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Downtime Distribution for Analyzing Inflow and
Outflow of Water in Mettur Dam

IT. Aparna, 2P. Senthil kumar

Abstract--Agriculture is completely based on irrigation and water as the output factor for food production
.Large Dams plays a major role in lifting up the economic and social development of a country. The inflow and
outflow of water from Dam plays a predominant role in the agriculture sector. In this paper we inspect the inflow
and outflow of water in Mettur Dam during June 2008-May 2009, mathematically we fit the downtime distribution
in terms of Laplace transforms (LT) and predicted the Laplace transforms is inverted numerically. Some properties

of downtime distributions have also been reviewed.

Key words--Water Inflow and outflow, Laplace Transforms, Laplace steljtes transform, downtime, Poisson

point process

I. INTRODUCTION

Water is becoming a scare resource and the demand for water is increasing. Dams play a vital role in the
conservation of water resources and also alters the distributions of water [8].The perfect usage of water from Dam
requires a wide prediction of future availability of water resources. Let us take upon the effectiveness of inflow and
outflow of water is dignified by the uptime and downtime (i.e) the total quantity of time the inflow and outflow of
water is high or low during June 2008-May2009.Several authors had given cumulative distribution function (CDF)
of total downtime in various methods ,such as set theoretic method by Takacs[9]the method based on consideration
of excess time by Muth[5],conditioning technique by Funaki and Yoshimoto[3].the expression for probability
density function (PDF) is given by Srinivasan et al [9]the distribution of total downtime approaches a normal
distribution [6][10],In all the above mentioned papers they had given independent variable ,in this paper we use a
distinct method for deriving the distribution of total downtime ,Here we get into a dependence relation (i.e)the

inflow and outflow of water are dependent .we derive total downtime as a functional of Poisson point process

1. DISTRIBUTION OF TOTAL DOWNTIME

Let (Yi) and (Zi) ,1>1, signify the amount of inflow and outflow of water (i.e)it is either sufficient or
not. The sequence (Yi , Zi) of random vectors is i.i.d with sternly positive components. Here we set the random

vectors to be more general than in [3],[5],[6],[9],[10] meanwhile we take (Yi ) and (Zi ) to be dependent ,since the

n

infow and outflow of water are dependent .Let Sn:Z:(Yi +2Z,) for n>1 and S,=0, let
i=1
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N(t)=sup{n>0:S, <t} Here when there is no adequate amount of inflow and outflow of water in Dam we

represent it by downtime, and the total downtime is specified by,

N (1) )
Zzi if SN(t) St<SN(t)+YN(t)+l
D(t) = @)

1 -1 N+ )
[Ej - zYi if SN(t) +YN(t)+1 St< SN(t)+1
i=1

Represent the state of the system at time t by X (t) if X (t)is right continuous then the total downtime

D(t) is specified by,

D(t)= [14,(X(s))ds @

0

The symbolization for CDFs is given as follows

F(x)=P(y>Y,)
G(z)=P(z>2,)
H(y,z)=P(y>Y,,2>2,)
K(w)=Pw>Y, +Z,)

n n
Here we designate F, and G, for the CDFs of ZYi and ZZi respectively. LetF~ and H signify the

i=1 i=1
Laplace stieljies transforms of a CDF F and a joint CDF H.
For p,0>0

O)=[[ radH(y.2)
00

For the derivation of distribution of total downtime we use point process, Let (£2,F,P) be the probability
space on which i.i.d sequence (Yi , Zi) is demarcated and also an i.i.d sequence (Ui,i 21) of exponentially

distributed random variables with parameter 1,both the sequence are independent. Let (Tn ,Nn Zl) be the sequence

of partial sums of the variables U, ,then the map
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The dirac measure &, , ,)in (y,zx) defines a Poisson process on E=[O, oo)x[O, oo)x[O, oo)with

Y,Z,X
intensity measure v(dtdydz)= dth(y, z) e.g.[7].For almost all € Q2, a)(n) is a simple point measure on E
such that there is atmost one point from the support (supp)of a)(n) on each set {t}x [0, oo)x [0, oo) .Let the set of

all point measures on E is signified by M (E).and the distribution of @ over M o (E) denoted by P, .

Forte [O, o) define on M o (E) the functionals
A, (t) j Yl ()u(dsdydz)

A, (t) j 21, (s)u(dsdydz)

Alt)ee) = A, () + Ay () ee)

For illustration A(t(,u)) is the sum of the y and z coordinates of the points in the set of

supp £ M [0, t]x [O, oo)x [0, o0).where supp 4 = {(S Y, Z): y{(s, Y, Z)} > 0}, we write A, (t, ,u) for A, (t)(,u)
and A, (t, ) for A, (t)z).for t>0

N N ) [ )

Where

A, (s+, 1) = [ Yo (r)u(drdydz)

E

Theorem1:

For p,0 >0

e 2| OOy hdopolicopiorf
y Le™ Jet 0 (p0 " +1|H (0, p+ O)(H" (6. p+0))* -1

Proof:

By using With probability 1

D(t)= B(t\@)

and Fubini’s theorem, we get

=71 71
!E{—em) L—adt
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o (e T e (A2 2422

= [P(du)] ﬂ(dede)Idt l[O,y)[t[l— A(St,”)nep;s,m +1[W>[t(1_ A(St’ﬂ)j] p[{li(s+,u))] ei“

M, (E) E

=1, +1,

Where

0 Als, 1 1
= [ p,(du)[ u(dsdydz)f dtl[o,x{t[l— ( “)j] s
M, (E) E 0 t € €

o= o) dsdydz[dtl yﬂ((l_ A(St,/z)D p[t(liw ; 1

M, (E) E

Using palm formula and Laplace functional of poison point process [4] and [7], we get

) 1 1
,=0" [p,(du)f ﬂ(dsdde){l—eTy}m
E

M, (E)
_103 N 1 l
=07 [ds[[dH(y.2) | Pv(dﬂ{l—me
0 00 M, (E) € €

{ Mdsdydz)1[0,5><s)<pz+e(y+z>)}

OlF" ()" 1)

9p+9((H 0.p+0)" -1

y+2
_ +0)A(s, 1)+ oA, (s+,12) 1
1, = j( Eljv(dy).l. w(dsdydz) j dte (OIS oA (st e

DOI: 10.37200/1JPR/V2418/PR280052
Received: 19 Jan 2020 | Revised: 06 Feb 2020 | Accepted: 12 Mar 2020

4)

522



International Journal of Psychosocial Rehabilitation, Vol. 24, I1ssue 08, 2020
ISSN: 1475-7192

(p0)|[ar(y.2 [ Z}Tds I o xe{— [ uldsayazf,. (sXp+ 6X7 + 2) -1, (6) —]}

=(p+0)*[F (0)-H" (0, 1+ 9)]Tds><e{_

:<p+e>-1[v<e>-H*w,pwufdsxismwwm}

F'(0)-H"(8,p+0) . -
(0l O+ ONH @0+ 0) 1)
Corollaryl:

Taking derivatives with respect to p in (3)and p =0 we get

: _0*|F(9)-H"(9,0)
!E e [1 H"(0,0) ] ©

1-H"(0,0) i ,9)]2 "

1
( onL-F (0)E L g00iz)
jE[D(t)Z]eiadtzze-s F (9) '(0,9) | oY ( 12 1)]

I1l. ASSYMPTOTIC PROPERTIES OF D (t)

In this we use a method of takacs [10] which is based on a assessment with the asymptotic properties of a
delayed renewal process associated to the process that we remark in this paper.

Hy = E(Yl) ' Hz = E(Zl)
=var(Y,) ol =var(Z,) o, =coMY,,Z,)
Theorem2:

If £, + g, <oo,then

eb) s
et Hy + Hy

®)

If o and o are finite and Y, + Z, is a non-lattice random variable, then
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Iim[E[D(t)]— Hzl J:’UZG\? — Ty =240y, My Hy

Hw e ¥ H 2Apty + 4, ) 2wy + p17) ©)
and

“mvar[D(t)]= Iy Oy + 150y =241y 1,0y,

o ¢ (:uv + Uy )3

Proof:

Let N(t) be the delayed renewal process determined by the random variables (Vn),n=0,1,2,.....,where

<

V, has the distribution P(V, <y)=(1/z, )| [L— F(2)|dz for y>0and P(V, <y)=0

o

V=Y +Z. N=123 ... 10)

Using (6) and Laplace stieltjes arguments we can prove that
E[D(t)]+ x E[N(t)|=t (11)
Since lim E[N(t)]/t =1y, + 11

To ascertain (9) from (11)we obtain

. t t
|Im(E[D(t)]—'u—Zj——,uY Ilm(E[N t)- —]
e Hy + Ky o Hy + 7

If Y, + Z, is a non-lattice random variable, using formula (33)of [10] and E(VO): (JYZ + 8l )/Z,uY we
get the proof of (9).

To ascertain asymptotic variance of D(t) we assume N(t) be the delayed renewal process determined by

the random variables (Vn ) ,n=0,1,2,.....where V has LT

ok e 2o

o )-
e Oty 11,

and V,, for N >1 is defined as in (10).then using corollary 1 and formula (30)and(31) of [10] we can prove that

[D(t)2]=2j E[D(u)ldu — s, 20, (E[N ©)] + E[N (1)?]) (42

If Y, +Z,is a non-lattice random variable, using formula (33),(39)of [10] and using above equation as

t — oo ,we get
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2

eloty)- fit [l + (=202 2 + (02 + 4oy, Juy w1y — pio? o)

(et + 11, ) (g + 1,

By using (9) the last part of theorem is followed
IV. ASSYMPTOTIC DISTRIBUTION OF d(T)

Theorem3:

If GYZ and o*§ are finite then

D(t)_ﬂzt/(ﬂv +/Uz) D >N(01) ast — oo
J ((ﬂf o2+ 1l = 2u o, )1y + 1y )3)

Proof:

N(t) N(t)+1
>.Z,<D(t)< DY,
i=1 i—1

Where N(t):su{nzo: n (Yj +Zj)£t}

j=1

By means of central limit theorem for random sums [2] we get

1 Nz(t“)z__ /Uz(t) j D >N(0,l)

\/ﬂfai + Uy Oy = 24y H; O, t (iﬂ Hy + Hy
(y + 41, )

The proof is complete if we can show that

1
(ZN(t)ﬂ)_E—D)O ast—w
N(t)/t—p_)]/(/'lv + Uy )
By means of this fact and assuming 622 <oowe obtain Zy /w/ N (t)—p>0 [6].

Here for an illustration we consider both Y, and Z, are exponentially distributed with parameters A+V and

U+V
Hence = 1 = 1
v L+V
1 1
2 2
oy =——— 0 =—"—
TVt (uv)

The covariance and correlation coefficient between Y, and Z, are given by
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Oy, = v and f -V
A+ v A+v)u+v) A4 u+v

The total downtime D (t) using 3 is given by

f 1 07222 +v)a+ (A + VY2 + u+V)]
. e 20° + (34 +3u+a)0 + (A + p) A+ 1 +3v)+2v

V. SIMULATION STUDY

We inspect the inflow and outflow of water in Mettur Dam from June 2008- May2009.Firstly we sight out
the inflow and outflow of water in each month, then we calculate the mean value for inflow and outflow of water for
every 15 days in each month. So while computing these mean values we get 24 sets of data and is signified in Table
1.

Tablel: Average Inflow And Outflow Of Water In Mettur Dam

Month Inflow Outflow
1 |Junel-15 | 3898.40 3255.27
2 | June 16-30 | 1060.00 12704.37
3 | Jull-15 1253.93 13956.83
4 | Julle-31 2405.63 12579.81
5 | Aug1-15 28230.00 | 12857.19
6 | Aug16-31 | 23464.50 | 13880.41
7 | Sep1-15 22102.00 | 13974.60
8 | Sep16-30 | 8535.03 18940.97
9 | Oct1-15 10150.97 | 18222.77
10 | Oct16-31 | 18533.88 | 3877.72
11 | Nov 1-15 6983.73 14715.57
12 | Nov 16-30 | 8436.07 5134.40
13 | Dec 1-15 9283.03 1430.67
14 | Dec 16-31 | 3483.72 5499.75
15 | Jan1-15 957.70 10001.17
16 | Jan 16-31 369.70 5843.21
17 | Feb1-14 485.11 1622.18
18 | Feb 15-28 | 646.21 1600.50
19 | Mar 1-15 649.03 1470.50
20 | Mar 16-31 | 814.59 1123.34
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21 | Apr1-15 1392.53 1360.67
22 | Apr16-30 | 1010.43 1349.60
23 | May 1-15 529.90 1744.57
24 | May16-31 | 3171.69 854.97

For the data specified in the above table we plot out the graph for

signified in Fig.1
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2008-2009

—=—QUTFLOW

inflow and outflow of water and is

12 3 45 6 7 8 9101112131415161718192021222324

Fig.1, Graph representing inflow and outflow of water in Mettur Dam using departmental data

In Fig.1 the horizontal axis represents the interval of 15 days, the vertical axis represents the flow of water

in cusecs. We apply the points obtained from the graph in SPSS software and obtained the various distributions

values and applying it to the downtime Laplace equation we get a different 24 sets of values for the inflow and

outflow of water related to the distributions, then we again plot the graph for these values we get Fig.2

(i.e.)mathematical graph.

—4— |[NFLOW —@-— QUTFLOW

1 2 3 45 6 7 8 9101112131415161718192021222324

Fig.2, Graph plotted mathematically using downtime distribution
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V1. CONCLUSION

Water is becoming one of the abundant resource in the upcoming century, the agriculture also lost its
importance due to uncultivated lands, and the land loses its fertility due to scarcity of water. In our inspection of
inflow and outflow of water in Mettur Dam during June 2008-May 2009 ,the total inflow is nearly 204 TMC.The
water is to be released from Mettur Dam during the month of June for irrigation ,but the inflow of water in the Dam
is insufficient and level of water in the Dam is also not sufficient .Only by the month of August 2008 the inflow of
water is given in adequate amount and level reaches a minimum level for releasing water from Dam and water is
released for irrigation .

2008-2009
INFLOW OUTFLOW

1 2 3 4 5 6 7 8 9101112131415161718192021222324

Fig. 3 Predicted graph for inflow and outflow of water

Sometimes it is seen that inflow of water was surplus and is drop out to sea .From the inflow of 204 TMC
they can provide inflow of water at an average of nearly 12 TMC for every 15 days from the month of June 2008 to
January2009 as given in Fig.3,that is approximately 1 TMC(11000 Cusec ) per day from June 12,2008 to January
31,2009 for nearly 234 days ,so that water would be released from Mettur Dam during the month of June .so
cultivation would be started during the month of June which in turn increases the agriculture production .the
adequate inflow of water increases groundwater in and around the areas of Mettur Dam and kabini,Krishna raja
sagara Dam .Here in this paper we fit out the downtime distribution for inadequate inflow and outflow of water in
Dam, derived out the distributions and properties of downtime distribution fitted it with the inflow and outflow of

water .Finally, the graph plotted using departmental data exactly fits with the graph plotted using mathematical data.
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