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This study is devoted to the 3i1z2.1ation of 

Surface aunoff System with a view to organize the 

research results systematicallyfor practical 

applications, 

The ranoii dyna2ics of the drainage basins 

is briefly reviewed and a model of comie;: net-,7ork. of 

non-linear reservoirs with appropriate areas and 

storagois charge relationohips -is found to preserve 

-the sential information of the prototype, An 

equivalent .z-lodel, parsimonious in number of neramet,--rs 

is evolved for achieving computational efficiency and 

for facilitating its use in the solution of engineer-

ing problems, Theoretical studies on the performance 

,of the model are imade and then the model .is tested 

with natural catchment  uata..- Me model is capable ef 

representing both lumped as well  as distrikr, 2ted 

syst oz-L-) 

The properties of the netviork model, which would 

help in the representation of drainage basins with 

such network models, are presented, It has been found 

that the dimensionless instantaneous unit hydrograph 

is unique for a given non-linear network. model, The 

rcletionshir,• between the response of the non-linear 

network model and that of a single non-linear reser-

voir, both having same arc and recession parameters 



has been worked out; this relationship helps in pre,di-

cting, for any input, the values of leg, peak. 

-acight ed mean ci. s charge of network to delit epr es cnting 

catchment through the single reservoirodel. 

The stnsitivity of the netwolt model to the 

di ff Brent erapiri callsubj ecti ve techniques c f b as efl ow 

separation and rainfall excess evaluation is e;v,mined 

and tho significance of the results for p:tactical 

application is evaluated.It is observed that, if the 

baseflow separation IS effected by a horizontal line, 

the maximum error is involved only in the rising limb 

of the outflow hydrograph, whereas the peak and the 

recession  part are not significantly affected, The 

shape of the input hyetograph is found to have no 

significant effect on the outflow hydrograph under certain 

conditions and the (p-index method can be adopter in such 

cases to evaluate the timo-diatribution of rainfall 

excess, These conditions have been identified, 

To extend the applicability of the principle of 

superposition to the non-linear reservoirs, a new method 

based on the concept of linearised input has been intro-

tduced, The process of transformation of input into 

output by non-linear roe ervoirs can be deco ?pod ed.-  / 
according to this concept, into two elements with raer.lory, 

a non-linear lag-one element and a linear time-lag element, 

The method is shown to be simpler than, but as accurate 

the method f numeri cal int ej,rntion cf the di if (wen- 



tial equation of the systei: and hence, oa. be  adopted 

for .lay-it"-_..att-,:lesign practicewhere accessibility to 

sophisticated electronic co:I-outer° is extremely limited. 

The relationship betwc.:en the pararz.-.:ters of a 

network. of linear reservoirs to those of a network of 

non—linear res e rvo i , both net iorks having r.,Tactically 

thc,  same response when fed i th the same input, is 

investigated. This relationship enables the applica-

tion of the theory of linear system,  in the analysis 

of non--linear systems, 

The concepts developed in the study are tested 

with observed hydrologic data of a few cnt chi-nents, 

General conclusions. arc .s.ifnmaris edazai ::c s cope foL-

furth or woindicates?. 



TABLE 	CONTE NTS 

.1/477 	f:31.7 E 

a; GE LE I`TPS 

VITA  

S YI 13:: 3 13 

P age 

CHAPTER 1: OBJECT MD S COPE 	 I — 7 
7.TIE ROBL EL 	 2 

10.2 SPECIPI.0 OBJECTIVES OF THE 
ParEs Eur STUDY 	 5 

10 3 CUTL I ET, OF THE STUDY 	 6 
104 NOTATION 	 7 
MAPT Ea 	HYDRAI OGIC S 113 T E 1,13 

A 111E1? RZTIEVI 	 3 	51. 
2,1 I N117),C50 T I ON 	 9 
2,,2 EY)CLCGIC SYSTEM 	 10 

20 2,.1 Classification of Systeins 	13 
2.3 T.Y2ES CF PROBLEE3 IN 

SY:TEI/5 	 16 
2.4 EL EPITE DTI'S OF CONCF. 	LeJELLIN3 	13 

2.401 Reservoir Concept 	 18 
2. 4.2 Linear Reservoirs in Series 	20 
204.3 lion—linear Reservoir 	 21 
20 4,4 Linear thannel 3ancept 	 26 
2.4.5 Linear alaruaels in Series 	23 

2,5 HYDROLOGIC SYSTElv: SlialLi.TICH BY 
CONCE ?TILL IiI)D EL 5 	 31 
2.5.1 Linear Conceptual I..bdels 	31 
2.3.2 Non—linear Conceptual iLodels 	39 

2.6 CalT QUE AID 	 43 



CHAPTER III : CHOICE OF EDDEL FCR THE 
PRESENT STU3Y 52 63 

3,1 	CRITERIA FOR THE CHOICE OF PiLDEL 53 
3.)i2 	RUNOFF DY1-1:31Z 55 
303 	3 IiJL4TiCN OF CHANNEL 59 
3.4 	CHOICE OF RODEL 61 

CHAPTER IV 	1/1020EL OF DIET,ICE. 	OF RESERVOIRS 64 - 10 3 
4.1 	a ES EaVOL: 65 
492 	NET WORK OF 11E3 ERV IRS 65 
4.3 	(1;33 IFIC:a1 CT I OF RECIR3 66 

4.4 	CONCEPT OF E QUIV/1ENCE BETWEEN 
RES EaVOIRS 67 

4.5 	CONCEPT OF E QUM!, E DICE B ETWEE 1'1 
T:,`,10i)..a AID 3 BIM E RES ERV CIR 69 

4-05„1 Network of Two Reservoirs 70 
4.50 2 Network of n-aeservoirs 72 

446 	EJWJJENcE B ET-7E3N 1E7,10R:3 73 
4.7 	REPRE3ENTI.,T:icr7 OF CCI2LE X NE T: ‘TC-1.3 

13Y 3 Ii.21,L.r).. 2-RES 	tVCIR HET ICra3 81 
4.8 	PROPERTIES Cl? THE, i....0321, OF RESERVOIR 

NzT; :Cal( 86 

48,1 Repetition of Recession 88 
4.8,2 Effect of change of Ce-value 

91 

4.83 Variation of Lag 	Peak Discharge 
• • 	and Weighted Mean Discharge 94 

4, 8.4 Relationship between a Single 
Reservoir Liodel and a Network 
of Reservoirs bib del 	 97 

4.0  80  5 Variability of Unit Responses 	100 
4.86 Dimensionless Unit Responses 	101 

ak---,;„72-za V: ROUTING THROUG::, 
RE3 a-we:as-L. LINE ,2„.JPRO..aH 	104 - 142 

5,1 DIFFERENTIAL EQU,.TION Fa', A RESiCIR 105 
5.1.1 Operational Approach 	 106 
5.1.2 RInctional Approach 	 107 



50:2 LINEISED INUT C011T 	 111 
r- 1 Ectiraation of N—value 	 1.14 

115 
5,3Q 1 inputs of Short Duration 	 115 
50 30 2 Inputs of Long Duration 	 117 

504 3GC7L.R411, 	L1.TIoN3HL BET.IEEN NET-  TO3a3 
CF 	Al-D LIN:J.111.3D ai7zaavoi -1.3 	125 
504.1 ilelatiOnship Between the I'arameters 

of Nonlinear and Linearised 
Networks 	 126 

5 
	',- r

, 
1
L

.- 
T ICN 	 CF LINE, 13::.- ,"3 

NE7 70U( 	 133 
505G1 Method of Regression 	 134 
505, 2 Me tho d of Auto—co relation 	140 

CH/2n V: : 131,3EFLO7 3E77R:.TICH 
EXCESS EVI.LU,..TICN TECHITIUES 
S:MITI/1W OF T-13 
LDDEL 	 143 161 

te 	
GEEPL72.;.L 00.4. 	 144  

6,2 3E7,i:14,1'1M CF BZEFLO,! 	 144 
6,)201 Separation of Baseflow in 

Non-aineac 3ysteirs 	 146 
60 20 2 Assumptions 	 147 
6, 2, 3 abdel s et—up 	 148 
6 0 2,4 Effect of Baseflow on accession 	149 

6, 3 	ESTILTION OF IL.INF,'LL EXCESS Tir.5Tp"..:1-1. 153 
60301 Effect of Time Distribution of 

Input on the Cutflow of the libdel 	154 

a-iz2Tat VII?12a1c..TICN TO FIELD aai, 	162 
7.1 	SEL72:"T,.. icrT 0,3 	11.'.31113 	 163 
7.2 Di.TA USED 	 163 
763 	CIZITZa:ZA 17C 	 164 
7,4 	B INTL IFF 	CII B 	IN 	 167 

7.4,0. Drainage, ,'1r2a Features 	 167 
7.4.2 Flood Bata 	 167 

230 



7. 4, 3 Rainfall Data 
7,34-...4 Estimation of Parameters of 

	

. . the Lodcl 	 173 
744405 Computed Hydrographs 	 171 

7.5 BE 	BINOU BA3IN 	 175 
7.5,1 Drainage Area Features 	 175 
7054,2 Flood Data 	 175 
76 5A 3 Rainfall Data 	 176 
7.•59 4 Estimation of .Paramters of 

	

the 1.-iodel 	 177 
76  50  5 Rainfall Excess :iyetographs 	180 
70  50  6 Computation of Hydrographs 	181 

7.6 HUNTING 13/.YOU B/S IN 	 181 
7c7 	atEE',-( TaIBUTiaY B1>3IN 	 188 
7,8 OGLE oy.21-Fa Bizarq 	 191 
7,9 EVi,LILTION OF THE PiED,Fear.-11'0E 

OF THE 1,ZDEL 	 193 

CI-Ii:PTER VIII : OF CONMZE 
PR.OPCGil.3 F'Ca FUTU:1E 	 231 — 244 

8,1 surdzi:Px OF ocualE 	 232 
8,2 DI3CU3SICH 01:1 THE STUJY IDROT:CSAL3 FOR 

F- I7 	 237 

L2PENDIX, A : NOTLTION 

B 	IZE FEREDI.1, 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13

