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SY 	 S I 

The study deals with the development of a model 

for predicting the behaviour of detention basins during 

floods, The model is developed in the context of 

Jchlum River Basin in Kashmir Valley, The simulation 

technique is used as a tool in this model and a simulation 

programme h s been prepared, The IBM 1620 and the 

IBM 360/Lit+ computers were used for developing the 

above simulation programme, 

It 	shows in this study that the flood detention 

period of basin varies with (i) flood peak , (ii)elements 

of the flood hydrograph and its shape, and (iii)Fina11y 

the routing period, The levels of basins as proposed 

in the Jehlum River Basin project report are sufficient. 

to accommodate the design flood of 90000 cusecs► For 

higher floods the flood spill channel capacity upstream 

of Srinagar City may be increased to eavc the city from 

desastrous floods, 
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CHLLPTER-1 

INTRODUCTION 

1,1 INTI ODUCTION 

The fundamental idea. the term "flood" carries 

is that it is an unlimited statistical variable,  This 
was originally inuncia.ted . o such in 1905 by Western 

F, Fuller This definition amounts to saying that 
however large a flood m ;y-have boon, there will core 
a day when this flood will be suporcodod in sizQ.4' 
In the usual concept ,). flood gists when the, gauge 

height of a stream exceeds a, certain level and the 

flow threatens life and property. When the stream 
discharge spills its banks and inundates and destroys 

life n.nd property of the adjoining area, the phenomenon 
is known as flood, 

Flood control works lits: reservoirs' detention 

br.gins, iove.. 4 and river channel itmtproiemonts, and 
flood loss reduction riensures like flood plain 
zoning, flood forecasting, evacu=ation, j,nd flood 
insurance are the measures. generally taken against the 
flood protoctio3, 

Very few examples are available .ble o f the 
detontion basins, some of them are Miarii flood 

control project in U,S,I~., which consists of = -ve 
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detention bins, chann 1 improvenont s, and levees 

to provide protection to towns n.nd citio s on the 

Miami River from Piqua to He.nlilton, another one is 
Lr 

the Chin Kiang flood detention basin in Chinn, which 

consists of fifty four entrance gates, The swamps 

nd lakes found in ,lluvi .l l .nd s, U.  Uy beyond 

the high banks, a.re used a s detention basins which 

servo. a purpose similar to that of reservoirs, . As 

the depth -n.vn.ilc.blo for flood moderation is normally 

only a. few feet, the -)son, of the basins bn.s to be 

very large if it is to be e ffcetiv°, , Embankments round 

these swamps and natural .1p.k prevent inundation 

of marginal lands and n.lso permit fuller utilization of 

their ct:pc.city,  , Detention Basins receive silt 

laden waters which crc clarified as e. result of 

storage end the outflow will there fore be comparatively 

silt free and assist in river conservancy . The 

coarse n.nd medium silt deposited in the basin gradually 

reduces tho moderating capacity and ultimately the 

land so built up becomes n,v°a.iln.ble for cultivation, 

Detention basins, where practicable n.re about the c.hee-- 

post Method of flood control, as the land requires 

a minimum of compensation and the low head control 

are re le.tiv o ly in expensive. 

The studies carried out on the detention 

basins -re also rere, In the Miami flood control 



project` tho rogul, ;ting effect of the four upstron,rn 

detention b:a.sins on flows a.t downstream point wn,s 

studied,. The sol= idoa of the Chin Kiang flood 

detention basin` was to only protect the country site 

against the dev...n stir ; floods 

Therefore, a proper methodology or technique 

has to be developed to predict the behaviour of 

detention basins during floods and to a,na:ly se the flood 

detention period and its variations with the sizes of 

basins P.nd the oloments of the hydrogra.ph, 

ilri1ong the various new techniques for planning 

a water resoi. es system.. , technique the:t finds 

incre a,sod use is simulation, In general terms, 

simulation is a. process which "dupiicn.tos the C sscOnce 

of a, system or activity without a.ctu?.Ily attaining 

rooa.tit,y itself"5 , 

Planners turn to simulation because it is 
often the only method for dealing effoctive-ly with 
large and complex problems that defy analytical 
solution or t.h?.t cannot be reproduced by exporinae.ut on 
actual systc 

The design of water-resource: systor~5, 6' 7 
supplies starting examples of such in tractable 
systems, The difficulties arise from the complex 
relationships and inter-dependencies among the design 
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v .ri .bles (dams, power pl7.nts, target outputs for water 

supply, Power, and flood control requirements and the 

liko) end the hydrology 

The availability to dn.y of high speed digital 
coinputcrs of largo capacity makes it possible; to 

simulate the porforr;m,nce of relatively complex river 
b:~.sin aystoms for periods of any desired length, 

To al.y the behaviour of detention basins 
during floods a. study tray be under token of routing 
floods through bins, This would r, Aquiro considering 
. reasonable number of cases representing various 

sizes of detention basins and re ! :>. eci meaures  -.nd 

routing vvnrious floods through those basins n.nd 
finding ,a, combination of basins for efficient control 
against floods, It would thus appear appropriate that 
a study is undertaken to simultc: the behaviour of the 

detention basins, n.nd the proper technique to use 
under those circumst p.nce: s will be oimuln.ti on , 

1.2 THE_ BTUDY 

The study deals with the simulation of flood 

do tontion basins in the Jehlum River Basin in 	mir 

Valley, 

Every major flood je;op .rdized°' 9 the safety 

of Srinagar city with its building, housos sprawling 

on both sides of River Jehlum. The river is its roo.th 
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right form sRngt~.ni down below docs not .hve enough 

c .p r.city to n cc omod ?.te any major flood with the result 

that mban~ onts gat broached, besides posing threat 

for the safety of Srina.;r'.r city, Consequently the 

areas .along the river got inundated thereby devasting 
crops, p.nd property, 

To control the floods in the Valley two doton-
tion Brains £:- and B .have been proposed' by H.F.L. 
Committ se r,s an interim measure, ospocia:ll,y to save 
Srin,r.ga.r City, The simulation studios were carried 

out for these two Basins in order to Pro dict the 

behaviour of the basins during :floods in the river 

Johlum and to got the combination of sizes of 

detention basins, river ch~.nnely, ,-,.ncl inlots of basins 

and the sill lcv'elo of outlets do as to get the mnxiraum 

level. of flood protection under t.I . physical limitations 

of the system, . 

The results show that the qimulation study 

of detention basins can rev o p,i many a.-pct nq ro gn,rding 

the detention period, it relationships (i) with 

flood perk, and (ii) with the shape of the flood 

hydrogr-aph i.e, the flood poak, t.ho flood volume, 

and the base period, 61so this kind of study cn.n 

,help in determining the optimum level of flood cntrol. 

for designing a system of dctontiotz bo,sins, The 
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ro;ru'Lts nro ro tn.sonable ; .nd ccording to oxpcctption, 

Before the n.ntn.lysi s is c~.rriod out, Chapter Z, 

THE SYSTEM', gives a. brief description of the Jehiuri 

River Basin systcm and its proposed c velopment measures, 

The Chnptcr also deals with the problem being invos-

tigntod for the Jchlum basin, 

The simulation model is described in Chapter 3, 

THEORY' . The yodel only plans for flood control, as 

it is the main function of th detention basins. The 

thbory rog .rding stage-discharge relations, flood 

routing through channels n.nd detention  basins, and 

regression n.n.7.1ysis which .re needed to develop the 

basic data a.nd for formulating operating procedw s 

for tf sinuition study are n.lso described in this 

chap ter, 

Chapter G is about 'COMPUTLTION' , Simulation 

model is applied to the Johium river basin flood control 

deeign, For this purpose, operating procedures for 

detention basins are developed. Initially IBM 

1620 computer was us d for preparing the requ cd 

computer programme s and then IBM 360 computer Wa.q usod 

for the analysis , 
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THE SYSTEM 

2,1"THE RIVER SYSTEM 

2,11 Genorol 

The 	a valley of Khmi 9i a fertile plain oval 

in form, and surrounded by unbron mountains. It is 

like a saucer shaped bowl surrounded by hills on all the 

sides with p, single drainage outlet, the River J(-.-blunt, 

which actu-.l1y o .inats from a spring It veilnagh. The 

river is joined above sangtn by Tributoris nmeiy Lidder 

the Bring!, the Sandran the Aripat.h, the Viphp.w and the 

Pambiara, FY 	Sang.m down to Bn.yeri the River is 

joined by, Lripal, Wata.iara and Sindh on its ig.ht bnk 

while, Ronis.hi joins its on its left side just abov 

Srinagar, Flood Spill ch.2nnel takes off from the River 

at Padshahi.Bgh, which is joined enrou by Doodgang, 

the Sukhnn.gh, the Fe rozpo - nallab and ultimately joins 

the Wullar 'take, The length of the River from Sanarn 

to Banyari is 72 miles, 

From wullp.r below, Jehium is known 	outfall 

channel and is joind by Ningly immcdinteLy after its  

take off from wiillr on its left bank, and the major 

tributory, the Pohill on it right bank at Doabgah, 

Bt5jd5 some small torrntil Nallab's also join the outfU 
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channel ^.long its course upto Ba.re:mu11 ,. The length. 

of the outfa.11 ch.nne1. from Wulla.r L:3,kr. to Kh .nd~,nya,r 

is 18 miles, After Khandanya.r the river further flows 

for a. length of about 28 miles when it crosses into 

P .k_ista .n. The total catchment area. of the River upto 

Wuiia.r Lake is 3708,65 sq.-ml. and upto Indo-Pakistan 

border 5069,12 sq, ,miles . 

The J hlum system is unique and does not e h.ibits 

the chn.ractc:ristics of other Himalayan Rivers. It .has 

well stn.bi.lishe.=d meandering from, and is sluggish in 

its courses Its course has not changed during the 
past several decades. At Kha,n.a.bn.1, it beca.riie n 

and continues to be: so in its course upto Baramulln,, 

From Kb.p,nna.ba.1 to Srina.gp.r, the river Jcatum, 
Fig,(2 ,1,) flows in a single channel between earthen banks 

constructed by Z~. .nd r' _ since ancient times and 

improved and raised by the government, from time to 

time. The level of the banks is higher than the land on 

its .left side when: the lowest land forms thy. Swamps 

beings surrounded by cultivated area., ! long series of 

depres ions, l~.kes and feeds are extended ,Long the 

course, of the river and a.rc mostly on its left bank, 
These are connected to river at s,a,me pl a.ce- s by outfall. 

During the floods, the spills from the river enter the 

depression ,e.nd relieve th pressure to the main river, 
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Th: y r .i1u y of Ka.ohmir has sup,,.ra.bund,).n.cO of 

write: r flowing in it and providc) s a. rich. ,scope for thy', 

cultivation of rice, sine: tim 	 Rice, is 

the st .plc food of the population. Besides Rice, maize 

and water nuts are- also produced in the country. Saffron 

is the famous produce of Kashmir, The mountain slops, 

where cultivation has not been carried out, are covered 

with ma,gnifica.nt coniferous forts. Above the forasts 

where . trees do not grow rich alpine pastures extend upto 

the Snow line, 

It is seen that Yearly Rn.infnit in the valley is 

not so heavy as it is genera.,t ry on the mountains or in 

the foot of .hills . Since it is on the tin sid, of the 

mountains fa.cisng the monsoons, In fact there is no 

rainy season in Kashmir, The maximum rainfall occurs 

during the month of &ugust and September and in c-.rly 

spring which 1&a.ds to high floods on the Jahlum River, 
normal 

The anntza.l / rainfall of the v°n.11ey varies from 35" to 

50", But the maximum rainfall at certain stations ranges 

from 60" to 80" annual, 	I 

2,12 jrofF1ood F1 

The histt ry of the v'n..tley is full of Woeful 

accounts of logs of life and property caused by floods, 

The miseries got aggrevated due to th-. famine caused at 

times imrnedia<tely the floods. 

The valley ha5 witn~ass d many iftrstr0lj floods 
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and to na.in ;some• then; <ire the floods of 1893,1903,1905, 

1908,1909,1918,1950,195 L ,  1956,1957,1959, 1973 and 1976.   

Hydrograph of :a.rn;': floods are shown in fig. (2,2), 

2 ,1; Flood Probl =m 

Every major flood jeopardizoj they 	fety of 

Srinagar city with its building houS4: s sprawling on both 

sides of River Jehium, The River in its reach right from 

Sangam down bolow d,o s not have enough capacity to 

fn.ccomodato any major flood with the rc sult that the, 

t mbanlonc nts got breached, besides Posing threat for the 

safety of Srinagar city. Consequently the areas along 

the river get inundated there by devastating crops, The 

existing flood control measures are some flood control 

works such 	diversion of some part of flood water irrto 

existing flood pi 11 channel, river training works to 

provide local protection agri.inst erosion, Scour or 

flooding by spurs, rr ...vetmcnts, Raising of o;mbtankments, 

desiltiong of flood spill channel and dredging of River 

Jchlum below Wut,a.r lake are also a. rnepsure for flood control. 

2 .2  THE  PRORL.GM 

The capacity of River Je,hlum through Srinagar is 

limited to about x3000 cusecs, and :1.7000 cusecs are 

proposed to be diverted from the flood discharge of River 

Je.hlum at Pa:dshahibagh to spill channel, Thus a total 

capacity p,bovo Srinagar should be l7O00+330O0 5 )000 cu acs , 
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In t,ho year 1975 the Govt, of constituted . 

H,L,F, Comm:i_tt 8 to rccomm, nd measures to be adopted 

for the flood control of the valley after examining the 

e rlier proposols and work dons; and the benefits thereof, 

Based on the recommendn.tions given by the Committee, 

it h~,s been decided that flood control project above 

Wulln.r will comprise of the following works- 

1, Construction of flood detention Bsjins, 

2, Works for improvement to River Jchlum .bov'e 
Srinagar, 

, Works for improvement to River Joh.lum through 
Srint ga.r City. 

L1, Works for imrp ov me nt to River Jo hium below 
Srinagar, 

The c 
 

are only two possible alternatives to take care of 

the Oxce; ssiv' channel discharge during floods, 

Pro 	p 

Construction of a supply channel from Sangam 

to Rn,dsh ,hibag.h for t~o,nnO cusocs and consequently increase 

the capacity of .spilt channel to L,nnnQ+17000 = 57000 cus cs 

below Srinagar, 

Proposal 2 

Utilization of the existinglow lying dcpro scion 

on the left b uik of River s Detention Basins, sec iR,2 .1. 
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The proposn,l 1 through promising is not pr ~.cticb 

at this time nd the following are 0I11,:= of the main 

reasons n inct it 

(i) Construction of the channel through low 

lying numb -.l will pose considerable: 

difficulties. 

(ii) These will be pro-moture rocla.imintions 

of the numb*i. of the channel 

(iii) The flood spill ch:nnnol from Padr.hn.hib^.g.h 

to down below upto W.ulln.r shall la.ko to be 

improved for -;.ddition:;,.1. discharge of 110000 

0usC'cs , 

(iv) K-loping in view, the doter_ioration t.h~.t 

has been caused to present spill channel 

in thy: long run is doubtful , 

(v) Quite a large cultivated a.ren. has to be 

,4,cquirod , 

(vi) Lastly, the proposal will be costly 

In view of the -).boyo the 'proposal 2 i,e. th() 

construction of flood detention basins .h has been proposed,, 

There is no ,ra.1ta rn ,tivo, but to provide detention 

r. purely interim measure for flood control 

c spo:ciall.y to save Srinagar city, Two Basin bn.vo beoen 

proposed, they are Basin "Ail and Basins "BU. The decision 
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taken by committee th.t the iiilst to Brsin 	should be 

so 1OCRtCd 	to fit in with the ultimate propoeT,, The 

inlet should be designed as t. take n1nimum amount o± 

.lt, The Basin 11B should have it5 outfall into 

F.S. Channel and the existing outlet at Pads.hahibagh will 

also continue with 	modifications 

The Detention Basin 'A' is proposed to have two 

inlets one P.t Dogripora and another at Toknr', Two outlets 

one .t BRnderpora and another it Leihar. 

The detention Basin 'B1 ' will have one' inlet .t 

Kandizn.l and two outlets one existing pad sh.ahibag.h outlet 

flowing into the river jc.hlum and another discharging 

into F,S, channel Keeping in iw th topography of tho  

area. the second outlet has been fixed at RD7000 of 

F,S, Channel, 

The ci-,ib.,,1.n1.-mc-,nts around detention basins A and B 

have to be contructej in a, manner so that they may 

ultimately fit in with the alignment of suppiernentry 

channel. 

Sinulation study of those detention b.)-Ping should 

be carried out to poo the behaviour rea.rding their 

ability to absorb the floods. A15o, it would b neceary 

to find out the sizes of the detention basins for optimum 

flood '. 	rotection of Srinagar City. 
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PTER-.3 
T HE O R Y 

The simulation model of the detention Basin is 

pro rented in this Chapter in sec, ,1, Stage-►discharge 

relationships, storage elevation curves of basins, routing 

of flood flows through channels, and through detention 

Basins aro needod in the simulation study, The first 

two relations were not available readily, there fore these 

were devC top: d for the study as given in the Chapter 1, , 

The theory needed to develop t.heso relations are given 

here, in soc . 3,2, an 3,L,, Theory of flood routing 

through chann,,.l and detention Basins are given in sac.:.:. 

3.1 Simulp tion Modol 

In general terms simulation is a process which 
duplicates the c sscncc of a system or activity without 

actually att ainting reality itself` , Simulation often 

the only rnet.hod for dealing L ffectively with large and 
complex problems that de fy analytical. solution or that 
can not be reproduced by experiment on : ctu1 system, 

;• ,1,1 A2 si n V ,riabie s in ut Constant in Simulati~i ; 

For every sirulption problem them: are design 
5,G 

Vari=ables, inputs, and constants of the system, These  

arc defined below for the simulation study undert,a1Ken 
of the detention Basins in Jee.hlum Rivor System, 
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(1) Dr.-sign_ V?ripblos 

(i) flyer Channel Ca,pn.citie: s for various roaches, 

(ii) Dotcntion basin capacities 

(iii) Inlet capacities of detention basins, and 

(iv) Sill iav'~ is of the detention basin out Iota 

(2) Iip  

(1) Flood .hydrogrnph at Sanga:in 

( ) C on$t.ant s 

(i) Constants for the ch?.nne.1 routing for 
various roaches between inlets and outlets 

(ii) Constants us d in the outflow equations 
of the detention bn^in outlets, 

(G) Others  

(i) Stage—Discha,rgo relations at the various 
inlets and outlets of the bo-ins 

(ii) Elevation--cn.po,city relations of the detention 
Basins. 

3,1,2 Data R~~g3irod 

The river ftQws v°<,lu<:s are needed, for this 

stage discharge relations should be known. The rolation-- 

ship for Stortr.gc elovation curve, the inlet capacities 

of detention basins, sill level of detention basin 

outlets a,r~ needed, The constants for channel routing 

for various reaches c.nd consta.nts for outflow equation 
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of the do tr~ntion basins are rEq.uir ?d , 

,1, 3 Si mills -tion Problem 

Thi:. simulation problem of the detention basins 

of the river Jehium is (1) to know thu combination of 

the sizes of detention basins, river channel, and 

inlets of detention basins and the sill levels of 

outlets so 	to gat the maximum level of flood pro- 

tection under the physical limitations of the. gystem. 

(2) Given the inputs of the system, 

,2 STAGE DISCHARGE REIT• 
Tb- terra sta.ge10, is used in str s.ril flow mep -

urement, r:.=:vers to the water surface elevation at a 

point along P. ,qtreq.rn, measured above an arbitrary datum, 

Stage is determined by indicators of various types, the 

re:dings of which :n,re either ta.ken at intervals by an 

observer or are contineously by a.utomatic instruments, 

Me a suremont 5 by cult ormery met hod s'.0 prov'ide only 

occasional determinations of discharge, which must be 

correlated with stage in order that a continuous 

discharge record mp.y be computed, This corr€la,tion ±s 

customarily expressed in the form of a, curve or t^ble 

called ^ stage-discharge relation or rating. It is 

an important phenomenon for evaluation of flood protection 

works, Rating curve developed froia discharge measurements 

during the course of a flood wave is of the form of s. 
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loop rnad hcnce cr1.led loop rnting. 

ten  -a--s_i- o; o f  RP-t" C- -urv.- 

For river recstin or de sign probLo is, 

it is frequcnt1y mcessary to have 

rE'.lations extendod n.bove. the limit of tho highet 

prviou 	urnont. Sevrn.L techniquo have boon 

d-ve,lopd ps th result of Bperiericc omd study of . 

large number of st ago -discbrgc rolations. In rny 

cpc.s, these proceduris will 13 to -, rasonabTLy ado-

quat Ostjr.jr~tet of the otonsion. 

The fellowing two mothods $.rc g'neraUy usc- 

for c:nqinh1 of n rntin curve, 

1. 	 tii 

A study of numerous rating curves indicnts 

t.ht, in gon;ral, they confornt to C.101 e.qun,tion. 

Q = 	 (,irt) 

Siniiiar.ly S = . . + (QJC)1" 	 ( ,lb) 

Where 	= discharge n.t stage r 

C, and n = constr'nts for the station, 

= Zero Elcovqtion of Zorn flow (appro,) 

Taldng Logarithm , we have 

log Q = Log C + n log (sa) 
	

(32) 

This is the. cquation ofa straight line whose slope is 
n rind wbo 	intkrcç,pt on clisch.rge 	is C 	This C'fl 
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by cily xtendoc1, It is often difficult to determine 

	

for stations lrcki..ng 	cloriy define control, .nd 

in this cn.e Q, VS . m'3 be plottd. If the resulting 

ct%rve is concave upwrrd, "a fl  is positive, If it is 

co;crve downwrrd, a' is nag.tive, Having determined 

the sign of a, successive assumptions niay be made until 

R vilue which results in a straight line plotting is 

	

artained, The value of 	can also be determined by 

plotting Q, Vs s. Selact three values of discharges 

a,b Pnd c, one near the lower segment of curvo, 

and 1-st near the upper segment p.nd such that they are 

in ge'motric progr - ssion. Suppose thes points are 

e.,b naii c, Draw verticals and horizontn.ls through 

	

these lns to intersect 	n t d nd 	If line od intersects 

the line ba at f, than it can be proved that f is 

the elevation of zero point, if the points c,b, nnd a 

lie on parabola shown in Fig 1). 

2. Stavonts Metnod of ExtanaiExtension 

(i) Use Che zy's formul2nnd  plot 	as a 

function of stage for all stages (including 

the highest ones), 

(ii) Plot Q versus A 	for observed value 

of stages and discharges extend thifq  

curve to determine Q, at higher stage. 
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3,3 FLOOD ROUTING 

3.3.1  General 

The purpose of flood Routing in most engineering 

works is to determine what stages or rates of flow occur, 

without actually measuring them, at Specific : t-.c ,;;.;_o:.7 : •1_  

or structures during the Passage of floods, Flood routing 

may be defined as the procedure whereby the time and mp.gni-- 

tude of a, flood wave -)t r), point on -. stream is determined 

from the known or assumed date. ,3.t one or more points upstrearm. 

The chann.=.i routing problem is to determine the effect 

of channel storage on the flood wave, that to determine 

the flood hydrogr p.h at ra point downstream for the given 

inflow .hydrogr-a.ph upstream in the river reach, 

The solution of the bssic equation, "inflow equals 

outflow plus change in storage for a. unit time" is involved 

in the channel routing i , :a , 

Where for a given time period, T 

I = total inflow 

0 = total outflow 

QS= change in st ora.gc 

The swamps and lakes found in fq ltuvi- l lands, 

usually beyond the high banks, are used as detension 

basins whichr:. v ° a. purpose similar to thn.t of res rv°iors. 

Flood water enters the basin through inlets provided in the 
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upstrt?a.rfl roaches of the basins, Outlets a,t the downstream 

reaches are genarn.l.ly used to route the flood through 

dcturi.:. basins. An outlet generally consists of I. 

oc;ir controlled by a. sluice gate. The weir works under 

submerged conditions, 

, 2 Channc 1 Routing 

Routing in natural river channels is complicate>d 

by the fact that the channel, or valley storage which is 

not the volume of water in temporary storn.ge at any 

instant in that rcnh of the channel is not n. function of 

outflow alone as in the case of rc serv°oir routing, When 

the storage computed from the inflow and outflow .hydro; 

graphs for a. reach of the river is plotted against 

simultaneous outflow, the resulting curv,:o usually a, wide 

loop indicating greater storage. for ^ given outflow during 

rising stages then, during falling, This is becn.use during 

the advance of ) r).vc, inflow always exco,-~ds outflow thus 

producing a. wedge of storage called 'Wedge storage' and 

during the recession outflow exceeds inflow resulting in 

a negative wedge storage. The storage bener,t.h a. ling, 

para.1b1 to the stream bed is called 'Prism storn.ge' 

between this line and the actual profile, 'wedge storage' 

During rising stages a considerable volumo of wedge storage 

may exist before any large increase in outflow occurs. 

During fa.liing stages inflow drops more rapidly than outflow 
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and the wcdg:?-stora.gc volume becomes legative. Routing 

in str ms require. rc s i, storage relationship which n,d 

q,uatoly represents the wedge storage. This is usi.a,lly 

done. by including inflow as ,). parameter in the storage 

equation. 

The Muskin&urd Method 

This method involves the concept of wedge and 

prism storages, Fig , 3 , 2 , 

The Prism storage is represented as KO, whore 

K known as the storage constant' is the ratio of storage 

to discharge, and has the. dimension of is ni . The wedgy 

storage is represented as i(I-O) where X is a. p,,.ramot'r, 

which expresses the relative importance (weigh.t?g;) of 

'inflow and outflow in determining storage, The total 

storage is 	S = KO + 1 (I-.0) 

=K JXI + ( L -x) 0 	 ( 	) 

which is known as the Muskingun equation, 

The constant X expresses the relative importance  

of inflow and outflow in determining stcrago, . If storage 

is entirely a, function of outflow, as in ,. reservoir, then 

X = 0; but if the wedge storage is significant, then X 

will be greater than zero with t,). limiting value of 0.5 

when inflow and outflow hnv- equal weight a.s in uniform 

c.ha.nnel,q, For that stren,ms, X is between 0 and 0.3 with 
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Tho qtr)rn&-, cont:i.nt K which xpr 	th rnt:Lo 

btwn torr.g ond dichr.r, inf.i.ct is i mr uro of th' 

lrg or tr2.v1. tirn: through t.h r..cb nd i th• 	Lop of 

th. ,. tor,g dipc.h.rg-: curv'. K m.y b:: d,:tcrmind by 

finding th lag, or tim.-, intrvnl, bctw:.'n th.' oocuronc. 

of 	cLfltr' of rnnss of inflow :-,nd c'ntr;.; of jilpss of 

outflow ovr th rcr.ch, It ray 	b.: .pproinitc d by 

d::tc.rniiniiig tb: tin: of 	of critic2l. points on th. 

bydrogrph, such 	t.hc pco.k, Th,.-,  Muiingur .:qu.tion ( 	) 

r.y b.: rwrittn 

S2-.S.[  = K jX(12-11)+(i.-x)(02-.01) 	 ,. 

wh.r: sub.9crilpts 1,2 indicrt th,:- routing p:riod r.nd 1,0 

and S .r:, iflt.ntn;;ou vlu: of inflow, .utflow pnd 

tor2.g r.p:ctivcly 't th: bngining of th,-% routing p:riod 

indicn.td, Th 1.ic ::qun.tion for c.h7ng in tor,gc in 

tiim' int'ril i 

s2  -is 1/2(11+12)t '2°2  t 	 . ( 7/ 5) 

Combining the qution ,nd simplifying w,,  g:t 

02 = C112  + C 2 1 1 + C01  

- ticx 

 

t +2I 

	

2
whr.. CIL 	2IC(t.Q-tt 	' 	2"  Xi.-C) +f 

C 3 .. 	2K(LX)+t 

.nd CIL + C2  + 	= 1 
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By Rn P.lg'11Jric OdiCLCtOfl, this )qu,tiOn Cfl 13.1 wrltt.Ofl 

S 

02 =o + ci(Ii0j) + c2 (12-11 ) 	•• 	(3,7) 

WW~rc C1 	 + V2 	and 

112 t 
02 

-  

In 	oqup,tions, it is important that th. routine, period 

t is in tha,sn.ma tiiuo units P.v K, Tho routing period t 

is '1ectd to fit th needs of the probli it rust b 

5ufficientLy short that points t—hour apart ad:1quat1y 

diu th .hydrorph sbp. This iuns t iist b tqua1. 

to or shorter than th;2 tiirc of travl through the reach 

1flC if Lt wTr longer th 	th 	trpv.1 t:L 	' major chugc 

in the flow could trrs t.h 	n.-..-.,ch within s routine, 

period, 

For conv:Vnc t is usually takcn 2.5 5O1:l )vEfl 

frr.ction or imltip1 of a dny, for flashy tributaric s 

it my b tkn 	1/Li d.-.,y or itcub multiple .nd :1/2 

to 1.. day or 1Or• for Iarga and slowly rising strar. 

Th llaiuop of K and X rc siiults.nc'ous1y dtr 

niincd as follows, Combining cuatins (i 	and (L .5) 

solving for K, K 	 . 	8) 0 Own 

SUCO'E'5jV vLu:s of th€'. nurator (rc1prsnting stOragr 

incrernt) ad th 	rnminntor (rc'presnnting w..ightd 
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flow increments) Pr.. computed for a flood with known values 

of inflow and outflow -nd ssuming vp.rious p -!.rnm.trio 

values (0,1 to O5)  of X. The computed values of the 

accumulated nunierator n.nd denominator are th.n plotted, 

usually producing curves in the form of loops. The n.SSUIned 

v'aLue of X that resulted in a loop closes t to P sing.lc 

.lino is accepted as the correct v.lue 	The reciprocal 

of the slope of the siiile line, gives the value of K. The 

units of K depend on the units of flow and storage, If 

the storge is in Cumec days  -).nd flow in cumec, K is in 

days, With K,X, rnd t established, velues of the coefficients 

can be computed, The routing operation is e solution of 

equation (37) 	Sinc. Oi, L1  'nd I are known at the 

bogining of the routing from equation (3 , 7). The values 

of 02 for onc period is the Ol  value for the subsequent 

routing period, and the solution can be repented indefi. 

nitely to couputi successive values of 0 at intervals of 

time t, The solution is simplest when K is q constant 

i.e, the storag discharg€ function is -. straight line, 

If the relation is not lix.r it must be epproximntd by 

series of straight lines and vlucs of the coefficients 

changed the conform to varying  values of K ns touting 

Progrcosop through successive ranges in stage. 

"'3,3,3 Detenjon Basin Routin 

The discharge through outlets have been worked 
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out, assuming the weir to work under subn1Trged conditioi 

Fig.3,3 	In the submerged wrir, the downtroara water 

level of woir a-.ppe is higher than the crest, the weir 

is said to be submerged. Such e weir may be 	m crwned 

during the floods, Such weirs h,?va gren.t discharge 

capacity n.fld thus flooding can be prevented, The sluico 

gates in n. river control nro instelle d on low concrete 

structure. Thu TLettor nets 	i. submerged weir when the 

g.tes cr0 rnipod rnd the water flows through the opening, 

The discharge over e. subnierg;d their is cculatod 

by dividing the nappe into two parts shbwn in the Fig, 

The upper pert acts as a free woir with a head (H1—H2 ) 

the difference between th 	upstream and downstroom water 

level, The lower pert acts as P. drowned woir under n 

hO.d 112,  the height of downtr ra water level n.bov cr(:-, t. 

In 	fig,3,'. Q 	and q2  be discharge through up.p.'r 

and lower parts respectively, then 

= 2/3 	2g 	L(Hi.rH2 ) 2  ,,.,(froo weir 
Eqt ion) 

n.nd 	= Cd2 (L.H?) .4—H2) 

(drowned woir equation) 

Total discharge Q 
C. 

.•. 	 (3 '9) 

Where Q. L. 

L = is the width of weir 

is the upstream wn.tr TLoveTL in the detention 
bpjn above crust of weir 112 = is downstream 
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conditions, respoctiv:ty. cd 
 v 

c - 	 ~  
3 ,L REGRESSION ANALYSIS 
3, i 1 Dc- finitjon of RegrF&qion 

If a plot bo tween two v R,riab1._ X and Y is rad ,. 

(indopendt nt v .ria,bio on X-axis and depondc nt on Y-xi) 

and if data. c.lustr about p straight 1in, -i. 1in,a.r 

r gression is indicat,,d, If the points ho.vlo -), tendency 

to fall in n. curvccl band, . non linear regression" is 

apparent. ;'Rogrc scion or curve fitting is a procedure: 

for e sti.rap.tions • of the aver ,ge v alu 	of X1 corresponding 

to ,). given valuc of X, " Method of lest Scu r [r; 

powerful tool of regression. Depending on the scatter 

of points, s;.-.v(~rr„1 regressions i.,~: , straight tin, Parabola 
or logra,thmi c or 	pon- nti .1 curve c.,nn be fitted, 

33 , G ,2 Sirs le Linapr Rs,. qQgion 
, :L2 

Th straight .zinc regression ' for variable Y 

versus variable X. is defined by -) gtrfrd ght line which gives 

the best ^sting«.te of Y for :a. given value of X, 

Y = zy +]3X 

where By is the regression coo fficiant of Y versua X. 

The sum of (&Y1) 2 = (Yi-Y) 2 is r.:iinirni se d w.hQ re 
Yi is the ob se rv,--1 d v a.1uo and Y i,. the value from the 

straight re.?gre scion line for q. given Xi . If X and Y 
,n.ro the rrea.n v,,I,1ues of X end Y for thy„ sample size N, 
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N Y. - 	Y 	 1  
then 	= 	

AY 
- 	= 

z 4N2 

Whero tho suiriutntion arc t..kon from 1. to N, with 

pn  

tyi
= Yi ._ •  

Tho intercpt iFi A = V - By 	X = Y 

, 	
>.1 	 Yi 

 

For high(-,,r orders of pol.ynoniip.i r.for, 

ti, 3. 	lti])ljgr4o11 	
1.0,12 

The raultipla repro sion ond corr:ltion ann,lysis 

is used vnt.ly in hydrologic pnn,TLyi bcn.0 	such 

complicated ann,lysic cn be mde prcticbio through 

. 	dnunericpl computions and thus cpn be acoflonJcLiy 	 cute  

with th aid of 	ctronic digital coinputra 

Muitipi regroion i nornnil.y adopted to tell, 

without bjn, whr.t value can uup.11y be expected with n. 

given got of va.rjpbl, 

The niothod of riuitipie regrasion corbinps lrt-

square fitting of t. beet equation to th dptn. n.nd 

gives a. mcpure of the significance of each of the 

offocts the probable range 'f error in Evluation of the 

ifldiv±dUa.l effects,. and the error in tb' tot,-),I affect, 
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The oastsof significr,nc€ provide a. critorin.n to judge 

ihethcr P. giv'n vriabTLe should be retinEd or dropped 

form tb analysis, The individual effects obtrined are 

true partial effoct, and may b used to e.timato the 

	

e fleet of changing 	singl, variable, The ovrall re suits 

expressed in the form of an equation, Tho aocjation 

of three or more vn.riablos can be,. investign.ted by the 

multiple rogre ssion and correlation analysis, Tho multi—

pie regression reition flay be expressed in the faru  

v 	4' (Y 	 (' 
TL 	 ' 	' • ' ' ' 	Thii' 

Where X1, X2, ,,, , ,X1  are m variables, This equation gives 

are ostinin,to of X for given values of r'li otft.r variables, 

If equation 	,i) is TLinep.r the regression is 

referred to as multiple linaar regression and the association 

is multiple iin.r correlation, 

Bcc .ure linear qu.tions are easier to treat 

than non—linarir multiple relations, variables of non-

linear relations in hydrology are often transformed to 

linear relation for multiple regression analysis. 

L.r Re are scion with Seve j1 VariabLes 

If t.hee rl,ro ra va,rjb1es to correlate, including  

On dependent and m.—i externally independent, thi gmnern.TL 

equation for Multiple linear regression is 

= B1+ B2  X2 + ••+BiXi+w+BmXm 
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Where B1  is th 1ntrcept r.nd B is the iiuitipL: regressionis  

coeff±int of the dependcnt vn.ri.blc X, en the indepndont 

vnrie.ble 	with 1.l other verirble kept constr.nt. 

App1y±n thc lerst square, method for the urn 

of rsiduLs rs in section 3,1,2 

X { - B1-32X2  - BX ,,,. ,, . 

in p.rtinl differentip.i aquntions in 

give ni lifle.r OqURtiO1 

2 	 (a 	, , +B 	 S) '_ B 	2+B2 	(C ) 	q 

B 	X) + B 	
()2 	+ Bra 

2— 2 

B 2 2 33 	(x)+ ,, 1 B 	(x )2 

E 

Whre(. =A
i 	 with i = I to M, 

Those equ.n.tionp enible the determination of m 

piwnmetors, The COfl1pUttjnii work incrOases with the 

incre.se of either the number m of vari2bl.es or the sample 
size N, 
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CHAPTER-L1 

C O UTA.T IONS 

Comput':tions worn carried out for t.h.o simu1n.tion 

study of tbi d^tontion basing on tho basis of thoory given 

in Chapter 3, In this C.hapt ~ r 	deals with store. ;:- 

Elevation computation for Basin and Bain B and scc, 

Li .2, ti ,2 .2 deals with stage-dischargc. computations at 

S a,ngam, and at basin inlets and outlets ro sp^ ctive.ly , 

The computation of relationships among flood hydrogra.ph 

olements at Sang^:m are given is sic It , 3, c.hn.nncl. routing 

computations in sec. Li , Li and simulation computations in 

see . Li . 5 .For computation IBM , 1620 and IBM 360/E1i computer 
were used, 
~R 1 &b rag -oLe vj ± o comput:i.tion 

The capacity elevation curves for d< tcntion Basin 

1, and B for given data were fitted by using computer 
programmc 1the sc are shown in fig . ~ .1( .) and Li .1(b) , 

The final expressions obtained vlore as -- 

For Basin At 

Y = 5.203r)29*.103+2,lil6*10-h1* X .. 
1.12 3*1n"9* x2  

with corn cation 	Index = 0 , 99?7 

For Bi B; 

Y = 5.195538*103+3.2t tQ-~"*X 

-1.983*1.0-9*X2 	 l .1(b) 
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With correlation Index = 0,9931 

w.her. Y is R,L, in the Brin in ft .nd 

X is storage or volume in the Basin in Lex—foot, 

L1 .2 Stag-Djschare Coniputnti,on 

It .2 .1 At San  gii 

The sta.gc-discharge re 1M.tionship for the Sangam 

5itc ws developed from the observed river flows at the site. 

It was found suitable to. fit a polynomin 5  instead of a 

logarithmic etenion, For the various flood .years the 

measured gn.ugo and discharge data wore ay.ilabl 

presented in Fig,Li,2(n) Table L  .1. 11 mean curve 	s been 

used for fitting the, g,uge discharge curve for actual data 

observed. The mean curve data w used and the bast 

fit polynomial w 	selected re for 5(:)C,Li Li 2, using computer 

program (L), The gauge discharge curve was fitted in 

two portions Fig, ti,2(b), One for the depth of flow 

loss than 28 ft., gauge and another for flow depth equal 

and greater than 28 ft, gauge. The following L!rth degree 

rLationships were finally obtined- 

For Stage < 28 ft. 

=1.,2Lt52clO' - TL,3513cl03 * Q + 

2,30Li9xlO2*Q2  8,3958*Q? + 

0,122961 

With the corr&Ln.tion Index = 0,9998 
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TABI 

OBSERVED GAUGE DISCHARGE DATA AT SANGAM 
R L of Gauge Zero at Sangarn = 5199.48 

Date Gauge Discharge Date Gauge Discharge 
t read- in  1 reading in 
ing Cusecs Cusecs 

L ...... 
1 1 2   3 1 2 1 3 

22-5-58 9.5 3683.86 25-6-66 14.7 9699.0 
22-6-58 11,8 6+714-,88 21-7-66 10.70 3551.o 26-6-55 12.8 805.37 25-7-66 11.140 14367. 
16'-78 15.o 988-.38 21-8-66 11.6o 1+770.0  
17-7-58 . 21.7 214561,2o 25-8-66 9.90 2680.0 
22-7-58 10.6 1+966.77 21-9-66 11.1 14580.0 
26-7-58 10.2 4450.v26 25-9-66 10.25 3537.0 
22-8-58 8.9 2759.14- 	. 21-10-66 11.90  5369.0 
26-8-58 9.0 28 4.58 25-10-66 9.70 2675.0 
23-9-58 8.7 2571.75 21-11-66 8.30 1520.0 
26-9-58 8.35 2260.27 25-11-66 8.10 1358.0 
22-10-58 7.7 1614-.06 21-12-66 7.65 963.0 
26-10-58 8.0 1969.99 25-12-66 7.60 9])+.0 
22-11-58 7.3 1286•014 22-2-67 1 	00 26-11-58 7.25 1153,33 3-3-67 

,--- 
 8.25 13914 .0 

23-3-67 8.55 15-2 -66 9.10 2718.0 21-14-67 11.20 4839.0 +-3 -66 970 301,0 25-4-67 12.20 6359.0 18-3 -66 15.80 11614-5.o 21-5-67 12.140 6-70.0 21-1+ -66 12.80 6320.0 25-5-67 1-.0 9355.0 25-14 -66 lo.6o 3731.0 21-6--67 10.1+0 321-50.0 21-5 -66 11.85 565o .0 25-6-67 11.80 25-5 -66 12.05 5820.0 21-7-67 10.20 3348.0 21-6 -66 114 .80 98'46.o 25-7-67 io.5o 3918.0 



Table Z+.1 (Contd.) 
I I9 

i :iiizr. :i:r:iii:i:i :IiJ 
21-8-67 
21-9-67 
25-9-67 

21-10-67 
25-10-67 
21-11-67 
25-11-67 
21-12-67 
25-12-67 

23-1-70 

29-1-70 
23-2-70 
28-2-70 
23-3-70 
28-3-70 
23-4-70 
28-x--70 
23-5-70 
28-5-70 
22-6-70 
27.6-70 
22-7-70 
27-7-O 
23-8-70 
28-8-70 
23-9-70 
28-9-70 

23-10-70 

10.05' 
8.70 
8.30 
7.'+5 
7.80 
7.50 
7.45 
7.50 
7.90 

7.05 
7.15 
7.00 
7.20 
•7.70 
8.90 

10.55 
8.85 

11-.60 
8.50 
8 .'45 
8-.75 
8 -.00 
8.00 

10.15 
11.80 
9.30 
8..60 
8.60  

3163.0 
1798.0  
1690.0 
1182.0 
1300.0 
1210.0 
1190.0 
1210.0 
1350 .o 

570.0 
645.o 
553.0 
665.o 

1230.0 
2370.0 
1+267.0 
2250.0 
57511.0 
1961.0 
1935.0 
2175.0 
106,.0 
1392.0 
3729..0 
5137.0 
2940.0 
2280.0 
2180,0 

21-1-73 
26-1-73 
21- 2-73 
26-2-73 
21-3-73 
26-3-73 

2-1+--73 

21-x--73 
26-4-73 
2-5-73 

14-5-73 
21-5-73 
27-5-73 
21-6-73 
27-6-73 
21-7-73 
27-7-73 
8-8-73 

21-8-73 
27-8-73 
21-9-73 
27.9-73 

21-10-73 
26-10-73 
21-11-73 

10.80 
9.05 
9.65 

12.30 
10.75 
12.50 
12.1#0 
13.15 
15.05 
13.75 
15.00 
12.10 
11.35 
1lf.3o 
13.0 
12,20 
11.20 
12.85' 
19.60 
12.30 
10.85 
ao .50 
9.i5 
7.87 
7.71 
7.38 
7.31 
7.25 
7.12  

x-550-.0 
2185.0 
3156.o 
6702.0 
4524.0 
7100.0 
7100.0 
8500.0 

11024.0 
$00.0 

11310.0 
6899.0 
6096.0 

10680.0 
8160.0 
6580.0 
5060.0 
7360.0 
207&.0 
6700.0 
1+850-.0 
1+300.0 
2380.0 
1570.0 
1560 .o 
1300.0 
1280.0 
1120.0 
920.0 

23-12-70 	7.05 
	

672-.0 
28-12-70 	7.0 

	
63o .o 

28-10-70 7.80 1320.0 26-11-73 
23-11-70 7.30 850.0 21-12-73 
28--11-70 7.25 805.0 26-12-73 



L0 
Table 4.1 (Cor;td.) 

1 Ii1.i:.  2 3 l 2 3 

21-1-74 7.18 1050.0 22-3-75 13.01 9050.0 
26-1-74 7.12 950.0 28-3-75 11,22 5320.0 
21-2-71+ 7.9 1610.0 22-1+-75 12.37 6910.0 
26.2-71+ 9.05 2710.0 27-1--75 21.42 17500.0 
21-3-74  9.35 3230.0 17-5-75 2128 26800.0 
26-3-71+ 10.1+6 1+440.0 22-5-75 13.22 7550.0 
21-1+--71+ 10.59 1+512.0 27-5-75 12.99 7510.0 
26-4-71+ 10.07 4090.0 22-6-75 12.89 7200-.0 
21-5-71+ 10.27 +320.0 27-6-75 13.09 7740.0 
26-5-71+ 9.58 3370.0 16-7-75 27.69 7900.0 
21-6-71+ 10.07 4250.0 22-7-75 13.51 9010,0 
21+-6-71+ 20.99 23350.0 27-7-75 12.99 7750+0 
25-6-71+ 21.58 210+0.0 22-8-75 14'.79 10200.0 
26-6-71+ 15.78 11229.0 26-8-75 15.61 55oo.o 
21-7--74 13.19 7560.0 22-9-75 9.54 3100.0 
26-7-71+ 11.81 1-700.0 27-9-75 9.12 3070.0 
21-8-71+ 8.69 1850.0 22-10-75 8.07 1650.0 
26-8-71+ 8.27 1840.0 27-10--75 7.97 1580.0 
21-9-74 7.71 820.0 21-11-75 7.80 1380..0 
26-9.71+ 7.71 810.0 26-11-75 7.67 121+0.0 

21-10-71+ 7.18 711.0 21-12--75 7.51+ 1120.0 
26-10-71+ 7..12 710.0 26-12-75 7.48 1100.0 
21-11-71+ 7.15 735.0 
26-11-71+ 7-15 732.0 21-1-76 7.31  
21-12-74 7.22 722.0 26-1-76 7.31 1035.0 
26-12-74 7.28 710.0 21-2-76 9.68 3153.o 

26-2-76 9.38 2867,.0 
21-1-75 7.15 73o.o 21-3-76 loa5 3880-.0 
26-1-75 7-.15 735-.o 26-3-76 9.70 3157-,0 
22.2-75 8.46 1822.0 15-14_76 11.02 5168o 
27-2-75 8.53 3.83o.o 20-1+--76 12.70 7+60.0 



L,1 
Table i-,►1 (Contd.) 

1 	2 	3  

21-5-76 13.0 	7682.0 
26-5-76 13.25 7957.0 
21-6-76 10.37 1+21+8.0 
25-6-76 10.0 3950.0 
21-7-76 11.20 4796.0 
26-7-76 10-.0 3632.0 
1-8-76 28.55 ) +230.0 
2-8-76 31-.50 50958.0 
3-8-76 30.20 42536.0 
4-8-76 25.25 270 
5-8-76 25,30 274-16.0 
6-8-76 25.50 2862.0 
7-8-76 21+.7 263~+3,o 
8-8-76 2+.90 26565,0 
9-8-76 21.10 20839.0 

10-8-76 18.30 16791+,0 
21-9-76 8.85 21+15.0 
25-9-76 8.50 2035.0 

21-10-76 7.95 1670.0 
26-1t-76 8.17 1719.0 
21-11-76 7.6o 1278.0 
26-11-76 7.50 1251.0 
20-12-76 7.25 9-3.0 
26-12-76 7.35 98 -.0 

2 	3 
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For Stage? >, 28 ft, 

= 1,l7872 X 10 - 7.795 7 x 10 ii Q 

+1,280897 x 103* Q2 - Li .1,55x10-2 	 3 

+6.3735 x 10-2 Qt; 
	 .,,.  

With the correlation Index = 0. 9903 

Where s -- stage (Gauge) in feet, 

and Q= Discharge in cus!ecs . 

Li .2 ,2 At Bain Inlets and Oi tlet s 

The stage-discharge relations at the inlets and 

outlets were developed for the proposed designed channel 

se=ctions at these sites. Stage-discharge values are 

given in Table L1.2. The developed stage-discha.rgc:e 
relations =ire given in Table G . 3 , Re fe;r Sec 1 . L1 .2 and 

computer programme (1) . 

It was necessary to obtain cord.-~.la:tions among 

various flood hydrograp.h elements to derive a. flood 

.hydrograph for a. given flood peak, therefore the following 

relations were obtained'. 
8 

From the given gauge-time hydrograph, at Sa.nga.m 

for Various flood ya a.rs, sec .2 .12, hydrogra.p.hs for 

thL.se floods were computed (Fig. L! , 3) by using the 

developed moan discharge curves equations L! .1(c) and 
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TABU ± 4 2 

STAGE DISCHARGE DATA AT INI I TS AND OUTLETS 
FOR Tx DESIGNED SECTION 

Gauge Discharge ° Gauge Discharge 
SIM 	j height in SIS height in 

feet Cusecs feet Cusecs 

D O GRIPO RA. 	4 1+182. BANDERFO RA 18.89 408 00.0 
8 13000.0 19.75 x+000.0 

12 26000.0 21.55 50800.0 
16 42000.0 2 -.00 60000.o 
20 591+00.0 23.46 58200„0 
21 66o oo . o 22.1+6 5-20O.0 

25.75 90000.0 21)4-6 ~+94oa.0 
20-.05 4-5200.0 

TOKNA 	13- 310 o , o 19.20 1-2000.0 

8 9620.0 
12 19100.0 L' Lz 18-.7 40800.0 

16 30800.0 19.6. 4+000.0 

19 13-uoo,o 21.4 50800.0 

20 1+5000.0 24.0 6o00o.o 

213- 60000.o 23.31 58200.0 
22.31 513-200.o 

K ANDI ZAL 	i+ 2879.0 21.06 491+00.0 
8 9676.0 19.9 1+5200.0 

12 1918+.0 19.05 13.2000.0 
16 30831.0 
17 33991.0 P 	lAHI - 18.65 0800.0 
21 50000.0 MGx 19.55 '+1+000.o 

21.00 50000.0 
20.90 1+9}-00.0 
19.85 +5200.0 
19.00 x+2000.0 
17.65 36800.0 



Table 1f.2 (Coiltd.) 

riii 	 l lIT ii 

l6. 32000.0 
15.30 280.0 
1,+.30 25200.0 

13.20 22200.0 
12.15 l9~+00.0 
11.20 16800.0 

1o.30 14600.0 

FLOOD  12.55 7800.0 

SPILL  CTVZr3L 13• ? +5 11000,0 

(HEAD) 	1)-.90 17000.0 
.1)+.8 16400.0 
13.75 12200.0 
12.90 9000.0 

11.55 3800.0 



TABLE i.3 

DEVELOPED STAGE DISCHARGE RELATIONS 
AT INLETS AND OUTLETS 

t y 

Name of site 

1.  DOGRIPOBJ 

2.  TOKNA 

3.  KMDI ZAL 

if, BAND. RPORti 

5.  I LE R 

6. PADS H BAGH 
AND 

FLOOD SPILL 
R.D. 7000. 

Stage-discharge Relations 	Correlation 
Index 

s = 0.026037(Q )0.6038i• 	0.99994-579 

s = 0,031719(Q)o •602165 	
0.99997909 

s = 0•037821(Q)0.8'f5 	
0.99993359 

s = 0.026266(Q)0•6197 
	

0.99892862 

s = 	 0.99938576 

S = 0.01+0889(r')0•5771)- 
	

0.99984538 

TABLE 2+04 
VALUES OF K AND X 

Reach "K"  99Xtt 

1. Sangam(Dogripora) to Tokna 1.17 0.3 
2• Tokna to Banderpora 1,71 0.15 
3. Banderpora. to Lelhar 0.57 0.15 
ki . Lelhar to Kandizal 1.7 0.15 
5. Kandizal to P ads hahi Bagh 0.5o 0.15 
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and 'L~ .l(d) I.t Sn,nga.m. The hydrogr.phs wore plotted 

and the Bps=-) flow wp.,q se:p.q.ra.tod by tri-fight ling method. 

The volume of these hydrographs wire computed by 

using Trapa.zoidn.l Rule, .A relationship was de ve.lopFd 

betwee=n these flood volumes and for the corresponding 

values of flood pocks by plotting them on log-log paper 

find fitting n. best fit straight line, refer S"c . 3 . L1 .2 . 

The relationship obtained by using the computer 

programme (1) was 

V = n..:266( )1,2?52 	_ . , .. 	(1.2) 

Where Q is flood peak in cusecs, -nd V iP flood volume 

in Acre-feet, 

The correlation Index obtained w .s equal to 

0,9,933. 

In order to develop flood hydrogra.phs for other 

flood peaks, the relationships were developed among 

various hydrograph elements with the help of Multiple 

linear Regression Analysis, See, 3, Li .3 and computer 

programme. (2) ,  

(i) Rolp,tionship between given flood peaks, volumes 

and time bases was established and the rl- tion. hi;p 

obtp.inad was 

Tb = 93.85908 - 9.52688 x  

+5,83889L! z i0-1̀  * V 	 .... (L1 . 3) 
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Where Tb is tim. base in Hours, 

Q is p-;,i..k in cuoec s . 

V is volume in Acre-foot. 

Multiple. correlation coc fficient obtained was 0 , 9502 

(iii) Similarly for the given flood peaks, volumes and 

time peaks the relationship obtained was 

Tp = 127,8L,titi2 - 5.037O265 x 10-'*Q. 

+ 6,00b8158 x 1F L'* V 	 , , , ,  

Where 

Tp is Time peak in Hours,  

Q is peak in cusecs . 

V is voluma in Acre feet, 

Multiple:: corr%-.la.tion cocfficic nt obtained was 0.9337. 

The above equations t+ .1 	to b , h can be uqud to 

develop a, flood hydrograp.h for a. given flood peak at 

Sangn.m. 

Li , iiIC l NN 'T, ROUTING COMPUTATION 

For routing floods through detention basins it is 

necessary to know th stages for given discharges in the 

river n.t various inlets and outlets of the detention 

basins, Therefore, flood flows were routed through 

river q.,q given in scc 11.5, using Muskinghum method, 

refer sec , ; ,2 ,2 , A computer progrr. nni e CHROUT wn,~ 

developed for this purposo, as given in ppondix--I. 
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From the giv000n dn.tti. for various sits th storr.gc 

constn.nt o'Kand 'oX(u :=d in channo.;1 routing) .-). p?.rp.motcr 

which oxpress s the ro- -In-tiv:- import .nc:. (w~^ight~.go) of 

inflow p.nd outflow in determining storage wore 

found out for v a.rius . retacho s . - This assumed vn.luo of VIX" 

that resutted in r). loop closest to a single.: line: was 

accepted -i nd c:dopted , The rc ciprocpl of the gIopo of 

the single "'_imco gives the vo.luc of 

[ '5 , SIMUTA.TION COMPUTATION 

[! ,5.1 	.lojm t of Computer ProgrE3.j e 

on the oper:3.tion of tho• detention B~,.sins 

a.s described in s c.2 	computer progremmos ( and 1!) 

wore dF v{_eloped for Basin;: s'y and B for simu.ln.t3 on, Each 

Computer Programme includes on Main Programme, four 

subroutine: r,nd function 	sub-programmes (CHROUT, Out - 

GDIS and FRLB, Subroutin• - CHROUT is defined in Sect! ,LI, 

subroutine OUTFL usf.- g equation , 9, to calculate the 

d18charge through outlet 5 of the b~-, sins , The function 

subp.progre.mme FRI,B c ,tcul .to c the basin lcv ation for a. 

given bç.sin contents, and the other function nubprogr?.mmo 

GDIS is used to obtain stags for -, corresponding divebargo  
in the river ;,.t inlets -),nd outlets of the basins. The 

main routine does all the nccogs:a.ry calculations for the 

bcq.sin operation studios n, dr, 4cribod b e'Low 
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tF,5,1,1, Basin f Qp, ra.tion 

(1) The flood .hydro graph at Doi ripore inlet is 

taken as given at Sn.nga.m which is the inflow .hydrogra,ph 

for the river roach i, btwccn Dogripora, ,)nd Tcknn, inlets. 

This hydrograp.h is routed through the roach 1 to 

obt=ain the flood hydrograp.h a.t Tokna, 

(2) The mean of Dogripora. and Tokna, discharge is 

calculated, If this me-a.n disch .rgo Oxce;ads the c.ha?_nnet 

capacity (C} APA) for the roach the oxcO aS flowr enters 

into the basin, The water enters into the Toknn. inlet 

first and then t.hc remaining from the Dogripera. iniot , 

The capacities of these inlets are defined as CINLD and 
CINLT, 

(3) TLS.. cumulative (+v,:.) basin storage is known 

from the stop and the water level in the basin is 
determined 

(li) The stops (2) and (~) are ropeP.ted till the 

water level in the bnin doc,q not exceed the maximum 
basin levee`- ( ..I,V'VMA.) , 

(5) 	The flows which do not enter tb br►,sa.n through 
the two inlets are routed through the river reach 2 
between the Tokna inlet 	a.nd th . B: y1~ rnor.  . '1ut1.:- t fog 
,c.h t ,r;a 	t t :  -t 	riv`..r 	ftir;,,,, 	t 	th,: 	lat . _. c :i t .. Similarly, 

t.h 	r 	v...;: 	fl' - ' ..v,.-± 1':bl 	f 	th:. 	B rd 	,-onr outl:.,t -- 

rout 	t.hreugh b:. riv .. ._ -ch I, b: tw.:: u Bad = r .-,r . 1.4zd 
Lath^r outlet to get the river 

/b9949 
CTRAL Ll6RART U$!YtRSITT OF ROORKH 
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flows at the 1. ter site for c~.c.h time t. 

(6) The river st,).g s nre c .lcul<n,ted for the 

c orre.ponding disch:).rgo s I.t the two outlets. The out-

flows from the bn.sin through those outlets take place 

when the river stages these outtcts are lower than the 
water ie ei in the basin. After the outflow(-vie), basin 

storage is known r nd the corresponding basin level. is 

determined, 

(7) St,-,p 6 is repeated till the water level in 
5, the basin is lowered to its, minimum v,.,1u (AI VMI) 

(8) The tot<~.1 river flow in th downstream of 
Leiha.r is the summation of actual flow, as calculated 
in step 5and t.h, sum of the outflows from the two out-
le.t 5 at -,ray time t, 

This will be the inflow flood hydrogra.ph for the 
rea.c.h I between Leiha.r and the inlet at Kn.ndize.1 of 
Basin B. 

(9)  The flood detention period in the bin is 
measured from the time water starts. entering into the 
basin, ns in stop 2, upto the time the water level in 
the basin is lowered to its minimum valuer, as in step 7. 

.5 1,2, Basin B 0, -,ration 

(1) The inflow flood hydrogrn.ph at the downptreir 
of Leiha.r as obtained in step 8 above, is rut & tk~,x~u.;h. 



roach 1 of the river between llhur n.nd the Kandizel 

inlet to obt.in the flood h.ydrograph n.t the inter sit', 

(2) If the discharge at Kandizal site exceeds 

the Channel capacity (CHCkPB) at th.t pnint th 	xcss flow 

nterp into the basin through. the Kandizal inlet with 

inlet capacity defined a (CThIK), 

() Th Cumulative (+ve) basin storage is known 

from the step 2 and the water level in the basin is 

determined, 

(L!) The steps 2 and 	are repeated till the water 

level in the bnsin does not exceed the maximum basin 

le ye 1 (ALEVMt) 

(5) The flows which do not enter the basin through 

the inlet are routed through the river reach 2 between 

the Kandizal inlet and dshabibagh outlet for each time 

t, to got river flows n.t the later site, 

(6) The river flows in excess of Srinagar city 

channel cpacity are diverted intc th.. f1JOC pl1. Cnl 
(F.S. Channel) , 

(7) The river staep are calculated for the 

corresponding discharges at the Padshaiibagb A.,nd the PS, 

Channel exit, T out flows from the basin through these 

Outlets tnko place whan the river stases at the5e outlet 

rixe lower than the wnter level in thQ bin, L-ftor the. outflow 
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cumulativo (-v°e) basin storage is known and the basin 

level is dotormined . 

(8) Step 7 is repeated till the water level in 

the .basin is lowered to its minimum va.tue (àIEVNI) , 

(9) The fLibod detention period in the basin is 

measured form the time water starts entering into the 

basin, a.s in step_ 2, upto the time the water level in the 

basin is lowered to its minimum value, As in step 8. 

It , 	,2  i ION OF FLOOD HYDROGR,PH .:LT 1NGAM 

To simulate the behaviour of the detention basins 

A And B it was necessary to route various floods through 

these basins , Therefore, flood hydrogra,p.h are developed 

for various assumed flood peaks using equations t ,2 and 

By using oq., (L 1 2) the volume for the ,i.ssumed peak can be 

found out, After knowing volume and peak of a flood 

hydrogrn.ph, cq,. (tr , 3) can be used in order to find the 

Time base of the hydrograp.h. For the same volume and 

peak, the peak time of hydrogra:ph can be found out by 

using e'q.,  ( Ii ,11) • 

The triangular flood .hydrogre.ph w .s plotted knowing 

Tb, T and peak discharge, Generally the so triangular 

volumes will have higher value s then that calculated 

from c q , (t' ,2) , In order to reduce. the tria.ngultr 

volume to the given volume, various trial of curvolinenr 

.h.ydrogra,ph were assumed keeping Tb, T and flood peak 
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same till the hydrograph for the given volume of 

was obtained. This was done by using the pi:,nim^t; r 

for each trial the volume of smoot.hcd hydrogra.ph(curvol-

linear .hydrograph) was checked, if it tailed with given 

volume, then it was taken as final hydrograph: for that 

peak, Otherwise, again it was adjusted, smoothed till the 

.hydrograph for the given volume by q, Li ,2. was obtained . 

The hourly 6rdinntos of each flood hydrograph read out and 

the sn-mc wore used r the simulation computations 

(Refer So c t► , 5) , The values  o f Tp, Tb are shown in 

Table 1i,5 and the corresponding flood hydrogrRphs in 

Fig,tt.3, after adding the base flowq. 

It , 5 , x Simutry.tion ca'teiLta:t;oW 

For the simu1 tion study of the detention basins 

the design va.ria.bies, the inputs, and the constants used 

are defined in sec. Li .5.3.1 end 11,5.1.2 

tc ,5.3.1 	tention Ba.din 
I-Dti si&n V.~,rb1 

For the basin A, except the basin capacity all 

the other dr sign vnria.bles wore kept fixed, and w r 

taken from the project rr por t These n,rc given below 

1. River channel ca.pa,city(CHCAPP~.) for nil. 
roa_chog 	 = 60000 cosecs 

2. Inlet Capacity 
(a) At Dogriporo (CINZD) 	 = 15000 cusecs 
(b) At Tokna, 	(CINLT) 	 _ .15000 cusecs 
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T LS 

DZLOPLD FLOOD HYDROM.PBS !T SANGAM 

S. 
No. 

Peak dischar-; 	Volume 
ge with base 	in 
flood in 	Kcre 
cusecs 	feet 

'ime Peak 
TP) in 
lours 

70000.0 501727.79 296 74 

80000.0 594869.26 3-7 80 

90000.0 691274.13 382 85 

10900 0.0 88 2523.69 471. 101 

135000.,0 U59313.'+ 601 133 

165000.0 l+97392.~+ 761- 180 

1 

2 

3 

4 

5 

6 
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3 , Sill l?vols 
(a.) Outlet 
(i) At B',nderpora, 

(ii) At Le.lhr.r 
— 5207.5 foot 

= 5207.5 fact 
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L, The basin cr pacitics (max. basins Levels) considered 

for the simul~.tion a.re given in Table ti .6 , 

In nut 

The flood hydrogra..phs -1.t Sanga,.m which were routed 

through the ba. sin are given in Table ti .5, 

III- Consta`nt;~ 

The- constants us'd are 

1, Constants X, and K for channel routing arc given in 
Table L,,t', 

2. Constants for outlets 
(a)  At Band< rporn. COFF1 = ,OO,0 

(b)  At Lelhn:r COFF2 = 	11ti7,6 

Computer programmes described in s.;c . t' .5 . 1 wn.s used 

to simulate the behaviour of the detention basin A, 

Various floods for assumed pe .ks at Se.ngc.m as given 
in Table Li ,5, and Fig, L, ,; i.r( routed through the b=asin 

using the. operating procedure given in ,sec . ti , 5 , 1,1 
frr diffeer; nt basin cc.p^.citi.c,q . These flood hydrogra.phs 

a.ro given in Fig. G .3, the routing period vans' taken as one 
hour. The flood detention period in , the basin, the ,a, YL~r. 



T;j-B 

DATA FOR SINJLTI0I'1 AND DETENTION PERIOD 
OBTAINED VOR BASIN vAt 

S. Peak discharge 	Maximum Basin 	Detention 
No. at Sangam in 	level 	 period (D t ) 

	

in 	 in 	 in 

Cusecs 	feet 	 Hours 

	

2 	 3 	 I. 

BASIN At 
1 	70000.0 	 521.8. 60 305 

5220,10 3o5 
5-.6o 305 

2 	82000.0 	 5215.60 376 
5218.60 376 
522+.6o 376 

3 	90000.0 	 5212.60 377 
521+.6o 389 

218-,6O 392 
5220.10 392 

109000,0 	 5212.60 	 412 
5214.60 

	

5218.60 	 +28 

f 

5 	135000 .0 

6 	l6S000,o 

5214.6o 470 
4b 5 

5213.60 500 

521'-.6o  
5218,60 550 
5220.60 555 
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water levela ttained in the basin .re given in Tabic L!  .6 

for each flood and for or3ch basin capacity, 

t.5.3,2 Dotontion Biin B 

I—Dc  aiKflbi 

For the,  basin B also, except the basin capacity 

all the other design varipbTLes were kept fixed, p.nd w•r 
8 

ttkon from the project report. These are given below 

1. River channel capacity for 
all re.chos (CHcAPB) 

2 • Inlet capacity 

(a) At KandizL(CINLK) 

3, 811.1 lovels  

Outlots 

50000,0 cUsecs 

1000-0,0 cusacs  

(i) At Padshahibagh = 5196,0 foot 

(ii) lit F .S. Channel = 5196 ,0 foot 

Li • The basin cap a.cjtth 	(niximum b,-in levels) 
considered for the siriuTLtion are given in 
Table L;,8, 

Only three flood hydrographi, modified by basin A 

for this ea.pity (218-6) a.vajlRblcn.t the downstream of 

LoThar outlet wore routed through basin B, The flood 

hydrogrn.phs at the KandizaL mit basin B were obtained 

by routing, otho p.bo floods available at the downstream 

of Lclhn.r, through roch 1 of the river between Le1h3,r 

and Knndizal. These are given in Table Li.7, 
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III-C np t~ 
The constants used were 

1, Constants X, and K for channel routing are 

given in Table LI , G . 

2. Constants of outlets 

(a) At Pte.dshahiba,gh 

Ci = 163.,Q FoR 	zj 9 fee* au c( cot 

C2 = 22#. 	F e - 1- = 49 fee' opo( Cdx = o -G Z 

(b) At F,S. Channel 

C1 = 3 SD . 4 p a' Q c.._ = (a .S e e 	Cd e = a. 

C2 = 522..n Av-e L _ tog e.eb d.-0' C.(1zo-G~ 

Computer progra,mmo described in sec , L ,5 ,1 was used 

for simulation of basin B. Thrco floods as shown in 

Table 11 .8 were routed through the bn.sin using the operating 

procedure given in sec, Li ,5 ..1,2 for different btn,,sin ca.pa.:-

citie s . The routing period was one hour. The flood 

detention period, the maximum water level attained in 

the basin are given in Table L1 .8. 

Other ria suits regarding the modified flood hydro-

graphs dcwnstre: ?.m of Pa,dhthibagh .. -` ' : =u. flow reaching 

Srinagar city, and the flow diverted in the F.S.  C.ha.nnel 

are given in Table G , 9, 



Time in 	Discharge 
Hours 	 in 

Cusces 

28 11560.8 
29 118 9 9.1 
30 12255.5 
31 12635.1 
32 13037.2 
33 131-51+-.2 
31+ 13878-.5 
35 11+312.8 
36 11+765.2 
37 15231.1+ 
38 15713.1 
39 16226.3 
-0 16778.5 
41 17357.2 
1-2 179 $.4 
43 18557.2 
44 19185.7 
14-5 18932.7 
1-6 20492.2 
47 211510 
1+8 21825.1 
1+9 22519.E 
50 23239.1 
51 2398S. 
52 21+7%, 
53 2554-6.1 
51+- 2635-.1 
55 2720Q..9 

TABI;L 

NODIFI~D FLOOD HYDROGRAP H AT KANDI ZAL INIwT 

(a) 	For Peak Flood = 90000.0 At Sangam 

Time in Discharge 
Hours in 

Cusces 

0 64+00.0 
1 62+00 .'+ 
2 6'+0 i-.1 
3 61-l9.3 
~+ 

 
6+5,+ 

5 650-.o 
6 6581.8 
7 666-.8 
8 6755.3 
9 6853.4 

10 6965.5 
11 7099.2 
12 7257.2 
13 71+1+0.1 
14 76113.1+ 
15 7860.6 
16 8091+.3 
17 831+2.6 
18 8595.7 
19 8855.3 
20 9126.0 
21 9406.2 
22 ,969+.6 
23 9990.E 
24 10294.7 
25 10603.7 
26 10915.2 
27 11233.2 
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Table ~+„7 (Cored v.) 

Time in 	Discharge 	Time in 	Discharge 
Hours 	 in 	 Hours 	 in 

Cusees 	 Cusces 

56 28087.5 ' 	84 1+8000.0 
57 29001.1 85 1+8000.0 
58 2991+2.1+ 86 1+8000.0 
59 30917.1 87 4000.0 
60 31925.1 S8 48000.0 
61 329714.6 89  
62 3'+071.9 90 '+8000.0 
63 35210,6 91 59998.8 
6 36388.6 92 59999.1 
65 37593.1+ 93 59999.7 
66 38821+.8 914- 59999-.9 
67 40093.2 95 59999.9 
68 1+11+19.0 96 60000.o 
69 -2801.'+ 97 60000.o 
70 X4221.1+ 98 60000.o 
71 4567o..6 99 60000.o 
72 14-7156.2 100 60000.0 
73 48000.0 lol 60003.6 
74 48000.0 102 60027.2 
75 48000.0 103 60053.14- 
76 48000.0 10+ 59933.9 
77 48000.0 io5 5951+3.3 
78 148000.0 106 58932.2 
79 480 00.0 107 58166.1+. 
80 1+8000.0 108 57304.9 
81 8000.o log 56395.5 
82 48000.0 110 551+87.1+ 
83 48000.0 U]. 5461.0.8 



Table X4-.7 (C and t. ) 
4. 

T ime in 	Discharge 	Time in 	Discharge 
Hours 	Iin 	 Hours 	 in 

Cusces 	 Cusces 

112 5378-.2 
113 53019.2 
114 5231+.7 
115 51662.7 
116 51092.2 
117 50723.0 
118 50'+63.1 
119 50181.2 
120 '+9857.2 
121 '+989,0 
122 '+9089.6 
123 1+8668.2 
124 1-8238.- 
125 '+780'-,5 
126 14-7365.3 
127 1.6925.2 
128 1+64+96.8 
129 '+6085,7 
130 -5686.8 
3.31 1.5288.5 
132 4488 2.0 
133 4-1+64.9 
134 037.1- 
135 436o 3 .o 
136 13172.9 
137 4275+,3 
138 1+23814..0 
139 '+211+9.9 
144 41944.4 

141 '+1707,0 
142 '+11+1+1.0 
11+3 '+1114.9.9 
11+~~ 

 
1+0837.9 

11+5 4o 510 .o 
11+6 40175.5 
11+7 39841„2 

39511.5 
149 39135.3 
350 38856.0 
151 38521.1 
152 38180.7 

153 37836.1+ 
154 

 
371+98.8 

155 37168,9 
156 3631+2.5 
2-57 36511.9 
158 36178.5 
159 35850.8 
160 353o.3 
161 35242.6 
162 34895.8 
163 345$ 2 ..7 
161+ 51+269.0 
165 3~,SI+5.9 
166 33618., 5 
167 33293.$ 
168 32976.4 
169 32663,. 



Table 4.7 (Condt.) 
	

6 L! 

Time in 	Discharge 
Hours 	Fin 

Cusces 

Time in 
Hours 

Discharge 
in 

Cusces 

170 32353.7 
171 3201+1.9. 
172 31728.1 
173 31+-15.2 
171- 3111+.3 
175 30831.0 

176 3o561.1+ 
177 33o1+•1+ 
178 30055.2 
179 29811.0 
180 29571.1+ 
181 29332.1+ 
182 29096.2 
183 28860.7 
181+ 28826.5 
185 28393.8 
186 28257.5 
187 27908.8 
188 27653.6 

189 27406.6 
190 27171+.2 
191 26954.1 

192 26738.0 
193 26 52.E 	:. 
191+ 26300.2 
195 26077.0 
196 25851.8 
197 25624.9 
198 25397.4 

25170.7 
21+91+3.0 
21+718.8 
21+502.2 
21295.7 
24097.5 
23903.1+ 
23706.6 
23501-.3 
23303.2 
2310'+.5 
22903.6 
22699.2 
221+96.9 
22301.9 
22])-.3 
21937.5 
21761+.0 ... 

21583.0 
21390.7 
21190.7 
20992.1 
20798.7 
20611.3 
20'+25.1+ 
20238.3 
20051.1 
19867.3 
1968 7.~ 

199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 

218 

219 
220 
221 
222 
223 

221 
225 
226 
227 
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Ta,b1ems,7 (Confd.) 

Time in 	Discharge 
Hours 	in 

Cusces 

Time in 	Discharge 
Hours 	I 	in 

Cusces 

228 19506.8 
229 19322.9 
230 191 -1.4 
231 18967.4 
232 18795.6 
233 18620.3 
231  
235 18271+.9 
236 18107.7 
237 17931-.6 
238 17760,1 
239 17591.6 
21+0 171+21+.0 
241 17251.8 
242 17078.7 
21+3. 16910.9 
244 1674-.5 
21+5 16572.5 
24+6 16399.5 
21+7. 16233.2 
248 16070.9 
2J-9 15911.8 
250 15756,6 
251 3.5603.2 
252 154.7.3 
253 15288.5 
251+ 15126.7 
255 1+963.6 
256 11+802.2 

257 1 4643.4+ 
258 11+502.7 

259 11+358.6 
260 11+209.6 
261 J)+057,3. 
262 J.3903.- 
263 13755.0 
264-  13616.6 
265 1314g7,3 
266 13365.9 
267 132514,6 
268 13155.7 
269 13068.4 
270  12988.1+ 
271 22907.6 
272. 12819.3 
273 12721+.1 
274  12631.5 
275 1251+5.1+ 
276 121.59.1+ 
277 12367.5 
278 12269.3 
279 12166.5 
280 12066.8 
2$1  11963.3 
282 11859.5 
283 11759.8 
28 4- 11667, 3 
285  



Table -.7 (Contd.) 

286 11488.1 317 9065.0 
287 11393.7 318 9008-.9 
288 11296.7 319 8953.5 
289 11196.2 320 8897.7 
290 11090.8 321 881.9 
291- 10982.7 1 	322 8786.6 
292 108 72.9 323 8731.1 
293 10763.0 324 8676-.0 
294 10651+.3 325 8620.? 
295 105+7.2 326 8565.6 
296 1o+6.3 327 8510.3 
297 10353.5 3~8 8-55.-'- 
298 10266.2 329 8400.0 
299 10178.9 1 330 83'5.'  
300 10092.2 331 8290.9 
301 10011.8 332 8236.7 
302 9939.2 333 8185.9 
303 9871.8 33"- 8139.2 
301- 9807.7  335 &09+.2 
305 976.7 336 80.o 
3o6 9687.7 337 8001.6 
307 9629.7 338 7952.o 
308 9572.3 339 ?900:0 
309 9515.4 340  
310 9 -58.6 34-i 7795.1 
311 9+01.9 3i- 7745.7 
312 9345.3 31+3 7702.5 
313 9289.1 3 7666.5 
314 9233.5 345 7636.1 
315 16 9177.5 31 f6 760$-.l  
316 9121.3 3~+7  



Table 1+.7 (Contd.) 

1 	2 	 1 	 2 

67 

348 7552.9 
34.9 7526.8 
350 7502.7 
351 7+78.6 
352 71+50.6 
353 71.16.1 
354  7375-.5 
355 7331.2 
356 7287.14- 
3 57 7247.4 
3 58 7213.7 
359 7186.2 
360 7161+.0 
361 711+5.8 
362 7129.5 
363 7111+.3 
361+ 7099.9 
365 7085.9 
366 7070.0 
367 7052.1+ 
368 7o314-14- 
369 7016.1.. 
370 6998.7 
371 6980.3 
372  696o.5 

373 694o..6 
371+ 6921.6 
375 69o14-,5 
376 6888.7 
377 6871+.o 
378 6859.0 
379 6814-3.2 



Table 4.7(Contd.) 
MODIFIF,D FLOOD HYDROGRAPH AT KAIIDIZAL Ii t T 

(b) 	For Peak flood = 10900.0 Cuses at Sangam 

Time inj 	Discharge 	Time in 	Discharge. in 
Hous 	in Cusce.s 	Hours 	Cusces 

2 

0 6800.0 26 10220.0 
1 6800.]. 27 101+70.8 
2 6807,8 28 10732.3 
3 6834.5 29 11000.4 
4 6887.5 30 11277.7 
5 6 956 t. 31 11568.1 
6 7028.8 32 1187.9 
7 7106.2 33 12.73.0 
8 7196.6 34 12484.6 
9 7301 - 3 35 12801 .3 

10 7412.1 36 13127.1  
11 7522.3 37 131+70-. 
12 7630.1+ 38 13830.6 
13 7739.1 39 14205.4 
11+ 7857.6 40 14590.1 
15 .7994.5 1+1 1+98l64. 
16 8151.2 42 15380.2 
17 8323.6 43 15792.7 
18 8506.9 44 16226.2 
19 8697.2 45 16681.0 
20 8891,7 46 17152.7 
21 9089.0 47 17638.8 
22 9291.0 1+8 18140.4 
23 9505.0 49 18655.2 
21+ 9735.9 50 19178.9 
25 9976.7 51 19713.9 



69 

Table 4,7 (Contd.) 

1 	2 	1  

52 20258.8 81 +5380.+ 
53 20810.5 82 46819.2 
54 21373.1 83 48000.0 
55 21911-9.8 84 48000 .o 
56 225'++.9 85 48000.0 
57 23157.1 86 4a000.o 
58 23781.0 87 48000 .o 
59 24412.3 88 48000 .o 
60 25061.5 89 48000.o 
61 257+.5 90 48000.o 
62 261163.8 91 11-80©0.0 
63 27213.0 92 1.80d0.0 
64 27988.5 93 48000.0 
65 28791+.2 94 118000.0 
66 29630. 95 48000.0 
67 30490.0 96 480000.0 
68 31372.3 97 11-80000.0 
69 32281.0 98 480000.0 
70 33213.3 99 +8o 00o .0 
71  34157.. 100 1180000.0 
72 35117.0 101 1+80000.0 
73 36101.4 102 480000 .o 
71.+- 37103.8 103 480000.0 
75 38122.9 104 480000,0 
76 39181 , 105 480000.o 
77 40299.3 106 X0000.0 
78 41487.5 107 180000.0 
79 42734.6 108 480000.o 
80 +11026.9 log 1+80000.0 
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Table 1-.7(Contd.) 

1 
	 2 	 9 

110 48000.0 141,. 54996..0 
111 95741.0 142 54557 ,3 
112 93865.0 143 54o75.1+ 
113 91851. • 9 144 53577.9 
114 89815.0 145 53088.6 
115 87871.9 146 52615.3 
116 86046.1 147 52155.6 
117 84319.2 148 51705.4 
118 82677.6 149 51260.9 
119 81095.8 150 50821.2 
120 79556.2 151 5o3835 
121 78081.9 152 19941.7 
122 76672.4 153 49498.7 
123 75279.1. 154 49059.8 
124 73862.1 155 48632.8 
125 72+2+.6 156 1+822o.+ 
126 70989.4. 157 47818.3 
127 69585.8 158 47420.4 
128 68259.6 159 47021.9 
129 67016.6 160 46625.4 
130 65809.1 '161 1+6279.8 
131 .64592.3 162 1+6076.8 
132 6336+•5 163 45883.7 
133 62141,4 164 45649.3 
131+ 6093)+.6 165 45380.9 
135 59765.2 166 45091..9 
136 58639.0 167  
137 57567.6 168 44469.6 
138 56563.%7 169 44151 .6 
139 55756.2 170 43831.8 
140 55375.6 171 +3506.9 



Table 4.7 (Contd.) 
1 2 .1 

a 

172 43178.4 203 33513.8 
173 428+2.1 204 3321+7,1 
174+ 42508.1 205 32986.7 
175 1+2171  .4  206 32735.3 
176 41836.1 207 321+89.6 
177 1+11+99.1+ 208. 3221+6.5 
178 1+1161.8 209 32002.,1 
179 40821 .2 21.0 31756.5 
180 40484.9 211 31516.9 
181 40149-.6 212 31278.5 
182 39613.42 213 31047.5 
183 391+76.2 214 30817.1 
184 39138.0 215 30583.8 
185 38804.0 216 30351  •8 
186 38+-72.9 217 30122.6 
187 3811+8.8 218 29898.8 
188 37831 •3 219 29679.8 
189 37520.6  220 29460.0 
190 37211.8 221 29239.3 
191 36902.5 222 29 al8.6 

92 . 	36595.6 223 28798.4 
193 .36291 .3 224 28584.9 
191+ 35991  .8 225 28377.1 
195 35695.8 22.6 28173.2 
196 351+05.8 227 27972.8 
197 35122.7 228 27775.3 
198 3. 484+.4 229 27575.7 
199 3+570.8 230 27370.3 
200 31+301.5 231 27161.6 
201 34039.2 232 26959.6 
202 33779.6 233 26767.5 



Table 1+.7 (Contd.) 

1 	 2 	1 	1 	 2 

234 26583 .0 265 2121+1.1 
235 26398 • 0 266 21086.3 
236 2621.2 267. 2093+.0 
237 26021+.5 268 20782.1 
238 25835.9 269 20629.1 
239 25646 •4 270 201+77.7 
240 251+60.6 271 20325.9 
2+l 25276 .& 272 20173 .8 
21+2 25096.9 273 20025,2 
243 24919 .i. 271+ 19885.2. 
244 24714-3.1 275 1971+3.7 
21+5 2.568.6 276 19609.6 
246 214.393.9 277 19467 a 
21+7 214-219.3 278 19326.5 
248 210+6.3 279 19191 .5 
249 23873.3 230 19061 .8 
250 236 99.4 281 13935,9 
251 23526.3 282 13814.6 
252 23353.9 203 13694.5 
253 23181 .6 231+ 18572.1+ 
254  23010.1+ 285 18 	-3 ,3 
255 22838.1+ 206 18307.3 
256 22667.3 237 13170,1+ 
257 22 LF98.0 230 10 03 8.2 
258 22335.0 289 17910.2 
259 22175.1 290 177814- .2 
260 220161 291 17653 ,.2. 
261 21860.2 292 : 	'17515.9, 
262 217014-.8 293 17379.1.  
263 21548.1+ 294 17247,0 
264 21394.2 295 17120.2 

72  
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Table 4.7 (Contd.) 

296 16997.5 326 i30+9.7 
297 16373.1 327 137U1 •7 
290 16761.3 320 13690.1 
299 166+5.2 329 13590.6 
300 16530.3 330 13+69.9 
301 16415.3 331 13551.2 
302 16301.2 332 13233.3 
303 16187.2 333 13114.1 
3o+ 16072.6 334 12990.2 
305 15953.3 335 12091.3 
306 15845.4 336 i2300.4 
307 1532.2 337 12722.9 
303  .156191 333 12653.5 
309 15506.5 339 12539.6 
310 15394,8 340 12527.0 
311  i5232.5 31+1 12161.3 
312 15170.3 342 12307.2 
313 15050.9 343 122009.5 
314 14947.1 34- 12174 •3 
315 1036.0 345 12052.0 
316 14724. - 346 11937.5 
317 1463 3.6 347 11031.2 
310 115o4.o 3Lw 11 740.B 
319 1100.9 349 11657.3 
320 14306.5, 350 11582.3 
321 14210.5 351 11515.0 
322 14134.7 352 L  452.1 
323 14055.3 353 11.392.6 
321+ 13902.3 354 11334.3 
325 13911-.7 355 11275.0 



Table 4.7 (Contd. ) 

2 	1 	 Q 

356 11210.5 306 
357 11138.4 337 
350 1-1062.5 330 
359 10906.5 309 
36`0 10911.1 390 
361 10336.0 391 
362 10765.3 392 
363 10690.7 393 
364 10635.7 394 
365 10576.0 395 
366 10517.9 396 
367 10461 .2 397 
368 10+03.3 390 
369 10342 399 
370 10276.7 400 
371 10211.6 401 
372 10143.9 402 
373 10000.2 403 
374 10030 404 
375 9973.7 405 
376 9910.1 406 
377 9062.4 407 
373 9007.6 4oc 
379 9753.2 409 
300 9699.0 410 
301 9645.0 411 
332 9590.0 412 
303 9536.0 413 
304 9401.6 414 
305 9427.5 415 

9373.6 
931 9,.7 
9265.3 
9212 .0 
9150.2 
9104.6 
9051 •7 
0990.3 
09.5.0 
3094.2 
03350.0 
OU17.2 
u7v9 .0 
0761.7 
8731 .0 
-697.2 
0662.5 
L'6 27.0 
0592.6 
U55U .0 
526.6 

0494.7 
-0+64.7 
0437.7 
L)1 3 •9 
0393.3 
0373.6 
0354.6 
0337.3 
U3 21 .3 
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Table 14-.7 (Contd.) 

1 2 l 2 

416 3306.7 + 7625.4 
1+17 0292.6 445 7604.0 
• 410 0279.0 446 7533 7  
1+19 0264.3 if 756 )+ .3  
1+20 021+7.9 751+3.1+ 
421 0223.1 4-9 7533.9 
422 3203.3 450 7520.5 
423 3174.E 451 7507.3 
424 0145.4 452 71+95.7 
1+25 0117.3 14-53 7403.0 
426 8090.5.  454 71+71 .0 
427 6064.0 455 7+59.5 
420 3033.2 1+56 7447.4 
429 OQU .o 457 7435.3 
1+30 7932.9 450 7422.1 

•431 7952.2 11-59 714-06.9 
432 7919.7 460 7339.1 
433 7300.0 461 7367.3 
434 7050.1 462 7314-1.2 
435 7031 •0' 1+63 7311 •9 
1-36 7006.0 1+61- 7231.7 
1+37 7702.1 465 7252.5 
1+30 7753 4,6 466 7227.0 
1+39 7736.0 467 7205.7 
x+40 7713.3 1460 7137.0 
441 7691.7 469 7169.3 

+-2 7669_.2 470 7151 .7 
761.I7.2' +3 

 



165000.0 Cusces at Sangam. 

Time in 	Discharge 
Hours 	I 	in 

Cusecs 

2 

10366.9 
10535 .3. 
1o71)4 
10901.9 
11094-.5 
11290.3 
1J)87.9 
11686.5 
1188518 
12085.4 
12285.9 
12'~92.5 

12716.o 
12959.2 
13215.2 
13'+79.0 
1371- .'~ 
13999.6 
1'~255.8 
14511 *1 
1'~765.2 

150 31.8 
15315.1 
15604.9 
15898.8 
16200.8 

I 

26 
27 
28 
29 
30 
31 
32 
33 
3'- 
35 
36 
37 
38 
39 
40 

41 

42 

43 
1jui 

'~5 
'~6 
47 
'~8 
'~9 
5o 
Si 

76 

Table .7(Contd.) 
(c) 	For Peak Flood 

Time in Discharge 
Hours in 

Cusecs 

iIIiii 	III I1IIIIIIIiIlJI. 
o 8200,0 
3. 8200.2 
2 8202.0 
3 8209.6 
I'- 8227.2 
5 8255.0 
6 8290.9 
7 8332.6 
8 8379.3 
9 8-32.6 

10 81+91+.5 
11 8567.3 
12 8652.3 
13 87'-+.9 
14 8839.5 
15 8934.6 
16 9Q32.3 
17 9135.1 
18 92.9 
19 9363.3 
20 9488.8 
21 9623.3 
22 9769.1 
23 9919.2 

10065.5 
25 10211.8 



Table 1+.7 (Contd.) 

77 

52 16507,1+ 

53 1681'+.o 
54+ 17119.l- 
55 171+25.8 
56 17736.5 
57 180.7 
58 18366.1+ 
59 18696.9 
60 190L.0 
61 19385,7 
62 19726,0 
63 20070-.0 
64 20-18.9 
65 20769.6 
66 21121.3 
67 211+75.6 
68 21837.9 
69 22208.1 
70 22579.0 
71 2291+5.3 
72 23307.0 
73 23667,14- 
73 2O33.8 
75 2 +09.4 
76 2'l-793.3 
77 25183.1+ 
78 25611-.5 
79 26095-,5 
80 261+-31.5 
81. 26803,9 

91 
92 
93 
91!- 
95 
96 
9? 
98 
99 

100 
101 
102 
103 
104 
105 
106 

3.07 
108 
Zo 9 
110 
111 

27203.1 
27623.3 
280x+6.6 
28-63.6 
28896.1 
29356-,1- 
298 22-,9 
3o282-,9 
307+3.2 
3120 7-.-
31669-,5 
32133.6 
32600.3 
33058.6 
335o 
3391+7.8 
311-396.6 
31+8 6.o 
35297.8 
35756.1 
36237.5 
36746.1 
37273.2 
37808.1 
3835-.7 
38917.1 
39 1~98.7 
1+0106-.1+ 
Ifo 737-.6 
1.138 0.0 



Table 4.7 (Cont , ) 
78 

112 	1+2033.1+ 	143 
113 	42700-.4 	11+ 
114 	43378.7 	i1+5 

146 
147 
148 

149 

15o 
151 

1.52 
153 
154- 

1 

156 
157 

158 

159 

160 

161 

162 

163 

161 
165 

166 
167 

16g 

169 

17o 
171 

172 
173 

115 4+Q 65.5 
116 1 	-757-.4 
117 x+5453.5 
118 46153-.7 
119 46861.5 
120 47575.9 

121 48000-.0 
122 48000.0 
123 1+8000.0 
124 1+8000.0 
125 48000.0 
126 43000.0 
127 48000.0 
128 48000.0 
129 1+8000.0 
130 48000.0 
131 48000.0 
132 48000.0 
133 48000.0 
134 48000.0 
135 4300 a.0 
136 X8000.0 
137 4,8000.0 
138 48000.0 
139 48000.0 
1-40 43ooa .0 
l~+'1 4-800G.0 
11+2 1+8000.0 

48000.0 
59997.4 

59998.6 
59999.3 
59999.6 
59999.8 
59999.9 
60000 • 0 
60000 .0 
60000.0 
60000.0 
6o000.0 
60000.0 
60000.o 
60000.o 
60000.o 
60000,0 

60278.3 
62683.7 
70198.9 
8 I1+8..2 
90851.x+ 
98831.9 

105496.3 
111168.1 
115911+,x+ 
1198 0 3.8 
123833.7 
127729.6 

1318 73-.1 
136177.6 



Table 4.7 (Contd.) 
	 79 

174  1'40308.l 
175 11+'1012.9 
276 147120.8 
177 11+9639.7 
178 151806.4 
179 153805.1+ 
180 15574+-.8 
181 1571+56.4 
182 158 715.3 
:183 160 7148.0 
18 4  1620 23.6 
185 162375.3 
186 161813.3 
187 160588.3 
188 158978.0 
189 157153.)+ 
190 155170.2 
191 153022.9 
192 150760.5 
193 11+8513.5 
191+ 11+6313.7 
195 144106.9 
196 141976.9 
197 139991.2 
198 138125,9 
199 136347.9 
200 134654.1 
201 133056.1 
202 131549.2 
203 130082.5 
201+ 123571+,8 

205 
206 
207 
208 
209 
210 
211 
212 
213 
211+ 
215 
216 
217 
218 
219 
220 
221 

222 
223 
224 

225 
226 
227 
228 

229 

230 

231 

232 
233 
234 
235 

127004.9 
125417.7 
123866.6 
122337.4 
120453-,6 
116068.8 
106697.9 

97351+.8 
95229.1 
97928-.1- 

101396-.4 
103911,8 
105181-«2 
10 5461-, 3 
105111.8 
104+16.7 
103526.0 
102480.2 
101333.6 
100178,6 
99050.2  
97932.1+ 
96823.6 
95712.1 
9476 3.1 
93702.4 
92719.5 
917"+11-.l 

90782.1 
89838-.8 
88916.1+ 



80 

Table 	-.7 (Cored.) 
l 2 

236 88022.6 
237 87157.~- 
238 86309.8 
239 85+62.6 
240 8461+.5 
24-1 83781.7 
242 82961.1 
21-3 8 2137.3 

81310.5 
2~+-5 80486.6 
2.6 79679.8 
247 78901.7 
2 48 7811+1.0 
29 77379.8 
250 76609.5 
251 75829.6 
252 75o' -3.1- 
253 74261.3 
254 73501.8 
255 72777.2 
256 72059.9 
257 71329.8 
258 70581,- 
259 69827.6 
260 69093.9 
261 68385-.? 
262 67681-.9 
263 6698o,' 
264- 66289.9 
265 65600.9 
266 6899.6 
267 64195.1- 

l ._.-. 	2 
268 	63507.2 
269 	62837.7 
270 
	

62173,5 
271 
	

61508.7 
272 
	

608 52.0 
273 
	

60205.3. 
27 
	

59560.8 
275 
	

58921.5 
276 
	

58294-.o 
277 
	

57791.6 
278 
	

57637.8 
279 
	5 7447-.6 

280 
	

57181-.8 
281 
	

56851.7 
282 
	

56±'72 ,o 

283 
	

56o6-,9 
281J- 
	

55637;.+ 
285 
	

5519+'•1 
286 
	

5' 732.7 
287 
	

5"-263'.3 
288 
	

5378.6 .9 
289 
	

53311: 1 
290 	52838.3 
291 	52360.9 
292 
	

51881.3 
293 
	

51+02.8 
294 
	

50923.6 
295 
	

50 14l-.4 
296 
	

49957.3 
297 
	

49{-71.7 
298 
	

490 ta-9.3 
299 
	

48814.6 



81- 
Table f.7 (Contd.) 

l 1 2 

300 48568.1+ 331 361+56-.o 
301 48294.8 332 36132.2 
302 1+7978.3 333 35820.0 
303 1+7623.7 ! 334 35521.2 
3o1  1-721+2.8 335 35226.5 
305 1+68.0 336 333.1+ 
3o6 1+61+51.1 337 3LI-641.7 
307 1+6042.9 338 34350.5 
308 45624.8 339 314066.1+ 
309  4520 0.'f I 340 3378±.1 
310 4+767+.5 341 33502.2 
311 44320-.2 342 33227-.0 
312 1+3881-.8 343 32959.6 
313 431++9.9 341+ 32697.6 
314-  1+3020.5 3 4+5 32+35.7 
315 1+2598.6 3'+6 32167.0 
316 1+2181.3 314-7 31895.1+ 
317 14-1767.3 31+8 31622.6 
318 'f13514-.6 31.9 31357,9 
319 1+0951.1 	I 350 31107.8 
320 ' o59+.6 351 30876.5 
321 1+0156.6 352 3o651.1 
322 39755.1 353 30423.9 
323 39356.9 	j 351- 30199.5 
32- 38963.1+ 	1 355 29979.3 
325 38577.0 356 29763.2 
326 38200.0 	I 357 29551.2 
327 37831.5 358 29342.4 
328 3714-714-.7 359 29133.1 
329 37128.2 360 28919-.8 
330 36788.9 361 287014-.2 



82 
Table 1f•7 (Contd.) 

L 2IT 
362 28491.9 393 23227.6 
363 28286.1 394 23081.0 
364 28088.5 395 22935.1+  
365 27901.6 396 2279+.1 
366 27721-.9 397 22658,8 
367 275+3.1 398 22527.8 
368 27359.9 399 22400.2 
369 27170.+ 400 22275.0 
370 2697+.8 301 22151.9 
371 26776-.5 402 22029)4 
372 26582.3 	1 403 21908.0 
3173 - 	26395.9 +04 21785.7 
37)+ 26220.1 405 21662.0 
375 2605+,2 406 21531.5 
376 25889.4 1U37 21393.6 
377 25717.2 403 2125-.7 
378 25541.6 4O9 2111909 
379 25372.8 +10 20990.5 
380 25211,1+ 4-11 20865.8 
381 25050.9 +12 2073.o 
382 2+888-.5 1+13 20621.8 
383 21+723.3 414 20503.0 
381+ 21f558.5 	i 1+15 20385.1+ 
385 2 4-397,5 4-16 20268.1 
386 2421+3.5 1+17 20150.3 
387 2 4099.3 1+3.8 20031-.9 
388 23953. 1+19 19925.1 
389 23803.6 1+20 19823.9 
390 23655.2 1+21 19727.8 
391 23511.-.8 1+22 19629.7 
392 23370.9 423 19527.1+ 



oe 

Table 147  (Contd.) 

1TI 	2 2 
1+21+ 19421.3 2+56 16523.1+ 
1-25 19311.6 1+57 164-22.1 

1+26 19200.6 1+58 16329.5 
427 19088-.3 1+59 16247,6 
'1-28 18976.2 46o 161714-,8 
14-29 188 69.8 461 16110.8 
430 28773.2 "-62 16054-61+ 
1+31 18686.2 463 16001.8 
432 18605.5 4614- 1591+8.8 
14-33 18525.0 1+65 15895.5 
14-314- 181+1+0.2 466 1531+0.0 
14-35 18351f.0 1-67 15783.0 
1+36 18270.1 '68 15725.0 
14-37 18191.1+ 14-69 15666.4 
1+38 18116.8 47 15607-.7 
439 3.8041.3 '1-71 15514-9,6 

1+140 1795.1 472 151+90.9 
17888.8 473 151+32,1 

11-1+2 17809.6 14- 14- .15371+,o 
4-1+3 17723.0 14-75 1-5315-,6 
442+ 17629.5 '1-76 15258.5 
145 17531.1+ 14-77 15203-,6 
446 1714-314.6 473 15154.6 
47  1731+4.6 14-79 15111-,3 
41+8 17262.8 1480 15071,0 

17186.7 1+81 15031,1 
17110.6 482 114-988-.8 

'1-51 17027.3 483 114-91+17 
4-52 16935.3 
453 16838.1 1485 114338.1 
14514. 16735.2 1+86 1'787.5 
455 16629.7 487 



Table 4.7 (Contd.) 

_i1 

488 	1+695.6 
'+89 	1'+652.9 
490 	1+613.7 
x+-91 	1'1-578.3 
x+92 	1'-5'+6.1 
x+93 	1'i-516.1 
494 	1448 7.9 
x+95 	144.61.2 
496 	14-34-.6 
x-97 	1+08.o 
x"98 	14381.8 
x-99 	-14356.3 
500 	14330.4 

1'+30'+,6 
502 	14279.3 
503 	14253.8 
5o'+ 	14225.8 
505 	1'203.' 
506 	1'178.)+ 
507 	14153-.o 
508 	1'+128.1 
509 	14102.8 
510 	14078.1 
511 	11 0 53-. 5 
512 	1928.'+ 
513 	1o03.9 
511+ 	13979.4 
515 	13954--.4 
516 	13929.9 
517 	13905.6 
518 	13881.3 

or! 

1 	2 

519 	13856.3 
520 	13831.2 
521 	1380-.8 
522 	13777.2 
523 	13750.6. 
52'+ 	13727.0 
525 	137o6.)+ 
526 	13688-.3 
527 	13671.9 
528 	13656-.6 
529 	13641.9 
530 	13627.6 
531 	13613;6 
532 	13599.7 
533 	13585.8 
53'+ 	13572.0 
535 	13558.5 
536 	13 545-. 5 
537 	13532-.2 
538 	13518.7 
539 	13505.1 
•51+0 	13491.7 
51-1 	13 .78.9 
542 	13465.6 

13'52.1 
544 	- 13 	.8 
545 	1311-26.0 
51-6 	13412-.8 
511-7 	1298 4-.1 
5~-F8 

 
1190S.5 

549 	12659.4 



Table 4.7 (Contd.) 
	 o5 

2 1 2 

5.5.0 
551 
552 
553 
554 
555 
556 
55? 
558 
559 
56o 
561 
562 
563 
564 
565 
566 
567 
568 
569 
570 
571 
572 
573 
571+ 
575 
526 
577 
578 
579 
580 

130214-.6 
13200-.1 
13281.2 
13315.6 
13326.2 
13325.4 
1333.2 
13307.1 
13292 ..3 
13275.0 
13255.8 
13236.8 
13218.6 
13202.3 
13187.1 
13173-. 1-

1316o)+ 4 
13147.3 
131314-.6 
13121.8 
13109.6 
13o97.1  
13o814-.5 
13070.8 
13055.2 
13037.2 
13018.5 
12998.9 
12973.o 
129-3.8 
12915.2  

581 
5.82 
583 
58 4 
585 
586 
5.87 
5.88 
589 
590 
591 
592 
593 
59- 
595 
596 
597 
598 
599 
boo 
6o1 
602 
603 
6o14-
6o5 
6o6 
607 
608 
60 9 
610 
611 

12889:7 
12867.2 
128 "+6-.14-
12827.5 
12809.6 
12791.9 
12773.8 
1275+-.5 
12733-.8 
12712.8 
12691.7 
12670 
126-f8.9 
12627.14-
12605.9 
12584.3 
1256-.5 
125.35.14-
12506,3 
121+75-.11-

1214 4.3-.1 
1209 .14-
12376,5 
1231+6.0 
12318."- 
12292.9 
12269.0 
1221+6.1 
12223.8 
12201.8 
12180.1 



Table )4-.7 (Contd.) 

1 	2 	1 	2 ::rii : ii: ii':rrxri :: 

86 

612 12158.5 61+2 
613 12136.9 6~+3 
61 12115.x- 6+ 
615 12094-.6 I 	645 
616 12o73.5 6tf6 
617 1205'x.2 647 
628 12030.8 6i+8 
619 12009)4- 619 
620 11987.9 650 
621 11966.1- 651 
622 1191-.9 652 
623 11922.4 '  653 
62~+- 11897.3 65- 
625 11869)4- 655 
626 11340.1 656 
627 11811..9 657 
628 11785.6 658 
629 11760.9 659 
63o 11737.1- 660 
631 11713.9 661 
632 11688.7 662 
633 11660.0 663 
63~ - 1163o1 66 4- 

635 11600)  665 
636 11571.9  ! 666 
637 1154+-.7 667 
638 11518 .o 668 
639 11}.92 ). 669 
640 111+68.1 670 
641 114+-.9 671 

11+-23-.0 
111+01.3 
11379.6 
11358.3 
11337)C- 
11316.3 

11295.0 

11273.9 
11253.2 

11232.1 
11211.1 

11190-.4- 
11169.'+ 
1111+8.1 
11126.3 

1110 2-.9 
11076.3 
110 +7.1-
11017.2 
10986.3 
10957.0 
10930-. ~~-
10905.6 
10882.3 
10860.8 
108 '#-0-.6 
10820.8 
10800-.1 
10778-.3 
10756.6 



Table 4,7 (Contd.) 

1  2 

672 10734.9 
673 10713.3 
671+- 10692.2 
675 10670.0 
676 10 64~ -.9 
67.7 1o614.5 
678 1058l.+ 
679 10535.2 
680 10 454.2 
681 1O0.3 
682 10376.1 
683 10363,8 
6&-'- 3-0356.9 
685 1o3'8.9 
686 10337.6 
687 10323.2 
688 10306.8 
689 10288.8 
690 10270.0 
691 10250.7 
692 10231.1 
693 10211.2 
694 10191.4- 
695 1o171,4 
696 10151.5 
697 10131.5 
698 10111.5 
699 10091.5 
700 100 71...4 
701 10051-.2 
702 10031.2 

0 

1 	' 	2 

703 10011.3 
704 9991.14 
705 9971.5 
706 9951.5 
707 9931.+ 
708 9911.1 
709 9889.6 
710 9866.5 
711 98 42-, - 
712 9818.8 
713 9796-.4 
714 

 
977-.8  

71-5 976-,4- 
716  9701.3 
717 9657)4- 
718 961+1.4 
719 9644,1 
720 9650.0 
721 9653.1 
722 9652.1 

723 961+7.7 
724 9640.8 
725 9631,3 
726 963.8 
727 9603,0 
7~8 958 4.0 
729 9561.9 
73o 9539.0 
731 9516.3 
732 949)+,6 
733 9473.3 



Table 4+.7 (Contd.) 
38 

734  
735 
736 
737 
738 
739 
71+0 
714-1 
71+2 
71+3 
71+1 
745 
71+6 
71+7 
748 
71+9 
750 
751 
752 
753 
754 
755 
756 

2 	i 	l 

91+52.6 757 
9+32.1 758 
91+1-.8 759 
9391.6 760 
9371.5 761 
9350.3 762 
9325.8 763 
9296.1+' 
9264.3 
9233.3 
9205.0 
9179.5 
9155.7 
9132.1 
9107.2 
9080.2 
9052,2 
9025.0 
8999.1 
8972.2 
891+1.6 
8906.0 
8866.3 

I 

882 -.0 
8 78 2.1 
871+3.8 
8709.3 
8675.1 
8635.3 
8581+.9 



Feyal am 

TABLE 4.8 

DATA FOR SIMULATION AND DETENTION PERIOD OBTAINED FOR 
BAIN 'B' 

SNo. Peak discharge 	Maximum Basin 	Detention period 

	

at S angam 	 Level 	(D t) 
in 	 in 	 in 

	

 

Cusecs 	
feet 	 Hours 

tBi 
1 	90000.0 	 520o,40 	 519 

5202)40 	549 

2 	109000.0 
	

5200 .40 
	

575 
5202.4o 	 600 

3 	i6S000.o 
	5200.140 	 7145 

5202.140 
	

755 
52014)40 	 758 
5206,40 	 760 



02 
TABLE - 44 

IODIFI2D FLOOD VJJJS A.T PSH.FUB.GH 

I BASIN LEVEL = 5202.+ 	Note- Flow towards 
Srinagar = 3300oCusecs, 

Values given in Col.3 
were obtained by Rout-
ing using CHROUT. 

Peak Time RIV3R FLOW VfLIJS AT Flood Spill Discb- in PIHMU B1GH Channel 
arge Hours V  V 

RD 7000 at Without With Basin 
S angam Basin Routing 

Routing 	V  V 
V 

1 2 3 

90000.0 861 7.3 48032.1 1032.0 
Cusecs 80 59862.9 46000.0 V 	lS000.o 

86 79165.1 48000.o 15000.0 
91 87902.0 1+8000.0 15000,0 
92 87721+.8 48000.0 15000.0 
98 77950.7 60525.9 27525.9 

101+ 68275.9 59992.5 26999.5 
110 68697.3 5591+1.3 2291*1.3 
116 53058.9 51374.3 28371+.3 
122 1+929709 1+9290.4 16290.14 
121+ '-'8167.2 1+81+53.1+ J51+53)4- 

109000 81+ 448298.1  14801+70 1501+7.0 
Cusecs 90 59506.2 48000.0 15000.o 

96 813 71+.l Iffl000.0 15000,0 
102 102590.8 1+8000.0 15000,o 
106 107187.0 1+8000.0 l5000.0 
ice 105833.7 8O0O,Q 3-5000.0 
114- 92195.4 9081+8.2 57848.2 
120 81156.8 80321+.1* 1+732'I-)4- 
126 7214-76,5 71706.8 38706.8 
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Table )+.9 (Contd.) 

1 	2 	3 	 4 

132 64635-.6 63978.8 30978.8 
138 57606.9 57063.1 2063-.1 
1~+ 52+77.5 • 53827.2 20827.2 
150 48868.4 51040.9 1204o .9 
151 48381.5 50602.3 176O2.3 

165000 	122 
Cusecs 	128 

134 

146 
152 
3.58 
1614- 
17o 
176 
-13'z 
186 
188 
194 
200 
212 
218 
224 
?30 
236 
21+2 
248 
254 
260 
266 

48 278.6 '8O16.2 3.5016.2 
53003.3 -8000.O . 	15000.0 
58352.7 48000.0 15000.0 
63962.9 x-800 0.0 x.50 00.0 
70195.0 1ooO.o 15000.0 
78405.6 535zt-4.5 20513.5 
88390.2 60000.0 -,o 

10o14-35.1 86060.2 53060-.2 
1208 53.7 121810.4 88810-.' 
1.3887.0 114-5589-,6 112589.6 
i0~l4-1 158103-)4- 125103.)+- 
1624+51.9 3.c~-~ ~Q . 5. 329128.5 
160662.6 159796.0 122y9(.n 
148 590.7 147411.7 114411.7 
136-12.3 	• 135497.9 1021+97,8 
107500.3 102009.4 69009 .4 
105140.3 1o5357.4 72357,14- 
1013/9.6 100756.1 67756.1 
914-739.4 94201.3 61201.3 
88914-9S 881+-68.3 551+68 -.3 
83810.1 83370.9 50370.9 
78928.0 78520.6 '+5520.6 
74290 0.4 73881.5 40881.5 
69855 .9 69459-.8 36459.8 
65624.1 65250 .g 33250.8 
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Table 4,9(Contd,) 

272 61532.9 61180.0 28180.0 
278 57705.7 57701.0 24.701.0 
2&+ 5J-&+.5 55850.1 22850.1 
290 50757.1 530 74.6 20071f.6 
295 '8o71.6 50682.1 17682.1 

II 	BASIN LVL = 	5200.'f- 

90000 	7+ -86 -7.3 8032.1 15o 32.1 Cusecs 	80 59862-.9 +8000-.0 15000.o 
86 79165.1 +8 000.0 15000.0 
91 87902.0 53513.0 20513.0 
92 8772f.8 60525,0 27525.0 
98 77950-.7 60000-.o 27000-.0 

10)+ 68275.9 59999.5 26999.5 
110 68697.3 5591+1.3 22941.3 

.116 53058.9 5137+.3 28 37-.3 
3.22 49297.9 x -929O)+ 1629o.'- 

3167,2 48453.6 15453.6 

109000 	81+ '-8298.1 480-7.0 15047.0 Cusecs 	90 59506.3 '8000.o 1500®.0 
96 81371+-.1 1-8000.0 15000.0 

102 102590.8 1+8000.0 15000.0 
lob 107187,0 87331,o 54331.0 
108 10 58 33.7 97698,0 61-698.o 
.109 103925.8 98573.1 65573.1 
112 96726.6 9+811.8 61811.8 
118 800.9 831f95.1  
12)+ 75325.1 71+571.5 1  +1571-.5 
130 6 70 57.1 661+11.6 331+11.6 



Table 4.9 (Contd.) 

"r 	- 
136 59806.7 59200.51 •26200,5 
11+2 51+018.1 5 +778.9 21778.9 
148 4994-.0 51930.2 18930.2 
151 4+8381.5 50602.3 37602.3 

165oo 	122 48278.6 480162.0 150162-.0 
128 53003-.3 4000-,0 15000..0 
z31+ 58352.7 48000-.0 15000-.0 
140 63962.9 60523.8 27523.8 
l46 7o495-.o 60000 .o 27000,0 
152 .= ?8o56 60000.o 27000.0 
158 88 390.2 75550 .5 1-2550-.5 
164 100.35.1 117890.9 84890.9 
170 1208 53-.7 142177.1 109177-.1 
1?6  11+3887.0 : 	156609-.6 123609.6 
180 153741.3 162231+,]. 129234.1 
182 15761+-.1 16122+.9 128221+.9 
188 160 662-.6 11+9636.0 116636-.o 
194  148590 .7 137233,6 101+233.6 
200 1361+12,3 .127792.1 9+792.1 
206 127063,8 111577.3 785P77.3 
212 107500.3 101+593.7 71593.7 
218 30511+0.3 101910-.5 78910-.5 
224 101379.6 95220.9 63220.9 
230 91+739-.4 89376-.8 56376.8 
236 88915 84197.4 51197,4 
21'2  83810-.1 79289-,6 6289-,6 
248  78928.0 74652,1 1+1652.1 
254  74290...1+ 70201+,6 37201.6 
260 69855.9 6591+5.3 3291+5.3 
266 6562+.1 6181+1.1 28841,1 
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Table -.9 (Contd.) 

272 61532.9 58037.8 25037.8 
278 57705-.7 56268-.o 23268-.0 
281+ 51+181.5 , 53549-.o 20549-.o 
290 50757..1 50682_,6 17682.6 
295 1+8071.6 1+8692.5 15692.5 

III 	BNSIII LEVEL = 5206.1+. 

165000 	122 1+8278.6 1l8016.2 15016.2 
128 53003.3 0 oo. o 15o oo. o 
134  58352-.7 48000.0 15000.0 
140 63962.9 48000.0 15000.o 

701+95.0 146 
 

1+0000.0 .15000-.0 
152 78'05.6 48000.0 15000-.o 
158 88390.2 48000.o 15000.0 
161+ 100135.1 48000.0 15000.0 
170 120853.7 121827.1 88827-.1 
176 1+388 7.0 145589-o6, 112589-.6 
182 157611.1 158103.4 1251o3.1- 
18 5 162155.9 16223+-.1 12923.1 
188 160662-.6 159796-.8: 126796.8 
191+ 11+8590-.7 11+71+11.7 114+11-i. 7 
200 136412.3 135197.8 1121+97.8 
206 127063.8 126211.8 113211.8 
212 107500.3 102009.1+ 69009.1+ 
218 105.11+0.3 105357,1+ 72357: 4  
224 101379-.6 100756;1 67756-,1 
230 91+739 .4 91+201.3 61201.3 
236 8891+9.5 88468-.8 55468-.8 
242 83810.1 83370.9 50370.9 
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248 78928.0 78520.6 
25+ 71.290.4- 73881.5 
260 69855.9 69-59.8 
266 656214-.1 65250-.8 
272 61532-.9 61].3o-.o 
278 57705_.7 57701.0 
2&+ 18.5 558 5a.1 
290 50757.1 53o7.6 
295 '807l.6 50682.6 

)-552o-.6 
00881.5 
36+59..,8 
32250.8 
28380,0 
2701,.0 
22850.0 
20074-.6 
17682.6 



CHAPTER - 5 



CHI,PTFR-5 

i~.N1LLYSIS OF RESUL S LAND CONC] IGN 

5,1 	LYSIS OF SIMUL[[TION RESULTS 

5,1,1 Detontion Basin A 

5,1,1,1 Gone1 

The tn:ble 5,1 shows the pon.k floods a.nd 

m ,xinlum basin level which h .v-o been used for simu1tion 

for basin A -1,1 ongwit,h the results of nlrtimum rise of 

w,-,tor tevols in the bp.sin .nd detention periods obtp.inod , 

From the results it is soon that iii ximum rise in the 

water oleva,tior achieved are less than the m-ximura 

basin 1ovels for peaks upto 109000 cusocs, but for 

.higher pon,ks the moxirnuni basin lovols considered are 

not sufficient to accomodate higher pon,ks, It is 

observed from ,n,blo5 ,1 that the br.sin lovol 5218,60 

maybe consido od sn.fe for flood peaks upto s ,y 120000 

cusecs, 

According to the projoct report, the design 

flood of 90000 cusecs can be accommodated by basin A 

for . level of 5218.6 feet, But it is neon above that 

this level can even absorb flood peaks :Like 120000 

cosecs, Also, the maximum lovol of basin & which can 

be tec.hnic^.11y considered is 5220.0 foot, Therefore, 

for the simulation of basin B, the tc.voi of basin A 
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TABS •5 . 

Results of Simulation for Detention Basin ~. l 

S ,No. Peak dig- Maximum 
charge at Basin level 
S angam in in 
Cusecs feet 

SINi~ 
1 	70000.0 5218.60 

5220.10 
5224.60 

2 	82000.0 	5215.60 
5218.6o 
5224-.6o 

3 	90000.0 	5212.6o 
52l11.60 
5218.60 
5220.10 

Maximum 
Rise in 
iia; Lor IOvel 
in 
feet 

De ten tics 
period 
(Dt) in 
Hours 

5209.71 305 
5209.71 305 
5209.71 305 

5212-. 56 376 
521-. 56 376 
521+.56 376 

	

5212.27 	377 

	

5214.39 	389 

	

5216.55 
	

392 

	

5216.55 
	

392 

4 	109000.0 5212.60 5212.60 1+12 
52] 	.6o 5213.99 
5218.60 5217.77 1-28 

 5000.0 5212.60 5212-.'i-]. * 1-7o 
521'+.60 521'4-.33 *  
5218.60 5218.37 * Soo 

6 	165000 . o 521-.6o 52l-.10 
5218.60 5218 .'+0 : * 550 5220.60 5220.20 * 555 

*Rise in the water level in the basin possible if the 
corresponding bi-.sin level ( Col. 3) is increased. 



(5218,6 foot) was kept constant and the peak floods 

modified by this level of basin .1 wore routed through 

b .sin B, s soon from tp,blo 5.1 the detention poriods 

for pon-k 70000 cusocs are found same for various basin 

lovol 	the rise in maximum water .level in the basin 

is also smao. Which is justified again for the 82000 

cusecs pun, But for other hi .b.or peaks this is not 

the case because for each basin level considered the 

moximum rise in water is also different, The detention 

period is also likely to v-►.ry with the shape of the 

flood .hydrogrn.p.hs, and the routing period keeping 

other design variables constant, The triangul^r flood 

hydrogrn.phs were d:>ri v., d using eq,up.tions and then the 

curvolinea.r shapes of th ,e hydrographs wore obtt~.incd 

by adjusting the triangular .hydrographs with the 

.help of -1. pIanimotor as discussed in sec, ! 5.?. F±n1 sh' pe 

of the hydrograph may vary if derived by n. persons at 

different times or by different persons at ?. time, 

This variation in the shape will vary the detention 

period, Therefore, good and reliable results arc 

expected for observed flood hydrogrn.phs, The routing 

period will vary the detention period as well, For 

this lot us consider three ordinntos of P. 

flood hydr ra.ph say 61000, 62000, and 63000 c:usO.cs at 
an interval of one hour at times t1,t2, and t.~, If 
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the routing period is one hour, the increment in the 
1000+    2000  	20Q+)00   0 	n ~~ 	?- 	- -  

basin storage is ! ( 	2 	) + ( 	2 	ti: 560 

=q,1827xi0 2v,c , ft ,; during the two hours from t1 to t,~ , 

11nd if, the routing jpo ri od i5 two hours, the incro rno nt 
1000 + 2000 	1 	G  5 °l : x 1~ 2 in this basin storage is ( 	2 	} x i ~ 0 

^.cre/ft 
during t1 to t, Hence the detention period will vary 
with the routing duration. Here, 60000 cusocs is 
channel capacity 

5,1,1,2 Variation Of Detention Period g With Flood Poka 

Flood peaks were plotted against the detention 
period as shown in fig,-5.1 for various bsin levels 
for basin !L, From this figure it is soon that with 
the ineroa.se in flood peaks, the detention period also 
increases for a given design capacity (basin level) 
of the basin, The expected nature of this curve for 
basin level 5218,60 feet is also shown. The detention 
periods for peaks which are equal to and loss them 
the channel capacity of 60000 cusecs should be zero 
as no inflow to the basin f can take pl.<?.co , 

For other two basin lcvols 52111 , 6 foot and 

5212.60 foot, only a few points wore available to draw 

the curves, Therefore the expected nature of those 
curvos wore drawn on the basic of curve for basin 
level 5218,60 feet as shown in figure ,5,1, 
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5,1,2 DctGnt ,,on Basin B 

5,1.2,1 Go nor 1 
The Tr,blo 5.2 shows the :ximura riaco in the 

w~,tor levols attained p.nd the dotention-poriods for 
vp.rious basin tevelsi which wore obt .inod -).ftor simula- 

tion, corresponding to the flood 	rt Sangrind 
which wore modified -).t Lelhin,r only . t'.hroc floods were 
triad for basin B(Tabic L1 , 7,) .Tho ni ximur~l rise in the 
water level in the basin is found equal to the maximum 

basin level for all the flood perks and still some 
rise in the water level is possib.o if the basin level 

is increased, Therefore; to r.cconoda,tc t.hose modified 
flood perks fully the cp.pn.czty of basin B may be 
increased in arch case. 

5,1.2 ,2 Variation Of Detention Periods With Floods Po'n.%L9 

Flood. peaks were plotted -,.gip.nst detention 

period as shown in fig .(5,2 )for various basin lovely, 

The detention period for flood perks equal to or lens 

than the channel capacity L~5ooQ cusocs should be 

zero q,s no inflow to the bp.sin B ca,n take place:. There-

fore, the oxpocted np.ture of the curve may be like 

.).s shown in Fig.5.2 on the basis of ±i ,5,l, 

5i2 , 3 Reduction In Flood Peint Pa,d sh hib~ g.h 

Mt 

 

was tried to soo 11m m .ny times the 

flow excoods the channel c,-I:pr:city of L~3nn0 tcusoo cs .t the 
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TABLE 

Results of Simulation for Detention Basin t Bi 

S .No. Peak dis- Max mum Maximum Detention charge at . Basin Level Rise in Period (D t) S angam in : 	_. _-  
wa'r'~Iovel in in ! 	in Hours 

Cusecs feet feet  
T11 3 

._ 

B4'SIN B 

1  90000.0 	5200.1+0 5200.30 * 519 

5202.40 5202.2 	* 51+9 

2 	109000.0 	5200.40 5200.20 * 575 
5202.40 5202.33 * 600 

3 	l65000.o 	5200.40 
5202.1+0 
520 4.+0 
5206.1+0 

5200.19 * 745 
5202.30 	* 755 
520 4.10 	* 758 
5206.27 	*• 760 

* Rise in the water level in the basin possible if the 
corresponding basin level (Col.3) is increased. 
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downstream of Pad shahibn:gh with and without basin 

routing. For this purpose the flood .hydrogra.phs through. 

various reaches using CHROUT, along the length of the 

river from Sangam to Pa.ds.ha.hibag.h, assuming that there 

were no basins. From the above fin-1 rout d hyc r o ;r:.. qhs 

at the Pad shahib .gh, the number of times the flood 

flows exceed the Li8000 cusecs channel cape.city were 

counted 	and are given in Table( 5, ; . ) Sirail .ry, the 

number of those exce dencos when the basins are existing 

-.re also given in Table 5.3 from the simulation compu-

tations carried out in sec( Li ,5.) 

The percentage reduction in occuranc< s of flood 

flows above L~8000 cusecs is shown in Col,5 of Teblo 5,3, 

the ve,ria.tion in percentage reduction is clearly seen 

for various basin levels ,nd for various peek flood", 

The Pictiosal representation of these c.rc give n 

in Fig,5 , 3 , It is seen from figure 5,3e  that due to 

the presence of basins the reduction in the flood punk 

at the downstream of Padsh .hiba ,h for 90000 cusecs 

flood is quite considerable as compared to that of the 

other two flood peeks of 109000 cus::cs, end 165000 

CUSOcs. 

By comparing the reduction in flood peek by 
increasing the, maximum level of basin B (the mrximum 

level of b,-n.sin ,L is fixed e.t 5218,60 foot), it is 
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TIBIO 5.3 
REDUCTION OF  FLOOD FLOWS  DUE TO BASINS f.T PAD SEUfl Br GH 

Maximum  Peak disch- INo.of Exceeden- No.of Exc- % Reduction 
Basin  arge at cc of flood eedence of in oceurence 
level Sangarn flowsabove flood flows of flood flows 

+8000 cusecs above above 1+8000 
without Basin 1+8000cusecs cusecs. 

in in Routing with Basin 
Feet Cusecs Routing 

1 2 3 5 

5200.0 9 0000 .0 49 times 37 	times 24.48 

5202.40 90000.0 49 	" 31 36.73 

5200.1+0 109000.0 68 	" 57 	" 16.17 

5202.10 109000.0 68 	e' 49 	" 27.91+ 

5200.0 165000.0 174 161 7.1+7 
5202.40 165000.0 174 	" 152 12.64 

5201.40 165000.0 174 	" 146 	" 16.09 

5206.1+0 165000.0 171+ 	" 138 	°1  20.69 

Note : -- These values have been taken from 
table 14.9. 
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found that for 90000 cusecs flood, Peak fig,5.3a. 

the reduction in flood peak nearly some for two bp.sins 

lovolr, of 5202 ,11 feet and 5200,L! feet, and as expected 

the routed flood hydrograph is slightly shifted for 

the first level, The shifting of the routed flood 

hydrograph is as expected for the 109000 cus cs flood 

peak -),Iso, fig.5.3b, but the reduction in flood peak is 

different for each basin level i. ^ . more reduction 

for 5202 .1! feet and 1e ,s for 5200.0 feet , However, 

these basin levois arC not suitable for absorbing 

higher florid peaks as in the case of the 165000 cuS cS 

flood peak fig(5.3C), 

The proposed level of basin B from the project 
8 

report - 	is 5202.L fact, which seems to be quite 

sufficient to absorb the 90000 flood peak (design flood) 

r.fter it is modified by basin 11, 

5.1, 3 R~~ . e-3ion "'.nalysis Of The Rc j u: _t 

R^ls.tionship were obtained for lovc..ls 5218,6 

feet end 5202,L feet for ba.~in 	and B r-. spectiveLy 

b tw, on detention period Dt, and flood peak Q, by fitting 
15 

polynorli e1 	using computer programme (') and S1 SO 

multiple regression n,n,.lysis Wa.S carried out and 

relp.tionhips were obtained between detention period 

v the dependent variable ^.nd flood peak 2, volume V, 

and time base Tb as independent variables, 
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5.1.3.1 Fitting Of Polynomial Between Dt  and Q 

For Bain A 
Dt  = 2,863 x 103  + 6.1888 x t0 2  * (Q) .49393  x 1n-7* (Q) 2  

+ 1.26116 x 10—  * (Q) 3 	. , . (5.1) 

with correlation Index = 0.9971 

'or Bin B 

D. = — 7.3777 x 103  + 0,259998 x(Q) 

2.6-1..111 x :1,0 -6  x(Q)2  + 8.1126 x.1-Q']2*(Q)3.... (5.2) 

With correlation Index = 0.9988 

5.1.3,2 NuitLpi,.e Repression  jonAnalysiB For detention 	iod 

FOR B.SIN A 

Regression analysis was carried out among the 

various elements of the hydrograph. In the analysis 

the dependent variable (Dt ) and three independent 

variables Q,V, Tb  have been taken. 

Where Dt  is dentention Time in Hours, Q is 

peak discharge in cusocs, V is volume in Acre feet 

and Tb  time base in Hours 

The computer Programme (2) was used and the 

following relationships were obtained for basin level 

5218.6 feet. 

(a) Relationship of Dt  wit i Q,V, 	and Tb. 	The expression 

for detention period obtained w,i,s. 
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Dt = 55.1E361n - 6.5335 x 10-11 *Q + 2,723672  x  

+ 0.788113* Tb 

Multiple correlation coefficient, R = 0.995ltj 
Coefficient of Multiple Determination, R2 0 p99030 
Standard deviation of Re sidua,iq = 11,2 t:72 
when all the three independent variables are considered 
the total variance explained i 99'/ as indicated by 
R2 , 

(b) Relationship of (Dt) with V and Tb, The expression 

obtained w- 

Dt = 72.01332 + 2,683371i7 x 10-5* V + n . 62.56L18C6*Tb , . (5 , ti ) 

Multiple correlation coe fficient, (R11) = Q, 99t~8LE8 
Coefficient of Multiple determination, (R1_1)2 0 ,98972 
Standard deviation of Residuals = 10,0286 

(ii) Rclationa.h.ip of Dt , with Q and Tb 

the expression obta,incd was;-
Dt = 87.88801 - tr . 381 x 10-t'* (Q) + 0, ?15; 7* (Tb) ... (5Y 5) 

Multiple correls.tion coefficient (R1_2 ) = n , 988t, 98 

Coafficicnt of Multiple dctermin,?.tion, (R1_2 )=0.988198 

Coofficiont of Multiple determination, (R1_2 )2 0,977 I2 
Standard de vi-tion of Rc,sidu?ls = 1t, , 961. 

(iii) Rclationghip of Dt with P and V, The expro Bion 

obt .inQd was;- 

Dt = 139,2935 + 2,L1879622  x 10-A* (Q) +2 , L 66706 x10-5* (V) 
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Muttipie correlation coefficient, (R1_)0.988257 

Coefficient of Multiple datermination(R1..3)2=0 1 9.7565 

Standard deviation of Residuals = 15.116 

When two independent variables are taken at a time the 

highest correlation is obt "rood in respect of volume 

and time be as indicated by value of (R1_1)2 0.9897. 

And standard deviation of Residuals decreases when 

volume and time base n.rc considered, 

(c) (i) Relationship between Dt and 

Dt = 161,955 + 2,Li25L62; x 10 	(R) 	.. , . (5.7) 

Correlation coefficient, r = 0 .982756 
r2 =0,96586  

(ii) Reln..tionship between Dt and Tb 

The exp ession obtained was:- 

Dt = 93,6775 + 0.6081750 #(Tb) , .. ••  

Correlation coefficient, r = 0.98867  
r2 0.97686 

From the r.bovc- results taking each independ ,nt 

variable separately it is found that the .hihest 

correlation is between detention tiuo an time bn.s~ , 

Now it is seen from the above resu1ts shown 

in (a), (b) and (c) that the totp.1 veria.nc=' explained 

is .highest in cn,se of (a) when all the three independent 

variable 5 are considered, 
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The ragrc,Psion rna1ysis wi, -0-so c.rricd out 

on the srnme .Ljne 	for Basin 11. The finn,l relp.tjonshiD 

of dotontion timo (Dt)  with Pek (Q), Volume () 

.nd Time bac (Tb) was obtainod ,s- 

- 1260'867 + f'* Q + ()ñ * V + 0,9 Tb 

- 126,0867 + 10* Q, + 0,9 Tb 	will 0(5,9) 

5.2 CONCLUSION 

IL simuitjon model hr been developed for 

detention bçjn, in the context of J;thlum River 

The model predicts the behrvjour of those hisjn5 during 

	

floods, Flood detention period of b1ri likely is to 	y 
with (i) flood per1, (ii) elements of the flood ydro•-

gr.ph and it5 shrpo, . rid (ii) fins.lly the routing 
period, 

The levels 5218,6 feet .nd 5202,1 	1; of 

detention bins A and B respectively, ns proposed 

in the project report8, together c.n reduce the 

designed flood Peak of 90000 cusOcs by a considornbl 
amount to pvc the Srinagn,r City from fiood,, For highee 

flood Poaks either the proposed t.,-in lvl may be 
raised or thc-  river chrnnel and tb Plod Spill Channel 

capacitjo my be increod, 
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5.3 SJGG9NSF~2 U 

(1) For future study the analysis should 
include the economical aspects of planning also; 

(2) The combined regulation study of 
detention basins may be carried out to obtain basin 

operational plans, and 

(3) Finally, an appropriate mathematical 
modelling approach may be developed to see if there 

Is any close correspondence between the results 
mathematical models and the simulation approach, and 
in what way can they be effectively used togetherf 
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NOTATIONS USED IN S IMUT iT ION PROGPAMME 

I 	-- Number of the ith site 

ITIMB = ith time period in Hours. 
NSITE = Number of sites 

NSET 	= Number of sets 

SLB 	= E1evation of 	basin in feet corresponding 
to a given basin storage. 

SILL 	- Sill level of a basin outlet in feet, 

C .UGE = River Gauge in feet corresponding to i, 
given river discharge at a site, 

COFF1 = Coefficient for free weir equation used in 
detention basin routing.. 

COFF2 = Coefficient for drowned weir equation 
used in detention basin routing, 

RF 	- Routed flow through basin outlet at q. 
particular time in cusecs 

XK 	- Value of "Storage Constant" :i.e . "KP1, 

used in channel routing. 

X 	= o. constant which expresses the relative 
importance of inflow p.nd outflow in 
determining the store,go, u od in channel 
routing, 

Inflow into Basin through inlet at a particular 
time in cusecs. 

F 	= Mean inflow into basin in cusecs at a pr,,rticulr 
time, 

Q 	- River  discharge at a site at tom. particular 
time in cusecs, 
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S 	= Cummulativ°e storage in Basin in hcre a.fect 
at P. particular time, 

QQ 	= River flows modified by basin £. and going 
towards basin B in cusocs at a, particular 
1time , 

QQQ 	= Assumed initial outflow value at a: site 
in cusecs used in channel routing, 

DEIST Routing Period in Hours, 

BHSE 	= Base flow in cusecs. 

CHCkPA.= Capacity of channel for Basin 1A in cusCcs 

CHCAPB= Capacity of channel for Basin B in cusocs 

CINLD= Capacity of inlet at Dogriporo, in cusecs 

CINLT = Capacity of inlet it Tokn<a in cusecs 

CINLK = Capacity of inlet at Ka.ndiznl in cusecs 

BEDLB = Bed level at Bonderpora, in feet, 

BEDI,L,= Bed level at Lalh<a.r in foot 

BEDLP = Bed level at Pad shrhi. B).Eh in feet, 

ALEVM= Maximum Elevation in Basin in feet 

AIEVMI= Minimum elevation in Basin in feet/ 

NDETP, MDETP= D ete nsion period in Hour, for Basin A and 
Basin B re spc ctiv°e ly , 
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C 	Z0A.BANDAY, MoFo HYDROLOGY DISSERTATION PROGRAM. 
C LEAST SQUARE CURVL''FITTING 

DIMENSION X(25),Y(25),B(25,27)9C(25,27),D(26927),CONST(26)9A(26) 
DIMENSIONY1(25) 
DIMENSIONMM(50),NN(20) 
READ 1009L 
DO1OLL=1,L 
READ 100,N 

00 FORMAT(2014) 
READ1019(X(I)9I=19N) 
PRINT1002 

002 FORMAT(1X,1OHX ORDINATE,/) 
PRINT2019(X(I)9Ix19N) 

01 FORMAT (6F 12 a 5 
01 FORMAT(5F1507) 

READl01, (Y (I) , I+~1 9N ) 
PRINT1003 

003 FORMAT(1X917HYORDINATE ACTUAL,!) 
PRI NT201 9 (Y (. I) I =1 9N ) 
PRINT1010 

010 FORMAT( 1X,°0(1H+.) ) 
SUM1=00 
SUM2=(?o 
D020I=1,N 
SUMI%SUMI+Y(I)*Y(I) 

0 	SUM2=SUM2+Y(I) 
XN=N 
XMEAN=SUM2/XN 
SD=SQRT((SUM1—XMEAN*SUM2)/(XN-lo)) 
READ100,MM(LL) 
N1=MM(LL) 
READ100, CNN (I),Iw1,Ni) 
N7=MM(LL) 
D024KKK=1 ,N7 
CI=C), 
M=NN(KKK) 
PRINT2029M,N 

02 FORMAT( IX,21HDEGREE OF POLYNOMIAL=,1391X920HNC. OF OBSERVATION! 
113/)  
DO1I=19N 
B(I,1)=10 
MP1=M+J. 
D02I=1,N 
D02J=29MP1 
JMI=J-1 
B(I,J)=X(I)**JM1 
MP2=M+2 
D031=1 ,N 
B(I,MP2)=--Y(I) 
D05K=19MP1 
D041=1,N 
D04J=1,MP2 
C(I,J)=B(I,J)*B(19K) 
D06J=1,MP2 



D06I=1 ,N 
D(K,J)=D(K,J)+C(I,J) 
CONTINUE 
DO8I=1,MP1  
CONST( I)=—D(I,MP2) 
CALL MATIN(D,MPI) 
D07J=1,MP1 
A(J)=0o 
D07K=1,MP1 
A(J)=A(J)+D(J,K)*CONST(K) 
PRI NT205 
FORMAT(1X,26HCOEFFICIENTS OF 
PRINT203,(F(J)9J=1,MP1) 
FORMAT (5E1E,7) 
GAMA2=0 
D021I=1,N 
Yl(I)=A(1) 
MP1=M+1 
D022J=2,MP1 
Yl(I)=Y1(I)+A(J)*(X(I)**(J-1) 
GAMA2=GAMA2+(Y(I)—Y1(I))**2 
G=GAMA2/ (XN*SD'*-SD ) 
PRINT1009,G 

1009 FORMAT(1X,2HG=,F10o7) 
IF(G-1o) 50,5O,1005 

50 
	

CI=SQRT(lo*G) 
1005 PRINT1004 
1004 
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POLYNOMIAL,/) 

7 

205 

203 

22 
21 

FORMAT(1X921HY ORDINATE CALCULATED,/) 
PRINT203,(Y1(I),I=19N) 
IF(G—lo)51,51,1006 

31 	PRINT23,CI 
23 	FORMAT(1X,18HCORRELATION INDEX=,F10o89/) 

GO TO 1007 
1006 PRINT1008 
1008 FORMAT (1X,31HCORRELAT ION INDEX INDETERMINATE / ) 
L007 PRINT1001 
1001 FORMAT (1X,60 (1H..►) ) 
4 CONTINUE 

PRINT1000 
(000 FORMAT (1X,79 (IHL+) ) 
t0 CONTINUE 

STOP 
END 

SUBROUTINE MATIN(A,N) 
DIMENSION A(26927)9B(31),C(31 
NN=N—i 
A(l,l)=1n/A(191) 
D08M=1,NN 
K=M+1 
D03I=1,M 
B(I)=Oo 
D03J=1 9M 
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3 	B(I)=B(I)+A(I,J)*A(J9K) 
D=C) o 
D04I=1,M 

4 	D=D+A(K,I)*B(I) 
D2-D+A (K ,K) 
A(K9K) =10 /C 
DOS I =1,M 

5 	A(19K)=—B(I)*A(K,K) 
D06J=1,M 
C(J)=On 
D06 I = 1 , M 

6 	C(J)=C(J)+A(K,I)*A(I,J) 
D07J=2 ,M 

7 	A(K,J)=—C(J)*A(K9K) 
D08I=1 ,M 
D08J=19M 

8 	A(I,J)=A(I,J)B(I)*A(K,J) 
RETURN 
END 
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C C 	ZOA,,BANDAY, M.E. HYDROLOGY DISSERTATION PROGRAM 2 
C C PROGRAM FOR MULTIPLE REGRESSION ANALYSIS 

DIMENSION IP(5),Z(100,5),X(100,5),SUM(5),XBAR(5),AM(595),AY(5) 
DIMENSION B(5),SR(5),RM(5)gRPAR(5) >C(5,5)gCY(5)qCXBAR(5) 
DIMENSION 51(5),S2(5),S3(5),XB(5),BPAR(5),APAR(5),STDX(5),R(5) 
READ1,NDATA,NPAP,NS,NTRY 

]. 	FORMAT(5I5) 
NT=NPAR+1 
READ 1,(IP(I),I=1,NT) 
DO100J=1,NS 

100 READ 2,(Z(I,J),1=1,NDATA) 
2 FORMAT(10F83) 

K=NS-1 
54=0o 
55=00 
DO 700 J=1,K 
S1(J)=0o 
S2(J)=0o 
S3(J)=0o 
DO 700 I=1,NDATA 
51(J)=S1(J)+Z(I,J) 
52(J)=52(J)+Z(I,J)*Z(I,J) 

700 S3(J)=S3(J)+Z(I,J)*Z(I'NS) 
DO 601 I=1,NDATA 
S5=S5+Z(I,N5)*Z(I,NS) 

601 S4=S4+Z(I,NS) 
AN=NDATA 
FN=NDATA-1 
YB=S-4/ AN 
STDY=SQRTF((S5-AN*YB**2)/FN) 
DO 602 J=1,K 
XB(J)=S1(J)/AN 
BPAR(J)=(53(J)—AN*XB(J)*YB)/(S2(J)—AN*XB(J)**2) 
APAR(J)=YBI.BPAR(J)*XB(J) 
STDX(J)=SQRTF((S2(J)—AN*XB(J)**2)/FN) 

602 R(J)=(53(J)—AN**XB(J)*YB)/(STDX(J)*STDY*FN) 
DO 603 J=1,K 

603 PUNCH 1000, BPAR(J),APAR(J)flR(J) 
1000 FORMAT(3E157) 

PUNCH 47,(STDX(J),J=19K),STDY 
47 FORMAT(5E167) 

PUNCH 47,(XB(J),J=1,K),YB 
IP1=IP(NT) 
DO 101 I=1,NDATA 

101 X(I,NT)=Z(I,IP1) 
DO 102 J=1,NPAR 
IPJ=IP(J) 
DO 102 I;1,NDATA 

102 X(I,J)=Z(I,IPJ) 
DO 103 J=1,NT 

103 SUM(J)=00 

DO 104 J=1,NT 
DO 104 I=1,NDATn 

104 SUM(J)=SUM(J)+X(I,J) 



DO 105 j 1,VT 
105 XBAR(J)=SUNi(J)/AN 

DO 99 I=1,NDATA 
99 PUNCH 29 (X(I,J),J=1,NT) 

DO 106 J=19NT 
DO 106 I=1,NDATA 

106 XCI9J)=X(I,J)-XRAR(J) 
DO 107 J=19NPAR 
DO 107 I=1,NPAR 

107 AM(I,J}=)o 
DO 109 I=1,NPAR 

109 AY(I)=Oo 
AY2-4o 
DO 111 K=19NDATA 
DO 110 I~1,NPAR 
AY(1)=AY(I)+X(K,I)*X(K,NT) 
DO 110 J=1,NPAR 

110 AM(I,J)=AM(I,J)+X(K,I)*X(K,J) 
111 AY2=AY2+X(K, NT) *X(K,NT) 

DO 97 I=1,NPAR 
97 PUNCH 96,(AM(I,J),J=19NPAR),AY(I)9AY2 

96 FORMAT (5E16o7) 
DO 80 1=1,NPAR 
DO 80 J=1,NPAR 

80 C(19J)=AM(I,J) 
DO 500 I=19NPAR 
PIVOT=AM(1,I 
AM( I,I)=1.0 
DO 590 L=1,NPAR 

590 AM( I,L)=AM(I,L)/PIVOT 
DO 500 L 1=1 9 NPA(; 
IF(L1—I) 60095009600 

600 T=AM(LloI) 
AM(LI,I)=000 
DO 580 L=1,NPAR 

580 AM(L1,L)=AM(L19L)—AM(I,L)*T 
500 CONTINUE 

DO 540 I=1,NPAR 
3(1 )=O) 
DO 540 J=1s'VPAR 
3(1 )=R( I )+A:'1( I,J)*AY(J) 

540 CONTINUE 
Szi0 
DO 112 1 1,NPAR 

112 5=5+8(I)*XDAR(I) 
B(NT)=XBAR(NT)—S 
PUNCH 39(B(I)9I=1,NT) 

3 	FORMAT(5E167) 
s=c, . 
DO 113 I=19NPAR 

1,18 	S= S+B ( I ) *AY (I ) 
FN1=NDATA—NPAR 
SDR=SQRTF((AY2—S)/FN1) 
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RMULT=SQRTF(S/AY2) 
PUNCH 5,SDR,RMUET 

5 FORMAT (2E16,7) 
DO 81 I=I,NPAR 
DO 81 J=1,NPAR 

81 AM(I,J)=C(I,J) 
IF(NTRY-1) 68,49,68 

49 NK=NPAR-1 
DO 50 K1=1,NPAR 
DO 51 1=1,NK 
DO 52 J=1,NK 
IF(I—K1) 53454,54 

53 IE(J-~K1) 55,56,56 
55  C(I,J)=AM(19J) 

GO TO 52 
56  C(I•J)=  AM( I,J+1) 

GO TO 52 
54 IF(J—K1) 57958,58 
57 C(I,J)=AM(I+I,J) 
5 	G0 TO 52 
58 C(I,J)=AM(I+1,J+1) 
52 CONTINUE 
51 CONTINUE 

DO 59 I=1,NK 
59 PUNCH 96,(C(I,J)9J=19NK) 

DO 60 I--1,NK 
IF(I—K1) 61,62962 

62 CY(I)=AY(I+1) 
CXBAR(I)=XBAR(I+1) 
GO TO 60 

61 CY(I)=AY(I) 
CXBAR(I)=X3AR(l ) 

60 CONTINUE 
PUNCH 96,(CY(I),I=19NK) 
DO 1500 I=19NK 
PIVOT=C(I,I) 

C(19I)=1Q0 
DO 1590 L=19NK 

1590 C(I,L)=C(19L)/PIVOT 
DO 1500 L1=14NK 
IF(L1 r)1600,150G9160C 

1600 T=C (L 1 , I ) 
C(L19I)=:)~0 
DO 1580 L=19NK 

1580 C(L19L)=Cl L19L)—C (I 9L)*T 
1500 CONTINUE 

DO 63 I-1,NK 
B(I)=0 O 
DO 63 J=1,NK 
B(I)=B(I)+C(I,J)*CY(J) 

63 CONTINUE 
S=0o 
DO 64 I=1,NK 

12 LE 



64 S=S+B(I)*CXBAR(I) 
B (NPAR) =XBAR (NT )--S 
PUNCH 3~(f3(I),r 19NPAR) 
S=0o0 
DO 65 I-1,NK 

65 S=S+B (I)*CY (I ) 
FN 1=ND ATA-•NK 
SDR=SQRTF((AY2—S)/FN1) 
RM(K1_)=SQRTF(S/AY2) 
PUNCH 5,SDR9RM(K1) 

50 CONTINUE 
DQ 66 J 1 9 NPAR 

66  
PUNCH 679(RPAR(J),J=19NPAR) 

67 FORMAT (5E1E ,7) 
68 CONTINUE 

STOP 
END 

:25 
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C C ? 	H`516Y, is ,:E , EYDP0T10GY DISSERTATION PROGRcs.N 	3  
c 	PROGR:.1.1 FOI: ST:-iUL TION STUDI.'S 
C 	BASIN A 

DIMENSION RLB(19950),SILL(4),GAUGE(49950)9COFF1(2)9COFF2(2):,,  
150) 
DIMENSION XK(4),X(4),Q(4,950) 
DIMENSION OI(29950)9F(19950)9S(1,950) 
DIMENSION QQ(950) 
DIMENSION QQQ(4) 
COMMON RLB,SILL ,GAUGE ,COFF19CCFF2,RF 
COMMON XK,X,Q,DELT 
READ 105,NTIMF,NSITE 

105 FORMAT(2I5) 
NN=NTIME+1 
DO 150 I=1,4 
DO 150 I TIME=19NN 

150 Q(I,ITIME.)=c o  
READ 1009(XK(I)9 I=193) 
READ 100,(X(I)sI=1q3) 
READ 100,(SILL(I),I=1,4) 
READ 1009DELT 
READ 100,(COFF1(I),I=1,2) 
READ I00->(COFF2(I)9I=1s2) 

100 FORMAT(5F146) 
READ 101,(Q(1,ITIMMME),ITIME=1,NN) 
READ 1019BASE 
DO 1.002 ITIME=I,NN 

1002 Q(1,ITIME)=Q(19ITIME)+B,AASE 
READ 1019(QQQ(I),I1,4) 
READ 1019CHCAPA,CINLD,CINL.T 
READ 1009BEDLB,PEDLL 

101 FORMAT(7F101) 
PRINT 103,(XK(I)9I=193)9(X(I)9I 9 3) 

103 FORMAT (8HXK (I) --/3F1406/7HX (I) --/3F1.4 -,6 ) 
PRINT 104,(Q(1,I),I=19N;TI(4E) 

104 FORMAT (19HDI SCH;^.RGE AT SANG,A},M/9HIN CUSECS// (7F10U l) ) 
PRINT 106 

106 FOR MAT (5HN` ITE, 15HQUTFLOW ASSUMED/) 
DO 600 I=1*+ 

600 Q(I,1)=000(I) 
DO 107 I=1,4 
PRINT 1089I,0(I,1) 

108 FORMAT(I3,5X,F1d,1) 
107 CONTINUE 

READ 105,NSET 
DO 511 ISET=INSET 
READ 100 9ALEVMA,ALEVMI 
I=1 
J=1 K=r/ 
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RLBP=ALEVMI 
SUMP=CHCAPA. 
NDETP=O 
YYP=Oo 
SUM2=0o 
PRINT 512,CHCAPA,CINLD,CINLT 
PRINT 513,ALEVMA>ALEVMI 
PRINT 514,BEDLB,BEDLL 

512 FORMAT(2X,28HCHANNEL CAPACITY OF BASIN A=,F10,,1/2X,31HCAPACITY OF 
1INLET AT DOGRIPORA=,F10e1/2X,27HCAPACITY OF INLET AT TOKNA=9F1001) 

513 FORMAT(2X,29HMAXIMUM ELEVATION IN BASIN A=,F1002,3X,18HMINIMU''M1 [-Li-. 
2VATION=,F1002) 

514 FORMAT(2X,23HBEDLEVEL AT BANDERPORA=,F1406,5X,19HBEDLEVEL AT LELHt,, 
3R=,F14a6) 
CALL CHROUT(I,NTIME) 
PRINT 111s (0(1,ITIME)9ITIME=1,NTIME) 
PRINT 111, (Q(2,ITIME),ITIME=1,NTIME) 

111 FORMAT(25HROUTED VALUES FOR 4 SITES//(7F1001)) 
DO 140 ITIME=1,NTIME 
QI(I,ITIME)-0Q 

140 QI(I+1,ITIME)=00  
DO 611 I TIME=1,r}TIME 
F(J,ITIME)=0o 
RF(I+2,ITIME)=0,, 
RF(1+391 TIME) =0, 
GAUGE(I+2,ITIME)=00 

611 GAUGE(I+39ITIME)-00 
LL4=0 
DO 1 ITIME=1,NTIME 
SUM=(Q(I,ITIME)+Q(I+1,ITIME))/2,, 
XX=SUM—CHCAPA 
IF(XX-(CINLT+CINLD))3001.9300193000 

3000 EXCESS=XX-(CINLT+CINLD) 
XX=CINLT+CINLD 
GO TO 3002 

3001 EXCESS=Oo 
3002 IF(XX)1001,2,2 
1001 	IF(LLL)145,145,10 
2 	QQ(ITIME)=CHCAPA+EXCESS 

Y=XX—CINLT 
IF(XX)6,6,7 

7 	IF(Y)3,3,4 
3 	QI(I+1,ITIME)=XX 

GO TO 5 
4 	QI(I+19ITIME)=CINLT 

QI(19ITI1'.1E)=XX—CINLD 
GO TO 5 

6 	IF(Y)8,8,9 
8 	QI(I,ITIME)=XX 

GO TO 5 
9 	QI(19ITIME)-CINLD 

QI(1+19ITIME)=XXeCINLT 
5 	SUMP'SUM 

YY=(QI(I,ITIME)+QI(I+1,ITIME) 
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IF(YY)142,142,143 
143 F(J,ITIME)=(YYP+YY)/2o 

YYP=YY 
Z_-F(J,ITIME)*DELT*3600c/43560u 
SUM2=SUM2+Z 
S(J,IT IME) =SUM2 
RLB (J, I T IME) =FRLB (J, SUk2 ) 
NDETP=NDETPo1 
LLQ.=1 

1.42 	IF(RLB(J,ITIME)-ALEVMA)i9.10910 
145 QQ(ITIME)-5.UM 
1  CONTINUE 
10 JTIME=ITIMEw1 

DO 146 ITIMEtJTIME,NTIME 
146 QQ(ITIME)=(Q(I,ITIMF)+Q(I+19ITIME))/2, 

DO 147 ITIMEv19NTIME 
147 Q(I+19ITIME)$QQ(ITIME) 

LSI+1 
CALL CHROUT(L,NTIME) 
PRINT 111, (0(2 9 ITIME)9ITIME=15NTIME) 
L-•I+2 
CALL CHROUT(L,NTIME) 
PRINT 111, (0(3,ITIME)9ITIME=19NTIiME) 
PRINT 1119 (0(49 ITIME),ITIME-1,NTTIME) 
DO 144 ITIME=JTIME9NTIME 
Z=0 n 
IF(RLB(J9ITIMF_)-ALEVMI)141914191.5 

15 	A1=(Q(3,ITIlE)+Q(4,ITIME))/2o 
L=3 
GAUGE(39ITIME)-GDIS(L9Al) 
GAUGE(3,ITIME)=GAUGF(35ITIME)+REDLR 
L=4 
GAUGE(4,ITIME7)-GDIS(L9A).) 
GAUGE(4r ITIME)=GAIJGE(49ITIP'iE)+1BEDLL 
IF (GAUGE (3,1 TIME) -RLB(J,I TI ME) )11.,502,502 

11  L=3 
CALL OUTFL(J,L,ITIME) 
Z=Z+RF(3AITIME) 

502 IF(GAUGE(49ITIMF)—RLB(J,ITIME))1392109210 
13 L=4 

CALL 0UTFL(J;L9ITIME) 
Z=Z+RF(49ITIMF) 

210 IF(Z)5039503,504 
504 Z=Z/2., 

Z=Z* DEL T*3600o/435600 
S(JyITIME+1)=S(J9IT IME )—Z 
A3=S(J9ITIME+1) 
RLB(J,ITIME+1)=ERLB(J,A3) 
RLBP=RLB(J,ITIME) 

503 NDETP=NDETP+1 
Q(I+3o ITIME)=0(1+3,ITIME)+Z/(DELT*3600~ )*43<-:~ 
IF(Z)1619161,144 

161 S(J,ITIME+1)=S(J,ITIfMME) 
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RLB(J,ITIME+1)=RLB(J,ITIME) 

144 CONTINUE 
KKK=NTIME 

GO TO 612 
141 	KK'K=I'T IME-1 
612 PRINT 1499NDETP 

149 FORMAT(1X923HTOTAL DETENSION PERIOD=,I3) 

PRINT 510),(Q(I+39ITIME)9ITIME=19NTIME) 
510 FORMAT(18HINFLOW FOR BASIN B/91-I+N CUSECS//(7F1001)) 

PRINT 601 
601 FORMAT(5H TIME,5X99HDISCHARGE,lX,9HINFLOW AT9lX,9HINFLOW AT91X9L 

4EAN,6X,8HCUM(ILATI,2X99HELEVATION) 

PRINT 602 

602 FORMAT(6H HOURS,4X9)HAT DOGRIP9lX99HDOCRIPORA91X95HTOKNA,5X97HC. 

5LOW94X91OHVE STORAGE,1X98HIN BASIN) 

PRINT 603 
603 FORMAT(1^X,lOHORA Cl!SECS91X96HCUSECS93X96HCUSECS,4X,6HCUSEC`:,9'~X -

6ACRE—FT93X94HFEFT) 
DO 604 K=1,KKK 
PRINT 6059K9Q(1,K)9QI(19K)9QI(29K),F( JK) 9S(J,K)9RLB(J,K.) 

605 FORMAT(1H ,I397X95F1On1,F10c2) 
604 CONTINUE 

PRINT 606 

606 FORMAT(1H 94HTIME,5X95HGAUGE95X95HGAUGE95X97HOUTFLOW93X97HOlUTrL ,, 
73X98HCUMULATI,2X99HELEVATION) 
PRINT 607 

607 FORMAT(1H 95HHOURS94X9lOHBANDERPORA,1X,6HLELHAR,3X910HBANDERi'Okn; 

8X,6HLELHAR93X,1OHVE STORAGE91X98HIN BASINI) 

. PRINT 608 
608 FORVAT(10JX,4HFEF T96X94HFEET96X,6HCUSECS94X96HCUSECS94X,7HACRE•'I---: . 

8X,4HFEET) 

DO 609 K=19KKK 
,PRINT 610,x;GAUGE(39K)9GAUGE(4,K),RF(3,K)9RF(49K),S(J 9K)9RLB(J.~.) 

610 	FORMAT(1H 9I396X,2F10<;393F1G01.,Fl0.002 ) 
6'09 CONTINUE 
511 CONTINUE 

STOP 
END 

PROGRAM FOR CHHANEL ROUTING 

SUBROUTINE CHRQUT(19NTIM,E) 
DIMENSION RLB(1,950),SILL(4)9GAUGE(4995()9COFF1(2)9COFF2(2)~i,~-(. 

150) 

DIMENSION XK(4),X(4) 9Q(49950) 
COMMON RLB,SILL,GAUGE,COFF19COFF23RF 

COMMON XK,X,Q.9DELT 

DENOM=XK(I)*(1,.X(I))+Oo5*DELT 
C1=DELT/DENOM 

C2=(005*DELT—XK(I)*X( I))/DENOM 
DO lITIME=19NTIME 

Y=C2*(0( I,ITIME+1)-Q( I9ITIME) ) 
Z=Cl*(0(19ITIME)°Q(1+19ITIME)) 

Q(I+19ITIME+1)=0(I+1,ITIME)+Y+Z 
1  CONTINUE 
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RETURN 
END 

PROGRAM FOR OUTFLOW 
SUBROUTINE OUTFL(J,I,ITIME) 
DIMENSION RLB(1,950)95ILL(4),GAUGE(49950),COFF1(2)•COFF2(2),RFL 
150) 
DIMENSION XK(4)9 X(4),Q(4,950) 
COMMON RLB,SILL..,GAUGE,C0FFI,COFF29RF 
COMMON XK,X,Q)nELT 
H1=RLB(J,ITIME)'SILL(I) 
IF( GAUGE( I, ITIME=)-5ILL(I)1,1,2 
H2=0o 
GO TO 3 

2 	H2=GAUGE(I,ITIMEn—SILL(I) 
3 	Z=  (H1—H2) 

Q1=COFF1(J)*Z** n5 
Q2=COFF 2 (J) *H2.*SQRT (Z) 
RFCI,ITIME)=01+Q2 
RETURN 
END 

PROGRAM FOR STORAGE ELEVATION CURE 
FUNCTION FRLCB(J,X) 
FRLB=5208x,029+,OOQ2416%*X°t, ].123E-10*X*X 
RETURN 
END 

PROGRAM FOR GAUGE DISCHARGE RELATION 
FUNCTION GDIS.(I,X) 
GO TO(1,2,3,4)91 

1 	GDI5=06026337*X**0.603847 
GO TO 5 

2 	GDIS=00031719*X**O 602165 
GO TO 5 

3 	GDIS=0~026266%~X**0.61.97 
GO TO 5 

4 	GDI S=0 0022315*X**no634 
5 	RETURN 

END 



150 FORMAT(@THOMAS•FIERING BI—VARIATE MODEL@//) 
DO 7 J = 1912 
DO 8 K = 192 
DO 8 MY = 192 
S11.(K,MY)=00 
522(K,MY)=00 

8 521(K,MY)=O. 
Do 9 I = J9N912 
S11(191)511f191)+SQ1(I)*SQ1(I) 
511(292)=511(292)+SQ2(I)*SQ2(I) 
511(192)=511(192)+SQ1(I)*SQ2(.I). 
522(191)=522(191)+SQ1(I+1)*SQ1(I+1-) 
S22(292)=522(292)+SQ2(I+1)*SQ2(I+1) 
522(192)=522(192)+SQ1(I+1)*SQ2(I+1) 
521(191)=521(19?)+SQ1(I+1)*SQ1(I) 
S21(192)=521(192)+SQ1(I+1)*SQ2(I) 
521(291)=521(291)+502(1+1)*501(I) 
S21(2,2)=S21(292)+SQ2(I+1)*5Q2(I) 

9 CONTINUE  
S11(291) = 511(192) 
522(291) 	522(192) 
DO 99 I 	192 
DO 99 JK = 192 
S11)I9JK*=S11)I,JK*/AN 
522)I,JK*=S22)I,JK*/AN 

99 	521)I9JK*=521)I9JK*/AN 
DELTA = 511)191##511)292*S11)291 #S11)1,2 
B)1919J*=)S21)191**511)292'x—S21)192#*511)291**/DELTA 

• B)1929J* )511)191##521)192* S21)191**511)1,2**/DELTA 
B)2919J*=)521)291**S11)292* -21)292**S11)291**/DELTA 
B)2929J*=)511)191**S21)292*1 521)291**S11)192**/DELTA 
VARZ1(J) = 522(191)-B(1919J)*S21(191)—B(1929J)*S21(192) 
VARZ2(J) = S22(292)-B(2919J)*S21(291)'"B(2929J)*S2i(292) 
COVAR(J) = S22(l92)B(1919J)*S21(291)-B(1929J)*521(292) 
MJ = J+l 
WRITE(PRABHA9151)M0N(MJ),MON(J) 
DO 1521 KI = 192 
WRITE (PRABHA9152)(S11(KI,KJ)9KJZ192)9(S22(KI,KJ)9KJ=192)9 

1 (S21(KI,KJ)9KJ:192) 
1521 CONTINUE 
7 CONTINUE 

C 	RESIDUALS 
DO 222 I = 29N 
JJ = MOD) 1.912* 
IE)JJoE000*JJ=12 
QEST1=B)1919JJ**5Q1)I"1j*oB)1929JJ**SQ2)I-1* 
QEST2=B)2919JJ**5Q1)I1*0B)2929JJ**SQ2)I-1* 
QESTl=QEST1*SD1)JJ*0AV1)JJ'* 
QEST2=Q.EST2*SD2)JJ*0AV2)JJ* 
I1=I-1 
RESDU1(I1)=Q1(I)—QEST1 

222 RESDU2(I1)=Q2(I)—QEST2 
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C C  Z0A0BANDAY,'.M,, E. HYDROLOGY DISSERTATION PROGRAM I~ 

C  PROGRAM FOR SIMULATION STUDIES 

C 	BASIN B 
DIMENSION RLR(1 9 950),SILL(4)+GAUGE(49950),COFF1(2) COFF2(2)9i=;F('a:. 
150) 
DIMENSION XK.(4),X(4)9Q(49950) 
DIMENSION QI(2,950),F(1,950)9S(19950) 
DIMENSION 00(950) 
DIMENSION (Q(3) 
DIMENSION FLSRI(950) 
COMMON RLB,SILL,GAUGE,COFFI,COFF2,RF 
COMMON XK,X,Q9DELT 
READ 105,NTIME,NSITE 

105 FORMAT(2I5) 
NN=NTIME±l 
DO 150 I=193 
DO 150 I TIME=1 9NN 

150 Q(I,ITIME)=00 
READ 1009(XK(I),Ir-1,3) 
READ 100,(X(I),1 1,3) 
READ 100,(SILL(I),I=194) 
READ 100,DELT 
READ 100,(COFF1(I),I~1,2) 
READ 100,(COFF2(I),I"1)2) 

100 FORMAT(5F14o6) 
READ 1.01,(Q(19ITIME)9ITIME=19NN) 
READ 101,(QOQ(I),I=193) 
READ 101,CHCAPB,CINLK 
READ 100,BEDLP,REDLF 

101 FORMAT(7F1001) 
PRINT 103,(XK(I),I=193)9  (XC I)9I=19?) 

103 FORMAT(8HXK(I) --/3F14u6/7HX(I) —^/3F1.4,6) 
PRINT 1049(0(1,I)9I=1,NTIME) 

104 FORMAT (19HDI SCHARGE AT KAND7L/9HIN CUS,__CS// (7F1C,; 1) 
PRINT 106 

106 FORMAT(SHNSITE,15HOUTFLOW ASSUMED/) 
DO 600 Ir-1,3 

600 Q(I,1)=QQQ(I) 
DO 107 I=193 
PRINT 108,I,0(1,1) 

108 FORM.AT(I3,5X,Fino1) 
107 CONTINUE 

READ 105,NSET 
DO 511 ISET-INSET 
READ 1O•J,ALEVMA,ALEVMI 
I=1 
J-2 
K=0 
MDETP =0 
CALL CHROUT(I,NTIME) 
PRINT 111, (0,(19 ITIME)9ITIME="i,NTIME) 
PRINT 111, (CC 2,ITIMF)9ITIMF=19NTIME) 

111. FORMAT(25HROUTEn VALUES FOR 3 SITES//(7F10-1) 
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RLBP=ALEVMI 
PRINT 512,CHCAPF,,CINLK 
PRINT 513,ALEVM,~,ALEVMI 
PRINT 5149BEDLP,BEDLF 

512 FORMAT(2X928HCH'NNEL CAPACITY OF BASIN E~3F11e1/2X930HCAPACITY 
1INk.ET AT KANDIZAL=,F1GQ]. ) 

513 FORMAT(2X,29HMAXIMUM ELEVATION IN BASIN Lo1=1O023X,18HMINIMUM 
2VATIQN=,F1002) 

514 FORMAT(2X,23HBEDLEVEL AT PA.DSHIE. AAGH-9F1.4-c,695X923H13EOLEVEL AT F-.- 
3D7000=, F14o 6 ) 

YP=t.)0 
SUM2=O 
BNIFLP=n. 
BNFSCP=O. 
DO 208 I TIME-19NTIME 

208 01(1+1.,ITIME)=0 0 
DO 611 ITIME=1,NTIME 
F(J,ITIME)=0,, 
FLSRI(ITIME)-00 
RF( I+2,ITIME)=0, 
RF( 1+3,ITIME)=0, 
GAUGE(I+291TIME)=00 

611 GAUGE(I+39ITIME)=0o 
LLL=() 
DO 200 ITIME=19NTIME 
XX=Q(I+19ITIME)+20000—CHCAPB 
IF(XX—C INLK)3001930019300) 

3000 EXCESS=XX—CINLK 
XX=CINLK 
GO TO 3002 

3001 EXCESS=0. 
3002 IF(XX)200092029202 
2000 IF(LLL)205,2059706 
202 QI(I+1,ITIME)=XX 

QQ(ITIME)=CHCAPp,-2030... 
YY=QI(I+1,ITIME) 
F(J,ITIME)=(YP+YY)/2. 
YP=YY 
Z=F (J9 I TIME) *DELT*360^(, /43560:: 
SUM2=SUM2+Z 
S(J,ITIME)=SUM2 
RL 6(J9ITIME)aFRLB(J9SUM2) 
MDETP=MDETP+1 
LLL=1 
IF(RLB(J,I TIME )—ALEVMA)200,20i6,206 

205 	QQ(ITIIv1E)=Q(I+1, ITIME) 
200 CONTINUE 
206 JTIME=ITIME-1 

DO 305 ITIME-JTI,ME,NTIME 
300 QQ(ITIME)=Q(I+1,ITIME) 

DO 301 ITiME-19NTIME 
301 Q(I+l,ITIME)=QQ(ITIME) 

L=I+1. 
CALL CHROUT(L9NTIML) 
PRINT 1119 (Q(2,ITIME)9ITIMr a,NTi;."> ) 
PRINT 111.9 (0(3 9 ITME)9TTIMC1,NTiE:) 
KL=JTIME+1 



DO 4000 ITIME~l,KL 
'.000 FLSRI(ITIME)=Q(? ITIME) 

DO 302 ITIME=JTIME,NTIME 
Z J O 

X X' 0 

IF(RLB(J,ITIME)-ALEVMI )30393039209 
209 A1=Q(I+29ITIME) 

L=I+2 
GAUGE(L9ITIME)=GDI5(L,A1) 
GAUGE(L ► I T I ME) =GAUGE (L , I T I ME) +i0f.[DLP 
IF(Q(L9ITIMEY 330000) 20'+20420' 

203 XX=Q(I+29ITIME)w•33C00c 
FLSRI(ITIME)=33000 
GO TO 401 

204 FLSRI(ITIME)=Q(I+2,ITITv!E) 
401 XX=XX+BNFSCP 

L=I+3 
GAUGE(L9ITIME)(DIS(L,XX) 
GAUGE(L,ITIME) GAUGE(L9ITIME)+3EDLF 
IF(GAUGE(LiITIMF)—RLB(J7ITIME))305>306s3(6 

&05 CALL OUTFL(J,L9ITIME) 
Z=Z+RF(L,ITIME) 
BNFSCP=RF(L,ITIME) 

306 L=I+2 
IF(GAUGE(L9ITIMF)-RLB(J,ITIME))307,40n440n 

307 CALL OUTFL(J,L,ITIME) 
Z=Z+RF (L, I TIME ) 

400 	IF(Z)30B93C3,35(ti 
350 Z=Z/2o 

PINIFLP=ENIFL 
Z  *DEL T*36 C) 0.) /43560  
S(J, IT IME+1)=S(j9ITIMC)—Z 
A2=S(J,ITIME+1) 
RLB(J,ITIME+l)=FRLB(J9A2) 
RLBP=RLB (J, ITIIMr ) 

308 MDETP=MDETP+1 
IF( Z) 3099309'302 

309 S(J,ITIME+1)-S(j,ITIME) 
RLB(J9ITIME+1)-RLD(J9ITIME) 

302 CONTINUE 
KKK=NTIME 
GO TO 612 

303 KKK=ITIMEw1 
612 PRINT 304,MDETP 
304 FORMAT( 1X93'+'HTOTAL DETENSION PERIOD IN NASIN 6) ,13) 

PRINT 510, (FLSRI (ITIME),ITIiME-=1 ,,NTJJ 1E) 
510 FORMAT (21H I NFLOW FOR CITY REACH/OHIO C',-SECS/ / (71= 10 1) ) 

PRINT 601 
601 	FORMAT (5H TIME95X~' HDISI-A,RG.=,1X 9 9HINFL0ly%., AI IX94HMEAN96X8h1C.:. 

4I 12X99HELEVATION) 
PRINT 602. 

602 	FORMAT(6H HOURS4X )HAT K.AIS[)IZ:-.lx.8HK ANDIlAL. 2Xo7HCINFL053/ ." 
5 STORAGE91X98HIN BASIN I 
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PRINT 603 

603 FQRMAT(10X,9HAL CUSECS,IX,6HCUSECS,4X,7HACRE—FT,3X,4HFEET) 

DO 604 K=1,KKK 
PRINT 605,K,Q(2,K),QI(2,K),F(J,K),.S(J,K),RLB(-d9K) 

605. FORMAT(1H ,I396X,5Fl0o1,Fl0,2) 

604 CONTINUE 
PRINT 606 

606 FORMAT(5H TIME95X,5HGAUGE,5X95HGAUGE95X97HOUTFLOW93X97HOUTFLOW;X. 
68HCUMULATI92X,9HELEVATION) 
PRINT 607 

607 FORMAT(1H ,5HH0URS,4X,lOHPADSHIBAGH91X97HSPILLCH92X,10HPADSHI[<AUH 

71X,7HSPILLCH,3X,l0HVE STORAGE91X98HIN BASIN) 
PRINT 608 

608 FORMAT(10X94HFEET,6X94HFEET,6X,6HCUSECSS,4X,6HCUSECS94X97HACRE•FI;' 
8X,4HFEET) 

DO 609 K-19KKK 
PRINT 610,K,GAUGE(3,K),GAUGE(49K) 9RF(39K),RF(49K) ,S(J,K.) 9RLB(J9K 

,510 FQRMAT(1H ,I3,6X,2F10Q3s3F10.19F10.2) 
609 CONTINUE 
511 CONTINUE 

STOP 

END 

PROGRAM FOR CHHANELL ROUTING 
SUBROUTINE CHROUT(I,NTIME) 
DIMENSION RLF"(1,950),SILL(4)9GAUGE(49950),C0FF1(2)9COFF2(2).,RF(!.;T 
150) 
DIMENSION XK(4)9 X(4),Q(4,950) 
COMMON RLH9SILL,GAUGE9COFF19COFF2,RF 
COMMON XK,X,Q9DELT 
DENOM=XK(I)*(10.X(I))+0~5*DELT 
C1=DELT/DENOM 
C2=(0o5*DELT—XK(I)*X(I))/DEN0M 
DO 1ITIME=1,NTIME 

Y=C2*(Q(19ITIME+l)—Q(I,ITIME)) 
Z=C1*(Q(I,ITIME)-0(I+1,1TI1VIE)) 
Q(I+19ITIME+1)-C(I+19ITIME)+Y+Z 

1 	CONTINUE 
RETURN 
END 

PROGRAM FOR OUTFLOW 
SUBROUTINE OUTFL(J,I,ITIME) 

DIMENSION RLB(1,950)9SILL(4)9GAUGE(49950)9COFF1(2)9COFF2(2)9RF( 
150) 
DIMENSION XK(4) 9 X(4) 9Q(4995r') 
COMMON RLD,SILL,GAUGE9COFFlsCOFF29RF 
COMMON XK9X9Q9DELT 
H1=RLB(J,ITIME)-SILL(I) 
IF(GAUGE(I,ITIMF)•SILL(I))19192 

1 	H2=0o 
GO TO 3 
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2 	H2=GAUGE(I,ITIMF)SILL(I 
41=COFF1(J)*Z**lo5 
Q2=COFF2(J)*H2*SQRT(Z) 
RF( I,ITIME)=Q1+Q2 
RETURN 
END 

PROGRAM FOR STORAGE ELEVATION CURE 
FUNCTION FRLB(J,X) 
FRLB=51950638+0 000321*X-0 1983E^10*X*X 
RETURN 
END 

PROGRAM FOR GAUGE DISCHARGE RELATION 
FUNCTION GCi5(I,X) 
GO TO (5,192 9 3),I 

1 	GDIS=0o037821*X**0 584528 
GO TO 5 

2 	GDI5=00040889*X**0057714 
GO TO 5 

3 	GDIS=0004O889*X##0057714 
5 	RETURN 

END 
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