuoI 4.3i, r prepou.i for th dsvelop 

sent of a linear distribute p. *seter hydroloite model has 
ti 	

'I oa discussed in the next Chapter* 
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1o*u1*tjon of the yd1og1e flod. 
(it) but Ott* 

(Lu) Propoud *d•is I s d 2 



As discussed in 0aotion 1.2 of Chapter no.1 It to 
proposed to develop a hydrelogto aiodC2 aapsble of t*ki*9 
into m'oo'n' the following t3rpiosl faaturso. 

(i) Uneven di tribnttan of rainfall in Use 
(ii) ansvmsse of prsoipitation in apace 

Jar the purpose a linear distributed paraseter 
»ad+l is preferred. the propesed linearity *1 the system 
enables to apply th* pZi!tOLp .5e of homoientty  and ps - 
position r ioh considerably ataplity th# aesputations, 

The distributed  to Of input Is aaaounted for  
the entire system by splitting it up Into enO-systess. The 
following three dl Uarsnt paopessle have aen studied to 

• aluats the response of the system*  

The trsnefox*attcn p ► ss of each sulk- seer is 
tom► into account by a 'tom# 17drograpb developed with the 
help of a aenoiptual 	s]. Z4n 	ohanrels have nn 
Introduced, to the response of eaah nzb- ,rst to aoput 
the net response as the out let. 

The transformation props r r to takin care of by 

a cascade of linear reservoirs developed for sash r-sjstea 

4 



sn Uusur 	el. are troche*d t0 e000unt for tho .re» 
open +iritt th* 

A psz'ti calor oontigtirstten of Linear rsasrvoi 
is .dopted to sossant for the eto g* ett t. of the eat - 
oft. The & ►e sl .ffeatu bays en taken car of by 
the Unear reservoir t► series. 

i 
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Th. s#fee tvs O 	depth of paro ptt*tto Is 
obtsin.d' the rslstiunrnhLp 

* 	3 
IaIt(?5) 

Post  * Stan depth or .tt $LY. t5%nf.0 o.r 
the 4wb systi* w 

coadlde d. 

y4  ,• Ysotor evaluated for the duration 
4 0 1 n 4ny* 

P*I  • Mean depth of gross raWall over the 
sub system i • 1, a 
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an instantaneous unit t rdroizsph for the sub system to 
deriv.d:fie the . spon.~•s for input Zznotims of finite 
dusetis* are raquirad,, the 	t hjdrogrsph of unit duration 
t is 	 foflews 

the .*tton ef the $orv. is Swan by 
t 

0 

Jr" eq ation 3. to we have 

$(t) 	',t ,i (t/11) 1 a 0/1) 
C 

where 	 t/i 

3s en i ineosplsts sae ,motion of order a at (s/i). 
The wait bydsgrsph of period T in giOren 

!" 	t(n,tl&) 	(it. & ) 

. 0 	. +! +► +x 1Z;) 
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3.303. 

For a partioular storminput differential it 
puts of *oh sub s stem Oun be oo+i*t t by using the unit 
t drogrephs the linear ohennal is used to , v the sppro  
private %iao lag for routing 'bene• differential output*,* 
AC indicated in %* Nos 3 the uppermost  Uppersost sub n7Øte* will 
h*vo the largest Value of the time-i and its talus would 
reduces for the following sub syt err.. the tiss lag for 
the lows t sub system is practically snare as the sub system 
is contributing to the-oat it directly. 

The values of the Use lags (i.e. pure ten tion 
ties of *sob linear channel) can be arrived at by► trial  
and *sr:o* oonsstdering a particular eb rL'rsrl record of *+ oxo 
precipitation and the Doff at the out lei. 

3.3,4 	 s 

the input met .ou (excess rainfall ► ►cow ) 
can DC arrived at b using the procedure described tide 
section 3.2.0. Yoe a observed ztntsil rott record 
the model can be enta bhi abed. ,"owing the raint"1 xw 

oSsrsn and the transfer function ('wit 'moi 	) of the 
sub ystsa$ 1 h* differential responses of **Oh of Th•sC 
can be na utnds then bona respons.s are sub3eotstt to 
PUxe translation. 	apSr petition is to be done to satoz  
tbs oo*piated direct znaft with the observed direct run - 
off. Th  hlsr pure trees sLonn are represented b7 the 



.ltas* ebattt moo? is ss i*t•d with tiro C O*ptu 
arsprar.ntaticm of itch 'b-* rst+a. 

NOW the adopted bass flows ity be added to the 
cosputed runoff to obtain thi 	. runoff ' at hi gauges 
The us. r be oo .d with thi observed Doff at the 
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p .r Cai*v.zy 	asstn in 	 s 

3.4.1• Z~ISAel 	+c l~►s 

It is pr posed to tt+ *1op the 004 r1 as Per the 
plra eduxe described in #cation .3.3 to the upper Cauvery 
ib Dam in 	* i* 2hr location details of the 
Catebsaxt with all rsjavat features such as location of 

* 000 isu.udisohsx. sits *too $ are saw in 
*0,3,1. 

3.4.2. 	 a 

(i) tiM& There are 9 non r*oordin type 
Of rsini.ugs stations l at+d in the Catoha n$. Ths 
point rainfall ebssrvtjons are being taken at on interval 
Of a 3s.. the observations are being taken In m. the 
XIfl 1.Ift 10 bums Oo .cot by Cil The Bureau of 
Jo oator and ttstLetLas (Li) voter Resouross 1rrv.io 	►t 
Oranisttion of £unstaka. 

3,4,3. (ii)  

` s diecharzr observations axe .Lng waa.e at Iushsl 
n r 1r14 sits, The current meter observations are 
bring taken dur3n& soneocn periods. luring n. ronston 
purled the discharges are beLnig computed from the s 
►UUahtd State dtsobarje relationship for the KUehalnegar 
3ridg. $its. The dsiljp Doff t* is available fros 
1969 onwards. 
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3.4.4. 

tour .tore. that 'have ooaurr.d ever the ostobsent 
on date* (1) .'1.7O (2) 7.7.72 (3) 1 .7.72 (4) 4.7.73 have 

been considered_ for the nun 	s. the details of etoze  
and the dtroot : off bdrgraph ordinates are sboi in 

Appendix 4 and So 

AS si»*et& $d in atL+ri 1.2 of meter .ifo, , the  
Upper Qauvert sub basin to ezperienotng uneven distribution  
of ristnf*U in ttae and epso.. In order to *coax$ for 
the above vartattn n, the dtstnt ted input to the system 
x• to its o+ nid x'sd. Nor this purpose, the Upper Ceuviry  
sub basin ijjstea In ep t up into 3 sub Systems on the 
bests of the asteorclogio obSs Ui n n*40 in the pest. 
Foreatton of the sub systems With eli the relevant features 
aoh as Thtese 	'o *ns ito. , are ahom in iii.  Nr,.3 A 0 

Th• phisiographia features snd theisen w.ttas Sr. 
given In Appendix $o s. 1 and 2 rep.ettvely. 

:  	Wci.n 1 , 	ski ♦ 	 i! y , 

Isob s b *yr$ea is oonoiptu*ll$ r pros ►t.d bj 
(1) a tbtt Hydrag ph (2) * Jitnear * ad a* shy in 
Fig. Wo,3.2, 
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As dtseuoasd in 	tion 3.3.2 of Chsptar No.3s► 
the sono tu*1 mad.1 propoee4 by *a (J.L 1s i, i9 7) 
Is used to day 	the untt hdrogrsph for esob su IP systems 
The par st er+s of this o+f ept 	del *re (1) u► the 
au* sr of linear res• iro In e. e* (2) 1 w the etor* 
coefficient wbl.ch is ass used to be cont for a osimad,. 
the value of n and L are *burned as follows. 

Ston No. (2) • (3),  (4) I thdr eort•.pcndLn 
direct runoff d 8►  e are considered for +is$&b i*- 
ins the Values of 01  and 0.20 	., stores l4ot*4 a" 
heijiig djffsant t"* of distribution h+ ** the seen value  
Of the ooeffio.tisnts can be tekin an p ressn tLv. of the 
o*t*ft4M%. Thxai values of a and & for the, $L a Oat''. 
ohsant or* obtained on the is,**&* atoms stated 
Mean values of n and It are coaputed. Using the** seen  
values (of n and K) with o*t bias t ohersoteristics 12 
the equations 3.6 and 5.70 th* values of aI  and0,2  a 
coo ose4o &ibsrquentl using these valuer of a, and 
0a  an+ phyaiograpa chsreot ietio* of the sub syatsas  
the values of n and K MOT saeh aA r found out. 3 
detailed cosputetton is shown in Appndiz *0.3. 

The identified values of a + sd I of 	h SUb 
cystis are used to 4.v.Zop the unit  arogzsph as per 
the procedure detailed In Section 3.3.2. the unit 
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ngn e + ►cep for .oh eab syat r are giv.i 
below In fsVI# Wo.3.1. 

1 10.16 12.26 .40 0. 	W► 	= 

At 21,08 28.47 e.ea 2.32 	0.55 	*w 
5 19.58 26.58 9.00 2.4$ 	0,62 	0,,13 

3.4.5 Cd) 

$toza oe. (4) Is aon.idsrsd for sst b tst g 
£.nom 0i* .3 s, 	s rsinteU exo ass for the abo 
afar wbioh is ►OOr iw.stLsticn tiays bsn oosputed. 
sad 'iven in *ppadix no. 6. 

mZt.rsn$La1 roppc ases for the stoxi. no.4 
0 

used in tP* j,d.►t 1%oaUUon of the t:r, nie tIon tines 
a" givia in ale 1 o .3. &, 
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Ths snp•rpos1*ion of hs dtffsrstti1 	pons*s 
of the 3. zb *y *ss s$ tb* out *t hs Imo► dan. lar adju 
stthg tin* logo of sub system I and AV'6 *ys$la 2 by trtIL 
sniff !rzor ILU ' ha O pu 1 rr'spomm *a**M vU with thi 
observsd rapanss. 	r►a rssx2ts &10*t '! that the 
translation ' t ,ssa of g ear ire] a II /fit a 0.h  (tb. L 
tia• l for the di sranti+. output of cub system•.I 
to ruoh th• out let) . 

A t2  • 0.2 4y C  tins 1 fax the ditf.xantLal output 
of sub system $0.2 to reach i s out I*%*) 

►p.z-position iti, Of 8.trferntisl outputs of stu►l 
Now 4 and oompoxtsion of the obssrwa6 end oocptsd threat 
=Muff drogrsph* are *howi in ]PI * o►' ,; # 
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o x? 	I 	I 	I 	I 	I 	I 	I 	I 	-J= - -4--==_ 1 
3  4  5  6  7  8  9  10  II  12  13  14  15 

TIME IN DAYS OF JULY 1973 —r 

COMPARISION OF DIRECT RUN-OFF HYDROGRAPHS OF STORM 
NO. 4 DTD . 3.7.73 

5 	6 	7 	8 	9 	IO 	II 	12 	13 	14 	15 

TIME IN DAYS OF JULY 73 --b- 

BSYSTEM NO 

NO 2  

NO .3 

NSE AT THE GAUGE I 

Z DAY 

9 DAY 

FIG.3.3-ESTABLISHMENT OF LINEAR CHANNEL. 



The *x401 d•v*lopsd bar boomt tested for the 
stores gos. it  2 and - 3 s1to in Appendix ',.Y. 

3.4.6 (a)  

The input function of the above, 3 stores ..1.+C* -d 
for testing the wodel are oosputed as per the procedure  
desorx bed in Section 3.2. Thee are shown in Appendix 

3.4.6 (b) z 

The transferr tunat1win to** tie unit bj4rogrspb 
has been .st.Ushed villa rection 3.4.5 (o) end ahown in 

able *o.3. i, 

The input funotton of the above 5 stozeia are 
spplLed an to unit ►dragr*pha, ►• 41tfer"llia yrs 
panees of *slob sub system due to each store are aom-
puted end they are shown in sble N..3.2 

The differential outputs Of a . the w b ajatses 
due ISO scab storm are eupertapoaed With the tins legs 
0't 1  • 0.9 6s and ND2  a 0.2 + r respectively and the 

38 
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o~wt` ed rssp iu at the outlet l.a obteina+t. Bain 
fl ws are ata to the as put d respona.s at eao2t store. 
Th Mr ae.puss4 rOponsas are ooaparsd with $h* obserVoc 
sponsoov 

The oo*put*tLonil atm of responses at th* out - 
let of the a ►rtfs armed coap*r1sto of observed and coeputeri 
xOa a rasa are abaim in Pie. *an. 3.4, 3.5 and 3.6 resile 
otiv4y. 
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e bt*ed rsspcnsi 0t the aut1.t Is Obtained* Rater 
flows ari *Adod to  the ooa $ed responses of s.oh #$o=. 
?ko a HitO responses .re ocepir+d with the observed 
1pfn..'• 

The oo*puta*Lone1 often of responses at the out - 
let of the system and cosperision of observed end aoeputee 
rsspa*rsa are► show in 1i. Mos. 3.4, 3.5 end 3.6 reepe* 
at vel . 
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RESPONSE OF SUBSYSTEM 

2 

3 RESPONSE OF SUBSYSTEM 3 

COMBINED RESPONSE 
500 

400 

L 300 

200 

100 

0 
0 	I 	2 	3 	4 	5 	6 	7 	8 	9 	to 	s; 

2I  t 

IL I 	 (d) SUPER POSITION OF 3 RESPONSES WITH 
TIME LAGS 

6 
--0-- COMPUTED 

12 

10 

8 

LL 611 

i 

4C 

2 1 

'6 

700 

600 

500 

u 400 

300 

200 

100 

0 

TIME IN DAYS OF JULY 1970 --Y- 

(e~ COMPARISION OF THE OBSERVED AND 
- COMPUTED HYDROGRAPHS 

7  8  9  10 

INDEX -  

L = RAINFALL INTENSITY IN C(11S/DAY 

t = TIME IN DAYS 

F = FLOW IN M3/SEC 



.0 w 

O 

'O 	I wl 

Y M 
CL)  

I . 
	":  -) O 

21  
O 

to 
0 
O Q 

N 
Ji 

Ix 

- w w! 

0  O 	0 	0 	0 	0 0 
E I- 

0  0  0  0  0  
N 	R 	(C) 	N 	- 

r2 	.3 

K 	a: 

C>700 

3 

4 LU LU LU U U O O 
O D N m 

N N 	 - 

-A 

I 

-10 

0 0 0 0 0 0 0 O 
0 0 0 O O 0 O 
C CD 	 Q M N 

a 	O ~ 

Fa 	r 	Q  

_  
r- 	w  

N  
Ix 
w 

U)I 
 

M O = Z 
d 

LA 	0<  
C) Ix I- 

l~ ;; W w~ 

a  F- w  Un  'n 
F Y 
Zo~ CD 01 

UJ 
I O 	LL 

- 

a n 	n 	n 
a-o .e 	d a- -i 	., 	Ls 

2 ~ 
0 0 -  
U I Ui 
v~ll 

10 

U) 

l 	` 

N 

0 0 0 0 0 00 
O m CD - tV 

CD 

O 
N 	O 

- A--  
Nj O 	N 	O O 

Uii  

ri Z) 
m 
U) 

wl 
LU 

O, 

O• 

r Q 
r _N 

___ 

d 

w~ o 

O = O 	O 	O O 

w, 

T- 	- - 

O O 

- 

4—~ 



N 

	fl 

Ui 

(0  
L j U) 
m 

U) 0 
n O M 

Un w 
LL  w O O 

n 	N 
z z Z O a a m 
U w 0 

108aO 

0 0 0 0 0 0 O 0 	

~a
cr

O_ 

 

W v 0 O N 0 
N N N - - 	 U) I 

N-  

U) 

N 

N 
w 

0 O 	>- 
U) 

D 
U) 

0 

U) 
W 

z 
0 
a 
N 

M 	fX 

J 
N 	Q 

F- 
z 
w 

W 
O O 0 0 0 O  
Iq 

 
0 	ID 	N 	co 	1- 

N N - - 
a 

U 

M1_ 

O 
O O O O 
M N - 

N 

O 
I- 
0 
N) 

z 

0 
W 

U.. 
0 
U) 

1)) 

J 

1  ~ 

In 

t7 

U- 

ID 

N 

Q w 	 >cc 
DC

w

O   (O w

w

T!} 
 

   

 

0 

  

I 

L a: 

00 	
M nY O~

fF-

es 

 

U. O}   rT

r~UQ 

'. 

 

OZ
Qo u)w 

0 	0 	8 	 0  0 	0 	0 	0 	0 

• U

'0a 
 u 	 M 	N 	- 	QO 

LU 
>' 
0 

z 
0 
H 
m 

N  ~ 

- y ✓  J 
J 

II 	

I 	 O 
U) V N O 	 Z_ 

--I 	a: 
W 

~I 

UI 
W 

W 

-----•O N 0 

—1 

N  ! 

W 

U) 

O 	N 	O 	00 	
N 

D 
m 
W' 

cr 
O w 

c 	(n 

4. 
M 	I 	Q 

n ~ 

L 	I 	1 	 ~ 
O  O  O  O O  Z 



- N M 

W 	f 
W 

N 	N 
V7 Y Uf 

co u) m 0  
N 

N 0 	 ^ I 
n i 	W a 



.5.1 1a ►a~► 	„ 	a 
Is the Pr*,P*m l Ro.1, Unit i drogmphs for ditf- 

•xsnt sub systeaas are 4#T01*ped 'ta represent th. transfer 
r=otten. Tho i the results are astiefeotory, yet the 
a pxorob suffers fros the i tati of the Unit bydrogi*pb 
th*o 	. 	in order to improve, in the present Proposal l o., 2, 
the tz'snsfer function has boon purposed to to taken oars  
of r means of sathas*tiøsl sq tions developed with the 
hsip of **** * of wear reservoirs wbiob c*na.ptuaUy  
represent aaob sub *yet=« Na typos Of transfer fun-. 
Otics. srs to be developed for each sub system to eviluets 
Its response due to oertsin Input for the following assess 

(1) 	the period for which the rainfall txossa input 
or a unit duration exists over the sus !!,stew 

periods for wbiab the rainfall excess input 
stated in U) does not exist over the sub 
system* 

The 4 frerent si outpute of the sub systems azi 
SU~ r 011 to pure trends which is represented 0J 
the linear channels, The linearity of the model will 
enable to apply the principle of superposition is srrft' 
#n# tit the eos' fined responses at the outlet of the system. 
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rp 

'aha rsdrl So prpO to develop" In the 
foUawteg i,nea, 

xwrtiea of the b' stns ► has to be dono as 
dosorlbad In *sslion `3 3.1. 

u► paxas•t+,rs a and 1 of vaoh suer systas has 
to 'hr Ide:uWIsd as per the prooedaxe dteeusied in Section 

.2. SCh* conceptual ra rosentation of the mood*I is 
iiyas In Pig. X•,►-3461, 

pnt athnotion of each wub 0fst.a of a dtstributod 
tydro1ogLo system Is to be evaluated as par the n thodolo r 
desaribsd in Section 3,.2.0• 

3, •4 	~t 	s 

It to ssasd that the t snsfoatton proes" IS 
. ear. Ilonos n linear transfer function Which La ospabie 
of rapressntin the trsnst'arasttc possi can 0a dsvelopw» 
04 as fofow.. 

The paxaimgters n and X of the cneotd+r of linux  
terveirs ars utfl.tsad to develop the trans1r function. 
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**e abo!e p► .te sae be IdonU. , *a deeoxLbd in 
$•oticn 3.3.2. Integer T4%U rs of 'n ere oonsi4ere t 
and the as%haattaa eq tip wbiob repr*e tt the 'tom 
eforeatton process during 

the period for which the rainfall mess of 
unit 4t&*tion. exists Over the ex , ►e 

.t 	the period* for ibiob the rotntsU *=*so 
+acted m CI) o+sess over the sub a ►. 

.-cwirw"i~ ~ 	~3 * 	 k:r. is 

t I be the ra.tnf* **Dery in 	day over 
th* 	bast 	of trss A sq. Uri* 	+ , be the sa~cfaos out► 
flow in cusses end 3 be the Stogie of the teen rasar' 
lt• 

Lao► the oontinutt,y oqustlon of 1ow it le knit 
that 

, to of *h*n * of tørage 10 Xnpul tpu% 

111 • 	 #M ZA 	 0 0 • 	(3.5.1) 

AMNAWPU n of Unset j of he reservoir wtU Z, ads to 

11- &4x. 0 0 •M 0  

*►atm 3.5.1 and 3.5.2 it taken the fors  

9i *dui  	.. . (3.5.3) 
at 
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ant i s Is a wear dtffer*itisl equation of order land the 
solution of this for lbs initial eondtti a at tI  Not  Q, 
to 

O  N) 0  1, { u« ` *lye' 	. # . • (105►.4J 

afltR it tovarA. the duras fro. the linear reservoir 
# I for the period 11  for doh r nTh l aa*.ss 04stes 

new for th r second -Unset ressi votr Input Will be 

ooh to the itpit of the first .ne*r reservoir of the  
44604*0  

1flpt • 	 ' 

Output *t4  (fj)  

combination of the oozy*iw4tj equation of flow and the 
UUn+. erity of Of reservoir Will lesdi to 

4Q2  / dl 4 42/Z +o # „/1 	• • ,(y,5.5 	This is 
to * wear differential equation of order one and Its e 
l**tion for the initial conditions t I  Not  t 0 0 Will be 

A [ 	4t,, z. } """ l 	C ► , ) 

and this govuas the diiChsrs- from  ssoond : n.*r reservoir  
of the *am*&* for the period 11  during which rainfall ezosse 
cxi eta. 

$ia:arlr the dt 	rg* as the end o..f n ]i.flear 
reservoir of the oma. for the period t f  4uring whish 
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.r, 	*A605~r ezi is ov.r the + D$reaea 	be *ho SO 
be of the s *zal tor* 

Q 	• 	 } •14 i/ 
fl(s1) 	L L p.0  

0 0 0 0(305*1) 

Who" 
• the 410awmge at the eM of the nth r jwr" r 

for the period 	1 

st 0 Amber of linear a 	a* YOi In as ea 

K a stompp coef t . 

(D) 	r opm4nt at the eranafar unotion for the 
parted. r t.r th. the perod of a feU etes 

At Uh• 044 of tew the rstni$1] ipt to e 
•y ata + rs** and o atp t at the outlet of the ods of 
linear z,asrvoira is to be ev*uated for the pertode grosS er 
than r' fall a s*s♦ 

sL a O ' tireSstar eaervoir of the Cie 

fin ' 
input « 0.0 

lot Output . Q 	fort ► , 

aombIna$icfl of the cocitnuity equation of now with the 
,nuxtty of the reservoirill Uads to 

.0 	 this ill 0 



irst o r Uiztssz ftffs a tL sq Laa snd its soluti 
` tr t • initial *onditssts *1$ t a 	'(t) ' 'i( t,) 

Will NM Q (t) - Z& ( j t 	*P' ) o"" ,, . . . 
 

(ii) 	ats]ysis of Ssscri4 Ltnssr .a.s.rvolr of tb. t ossa• 

Zit Outut  (~ 

o b1nattos of t)*s 0021tinuit7 squstion of flow with th• 
n rOy of th* r..•xvoix will Issas to 

d /r 4$ . 	~' 9 . G 	. . (, 5. ) and its 

solutes for is initial ooML$tocs at t ►  
ori li bs 

	

t1 	N 	art s 

$LsL ► tl7 t• disc sr • At t as t4 Of the Ott̀ 

l .* reservoir Is r v+r 	the earn  rem of the 

[ f 	( 	} 't/ 

	

—J 	t/&)'1 ► 	54/Z 
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QI  0 diohsxe *t the end of n",  ee iz 
cities % 

n 	• a bet of itneer zes*r airs of the crud+, 

0 *to 	ooef f` of i 

The re 	ss* Of each suosrsta. for the periods 
U) rren the r.LnfaU excess of unit duration exists 
(ii) when the rstnfsfl iro.s. spocilisd in U) manse 

can 	put use the equation 3.5.7 and 3,.5,E 12 re.. 
pi0SlT#1 . These differential responses s!s sub to #t 

to psre $oa th bC using linear mel„ 

The linear channels nels are used to give ths appro► 
grist# tic+ Ze r. for routLn& he diffirential ou uts of 
$ distributed 	it. 	he linear final. has to be grew 
t011ab as pox the description Buren in #vtLon 3.3.3.E 

SMS* 	 , 

The dsl developed on the Ila** discussed 
* * has to be tae*sd 'to evaluate its perforeanos.. 
I#std of the el # to bi 40fte as per the polus. 
d##o 	OL In 	5,3.4 

F. 
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1$ to pupoeed to develop the mad*) an per proos-
dure do arlbed In &o$Lon 3.5.0 to the Upper Oauver eubben 
and thsn apply to toet ito pe or**e. 

3. 6.1 

. toda1 is proposed to be deWeioped on the fol«m 
lowing lines. 

A' 	 .1 Ls'~: I  

As disaua d In Saotim 3** 1 tho Upper Cauve 
b Begin IS oplitup Into 3rstate to account for the 

uta distribution Of rainfall in tine and op4e. 
• eh eiab..eetea Lei coneeptiinlieed t some of c 0000ade or 
line" reservoirs. 

2b a parameters a► and for each eiabs'eyatem are 
LdentiZLed as per the prone lure dosoribed in appendir flo.3. 
Xn e7,a moues of the pierauiar Out are considered for the 
mrd .o 2ho values o.f identified n and 9 are o tvan in the  

ZoUowin 480 0 
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we. 

0.45 

0.50  

2 0.61. 

*Z0 lines ehte1s areintroducsed froa the out'► 
let of the sub-system Noy►1 aM 2* woe the o .t*•s ~ 
3 to $ oentrtbuting to the Sots* dt ►*1 r ti:* to no neoea» 
sit` of tltsbU ng . e ' hm3 to it. i. ? ` time  

is of 1hii 'linear aharsns3s mrs identified as desert DS4 
In $seU ».* 3.4.e ed *be same vs2u.ø of time logo too* 
o t, . 0.9 d y (tine lag for linear olw.mej. from the * # 
lot of suósystam $0.1 to the gang.) ttnd At2 0.2 day 

(fee lag for linearr oharxnl tram the outlet of the eub 

as* ► No.3 to the gauge) mrs 940084. 

The Struatur* of the Model is shown in Yj. 
say + 1. 

r 
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y..,. lasting _ i M .4# L.3 

. stozar of So** (1), (2) , O cra 
or v t, ;,c the rfox*.itos of the model*  the de eL1* of 
o s are ithn in ppsnctLz W ►1, 	*4 4 	h* Input fUitoo 

of the w wCo a eze 4eveoped 00 par Che proeaduxe  
d. ri rd a► $cotton 3.2*0 and they ho in. ' p ► ,x 

The tripitt * %LOn$ en 	the hater 
tnrkottgn* 4*ve)..op*4 in Wit 	t 
reuse at the .utZ.t of seoh ebsyyt'tn are "On" 

d t*bau1 .4 in ebie o. ).6.1.  

AZA o p*zL * with tbe ca ieh4 n of *La 
lags i.e. a t 10 09. t"e At*  00.2 6`* the nn 	c 
of eeb stoxs a. o1 t! a4 at $her Ou# ,ov 0 the aste, 

Adopt**.  bo 	is era are *44 , to oioeetpenea, Codec 

rap roses as 	pa 	wi1t with t> a •ebsie 	reeprnsia of the 
e$a r :v* (0, (2k, O reapastvei, 
1* &o in 3i8, fo.3.6.2. 

X0 9,973 
[TWAL LIST "( UNIVERSITY OF Rev•°i, 
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•r. 

IS thi p floue Chapter,* linear ohean*I$ hv . 

tntrodao+d to aec aunt for the vise lags of the &ttf* tt*l 
responses :tom the outlets of ,ubs,Yat a to the gag*• Zn 
practice this flow has to pass thzezh the natal channels  
which Will bar. their sBor. effects,, Unesr chenneissin 
t r *are of pirsiitrsn.lattons of this diffsrsntisl r.spc . 
sea t attenuation to peeks cannot bo introduced. Zn 
order to over ooze the shove itiLt a t 0 In this proposed  

approach the channel .ction is attest ly represented by 
jntz'o4uetrig mother wear reservoir the outpUto of each  

bA ► or a~ ► routed 
 

throgh the** Unear reservoirs in seu. 
A** as i ».uatrate 	?t.4,1 mob shows the o MWU*w 
tion of the conceptualrepresentation of the p!*io sy-
stes 

 
propo d for the Upper Cauv.r 3zbu'basin, 

the physical atom.. c 	Ago 4.1 can be 
lysed sst atio . to the, following ways. 

coder the fig, 4.2,% 4ppUosttOn of the oon- 
tjnutt equation of flow to the fl ,4.2 load$ to 

dI 4t IM T Q" 	• * 	• 'o 	(4.1) 

r 
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won 

output 
$o atom" 

Mn.sritt semm-f .oa of the rsipsrvoir lis to 

$ 0KQ 	 0. ..(4.2) 

end 64t ø Z dqfdt 
wit*xo 

I østorags aostfL 	t 

aosbining eitattOn 4.1) d (4,3) • the tbees  
tLo 	d for hg. 4#2 ososa.. 

Z 	49# Q a 	 , 0 * • (4.4) 
at 

Pit* 4.1 consist* of nm. 	ipiotoni sip di. - 
o bed in Pig.4.2 'thus the a*tPsstis1 to4iZ or ftg. 4»1 
*+ oi.t of nine fi s o .r , in..r dtfti nttel equations 
namely 

1 	 1 	• . 	. 	(4. $ 
K1 .4& 4Q2 	., ,.(4.6) 

ZL 	 11  • Q, *Q2, .. 	. . (4.7) 
aft 

.. a 	•Q3  •* 	.0 ,*(4,8) 
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2 X 	•Q4  14 	.. 
a 	+22 .Q3 . 	+71 	..(4.1O) 

+£3 	• Q5  S15 	.. •.(4.11)  
dt 	 :I 

5 	•Q8 .!6 	•. .. (4.12k 

s rs 

Kit £2, 93  s *?*a st r 	oosfit Ionto of the 

neaz zeervoLra re"vem *thg tie b 'st** 1. 
2, r..peetLY.2r 

u ,1, U2, U3 are The *to"" oo*tf*otens of 
the linear reservoirs. which are oonddeed at 
the outlet st"bU.tes 1# 2#1 ropeotivsly  

Q1. Q2 0 * •0 * 	. 	are the outfLows 

fros subsystea 1(a) througjs 3(b) 

Z1. 22•  13  are the outflows fir► the oono.pt a 
linear reservoirs 1.2. 

4.3 Alftfl 	oj 0 

Both as 	do and ti*s Scaling ai nose* . 
ore the above aath.stiesl .o ei if si ,ztod on the a' 

I*$ ooaputor* '$oas]lsed Variable Opp ch$ to used for 
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1 

Q. 	or* the *s, ,• IM* **a waXta.. of 

44r.a,p.o*tv.]y  

s 

0 si('/ "x) 	32 + it) 	• • (4.17) 

whole 

and 

$; a Q~` 	 0 • (4.19) 

*3 og 	* atL of the + sti (4.17) Is sh 	to 

Wig. 4.3 where 
(4.20) 

` r* L• only one n gfttor in 7 s .4,Y and the 
gain of thte 3s to be + $fie. tro. 1I to yst in 
order to introduce the ti o* soali f *err 3, #10 that 

r 	 (4,14) 

The aoditiad dbga* Is ehoim in Ptg.4.4 in Whtoh the 
fact that int.r*tars bis?$ atns of i and 10 only 
bar* also been t Rn *or* of 

2qu&ttons (4.7) # (4.10) s (4«x1) o r of stellar 
nature. Oonsld.ring the .*tion 4..10, Is Is noi*ul.teed  

to %t. 



•attzd• eoai g and '11etttiotas integrator min Method's 
(tiaa eosUng an  t ooze t.r) is used for tine seal . 
In these approach,. it is first accused that there to one 
to sate oorr.s d* os between the aoaputer ties and the 
p obles tier (1' s t), and thi aquatequations are reerranged 
t• represent the Per unit quantities of the veriab2,ee. 
tea the analog itsul*tion diagras to 4rawn for the nor- 
deed .itustions.. 	►erect er the ,tears of the ,nte1. 
tore in the simlated dieg era dividedtw ties soal* 

ter late so that 

(4.14) 

where 

a probes ties 
! 0 soaputer ti se 
3t s ties seal. t*otor 

14 the asthesattoai model the equations 4.5w  4.6, 
4.8, 4.' o  4.11i  4.12 are of statics nature sn4 they can 
be represented in the sn.ral form 

IC4 * Q 0 1 	C40 15) and this is 
a o ' sed to giv w 

4 + 	(1/1.) 
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(QIQX) 	. . 	0 	(4.16) 



e 
Ing e1, t4 ars the pos bi* m*xImm '+moues of 
0 

0 

32 (4f ) 	, . (4.11) 

whsxs 
$1 * ? / r 	 A . (4.i8) 

and 
9 	vl 	0 0 (4.19) 

Mi.Zo,l .lauXetion Of ter ,izstion (4.17) to ahowa In 
Vigo 4.3 wb ro 

:firs is Only on. tn► .grstor in ll%*4*Y and th e 
gsin of this is to bs sodiftad tro. XX " 
ordar to introduos :l a tiss a1s faetsr S a* %halt 

'Ya $ a t 
	 (4.14) 

the soditii4 grsa is abolim in .fls.4.4 in wtiob th. 
foot Shot rots r*tora t o s stns of I sn4 10 only 
hsv* also bin is 5 *or* of 

II,usneas (4,7) r (4.10), (4,13) srs of stflsr 
! 

	

	snstnrs. 00ftel iaring ma .tion 4.10,. It 1* narsiLisad 
to A 
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e 

4. 
(Q4/Q4). .1i (x1/x1 ) 

 4 
* 	CZx) j •X2 

n 
0 

Cf Q, 	'X, , X aM 22 

*stun 4.21 a be Lurther r.duo.4 to 

* 1*2, (Q,/Q,) + *22 (Q4/Q) + Z23 (X,#x) 

..0 *. (4.2) 
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*21*  
0 

Q'a 
too x 

I 	Y 

. (4.23) 

.4~►(4.s4) 
. (4, ) 

f. ..(4J6) 

*Lustisn 4.22 *as be can w Iau1ati1 en analog o+ ►pour 
,~r~ sh orn Ln Zig. 4.5 er• *24 * 	. 	. » (4.27) 
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M... 	, .& a £ .zsor 	is 1odiftid 

fris124 to Z24/ in order to intraducr time scale .fact*r 
$to The modified diaarrs is sho In Pig.4.6. 

Msled Simulation of the entire, ph sdosl syatsc 
Lee. the Vppsa' uwsr7 b.-*asin to shown in Via* 4..7. 

4.   

Tie 040 is a 10 volt cOapu.trr With 20 chopper 
SUWUssi operational asplifiere and catching a .os nasr 
its. it eaplo s aeUd state otrout*r with Wilt in 
elrotronto protection engineered and tasted for rs ab]* 
psrtorsanea over a W#de ranger of teaperature, It has 
got a contra sed Prober board wired with oos utig ec o 
ants,, individual pUfLer overload indicator. and push 
button aectso] for sod* selection. Xt has P0St RZ$1, 
HOLD and TUU aodes of cper!sticn for precision eosput3ng. 

can also be operated an UEZ2ZY mod* for fast proms►$ 
shocking and prsUsinsrr Pester optisisation With 1.5, 
20 coaputatious Per second. 	"o *, ilit*t• tha modular 
ssAstsa of the esspn#tng es ai$$ Z41* mod* is inolud.+r d 
aM this &XIAMs the control Of a nusbsr Of AG4Ds 	any 
of the snits, 

The )asle sodUlis / dents of A0-20 are 
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qtr *hopper stoUllod op•rt►tioz aeplittere 
with indifldusl ovazlo* ! InUo*toreo Out at the 
otov ten en 0w Connoted as mer or into rator 
and the other 10 as swrer on y with five Input*~  

(it) 	Your ILiotrento Qutarter Squat► ItaltIplisra, 

(iii) 	One mad. Punottcrn G.nsr*tor 

(Lv) 	ten turnhelical coeffiotent poten l+c 
stir r for eurata coiff ct+nt setting 

'v 	one Reference potenticeeter of 0,1 percent 
v 1 '' . Sr prootajon pariaweter setting. 

the feUowtng are the general re tote of 
P 

(1) 	Opuettzig 	pareture range . . 	 0 to 4000 
t) 	owlsdo 	. ♦ • t 0 ! 	M a s upto 60 percent 

(sit) 	Power rsqut a to . . 	. « . 250 V„ %02, 
sin.gle phase 

pioifioations for refegeno. power sppZy are 

loam.) voL 	... 	, '.IOV and -olOV 
mer ..tion 	. , . • . , 0.001 percent 

	

+ 	ill 	M . , ... 0*01 pent 
lit 	t 	r 	t 	' • . 	. . 0 	NA 
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4.' 	a . 	0fl 

Th+ amspvnent* 	xsd for *n*lo str ►tLo*t 
if the basin are son then the systlebis In the A! 

enal.i oraputer. l3anci the probl+a couldot be d suiat*d, 
Kowsver Another approach boobeau o 	der*d where the 
t sforeatt pn000n of the distni ted elites Is 
1 *1i4 by considering the unit hydrogxsph approsohs ft s 

* has bau discuus1the next chapters 



St**1 "ton Of tte Upp#  r C UV*r ` 1-»Ba '' _ 
by Unit Ujd r*p# 4pprosoh 



501  

In this Chaptsr a 0000 study is sade for She o+ n. 
tats n of synthetic responses for assumed preoipitetien of 
the asst... As cUscuaasd In the previous chapter the d 
1"Lon. of the Upper Cauvery b' ba n ooh not be t&csn 
up booauss or the Uait*d oosponents in the A -O Ansls Oo*. 
putar. Rowaror, using -bhe unit b ro;z*ph develeped for 
the Upper Cauvery *b-basin, the Identities #f the oonooptus. 
representation for the atib.'b*etn Awa in ii j.4.I have been 
identified for the wore preoipt*atIon excess over the 
entire system. This has been achieved 	4fln* the trial 
v .ueo for the storage ooS.Sf .otonI* of the **$o&do of linear 
reservoirs represented bj UI, U2 and "- .. the trials 
were continued Sill the response of the moo* sisialatton  
w.tcMd well with the o utod Unit Hydro rrph. the oom 
puted unit h rvjs*ph has been arrived at by the super posi 
tion of the 3 Unit Mydro jraph. koopLng in view the tLre►lago 
given by the respective linear channels. this has been 
given in table NoJ.I. 
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a /cO 33.0 G4.357050 7.03 1*0 O 

0 p rc ocl p.o4cc cis in 	4.1 to s cart 

oet c _ 4,2 of + *Oor 4 u.0 114 good 	bo proaou 

Znto cnt made l t c o1 do aq t2cn 4,5 4,060  
4'8D  4#9O 4o l a  4.12 oro Gf i3iom ntit o and who yr a 
Gv oc itc in tho { cnoz fom 

(5,w1) .d Chic io nor 1t • to 

tho poccl o o c Vane of Q 

cad V00co 
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1ucbo3 Of Cauc t ion (5.1) 10 
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c. 

00  

batittn to j tho 	too of Q d tb 1 Zattci (p.2) 

Q I.( 	) 	0 Q 	0 0 (So?) 

Whom cz  a 	r. 	, • o (5O). In ie. 5.1 thorn 

to cr co ioao cad Wo 	o to to bo c 
c:+ from 	to 	in o dor to L o o tho nno coo 

oath 'to ,4iacJ 	to ccu in P130 5.2 t 	io1tho Foot 

that to t3 o.3  t o IIOVO CQ,Lno of Icn4 10 on r harc z 

t on +acro of 

T2 ac L n 4.? o 4, O tom#! 4.9 i o .'o Of CIOU aitt s 
Can do r tho oc act±cn 4.10  

0 

2ho Sao c1ic foza of £rtry or uaoio (5.10) to 
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*22 a T 	 , . (0.16) 

Solution of uati a (5.40) assuring Q, Q4, and 21  t'r be 
o'n'sZant* is 

22 • (Q, 4q4 . xi) (' 	/&*2 ) 	• .(5,171 

. . 	* posst441s *a*S v. , f of 22 	22 szs  

Q3  • Q4  • 	 • . (5..is) 

4, a 	 • . (5.19) 
u2 

A st 3 	►l sis give* the app rortats saxisus 
Y*. of Z, 	as 

zisi "" Qi* * Q  t 	 . . (5.20) 

. ratitut g *s Value of xIK•  Z, .I **0#$  in aqua..(5.13), 
thzou (5,16) the values of tb' ostants of the equation 
(5.12) will be 

0 • (5.2*) 

• . (5.22) 



0 

)(g) 	 (Z) 

0 
X and € 	are the po r 4.'ble 

a m Lora values Gf Q3. Q4* '1* 1 snd a 	ectIv ly* 

10

b 
• 122 (Q 	) (1 1iss 

(1112$) 	. 0 ($.12) 

Warr 
X2! a 	 • . (.i3) 

(22$) 

122.  . . (5.14) 

Kms, w 	..,~..(5.15) 
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w.(5.16) 

solution of Mqu*tt (5.10) Assuring Q~, Q4, and X $• be 
OAU.$an$A i. 

12 .(Q3 #Q4 +X1 ) ( "1'/U2 ) 

.. lbs powdlolA maw vaiuea of 12 ed 12 a" 

Q4 +X 	,.(5.Is) 

 ~. 	w . (5.19) 

A si *r imslysLs gives the approximate eaxtaus 
Y$1U* of 14j as 

xln a is ' Q 
	 .. (5.20) 

0 ► r i$ufl1 U. value Of 1, 1, 	# 	• in Aquas. (`a'.13) r 
hroo (15,16) $bs values of the A s$An$A of the uatton  

(5.12) will be 

0 0 (5.21) 

X23 ~• ~~ 
	

0 0 (5022) 

z CIX 
1.1 
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0 O (5.a) 

n fl  
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c of occ o2 to cuot (5 9e) 90 C: cm• 

in w 09*s t7 
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o cc c2 tho Entc . Soy Ise a,5 to Q0 
C to 	to ozor' to I flctteo tha Ul m cook 
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Obo codu .00 ci 	ca ho t f Q ;mss t oo '$oC n 
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ho= in ii. 5.6Q ?1O 8OC11Ct1 	 og t o 
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rats Lo . t trc or 1 :' ua tho tniQ1 OOn4t2Mtofla to 
OO 	4bo pram caro U tho i t tiO1 cam► 
2tOiønü cuo ioz 	a CA125 o c tho actputo 1a p .r,ecd 

ire taco COWU2E too b r p 000tn tIIO Z'oopcivo  
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on cocono to o+ nato to pLraod in 'B .WW Dodo 

ren to ontp 01 tho Xn o otoo 04 10 atca from f ho 
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c'1 	ba *cryo goo c ,3 ° to aO to thO oy tc-i co OCQCa 
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wa 

►sting the mit lrojr*ph. 's 	tsr the, aomptst•ar to 
plsaed in the COMPU l mode, for ten .se0+240 .t the end of 
which it Is pl ed in •Hold sade state and the output of 
Int.rator 04 Is noted down* 1e process to continued  
till the xs uirrd member of readings are tak*n, The 
readings are tabulated and eorr. s+c ing z'.spone. are 
oslculsted and the ass. is coapared with the aoaputed irniti 
h7dro rDpb • 

hs ezp.xaant is repeated  for v*rious Ocabin 
tions of variables UI, U2 and KK3 till the isulited  
unit b, drxapb sat se well with the cosputad Unit H 
gib. Thus the values of the above variables Wm ,ode 
UU fLed. 

The readings of the Various trials are chown 44 

t oole Na.5.3. 

Oospsrision of the si*alatsd end oeopated unit 

hjdrograpbs are *own in pig. 0.5,r?. 

using the Identified values of UI, X92 end W* 
four diffsrs t gases sown in fa,b a 5464 has b*en studied. 



i .NA Is of var1 t 1. 

(Notes Zf s 
are 
tot' 

ofO 	rr 

9 

NX 

I the *staLlsa equations 

of the e3rates ton ueondi 

or the OOfis 	t Vslue of the 
*Gas 	* 

4.462 

0.410 

0.296 

00294 

0.200 

0.202 

.98 





70 

viae 

I 	 2 T 

	

U1s1 	Outpi4 	0.19 0.30 0*29 0.21) 0.12 O#' 9.04  of 04 

	

K&2.1 	U.E..Ordu► fl.45 43#34 40.45 2089 17.33 10.11 5.78 

	

4 	*tee ir 

"1.1 	I 	0 

I 	I' 

.3, .42 

2 3 4 56 

.37 0* 16 0.08 0.03 O*d5 

	

ZC2*D*5 	VA'so - 47,67 60.67 53.45 23.11 11.56 4.33 2,17 

	

3OOOS 	net*$ in 
IOUIM66 	 - 



7 1 

TRIAL NO: 3 

Combination 	Time in 
of variables 	days 	1 	( 1.6 ) 2 	3 	4 	5 	! 

SKI O.5 	Output of 	0.355 0.460 0.400 0.180 0.060 0.020 0. 
04 

'n0.5 	U.H.orai 
name e 1n 	51.28 66.45 57.78 96.00 8.67 9.89 1. ,0,5 	aumecs 



INDEX. 
{ 

T 	Y 	COMBINATIONS OF 1 
TRIAL 	VARIABLES 

NO. 	KKI 	KK 2 	KK3 

2 	I 	0.5 	O.5 

3 	0.5 	0 5 	0 5 

70- 

w 60~  \—COMPUTED HYDROGRAPH. 

50~ 
z 	% / .a,•. ~ 	SIMULATED HYDROGRAPH  

40 - // r 	.\ 	 OF TRIALS I, 2, 3 R ESPLY . 

o 3 0- /Q • 

20 /;~"~ 	• O 

1 0 i 	 '0.,••  

or 	 -' 
0 	I 	2 	3 	4 	5 	6 

TIME IN DAYS —~- 

FIG. 5.7_ COMPARISION OF THE COMPUTED AND 
SIMULATED UNIT HYDROGRAPHS. 



0.5 	1 	0.4 

(ii) 1.0 0.5 1.0 

(ILL). 0.8 0.3 0.05 

i' 0.05 0*1 0.8 

The simulated responses of the a re four euss 
eel► aoap.red with the oaep at z'asponsss and the same is 
shown iii Yt .5,8. 

The zest s of this std shoveda a~11lo 

a+ouas oy. The study has indicated that r%or*. WOOS 
of the nsturaZ channels can be accounted in the sodsUing  

of the ostcba nt by the o c u*l constdsx tits of the 
Blear reservoirs. 
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CASE (1) 

2 3 4 5 6 

t —1'- 

CASE(II) 

50 

40 

LL 30 

20 
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0 
0  1 

50 

40 
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20 

I0 

0 
0  1 

40 

30 

1L 20 

10 

00  1 

LL 10 

00 I 2 3 4 5 6 

CASE(IiI)  

2 3 4 5 6 

t —~ 

CASE (IV) 

PUT DETAILS 

RAIN FALL EXCESS 
CASE 
	

IN CMS OVER 

ssi4 SS.2 J S. S.3 

	

05 	1.0 	0-40 

	

1 •0 
	

0.5 
 

0 
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0-3 
	

0 -05 

	

0 05 03 
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INDEX. 

F 	FLOW IN M3/SEC 

t •-•TIME IN DAYS 

S.S.=SUB SYSTEM 

-0--COMPUTED DRH 

-O---SIMULATED DRH 

FIG.5.8_COMPARISIOIU OF COMPUTED AND SIMULATED 
RUN-OFF HYDROGRAPHS. 



is of Pzoposø1s, cono1uione 
m.ousston of flesulte and P pos + for future Work 
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► . L._ .  	 • .L 	L . ri 

Zn this d1ssertstion three linear distributed 
peraseter hydzolo o model* art *olid and the ease are 
applied to the ►per Cauvery b.obaetn in rnateka. 
3seh 80401 has been tested for a set of ~► q 

the listributad *nptzt i.e. the p otpitation 
•xdts• is Oomputsd by netng thteaeen pol.yon *ethod. It 
would beve been øiore ipp print* to use the tsohyetal prone 
dnre for a o tohaent like the Upper Csuv.r r 9ab..bsain where 
the lendsoope Is ztUy. fl w*rs  the woo couldd not be 
dyne as the proosdura involves too tuob labour it is tise  
oonsw4n also and the results are likely to be subjected 
to personnel errors. It was ocneid•rwd appropriate to 
investigate a weight factor between the thieseen approach 
and the isyt.l. approach to sOdi4 the input* The 
et r eked out to be 6 to 7 percent on either o: a of the  
sean values adopted sats no definite ted and be e a 
2 oh*d 

A o 	f 4a4z to adopted to essiMats the 

pioipit*ttou excess, It wo1d hive been. prcprtst* to 
consider the ► diol* r for each subsystem but duds to no 
availability of the data the ease 	he adopted• 
if ver, ztfjnesit is sought by .introducini a weight 
:'anter whish is casputed an each time unit basis* Zn 



all the three propisali, the Input function is evaluated 
'{t %be line. disoussad above* 

in the Proposal Iio..1, three unit hydrearaph! 
are d.v.],oped for the three subsystemsof the distributed 
system by u4z a ona+ tusl dei. I4n5a2 channels, 
eonaid•ret from tb* outlet of each eubsystes to the gauge 
*n,ablsd 1s getting the sppz priste # .sus 1.ce of the f• 
ferential r.spcnesf. fho i.tueaxi#y aesoaptton of the 
model has ena s4 the prope.r eup.rpoe&tion of the dit 
ferentisi responses in odaz to arriv, at the ccsbised 
response of the system at Its Oust t. 

*v ethou the results of the proposal Noel era  
raseonably accurate the approach suffers fr ► the if a. 
tiro of %ulit hydrorapb theory. Bowe the ropoeel No.2 
is considered for d.r*lop.in the linear trnnafer function 
which is capable of M"o tinS the tranaforeation pro+ 
ass during the period for w oh the rainfall excess over 
the system ozists and for the per ods greater than the 
period of rainfaU ezosas t .11 the flaw beacuss negUw 
gibls. 	the assi has been so 	evs4 by representing snob 
subsystem by a casesde of linear reservoirs. 	This has 
enabled to esosidir the distributive nature of input 
at fiio$ively. 

In troth the proposals linear ohannela have e+o 
introduced to seosuat for the tie4,* legs of the diffe ► 
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tial responses fras the ttit* of theen s.yete*e to the 
#iii. In prsetici this flow has to vase through the 
natural chantiels which will have their storage •tfeotsO 
Liztasr channels o take care of differential response* 
but attenuation in peaks cannot be introduced. In order 
to everooae the *boar li citation in the Fuse. Ho,3 the 

nail sotien is atteaptedly represented by Introducing 
another linear reservoir. 1ho storage ooe ' 'ici.nts of 
this c* *4* of linear reservoirs are proposed to be 
identted by sisuisting the probleman -he *020 ens]og  
ocsputer. 	he analog sisulaticr its shorn in „g. *,* i-. 
T e acepenants atail.bls in £02O O who r not auf'tiotønt 
to sisulate the, probles. However the unit hdrogrmph 
*pproaoh has, boon adopted for arriving at the storage 
oosffiotent islues of the conceptual reservoirs. phi 
results of this study has indiaQt•d reasonable aecursay  
in the eisulstiou of the distributed syatee. 

the fa t"tbst •x*ot sisulation of the isteheent 
*titian is ossible *all when the distributiv, nature of 

pat is consider." " has been revealed by the present 

9' ►d►. A stable r *per.:led procedure has been d.v 
loped to *aoount for the di ributed input to the system. 

Proposal $o.1 has Indicated that the o bthstia 
of unit 3 drographs along with lino* channels are aipabis 
of modellinghe satohasut. 
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Proposal no.2 has 	tOst*d that this oonolpti*3 
representation of subsystems of a 4istribbted systee by 
assns of r oaso+da of linazr reservoirs and Uneer Channels 
is o role of modelling the dro]o4o syatsa. 

lielog sts sbton Of the oetohaent baa rsissls4 
t. ht tt +i linear z'sssrrtoi rs which ere Considered to 	►rsw 
sent the ohannel cation sr capable of aocagntin, the 
storage s fsote of the ohennels. 

The prool1ptt tion sxra o has been constd*r8 as 
propo , s►to to the gross rsintmU registered over the 
+fora duration* This needs fthaa in sttg*tic. mot 
relationship *an only be obtained when the Output responses 
of different eUJeyetera a koii. 

The Ø4ndex iu'o ,vss ssny seauspttofla. it 
the infiltration eapaoLt, aurve ö for the soil trpes are 
known, the .o zany of the precipitation excess o as hob 

tion o:an be improved upon. 

For an ideal distrttsd eystse the estahient 
has to bi divided Into s ibt t$+ s of intttesi 	.a*U 
disensions i.e. point r pressotation of the drainage bad.. 
.fit the some is of theoretical it ter+ st and dos* net find 
any useful app cation in practice. to the models prow 
pssia* , the subsy t+ • bawS bio worked out on the iasis 
of aiteorolo4oal hosogendty and drainage nage propr ius. 



PIowrvr4 it would be ao spp ►riate to divide the ao!► 
o nt Into .j *y.t.. t tributary e. If the precipita• 
tion 01000r etioos are MOO szt.nsive17 over the catoheent. 

am i proport ton p rtioe ea P*et adopted 
for *.psrstin tax* ss.flows. flowsver it will be eoxe 
appropriate to 	an inside Into the time distribution 
of the auflews btv +n th point of rise end the and 
point of a p*r'tiot1sx flood wave.. 
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$.N*. IN+O of 	AM In 	Lsn th of j Over I&td 
+r ° ru or 	3q. *o. 	Moth Ohonn01 Sop* tau► 

I WA*systis 	it ins 	I parts per 
10,004 

1.  1204.00 10.15 

2.  
oto,1 2116.60 18.02 218 

io. ; 	.50 21, 225 

4. ~» 	*%+ ►. 
3~►03 483*76 30057 151 
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%t. 1. it m s 	" 	• I" 
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Por the sba "i puxpoa. 3 r.00rasd Ooac* events Whioh 
ar* havingdifferent 4tstrittone of xess MLnf.0 t *tam. 

'mph (W) and lflreet croft drorep (DEal) ave selected. 
The ,M and 	of the sto ►e seleoted or* iv n. In Table 
Ko, A 3.2 sn A 3.3. 

Using the D end WI of a stors, the values of 
'n' and 'V are calouloted as shown below. 

S. 

X, t2 	S02 0 a (n.1) K2  • aMl .. ( ) 

oars 11=1  Km, o ► the firs amente of BAR and BRfl  
aunt the ties o 	n.. 

MfJ2' XWA2  or* the ssoon4 giants of DU and 
MI about the time ox ► n*  

The Value$ of R 1' ;au2' DMI, • MDWI2 *1I 
o+iaulated and substituted in the above equations (1) and 
(2) end A a equations ate soles to; t the valuer . of a 
and I. the seen values of a and t are oaloulat.d,uaing  
these values of a and 9 along with bio phsiographto 
cbarsot.ris:las ($h *t are a&v 	,lit App nndtz Woo l) in the 



SI 

£ s01 A°25.0I4Oø3 .1, 0.085 	#► +s 	'S 

x002 x0°05 	 #0 ##(4) 

$'1 * values at the Ocastan s , mad C2 are ObsI.ns. hen 

Tsluss ire aso 	00 ha rspresentst.t~fe vslues for the stat** 

ahmant. the details of the 074 04104attona a given in 

the toU to tab • A 541* (P &e Noy. Bt) 

Sobs*q b 

 

thus wait ed, vsluui of 01 

02 sri used in the eq ;tions (3) and (4) .IOUs with the 
phjsiogr*phlø oharuutu a Uos of the bjystuia to . rl t• 
the ysluse of a MA & for .e eb*7 a ,► : he*s vsl*i a of 
a and * ire the identified &ued of the psaa.ters and 
they ire awn beloWe 

h 	wwea 
*i• 	U 

2.18 0.45 
2.20 0.58 

3 2.27 0,.61 

I, 
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• 

3••  IDaie x »of! 
lassoes 

flow in wtoff j I runoff dep#i i•, 
*US"* * 	*41 's 

I. 

7.7.70 62.34 62.34 0 
(1) 	$07070 2$•, 22 77.07 166.35 

9.7.70 448.44 93.40 355.04 ow 	iP. 00  
10.1.7  0 525.81 100.93 416*80 I t 	* 10 

1407070 932.40 124.46 410.94 to 16007 

12.7.70 613.54 139.99 473*55 
IY. ,70 439,15 1,52 283, 63 

14.7.70 27 	34 171.06 100.63 

15.7.70 218.70 186.57 32.13 

16,7.70 202.14 202.14 

6,7,72 	342.15 	342.15 	0 
7.7.72 	4.51 	331.77 	118074 
8.7672 	601.91 	321.39 	286.52  

124xio 
9.7.72 515.51 311.00 264.51 

10.7.72 380e" 300.53 80.05 	100036 
11.7.72 290.22 M#22 0 



14.7.2 	225.41 	225.41 	0 

} 15.7.72 299*64 219.35 80.29 
46,7«72 455.29 213.29 242,00D. 	X 'o 

120x10 
1707.72 452.46 207.23 245.23 

6•io 

10.7.72 383.44 20 I's 1 182.27 

19.7..7 2 276.52     195.11 81.41 

20.7.72 1J,0 199,05 10.95 
21.7,72 $3.00 183.00 0 

2.7.73 66.73 66.73 0 
3.7.73 79.52 74. 4.92 
4.7.73 153.75 02,47 71.28  
5.7.73 515.56 90.34 425.22 
6*7o73 750.00 99.21 651*59 	D w . a~ ~~! ~ Z 100 

1204 *10  
7.7.73 014.25 106.08 708.•' 7 
0.7.73 858019 113.95 744.24 	a 34.1 
9.7!73 815.18 121.02 763.36 

10.7..73 815,13 12.69 685*49 
11.7.73 611.99 137.57 413.41 
12.7.73 276.34 145.44 130.91 
13.7.73 208.00 153.31 54.70 
14.7.73 199.00 161.18 36.81 
1507.71 169009 169O09 0 

zj • 
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