CEAPTER I1I

O LINE SIMULATION OF NOURLY RIVER FLOWS FOR MUN-OM THE
RIVER HXORO-ELECTRIC PLANT



CREAPTER 1II

ON-LINE SINULATION OF HOURLY RIVER FLOWS JOR NOW- O 2MR
RIVER HYDRO-RLECTRIC PLANT

30 Iatredustion

Assessment of the present state of the hydrepover
gwmeration in Indfs indigates that the huge water power of the
rivers flovwing through the Himalayan regions 1is virtually
untapped. A realistic estinmate of the availability of water
power of the river Teesta iu North Bengal in the Eimalaysa
region in the wp-strean of Corcmation Bridge point as a singla
generating station ef the run.of-the river typa suggests the
generation in the range of 1000 M. Complexities of the
hydrelogieal characteristics nf the ZTessts vatershed regisa
in the msuntain necessitates the on-line monitering of heurly
river flov and real time control of hydraulie strustures of
the power plant in conjunetion with the monitored variables.

Computer based digital supervigory system needs a
highly realistic hourly flow simulation model to b ingotporated
in the ROM of the respective processor. imall general purpese
mieroccmputer can be tsed as peripheral controlless with
preprogramued estimation al pritim in conjunetion with
etmputsr eontrol supersystem. The present investigation



develops the hourly flov simwtlation technigue with the
aybernetieal methed of reeursive least square instrument
varialle algoritim with paremeter trasking adeptiveness in
the estimation of instrument variables. The effeetivenses

of the developed technigue has deen demonstrated in obtaining
an on-line simulation model of the hourly flows ef the Mily
river Tessta in North Bengal at Covonatioa Bridge Foint en
the basis of the odserved data at different w-strean

Sanging stations.

&40  Modelling of Heurly River Fows ly Reeussive
Least m Instrunent Variahle nglﬂ-

il Developaent of Recursive Alzruht

e recursive tecnique has been defined as a

technique in which an estimate is updated on reeeips of fresh
information,

Systens Dynamis Equatioa

A strong correlation of the down-stream flows vith
that at up-strean flows, particularly at the eonflusnese of the
tritutaries, suggests that the process may be represmted in
the form of a mon-stationary time series with a predadility
that the ourrent value of the output X(tx) 1s a funetion
of the previous output observations, the antoregressive
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tOgether with s current unknown prealization of the noise
process 7 (tx ). The process can be represented as
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Deteraimation of n 1s knowm as the model order determingtioen.
It 1s suggested that the output correlation is an intuitive
eonsideration for model determination wvhich is also the medel
strusture tdentification.

With baskward shift operetor ¢ 2(.) defined
a8 T Y0t ) = YOty ), equation (.1.1) transforms to
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Here, ‘2(&) nay be expressed in a moving average
seguenge as

P

Ling) = ?_ Niap) ¢ vity) (320 9)
pmi

wvhere vity) 1s a vhite noise imnevation process with

${vem) v} = 0 for g x
EAMUSIRION Sl L IR (30 204)

- This medel 1s quite flexible since it requires that
the equations should be linear in parsmeters. |
Bquation (3.1.2) may be represented as

Tity) = aZy) ¢ + () (30 2.8)

where < 1s the parameter vester vith the property of slowly
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varying with time and amenable to reeursive adaptiveness, and
l’(tg) » ‘/ !“._‘)noig !(t._.): vl(t._'x)noo
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where 23, J w 1y8icvicieeg B Stands for the lag time instant

of Wp-strean flows whiech have the strengest eorrelation vith
the dowm-strean flov X (%),

QHi8 .;."‘.E.“ Iggn uuuttg_gt Pmm_!

e paraneter values of equation (3%.1.8) ave estimated
W ninimising a loss fungtion defined as the sum of the sguare

arzrers a8
¥
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e estimates < of o that ainimise 7 are ealled least
squares estimates. Thas, for ainimiszation,
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Heneoe the well known equations for least sguares
Paraneter estination as

- ¥ 7—_§N
2o/ ) stnon [/ Taworen 7 (nL8)
L kul < k=1

HL3 Algrites for Resursive Least Square

Estimation of Parameters

I 1% 1s assumed that the estimate X of = is s
slewly varying funetion of time, the nev value of < defined
a8 (%) will sppear as each information is serially
prossssed reeursively,

The algorithms for least square resursive estimation
of paraneters have been obtained as

D) w Ry ) POty 1) 5(ty)
’~ 7!
C 1t array amy) _/7 Y (%)
-s¥ () ity ) (3 2.9)
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Frem loast squars estimation () and P°()
may be initialised for a block of data or for the whole
data set,

The parameter estimation algoritims of egquations
(2 4:9) and (3,4.10) do not oversome the problem of bies,
The eonditions for unkiased estimates have been stated in
oquation (3.1,4). Por most eases of prastical interess,
vity) is net a wvhite Ganssian sequence and estimates of

o, are ROt unbdiased,

To oversome the probles of bias many variants of
sosursive paraneter estimtica algoritims have deen suggested.
Of whieh the recursive instrament variable algoritims are
found % be easily amenable %o simulatioms with repid
sonvergent properties.

%led  Beewrsive Instrment Wrisble Algoritims
for Paraneter Bstimation

he nost likely scuree of biased estinate is the
presenge af signifisant noise sequence esorrelation betwesn
moise sequence and the past values of the outpet,



Referring to equation (3. 1.2) with suitable
ostinates of the paremeters, an auxiliary time servies medel
ean be eomputed as
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Equations (% 1.8) and (3 1.11) suggest that any
variation 1n T(ty) should be strongly eorrelated vith variasions
in the moise corrupted output observations Y (ty), Wt the
variations in ¥(4) should be uncerrelated with ¥ (%)
provided Y (ty) 4s mot eorrelated with the measured imput

sequences Uj (ty ,0)) Le0ey
350t L] = 0 fral sk we L

The sequense ?(&) fs ealled the sequenee of
fnstrment variables. Comsequently, the veetor s¥(ty) 1o
modified as E7(%y), defined iy

Qr(t.) = l:.?(‘i-l)”"3"‘-!’"‘“‘"1"" op

Ul(t‘,’b“).nm. "h“br.”"' ’n(“.") .7
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The eonditions of unbiased estimtes are
medified as
s Tdf = 0 forall
it ﬁvcw m,)} « 0 for kpy
- f" for ks

Replasting s(ty) by F(ty) and mot sT(h) w3% (%),
the resursive instrument variable algoritims are given as
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() and 7°(.) have been initialised by the least
square methed using the vhele data set or a hloek of datas
The instrument variables ¥(.) 1n3(.) are edtained

threugh a separate parsmeter tracking algeritha as detailed
belows

s n a
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dud Jsl iwo
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where the thind eemponent is the moving average etmponent, s (ty)
is the errer sequenee.

T(ty), the estimate of Y(t,) ean be written as

) = aTiy, ;) sy ;) (310 24)

vhere S
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e eo-effieint veetor 'a’ san de sstimated ly ainimising
the gquadratie performance eriterion Jix(a), defined as,

k
nw e ) (xap- e e
Jul

o (a-alte))” T 3(te) (a- alty)) (30 10 16)

where a(ty) 1s the availadle a priori estimate of the
oo-officions vestor 'a' and 8(%y) is the positive definite
woighting matrix of the order al x ml wvhere al = ménlasl)e Q.

Fory ainimisation,

3ixa) <
it a8y Al (X - aT st )
3e =i

e85 (8 (a- alty) (3 26 17)

It fellows from equation (3 1,17)
k k
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s 820 8 (% 1. 18)
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Penoting the co-efficient veetor 'a' as a (8) at the Rime
inatant %, "
& (ty) alty) = d(y)
or (% 1.8)
alty) = a(ty) daly),

From eations (3 1,19) and (3.1.80) the felloving resursive
- equations are obdtained,

wd -l
8 () =8 (e sin)a’ () (31, 88)
‘“501) = d(ty) + s(ty) Yity,) (3. 1.83)

By matrix inversion lemma the recursive parssster estimation
algerithms %o obiain the instrument variables Y (%) ave,

B (b, 3 Juil (e )-8 (8 )8 (te)n® ()8 (84 ) LonT ()8 ()8 ftﬂj y
soe (B de 20D)
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e algoritims are initialised vwith

sy s 1 (untt matrix ) 3 aflty) = ©

!“3) s 0 for § = 0,ely,el) seey

N\
and s(‘:) s 0 for J = 0.01' «-‘; eeede

%80  Detalls of Investigation Mtes

The river Teests, 148 catciment and the sheervation
8ites are descrided delow.

»8%i1

é4 Ses

The river Tessta rising from the Himalayan renges in
north dikkin and passing shrough the deep gorges for nearly
i38 Kns. debonches upon the plain of Wess Bengal near Seveke,
fhe Teesta 15 a very fast flowing river. Its average veloeity
15 6.8 metre per second. In vinter its vater is seagreen.
3d sommer and in rainy season vhen the iee in the glasier melts
quiekly and vhen its catehment is bathed in torrential raine
the nilky wviiite water flow through the river surging its
aaryovy Himalayan fluvial eourse.

The accompanying map, Fig. 3.2.1 depiets the Tessta
river and its catebment. A brief deseription of the river is
given, The river Lohnak originates fwom the snov lime in
North Aikkin at a height of aboat 6401 metres.



e river Pekicin originates from the Zemu glacier at a
hoight of 4968 metres. These two rivers combine at Lachen,
after vhich 1% is known as the Zemuehn Fiver. AS Chungthang
Lashen Cha river joins the Zemu Uhn from the north sastern
side, This eomdined flov is further augaented ly the river
Lashung Chit at down-stream of Chungthang to form the river
Zeesta. Thus the Teesta, is Bngali langnags ealled Trisreta
meaning that three flows have combined together, is formed
by the rivers Zesu O, Lachen Ch and the lachung Chm,

AS Sankalan the river Talums Chu originating frem the Talung
gracier in north vestern dikkin at a height of about 5373
netres, joins the river Tessta. Wto dankalan lengih of the
river fyom the origin is abdout 70 K.u. and the eatchment
uulh adous 4800 sq. K.m,

Fren idankalan the river Teesta flows through the
narsov Himalayan gorges and comes to dingtam, Abous 15 K.m,
w-stresn of dingtam the river Dik Chm joins the Teesta.
At dingtan from the castermside the river ongni Chm jJoins
the eesta. pto Kantitar the length of the river s
spproximate 1i4 K.n, froa the origin and the catelment area
is spproximate 474 sq.K.n, from the origin,

AS Bongro the river Roago Chu from the eastera
eatolment region joins with the Tessta. The length of the
river from the arigin upto Mongpo 1s spproximate 116 K.u.
snd the total catohment area of the river including its
tritutaries wpto Mongpo 1is spproximately 8408 sq.K.n. from
the origin.
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Near Singlabazar the river Great Rangit eonbines
vith the river Ramsn snd the river Little Rangts and fiows
a8 the Great Rangit river. This combination of three rivers
bring in an addition of about 1966 sq. K.m. of catehment ares
%0 the Ivesta catelment. At abont 3 Kon. W-strean of
Teestadasar the Oreat Rangit joins the Teesta., The eonfluenge
of the Great Rangit and the Teesta is unforgettable.
The elear sea green vater of the Great Rangit miwes with the
silky wvhite vater of the Tessta and thus oreating a wonderful
soekiall of nature. The length of the river from the origin
Wwto Jeestadesar 1is about 13 K.u. and the cateiment
is (approms) 7734 8qe Keie

UWto Coronation Bridge the length of the Teesta
fyom the origin is (bnn.) 188 K.n. and the eatsimens area
1s abous 81€7 sq.K.n. Upto devoke its length from the origin
2s ( epprox.) 160 K,n. and the oateiment area is adout
817 8q. Keme

In the plains the important tribdutaries of the
Tessta are the Lish, Ghish, Chel, Neora and the Karla. Upte
Deomohani Road Bridge the length of the Tessta from the
origin is ( approx.) 806 K.m. and the satehnent avea
$s ( approx. ) 9438 ag. Kem.

The Tessta nixes with the Erabmsputra.



% The Main Odeervation Stations

The main observation stations frem vhere the date
for the investigation reporied in thia chap tor were eollested
have been shown in the mape A dWief deseription of the
stations are given below.

“&3 brief note of various observation am‘

de SANKALAN BRIDOR

a) Losation 3 Late-27" 20'N, Long.-83° 38'm,
| on river Tessta in hilly terrain of
North Bikkin deown-stream of soufluenee
of Lashenehu, Lachungetm and Talumgehm.
National Highway 31 4 is adous 3 K.,

fron the site.
b) Nature of |
8tation ! Gauge and Diseharge vith 15 Vets K7,
VWirelees fasilities.
e) Mode of t Hourly gange ochserved round the sleek
observation during monsoon. Discharge ehservation

thriee a day at 0800, 1500 and MO0 hre.
using wooden fleat and & flocat run of
30 m. Cross-sestion taken onee & menth
using sounding of 15 Kgewts



- 4) length of river fron

origin upto site 3 70 Km. ( approxs )
¢) Catohment area Wp®
site frem orvigin ¢ 4800 sq. K.m. ( approm.)

£) bDate of commencement
of gauge/dissharge ! A8, 10,78/ R,18.78

) Maxm. observed gauge |
s / 7%0 n. on 8.7.79 (1900 Nve,.)
Diseharge Quring  § = los 64 Oauees on 18,7.79 (1000 hse.)
nonsoch of 1979

h) Mamxm, over recorded
bl \ mw-ua.o.n(mm.)
anad e 1799.07 a-ul on u.v.n 0700 s, )

1) Type of Raingauge : NIL.

KHAN T ZAR

a) Location s late-87" 10.6'N, Long.-88° 30'% in
| Sikkin on Teesta. NE-31 A 15 abeut
i K.m. from the sites
b) Nature of Station 3 CGauge and Disgharge with 18 Watt.
‘ L7 wvireless fueilities.
e) Mede of 3 Hourly gauge ohserved round Whe eleek
observation during wonsoen. Dissharge observation
thrice a day at 0800, 18900 and
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16800 hrs., using Wooden float and a
fleat run of 30 X Cress-seetion taken
onge a veek using sounding of 88 Kg.vt.

4) Length of river ¢ 114 K.me ( epprox.)
from origin
wpio site
o) Catelment area : @74 i Km ( spprox.)
| Wpto aite foem

origin

£) Bate of commenomment of
" observation of Gauge/
iseharge t 18.6.,70/18,6.70

‘ beerved
§) Kom.o 96,79 moon 8,7,79 (5000 hye, )

620ge/Disetakes ! ot 0 Omoss on 53.7.79 (0700 hve,)
during monscon
of 1979

Naxm. over recorded
h) 207:.80 meon 1% 10.73 O8O0 hye.)

L R T S S s
Gnge/Dilschargs ! o or.7¢ Comoss o 18.6.70 (1900 nre.)

1) Yype of reingauge ¢ One & R Raingauge and one ordinary
. Fainganges .



3) ongre

1)

M VER RANGPO CHU s

(a) losation ! lat.-27° 200 X, uu.-lﬁ' a'n.

on river Jongpo eim 1.0, tridutary
of river Teesta near the junetion
of InRP. Mond at Nl « 31 A §0
about 1 K, M, from the site.

(») Nasure of 3 Gauge and Diseharge with 15 Watt,
dtation Ko ¥, Wireless fesilities,

(s) Made of observation ! lourly Osnge ebserved Foumt
' the cloek during monseen. Pischarge
observation thrice a day at 0800,
1800 and 14800 hys, using weeden
float and a float run of 0w
Cross-seetion taken onse a week
using sounding of 20 Kgewke
(4) Date of commensement of ! 8,6:70/ 1. 7.7
oheervation of Gauge/
Diseharge |
(o) Mazm.odserved
Gange/Discharge ¢
during monsoon
of 1079

304,608 NSr.on 2.8.79 (0300 hrs.)
603,26 Cumecs on 83,7, 79 (1200 hye,. )
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(£) Mamme ever regorded
304.808 Ngr.on 38,79 m e, )
Gange/Discharge

3
732,0i8 Cmess on hes.

(g) Lype of Raingange ¢ Cne erdinary raingsuge,

“) SINGLABAZAR

(a) losation ! Late-87° O7* ¥ and Long. 88° 1¢' B,
on river Great Mangi$ L,0, tridutary
of river Teesta, 1s 2 K.ny frem the
site.

(b) Nature of Station ¢ Gauge with 15 Watt. K. F, Wiveless

| faeilities,
(s) Mode of
observation 3 Hourly gauge ehsorved yound $he sloek

| during the monseon,
@) bate of ecmmencement
 of ebservation of
Gauge/Discharge ¢ 1l.18.69
(o) Masm. observed
Qange/Discharge
during monsocn 793 310,00 Mtr. on 84.7.79 (000 Wre, )
(£) Mamm. ever recorded
Guuge/Dlschargs + 310,35 Niz, on 12.10,73 (3300 hre,)
(g) Type of raingange $ One S.R. Raingauge and cne endinary
Faingauge.
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(a) losatton 1 lLat-87°7.5'N, long 88° 28.8'3
on river Raman 1.0+ trilmtary of ﬂm
Teesta, is 1 K.n. from the site.
(b) Natare of ¢ Gauge and Diseharge.
Station
{e) Node of Observation @ Nourly gauge sdserved round the
elogk during monscon. Disgharge
ohservation thrise a day at 0000, 1900
and 1600 hre, using weeden fiset and a
flcat run cf 30 Ntr« Crose-sestion
Saken onoe a week using seunding
of 88 Kg.wt.
@) Length of river froa
origin wto site * 32 Keme { approm)
(e) Catshment area wpto
site from origin ¢ 386 dg.K.m ( aprrom:)
() Date of sommsnoenent of cobservation
of auge/Discharge ¢ 1l 1569/ 1.5,73

Nam. obsarved
® ° 300,00 Mtr.om 89,7, 79 (1000 hys.)
Gatge/Discharge during ¢

140,63 Camess on $9,7,79 (1800 hrs,)
monsoon of 1979

G) Maxms over recorded ¢ 380,18 Ntw. on 1% 10,78 (8800 hre. )
Gatige/Dischargs 481,468 Cumess on 16:8:.78 (9900 hre,)

(1) Type of Raingauge @ NIL.
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(144) o RIVER LITTLE RANGLT
(a) location 1 lat.-27 a-:- 'N, long. 88® u.} '
oA river Little Bangit i,e. tridmtary
of river Tessta, is about 3 K. from

the site.
(d) Nature of ¢ Gauge and Plscharge with Non.exchange
dtation telephone fasilities with Singladbesar.

(e) Mode of observation ¢! Hourly gauge observed round
the sloek during monsoen, Discharge
obeervation thrige a doy at 0800, 1900
and 1600 hrs. using wooden float and a
float mn of 30 Ntr. Cross-sestion
taken once a day using sounding

of 88 Kg.wi.
(4) length of river fryom origin
uwpto site 3 3 K.me ( dpprox.)

(e) Catetment area Wto site
from origin : 184 ig. Kems ( #pprox. )
(2) Bate of eommnencement of ocbservation
of Gaunge/lischarge 2 21.6:7% 1.7:7%%
() Nom. of OMOEVEl 121,83 Nereon 8.8.79 (3400 hre)
Gange/Piseharge TR TTTRTE NS B R
during monscon of 1979

(h) Mamn. ever recorded ‘au.n Mireon 12,210,733 (1800 hrs. )
" Qange/Pischarge 208,57 Cameos on 7.9,78 (1700 hrs.)

(1) Type of Raingauge  NIL.

o




5) IERSTABAZAR
(a) losation ¢ Lat.-27° 03’ K, long. 88° 88'E on river
Tecsta down-strean of the sonfluense of the Great
Rangit with river Teesta NE-31A is abous 3 Kom.
fron the site.
(d) Nature of Station 3 QGauge and Diseharge vith 15 Watt,
Wireless faeilities odservation made on the suspension
Wwidge on river Teesta on Fi-31A., Also having
non-exchange telephons 1ine between canp shed and
Wridge point,
(e) Mode of observation & Hourly Gauge observed round the
eloek during the monseon. Blischarge observation thriee
a day at 0800, 800 and 1000 hrs. using weoden fleat
and a float ran of 50 Ntr. Cross-seetion taken onee
a aonth throagh sounding of 85 Kg.wt.
(4) Length of river frem origin
Wee stte ! 13 K ( spprox:s)

(e) Catslment area upto site from originé 7714 8g Kome (approx. )

(2) Date of ecmmencement of observation
of Gauge/Placharge ¢ 1.5.69/ 88.8.74

(g) Mamm.obeerved Oanige/
Diseharge during
monsoon of 1979

(h) Mamm. ever resorded ‘uv.oo Niroon 13 10,78 (0800 hos, )
Gauge/Dincharge 7648.45 Camess on 13:10.78 (D600 hre. )

(3) Zype of Maingauge ¢ One & A Raingauge and one ordinary

raingmuge.

811,80 Mtreon 84.7.79 0400 hrs, )
15906, 17 Comees on 347,70 W0 hrss)
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o) onoxaxoN
(s) Iocation ¢ An iaportant forecasting point on Fiver

Teesta on NE.31.

(h) Nature of dtation : UGauge and Discharge with 18 Watt.
Vireless facilities and non-axehange telephens line
betwveen Camp shed and bridge point and canp shed o
devoke site.

(e) Mode of observation ¢ Hourly gauge chserved reunt the
elock during acnseon. Jlscharge edservation thries
a day at 0800, i80C and 1800 hrs. using weeden
float and a float run of 70 Nere Cress-sestion
taken ones a month through sounding of 58 Kgewt,

(6) Length of river from origin

| upto site ¢ 158 K.ms ( approms )
(e) Catelment area Wto
site fyom origin @ 8147 8g.Kem. ( appryom.)
(£) Date of conmencement of observation
of Gange/Discharge i10,8,74/ 18.74.

(g) Mazm. observed Gan
e 5% 151,40 M57. o 307,79 (0800 Mre, )

Dlacharge during 1 aees on B4.7.79 700 hve.)

monsoon of 1979
() Mamm., ever recorded ‘m.m Nsze ot 12.10,78 (3630 hws.)
Gauge/Discharge 8000,00 Cumees o 13.10.78 (D0 hye, )

(1) Zype of Raingange $ NIL,
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Table showing the diatance of variocus gaige edeervation
in various basin from the forecasting stations and

their travel time. |
a1 Base Statton [ ¥/C dtaston [ Miver distanee ! pprox.
¥od i } botween base [ gnl
) X i station to zcx tine
1 X I statton in KodJ

W .- L > Wioga W56 s G920 0N B0 agss Whregn i - ey

i, dankalan Bridge (ovemation Bdg. 84 10 Bre.
8. KXantitar Coronation Bdg. 4 o 4 Rrs,
3 longyo Corenation Bdg. 48 4 Hys,
4 dingladasar Coronation Bdg. 84 4 lry
8. Nayabazar Covonation Bdg. 84 4 Rvs,

6 Tesstabasar Goronation Mg » 2 Evs.
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53 Resuld:s of mueun

Data frem 14.00 e, on July 83, 1979 % 15,00 hr,
on July 88, 1979 were cbserved at the gauging stations at
dgnkalan, Great Rangit ( dingladaser ), Jonge ( Teesta ),
Tosstabasar and Gozenation Bridge. The stations are
shown in Mg 3.2.2.

Table 3.8.1 showe the correlation eo-effigients
of the hourly river flov at Coronation Bridge vith flow
at the wp-atrean gauging stations, Inpus variables are
selested on the basis of the strengest eo-efficient of
eorrelation vith flows at Corodation Bridge.

fable 3. 2.8 shews the imput-cutpat variables
rationalised in accordanes vith

X0) o Xysn
B(K) B coccavmecens (1) vhere X(,) 413 the shserved
- Taax~ Xain
value and the values and X .0 and X4, are the maxisum
and the ninimws values af the data sequencs. The eo-efficient

of co¥Pelation has beon defined as

K. - N v
2 /-‘t)--‘} 2 y(i)//x(h‘mu- 5__ z(t) /
M ‘ 7\ ) - n&-.éafn .- .o-lhf:‘ JL -:i:}o” J
Fa YW L] a 7‘
"3 rard 3 g/ Z /@)-12 xay /
L garé fal o J=miep & el J

soe (Rel)
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TARLE 3.8.1

77

Correlation Co-efficiont against Timeshifs Coremation Bridge,
Teestadasar, agoe ( Jesta ), Great Rangest, Sankalan.

Instant § Goronation imm X§ bmuu g Ceronation

Tess tabasar J

Sankalan

{ I(Mh)llnmt X

0 ¢, 0481 0. 7888
i 0. 9786 0.8308
8 0. 9840 0. 8748
3 0. 8888 0. 887
4 0. 7891 0.8683
8 0.67%7 0, 8088
¢  0.8616 0. 738
7 0. 4343 0. 6403
8 0. 3863 0.5600
9 0.8300 0. 4760
10 0. 1880 0. 4018

S

0. 7874
0. 7768
0. 7908
0. 7854
0. 7488
0.6649
0.9788
0. 4897
0. 3884
0.2454
0.1503

Loyl o ]

0. 6534
0. 7078
0. 7488
0. 7888
0. 7088
0. 7473
0.6690
0. 5698
0. 4531
0. 3301
0.2088
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TABLE 3.8.8

OUTPUL.INPUT VARIABLES IN RATICNALIZED UNITS

DATE

CP:I-DOWOI m JonmAT SANKALAN
Tl TR n;cc,,lm.u._,)g:' (%001 Balte. o)
M

DA TS U -0 4 S U 20 Shggy W AR A A 1 S WD USRS A s

July 83,
1979

14.00

0. 319681
0. 450849
0. 804308
0.736863
0, 698307
0.637368
0. 888417
0.560439
0.478887
0. 417588
0. 368637

0.8¢048¢
Ou 44444
0. 741112
N
0.650088
0. 666606
0.622888
. 877777
0.858588
0. 435888
0. 377777

0. 444444 O, 006088
C. 844444 0. 000006
0, 800000 0,817381
1.000000 O, 392304
1.000000 O, 347806
1.000000 O, 304947
0. 977777 O\ 304347
0.838008 O.580408
0. 800000 O, 304347
0. CBESRS O, 304947
0.833333 0. 204347

0. 088181
0, 090009
0, 090909
0, 000809
0. 000009
0+1130%8
0.21338
0, 090909
0.090000
0.088281
0.088181
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TABLE 3.8.8 (Continmed)

m Ieomnutrmn x i

DATE

X

f X( q; ) m;(t._;)”g(t..ug Xﬂ.(\_,)

July 84,

01.00
OR.00

0. 340689

0. 488871
0. 827478
0.571488
0. 604308
0.,692207
0. 747888
0.714888
0. 956043
1. 000000
0. 918087
0. 884178
0.730863
0. 689340
0.67.488
0. 494808
0. 450649
0, 488672
0. 34818
0. 373086
0.417888
0. 439680

0.833333
0877777
0.600000
0.844444
O. TN
0.933333
1, 000000
0.912441
0. 828028
0.711112
0.668666
0. 800000
0.588866
0.811111
O. 488383
O« 404444
0. 433333
0. 423232
0. 488282
0. 496606

0. 430888
0. 406066
0o 444444
0. 400000
0. 404444
0. 577777
0.62808
0. 644444
0. 644444
0.666066
0. 800000
0.800000
0. 840444
0.800000
0. 701141
0.conNN8
0, 628822
0. 877777
0. 502282
0. 432888
0. 400000
0. 400000
0. 385685
0. 311212

C.888008
0.888008
0. 434788
0. 434708
0. 434782
0+ 456821
0. 581739
0. 808827
C. 765508
1, 000000
1. 000000
0. 788608
O« 888817
C. 521720
0. €79860
0. 434788
Oe 434788
0. 434788
0. 413043
0. 434788
C.434708
0. 478260
0. 488860
O. 488881

J{L Y

0.088181
0,000909
0.000909
0. 136383
0.181818
0.27787
0. 318181
00 409090
04 500000
0.636363
0.86383¢
1.000000
0,777
0.6386383
0.879645
0. 488638
0+ 409090
0.29645¢
0. 182818
0. 181818
0. 181818
0.181818
0.861383
0.8737M?
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TABLE 3.2.8 (Continued)

hr
I

July 28, 01.00

1979

OR,00
03. 00

iﬂMﬂ!ﬂI m
!‘ & ) FL‘EI)I’!(%‘; x"‘k.) m“t‘_‘)
sl St S St il

T
-xmm

0. 439860
0. 438571
0. 433076
0. 396604
0. 340659
0.896703
0. 888747
0.352747
0.841788
0.219780
0. 197808
0. 196813
0. 186813
0. 164835
0. 148887

L L L 2 )

0. 456666
0. 466686
0. 444444
0. 428088
0. 400000
0. 377777
O. 377777
0. 377777
0. 33333
0. 283888
O.866608
0.84444¢
OuB44444
0.28028%
0. SR8RA8

- 0 W

0. 866608
0. 866066
O, 288888
0.888888
0.823388
0.882308
O, 222888
0.800000
0.200000
Ce 177777
0 377777
Qe d??777?
0. 158888
0.133333
0. 133333

0 39130¢
0. 391304
0. 367886
00 364868
0w 413043
00 436788
0. 434783
0. 430788
0. 3043
0+ 360068
00 386006
04304947
0.883608
0.980069
0. 380069

0. 878727
0.278787
0.838638
0.830636
0.338638
0.830638
0.181818
0. 181818
0. 181818
0. 281818
0.181818
0. 281818
0.138383
0.136383
0. 108878

SN SR A G



81

Using reeursive instrument variable algeritim with
paraneter tracking adap tiveness for estimation of instrment
variables the mean error and the integral agiare evrer
for R=s2 and § =8 were found as 0,013478 and 0,014917
Yespeatively. The integral square eryor has been defined as,

]
21‘/ X(8y) - ‘i‘(t,)
168 = -3" ——enoees - (% 28)
2 L !(t;) J7
FTS)

Br a moving average seqiuenes of P = 8, 7(tg) was foumt to
have a mean ervor of 9,850888 5-03 and a varianee of the erver
sequenee v(k) as 0.934178. Cheerved and the errers detwesn
the $heerved and modelled values of $e bourly river flows are
shown ia Mg 3.2.3a and 3.2.3b srespestivaly, Parameter
vestor ' ' and the matriz P* have besn initialised for
Mock of data using least sguare technique. Table 3.2.3

md Tadle 3.2.4 gshow the initial values of the parameter
vester ' ' and the P* matrix respestively.

Thus, the recursive instrumental variable algoritime
have beeh found to simulate y the observed hourly
flews for real time onuma" + The computer prograanes
in BASIC language are given in the Appendix as Al.l « ALS.
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INITIAL VALURS OF THR PARAMETER VECYOR * & *

S L B LE B o0 e o s w v -

TABLE 2.8.3

0.280781
«0. 388690
0. 166041
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TARLE 3.0.4

INITIAL VALUES OF P*(.,. ) NATRIX

88, 580864 - 2. 889083
- 8, 880083 4.177748

- 40, 030819 §&. 355676
- 33, 521385 13, 017608
« 33, 106048 -83. 537688

7. 568788-13. 053607

-16. 301838 9.1968%7

15, 003694~ 11. 808087
0. 987803 10, 415648
35, 0R0081 0.8385984
- 14. 871545 6. 358086
6.180561 1.193887
- S.088847 4.076049

6. 49440018, 928888

N

« 17, 543808
- 37, 433908

9. 629418
- 7.808047
- 8. 780300
« 8.3%0788

- 8, 480804
- 3.768308

- 8.911984

- 8.500097
«1%, 157318

1. 880106
= 40, 960881
- 3. 078008
- 8.881819

0.048001

1. 038974




® &+ @

£ & & £ B

TABLE 3.8.4 (Continued)

- 68, 248040

- 485, 479030
- 395 470063
86. 771804

- 2.588897
- 30, 978607
47.006228
-28, 18179
- l.90ese2
- 7449749
10, 621928
- 1486700

1.698188

- 288177

« 18, 157318
18. 657978

-8, 181179

L. 333767
8.713M48
- 8.727901
3. 5983

« 0.875008

4766638

«17. 543808

- 424112

1.880156

- l.90¢0Rs

1. 339747

- 7.199703
0.578893
= 1.5100%¢
8. 388088

3832064

« 37. 433006
- 48. 718748
- 40, 9369661
47, 790688
« T. 449749
- B 719448
- 7.190783
5. 210148
-85, 645643
= l.1O7681

3% 787488

7. 7RRE80




TABLE 3.2.4 (Contimned)

4 19,934508 - 8.430854 - 3.763396 - 8.911984
8§ - 2078808 - 8.561819 0,046001  1,03%974
6  -16.687083 G.034580  3.840898  14.064387
? 10,481918 - 1466709 L. 696162 . 3.888177

8 - 8. 727001 3.506983 - 0.875600¢ 4. 766638

0.073303 - L.51803¢ 5.2058088  3.331084
~88.645043 - L 167631 787456  7,782880
90,858900 1900406 - 8.807861 - O, 987870
1.900408 18, 300408 -17.847788 4283845

- 0. 807861 - 17.847788 37.880808 - 16.807204

& & & £ 8

-0, 987570 4.883848 -16.38780¢ 20, 010860




