DEVELOPMENT OF MODELS XOR ASSESSMENT OF OPERATIONAL
RELIABILITY AND POWER DISTRIBUTION RELIABILITY OF A
POWER GENERATING SYSTEM

A Project Thesis

by
MOLLAH MOKSUDUL HAQUE

Submitted to the Department of Industrial and Production
Engineering, Bangladesh Upiversity of Engineering and
Technology, Dhaka in partial fulfllment of the require-
ment for the degree of

.BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY ,DHAKA,

R

i;—'—"_ -



: ' : s — R =L P
Byl L S wER cRACTA S T e

ii

CERTIFICATE

This is to certify that this present work
has been done by me and it has not been submitted
elsewhere for the award of any degree or diploma

or for publication.

Countersigned

(Bupervisor) Signature of the Candidate

s el



iii

DEVELOPMENT OF MODELS FOR ASSESSMENT OF OPERATIONAL
RELIABILITY AND POWER DISTRIBUTION RELIABILITY OF 4
POWER GENERATING SYSTEM

A Project Thesis

by
MOLLAH MOKSUDUL HAQUE

Approved as to style and content by:

; “¢¢1&9-§b§£;A€.#F¥L%'

(Dr. A.B.Y. Zohrulis Kabir) : Chairman
Asstt. Professor, ' (Supervisor)
Dept. of IPE, BUET, Dhaka.

’ (Dr. A.F.M. &nwarul Hodue) : Member

Professor and Head,
Dept. of IPE, BUET,Dhaka.

-tk A LN

(Dr. M. Mizapnur Rahman) : Menmber

Professor 7 _
Dept. of IPE, BUET,Dhaka.

September, 1984

BANGLADESH UNIVERSITY OF ENGINEERING & TECHNOLOGY ,DHAKA,

It



iv
ACKNOWLEDGEMENT

With deep sincerity, the author acknowledges his
profound indebtednesé to Dr. A.B.M. Zohrul Kabir, Asstt.
Professor of the Department of Industrial and Production
Engineering, Bangladesh University of Engineering and
Technology, Dhaka for his guidance and help in conducting
the research work, It may truly be said that whatever
success has been achieved is in a large .measure attribu-

table to his foresight -and encouragement.

Sincere thanks are due to Dr. A.F.M. Anwarul Hoque,
Professor and Head of the Department of Industrial and
Production Engineering, BUET, DChaka for his encouragement

and valuable suggestions.

At last but not the least the author expresses his
sincere thanks to Dr.-Ing. M. Anwarul Azim, Dean, Faculty

of Mechanical Engineering, BUET, Dhaka for his timely help.

Credit is due to Mr., M,A., Malek for neatly typing

the project report and Mr. Rahman for drawing the figures.



ABSTRACT

In modern day life the requirement of power supply is
increasingiy becoming -an absolute necessity. Efficient and
effective powér supply hinges on two factors, ﬁamely effec-
tive power generation and effective distribution. From the
engineering view point, opérational reliability is considered
as a measure of system effectiveness. Dper;tiunal reliability,
in turn, is not based on a siﬁgle guantitative measure. The
‘most common premises have been, time-dependent reliability,
steady-state availability and the like. In the present work,
plant reliability of Khulna steam power station and distri-
bution system reliability of Khulna industrial zone have

been studied.

Power generation by steam is by far the cheapest but
problematic. Any steam power plant consists of a large
_number of complex equipments which are liable to failure
due to various tauses., From the failure and maintenance
records of the said plant, reliabilities of individual
equipments and the overall system rel;ability have been
calculated. Based on these, critical equipments have been
identified and their modes of failures have been analysed.
Possible reliability improvement by eliminating principal
mode of failure of each critical equipment has beén demons-
trated, This has again been compared to reliability improve-
ment which may be effected by installing 5taﬁd@%§ unit of
critical equipment, Overall system reliability imprduement

has also been shouwn.
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Distribution system failures have been analyzed and
found to bé random in nature, For this case, reliability
indices haué been considered to be failure rate, mean
failure duration and availability. These indices have been
calculated for individual substations, feeders and load
points, Overall system failure rate and meaﬁ failure

duration have also been assessed,

For time-dependent reliability, Weibull reliability
function has been used throughout, Distribution parameters
have been calculated by Maximum Likelihood Estimator and

hazard plotting methods.
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CHAPTER 1

1.1 General Introduction

In this modern day of science;‘ih“u“ 'éémplex devices
are utilized for scientific purposes a higher degree of reli-
able power supply is an absolute necessity. The public has
grown accustomed to such a reliable service and By and large
would not accept much lcwer standards. A high degree of reli-
ability is also absolutely essential for some industrial
customers, hospitals, étc. For this_reason} reliability is
and always has been, one of the major factors in the planning,
design, operation and maintenance of pouwer plant and distri-
bution system equipments. This is generally achieved by the
redesign of existing equipments, installation of reduﬁdant
equipments, duplicating the safety trip system, improving

the maintenance policy, increasing the rate of periodic ins-

pection, etc., This work covers both power distribution system

-and power plant system.

The reliability of an electric supply system has been
defined as the probability of providing the users with conti-
nuous service of satisfactory guality. The guality constraints
refer tD'thE requirement that the freguency and the voltage
of the power supply should remain within prescribed tolerances.
The actual degree of reliability experienced by a customer
will of course, vary from location to location. In additian,

different parts of the power network such as the generation,
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transmission, and distribution system will exhibit different
reliebilities. It is easy to see that to achieue the degree
of reliabiiity guoted agboveat the customer level, each of

these systems must provide an even higher degree of reliability.

Power plants are prime examples of system where a high
degfee of reliability'is expected., The operation of a steam
power plant involves many problems which causes shut-douwn
of the plant. Since most of fhe equipments are complex mecha-
nical units their cbntrol and protective devices are very

complicated,

During operation, failure of the plant may occur for
many reasons e,g. poor design of the equipments, improper
installment, false signal of instruments and safety trip
system, fluctuation ﬁf supply voltage or current, previocus
incompetent (incomplete and incorrect) maintenance of mecha-
nical, electrical, electronic and pneumatic eguipments., If
the plant, operates with full load i.e. with maximum rated
pressure and temperature the failure of any other plant in
the grid system will cause failure of the plant (sudden
~change of load/frequency). In addition to these causes
failure of the plant may also happen due to ageing phenomena

and wrong action taken by the operator.

With regard to the measure of system performance or
system effectiveness, the term "operational reliability" is
fairly commonly used, though it does not have any well

defined meaning in the field of reliability engineering.
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However, the term may be interpreted as meaning time- dependent

reliability function in the short-term perspective and Dpera—?

tional readiness and availability in the long-term perspective.

i

The latter two terms are generally taken as steady state

measures of system performance.

1.2 Power Plant to be Studied

Irrespective of the nature of operation, the treatment
of reliability analysis is some for any type of steam power
plant or for any complex ﬁlant in general. 5o, for fhis
study, Khulna Bﬂﬂﬁw steam power plant has been chosen because
of its importance to the power supply in the western grid
(western zone) of Bangladesh. This is one of the complex

power stations in the-country.

This power plant operates closer to its rated capacity,
some time slightly more than the rated capacity, at very
high pressure (1385 psi) and temperature (540°C) at peak
load hour. Moreover, most of its inéfélled equipments and
machineries are single unit in a flow train except a very
few units where stand by redundancy, 1is available. This
nower plant generates 60 MU power at 11 KV, If the boiler
is shut-down for any reason then it takes 5 to 6 hours to
generate powgr after firing of boiler from hot céndition
and if the boiler is allowed to cool douwn then it takes

moTe than 24 hours for generation of power}

-ty
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Review of the plant 7ife indicates that the plant
suffers frequent shut-down/failure due to various troubles
of eguipments and machineries. The troubles might be reduced
considerably if it is possible to identify the critical eguip-
ments and the trouble areas for which shut-down of thé plant
occurs and improving the situation by installing redundant

equipments or duplicating the system of the troubled areas.

1.3 Distribution System to be Studied

Distribution network is a part of pouwer system that
delivers energy from the area supply stations to the custo-
mers. from the customers' point of view, the reliability
of these systems is at least as important as the reliability
of generatidn and transmission., A major part of service
interruptions experienced by an individual customer has its

origin in failures in the distribution system.

In comparison with the transmission network distribu-
tion system generally have a much simpler layout, Most ere
radlal arrangements, and the components involved in the
supply to a customer are in a éeries connection. Such radial
networks can be best described in terms of zones and branches.
A zone is a part of the circuit that can isolate or detach
itself automatically or manually from the remaining circuit

if a fault occurs in any of its links.

5o for this study, Khulna industrial zone power supply

system has been chosen, because Khalispur is the largest
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industrial areea in southern Bangladesh so its power supply

is important which has direct effect in the national gconomy.

1.4 O0Objective of the Study
The objectives of this research are the followings:-

i) To determine the operational reliability of each
individual components and the over-all reliability

of the power plant and the distribution system.

ii) To detect the critical components and major

trouble areas,

iii) Determination of failure distribution to best fit

failure characteristics.

iv) To suggest a ' policy to improve operational
effectiveness of the plant and distribution

system.



CHARPTER 2

LITERATURE REVIEW

2.1 Definition of Reliability

According to Kapur and Lamberson(1}, "the reliability
of a system is the probability that, when operating wunder
stated environmental conditions, the system will perform
its intended function adequately for a specified interval

of times".

With this definition, the obvious problems are; (i)
the acceptance of the probabilistic notion of reliability
which admits the possibility of {ailure, (i) the concept
of adequate performance for system parameters that deterio-
rate slowly with time, and (iii) the judgement necessary to

determine the proper statement of environmental conditions.

Clearly, the reliability is a function of the time
specified and depends on the nature of the plant and its
enpvironment. The reliability function R{t) may be definec

as

A(t) = Pr { no failure in(0,t)}

where Pr {.} denotes probability.

2.2 Failure

Failure is defined in the British Standard Maintenanbe

Glossary "the termination of the ability of an item to




perform its regquired function". This can dinvolve such fai-

lure categories as follows:

~

(1) Catastrophic failures which results in an immediate

inability of a system to achieve its function.

(2) Performance failure associated with a reducing

performance of the equipment.

(3) When the operation deliberately takes the equip-
ment, out of service, even though it is producing at that

time, its specified output,.

2.2.1 Types of Failure
(2)

According to Collacott there are three types of
failures recognized in system and component reliability
studies, namely infant mortality, random and time dependent

failures.

2.2.1.1 Infant Mortality (early failure)

In the early life of a plant these failures can be
identified as commissioning problems and are usually caused

by one of the followings:

(i) Design faults - failure caused by inadeguate design

which will continue until the design is modified.

(ii) Manufacturing faults - the use of substandard
components due to lack of guality control or poor workman-

ship in the assembly of units will produce early failure.



(iii) Construction faults - the initial assembly znc
setting up of plant items can produce additional stresses
over and above the design values resulting in premature

failure.

Plant and equipment which has been in use for several
years and is obviously past its initial life period, it is
still possible to get early failure characteriétics. This
is due to the maintenance actiui£y itself whether in res-
ponse to a breakdown or for preventive reasons. The most

obvious reasons for these early failure characteristics are:

(2} Incorrect fault identification - usuaily because
the symptom of failure has been corrected but not the under-

lying cause,

(b) Poor maintenance work - whilst this is the most
difficult of categories to eliminate, it is unfortunately

one of the most common causes of early failure.

It is desirable that all early failure modes are
eliminated by appropriate action. In each case it is nc e-
ssary to investigate the cause carefully so that one failure

mode is not simply replaced by another.

2.2.1.2 Random Failure

Randomness of failure occurs when the probability of
failure doesnot vary with the age of a unit (the hazard rate

is constant). From an engineering point of view it would be
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expected that mechanical equipment would show wear-out chavec
teristics. With complex mecﬁanical equipments there can be
ﬁany different modes and although these may individually
follow normal distributions with different means and stand-
ard deviations, when considered altogether these can produce
an apparent exponential or even early failure distribution.
In addition many faults can interact; for example, the
failure of one component could lead to additional stresses

on others through over heating, unbalance or vibration,

2.2.7.3 Time-dependent Failure

Time-dependent failure is nothing but wear out failure.
Failure attributable torthé normal process of wear is expec-
ted when the device Qas designed, From a maintenance point
of view it 1is desirableuto have eguipment with a wear out
type of failure distribution since this giuesAa much longer
mean time between failure (MTBF), is much more predictable
in the sense that the variation between the lives of the
individual units is small, and it can be used as the basis

of a preventive maintenance policy.

2.3 Failure Rate

The rate at which failures accur in a certain time

interval (t t2) is called the failure rate durinpg that

‘I 3

interval, It is defined as the probability that a failure



per unit time occurs in the interval, given that a failure

has not occured prior to t the begin ing of the interval.

1’

Thus the failure rate is

R(t1) - R(tz)

(tz-t1) R(t1)

The rate in the above definition is expressed as
failure per unit time; in reality the time units might be

kilomet. res, revolutions etc.

The probability of failure of a sysﬁem,in a given
interval (t1,

unréliability function as

t2) can be expressed in terms of either the

Joor(t)dt = JOR(t) dt -0 () dt = F(t,) - Flt,)
t - -

1

or interms of reliability function as

t .
2 oo o)
Jof(t)at = ; f(t)dt- J f(t)dt = R(t,)-R(t,)
t1 ) t1 t2
2.4 Hazard Function (rate)

The hazard function is defined as the limit of the
failure rate as the interval approaches zero. Thus the
hazard function is the instantaneous failure rate. The

hazard function h(t) is defined by

). btep RIE) - R(k+ ) 1 -9 R(t)
h(t) {. R(t) ﬁTE) { ot ]
f(t)



2.5 Failure Distribution

There are three basic ways in which the pettern of
failures can change with time., The failure rate may be
decreasing increasing or .constant (DFR,IFR,CFR). The
prubébility that some thing will fail at a prescribed
instant 1s zero. Thus failure distributions are represented
by functian of time f(t), such that when integrated over
a épecified time interval t1 to t2, the probability of at

least one failure during the interval is obtained.

1

F(tT,t f(t)dt

o+ et

o) =
2

(1)

Rccording to the common probability density distri-
butions are, the hyper exponential, the negative exponential,
the log-normal, the normal, the Gamma and the weibull distri-

butions etc.

The weiball distribution S} is an emperical distribution
which appears to fit a large number of failure characteristics
of equipments. The density function of the weibull distribu-
tion is

f(t) = —%( % ) exp {- (%) } for t> O

where n 1is a scale perameter (sometimes termed character-
istic life), 8 is a shape parameter, and n and B8 are positive.
A high value of n indicates a good designed system. The shape
parameter P defines the type.of distribution., When B is eqgual

to 0.5,1,2, and 3.4, the weibull is‘eqguivalent to the hyper



~exponential, the negative exponential, the lug~-normal and

the normal distribution respectively.

2.5 Estimation of Weibull Distribution Parameters

The available methods for the estimation Df.the two
parameters (B, 7n) of the weibull distribution, inciude the
Maximum likelihood estimater (MLE), the Best linear invari-
ent estimators (BLIE), the Good linear invariant estimations
(BLUE), and the least sqguares estimators, In addition to
these methods, some graphical technigues such as hazard

plotting and weibull paper plotting are also available.

Of all the methods mentioned above, MLE thas attracted

mast attention, For life testing situations, where r failures

(4)

have been observed from a sample of n items, Bain gives
the following equation for estimatingp :

T B

r t,, 1n t., +(n-r)tB, 1n t_. .

. i:n i:in T:n T:n
1=1 T

1
- ']/B:— Z 1n ti:l"l

T B B l:1

r t7, +{(n-1) t°,

. i:n TN
i=1

(2.6.1)

where. 1n is the natural logarithm.
After determing 8 , the scale parameter n can be estimated

T B 1/8
I t.., +(n-t) tB,
« N T.n

. :[i=1 . ] (2.6.2)




For a complete sample case r=n, the above eguation reduces

to
n
5 8 1n ot
. 1 1
i=1 ] n
- 1/8 = - Z ln t.
n 8 L 1
z t.
i=1 *
and n B 1/8
z Lo
i=1 7
n o= [ ]

Eguation (2.6.1) for B can be solved by a nﬁmerical method
such as the Newton - Raphson method. From eguation (2.6.1)

it is clear that B can not be obtained with a single failure,
in a life-testing situation, Therefore estimation of B and n
can only start after the second failure., But when the unfailed
components have different ages; that is, if they are put

into service at different times, the equation for B remains
valid, The major problem with MLE is that the estimate of B

is highly biased when there are only a few failures.

The method of Best linear invariant estimators (BLIE)

5)

has been developed by Mann, et al( . They have given the

following relationships for evaluating estimates B and n .
T .
n = Z A(n,r,i)ti (2.6,3)

T
and  1/8 = I C(n,r,i)t; (2.6.4)



fann, et al, have given the weighting factors A(n,r,i) and
andyr 2

C(n,r,i) for n 3%5 T is the number of observed failures and

n is the number of items on test. Obviously, tpnese formu-

lations are valid for life-testing situation only. The main

disadvantages of this method are that it can not be used

before the second failure and the estimate B is highly biased

for the first few failures.

The method of good linear unbiased estimators (GLUE)
(4)

.has been discussed by Bain . the equations to be solved

are.

(i) for r<n (incomplete data),

T
r ln t_, -~ L 1n t.,
T..N i=1 1.N
1/8 = (2.6.5)
nk
T,n
lmm = 1n tr:n - ,(cr’n/s ) (2.6.8)

where the constants Kr n and Cr n are given in tabular forms
L 4 ?

for nz 5 or many be calculated by quadratic approximations

provided by Bain.
(ii) for r = n {(complete data)

n .
Zintg s {s/(n-s)) T 1t

1/8 - i=1 1=5+1 (2‘5.?)

S

ni
n

g 1n ti‘n) + 1 /B (2.6.8)
=1 * ‘



where Kn is an unbiasing constant given in tabular form,
s = [0.84n1 is the largest integer € 0.84n, and r#=0,5777

is the Euler constant.

Unlike MLE and BLIE, this method provides a good
estimate of B for few failures. But, it also cannot be used
before the scond failure., Another shortcoming with GLUE is
that it is inapplicable when replacements are carried out on

failure; because there is no single value of tr‘n'

The method of least squares is appliéable only after
all the equipments in the sample have failedg i.e., no .
censoring is allowed. Nevertheless, the method is effectiue
in dealing with.few failures with in engineering approxi-
mations., The determination of g and n by this method, is
based on the inversion and double logarithmic transformation
of the equation for the cumulative distribution function
F(t) given by F(t) = 1 - eXp P(t/nﬁ] whiqh on transformation

becomes

In 1n [1/{ 1-F(£)}] = B1n t - 8 1n n (2.6.9)

This is of linear form Y = mX-Z.

1n 1n { 1/1-#(t)}

vhere Y =
m=f
A =1nt
Z = Bln p



There are several ways of calculating F(t1) for the

ith failure three of which are as follouws:

Choice F(ti)

Meanrank i/ (n+1)

Benards approximation (i-0.3)/(n+0.,9)
Symmetrical sample cdf {i-0.5)/n (2.6.10)

Estimates of B and n can be obtaned either graphically
or by using a computer programme. In the programme, eguation
(2.6.3) and (2.6.10) can be solved by the least squares
fechnique to estimate g ,while the scale parameter , is

estimated by the following eguation,

n = exp {Y(at B3.2%) + 23}/ (2.6.11)

Equation (2.6.9) can also be solved graphically. Some
special graph papers called 'weibull probability' papers
are commonly used for plotting Y vs. X. In using such papers,
the usual technigue is to praduce a 'best' fit 1line by eye.
As an aid to this type of fitting, it should be noted that

the line must pass through (R,?), where

n

o 1n ti
X =2

] M

z -
ot 1n 1n {1/ 1 F(ti)]

Like all other methods mentioned before, the least

sguares method alsoc can not be used for n <2



Another graphical technique for estimating the weibuli

parameters is 'hazard plotting! which has been developed

(6)

by Nelson . The main differences -of this method from the
earlier one is that it uses cumulative hazard function H(t)
instead of cumulative distribution function F(t) for a

linear fit,

The hazard function h(t) for a distribution of times
t’to.failure is defined in terms df the cumulative distri-
bution function F(t) and its derivatives, which is the

probability density f(t), as follouws;
h(t) = £(t)/ 1-F(t) (2.6.12)
The cumulative hazard function H(t) of a distribution is the

integral of the hazard function upto time t; that is:

H(f) = h{(t) dt = - 1n {1-F(t}]} (2.6.13)

Bt

For the weibull distribution, the cumulative hazard function

H(t) can be written in the following form,

a(t) = (t/m)°, > 0  (2.6.14)

This can be rewritten to express times as a function of the

cumulative hazard, namely:

Int = (1/B) 1n H + 1n n (2.6.15)

By this relationship, ln t is a linear function of 1n H.

Thus, weibull hazard paper is simply log-log graph paper.



From equatioﬁ (2.6.15), it is obvious ihat the slope of
the straight line plot eguals 1/8 ; thisrfact is used to
estimate B with the aid of the shape parameter scale from
a weibull hazard plot. For H=1 (100%) the correspondinn
time t eguals pn ; this fact is used to estimate n graphi-

cally.

For hazard plotting, the basic steps involved are as

follows:

{i) Collect a number of failure dates/times for the

same equipment (or a number of similar equipments),

(ii) Determine hours run between fallures and order
the times (both failed and unfailed times) from smallest to

largest.

(iii) Label the times with reverse ranks, that is,
the first time is labelled n, the second n-1, and the nth

is labelled 1.

(iv) Mark the failure times to distinguish from the
unfailed times, because the hazard value is calculated

involving the failed items only.

(v) Calculate the hazard value for each failure,

omitting unfailed items, as 1/K, where K is its reverse rank.

(vi) Calculate the cumulative hazard value for each
failure as the sum of its hazard value and the hazard values

of all preceeding failure items.,
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{(vii) Plot cumulative hazerd values vs. sample failure

times on a2 log-log graph paper.

(viii) By eye, fit a straight line through the datea
points. If the plot is reasonably straight, one may conclude

that the distribution adequately fits the data.

(ix) In the weibull model d log H/d log t is B and

when H =1, t = n.

2.7 System Effectiveness and its Measures

System effectiueness(7) is the probability that the
system can successfully meet an operational demand with 1in

a given time when operated under specified conditions.

Effectiveness is obviously influenced by the Qay the
equipment is designed and built. However, just as criticai
are the ways in which the equipment 1is used énd maintained,
in other words, system effectiveness can be materially
influenced by the design engineer, the production engineer,
the operator and the maintenance man. It can also be influenced
by the logistic system that supports the cperation and by
the admipistration through personnel po;icy, rules governing
gguipment use, fiscal control, and many other administrative

policy decisions.

The following are the various measures of system effec-
tiveness; for example, serviceability, Maintainability,
Repairability, Operational readiness, Availability and

Intrinsic Availability,



ha
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e

Serviceability - it is defined as the case with which a
system can be repaired,. Serﬁiceability is a characteristic.
of the sys£em design and must be planned at the desion state,
Maintainability - is defined as the probability that a
failed system can be made operable in a specified interval
of dountime. Here the downtime includes the total time that
the system is out of service. Downtime is a function of the
failure detection time, repair time, administrative time,
and the logistics time connected with the repair cycle.
Repairability- the term repairability is more restrictive

. than maintainability and is concerned with only that segment
of the maintenance cycle during which repairmen are actively
repairing the system., Specially repairability is defined as
the probability that a failed system will be restored to a
satisfactory operating condition in a specified interval of

active repair time,

Operational Readiness

The term operational readiness is defined as the
probability that either a system is operating or can operate
satisfactorily when the system is used under stated conditions.
The operational readiness (D;R.) would be estimated by

Operating time + idle time

D-R =
Operating time + idle time + dountime



Availability

Rua%lability is defin=d as the probability that a
system is operating satisfactorily at any point in time and
considers only operatino time and downtime, thus excluding
idle time. Availability is a measure of the ratio of the
operating time of the system to the operating time plus
the down time. Thus it includes both reliability and main-
tainability. The auailability‘function(ﬁ) would be estimated
asa.

Uperating time

UOperating time + downtime

Mean time to Tailure

Mean time to failure + Mean repalir time

MTBF

MTBF + MTTR

Intrinsic Availability

Intrinsic availability is defined as the probability
that a system is operating in a satisfactory manner at any
point in time when used under stated conditions. In this

context, time is limited to operating and active repair

time.
Operating time
IJ.I=
Uperating time + active repair time
Mean time to failure
AI: -

Mean active repair time + Mean time to failure

g
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. System Relliahility Models

In perfeorming reliasbility anelysis of a complex systen

y
2/

H

it is almost impossib;e to treat the system in its entireivy.
The logical approach is to decompose the system into func-
tional &ntities, composed of units, subsystems, or components,
Each entity is assumed to have two stétes, one good and one
bad., The subdivision generates a block-diagram description
-of system operations. fodels are then formuléted to fit this
logical structure ancd the celculus of probability is used
to predict the system reliability iﬁ terms of the sub-division
reljabilities, Series and parallel structures often occur,
and their reliability can be described very simply. In many
cases the structure is of a more complicated nature and more
general technigues are needed. It is assumed that each func-
tional entity is independent of the others in the afore-
mentioned models, but in many cases, this is not true. Depen-
dent failures occur in standby systems, and systems which
respond to a common environmental change. The models which
govern these cases contain time-dEpenaent conditional proba-
bilities.,"

The formulation of a structural reliability model cen
be difficﬁlt in a large, sophisticated system and requires
much approximation and judgement, The basic configurations

of some reliability models are shoun below,.



23

3.1.1 Components in Series

Thé series configuration is probably the most commonly
encountered model and, fortunately, is also the simplest to
analyze, In a series system all subsystems must operate
successfuly if the system is to function. The block diagram
model of a series system is given in Fig. (3.1.1). For the

series model

RS = p[(E1nEzn s 8 s e nEn)]

and because of our assumption of independence .this becomes

n
R =1I R. (3.7.1)
[ i
i=1
where,
Ei = event that subsystem i operates successfully.
Ry = P(E;) subsystem reliability
RS = system reliability-

where the right hand side indicates the product of the sub-

system reliabilities.

— — — —4 n }—

FIG~3121
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Eguation (3.1.1) constitutes what is commonly called
the product_rule in reliability, Very often a products,
design configuration will dictate that this rule be used in
computing reliability . This is unfortunate because the
system reliability decreases rapidly as the number of series
components increases, ahd the reliability will always be
less than or Equél to the least reliable component, Thus
for a series system

RS< min(Ri) . _ (3.1.2)

When the reliabilities of several series domponents

are egual then
R, = (R)7 | (3.1.3)

where RE = reliability of several components when their

reliabilities are equal to each other.

Again their may be n, components of R1 reliabilities
and n, components of R2 reliability etc. in this case the

over all reliability of the system.

)2, (ry) (3.1.4)

2

R, = (R) 1, (R

3.1.2 Components in Parallel

A parallel system is a system that is not considered
to have failed unless all components have failed.The relia-

bility block diagram for a parallel system is given in Fig.3.1.2.



25

FIG-312

The system reliability is calculated as follows. If

we define FS = unreliability (failure) of the system then,

FEPCE M E, v o [ME)

= n

where £ is the complemenrntary. event. Assuming independence

n
n

s = PLE) p(Ez) e e PLE)

n
1 (1-R.) (3.1.5)
i=1

[w]

H
-
1l

Then the system reliability is given by the complementary

probability
and RS =1 - Fs
n
Ry =1 - i (1-R,) (3.1.6)

In analysing a parallel system in this fashion it is
implied that all sub-systemsare activated when the system is
activated and that failure do not influence the reliability

of the surviving sub-systems,
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3.1.3 Parallel and Series Combination

Comb%nations of parallel awdlseries subsystems are
easily analysed by successively collapsing subsystems into
eguivalent parallel or series components, considering the
series arrangement of parallel subsystem shodn in Fig. 3.1.3,
To calculate the reliability of this system, first collapse
the parallel system into Equiualent‘seri;s components. The
reliabilities of individual components are Ra, Rb, RC and Rd

respectively. Then the equivalent series component reliabi-

lities are,

Rab

1= (F ) (F)

H

and  R_, 1—(FC)(Fd)

so the system reliability is

Rg = (Rp)(R_g4)= {1-(Fa)(Fb)} (-(F ) (F )}

T = (F R = (F )(F +LF ) (F(F ) (F ) (3.1.7)

A second arrangement is shown in Fig. 3.7.4 where the

banks of series systems are in parallel. The procedure here

FiG~31.3 . FIG-3.1.4
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is to first collapse the series subsystem into equivalent
parallel components, For this example let us use the sub-
system reliabilities as before. Therefore the equivalent

parallel components are

)
I

(R (R)

ac

and Ry 4 (Rb)(Hd)
This gives a system reliability of

Ry = 1 = (F_)(F )

=1 - (1-R_ ) {(1-R, )

= Rae * Rog - (RLI(R ) (3.1.8)

3.17.4 r-out of n-parallel System

For a system which has ‘n’'components however, at least
r-components must survive if the system is to continue

operating.

The reliability for an r out of n system is given by

0
I
N~ 3

( %) R*(1-m)"% ' © o (3.1.9)

X=T

where R is the subsystem Teliability and is assumed to be

egual for all subsystems and

(7)) =-—"
Cxtn-x) 1
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J.1.5 ©&Stand-by Redundancy

In a system with redundant elements that are completely
on stand-byl no time is accumulated on stand-by,elements
untill the primary elements fails. For simplicity, it will
first be assumed that stand-by elements cannot fail if de-
energized, and that the necessary switching devices are
failure free, If the system contains two elements. A and B,
the reliability function has been given by WElkerCB) as
follows: The systeh will be Successful at time t if either

of the following two conditions holds (lettering A be the

primary element):
i) A succeeds up to time t, or
ii) A fails at time t,< t and B operates from t, to t.

The following diagram represents these two conditions:

. . ti ’ . t
Time Axis , ——
|
Condition (i) A : —
(i1) A !
A B
L

Translation of the two conditicns above to time dependent

probabilities gives

t @
fglt)ot + 1 {f (t,) J £, (t)dt} dt,
i o t-t1

where f(t) is the time-to-failure density function of an

R(t) =

o 8

element. The first term of this equation represent the
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probability that element A will succeed until time t. The
second term excluding the outside integral, is the density
function of a failing exactly at t,| and B succeeding for the
remaining (t—t1) hour. Since t, can range from 0 to t, t,

is integrated over that range. For exponential case where

the element failure rates are Aa and Ab’

A A .
R(E) = g2y expl(- At) - 22 exp(-A,t)
b "a b "a

which is a form of the mixed exponential. It can be shown
that it does not matter whether the more reliable element

is used as the primary or the standby element.

if A= A = A,

L

R(t) exp (- At)(1+At)

For n elements of equal reliability

T ()t
!

H

R(t) = exp (- At) E

3.2 Oistribution System Reliability

Distribution networks are the parts of power systems
that deliver energy from the area supply étations to the
customers, and often include the networks of local or muni-
cipal utilities, From the customers point 6f view, the reli-
ability of these system is at least as important as the reli-

ability of generation and transmission, A major part of
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service intruptions experienced by an indiuidual customer
has its origin in failures in the distribution system. In
comparison with the transmission networks, distribution
system generally have a much simpler layout. Most are
radial arrangements, and the components involved in the

supply of a customer are in a series connection,

3.2.1 Radial System.uwith Perfect Switching
Load Point Reliability

The reliability indices at a given load boint depend
on the path of supply between that point and the soﬁrce bus.,
The components on this nath can be considered in series;
those that are in a parallel connection are represented by
equivalents in the series configuration, If all componeﬁt
availabilities are higher, then tHe freguency of failures
%an at a load point situated on branch n, zone m, cén Ee

computed as
fFF__ = % A (3.2.1)

where MN is the set of components on the path leading to and
including the branch mn. The mean duration of system failure
is
5 oAt

o .
T L QEMN ™ 7 (3.2.2)

m11 ) Xa
aelMN



Two parallel components A and B can be combined into a

single eguivalent o by using the eguation for system of

parallel components, The eguivalent failure rate lais

approximately equal to the freguency of the double failure
stateh E, and therefore Aa can be obtéined as

o 3 B(TA + TB) | | ) | (3.2.3)

The eguivalent downtime Tx can be computed as

Ta = 1/, + ug) = T,Tg/(TyeTg) O (3.2.0)

where the repair rates My and Ug are the reciprocals of the
respective component repair times TA and TB' If a branch
contains two components in parallel where, after a failure,
both are tripped and service is restored by isolating the
failed camponént and reconnecting the other through appropriate

switching the equivalent failure rate Aa becomes

and the mean down time is the mean switching time Ts'

System Reliability

While from the customer's point of view the load point
reliability is of primary interest, indices are also available

to measure the overall reliability perform@nce of the entire
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system. Maost of these indices are weighted averages of the
load point indices over the whole system. Thus an over-all
failure frequency index fF can be defined as the total
frequency of customer interruptions per customer served,

and calculated by the equation.

f_ = - “ ' (3.2.5)

where the load point freguencies are weighted by Cmn, the
Humber of customers on branch mn. The mean system failure
duration TF can be defined as the average customer down-
time, and computed as the fotal duration of customer interru-

ptions per year devided by the number of customer interruptions

per year,

z C £ T
mn mA FIT]I"I FITI[']
TF = (3.2.6)
L ooc ¥
mn mn F
mn

In some publications, the mean customer down-time is inter-

preted mithout the use of the weights fF ; that is, the
’ mn

“mean system failure duration TE is calculated from the equa-

tion:
2 Cmn TF -
. mn mn
T1 - : (3.2.7)
F
Loo¢
mn mn
Note that if the TF values are not too far apart,
mn

T, =T

1
FoFe



Another system reliability index freguency used is the
average total interruption time per customer per year. This

index, HF’ can be calculated from:

)
mn “mn fF TFm
HF - mo n (302-8)
o
mn o mn

3.2.2 Radial System with Imperfect Switching

It has pointed out previously that switching devices
have the peculiar property of being able to develop several
distinct types of failures, Each of these types, or failure
modes, have a different effect on the system. In the follow-
ing discussions,.two of the switching equipment failure
mﬁdes will be considered: false operations, and failures

to operate when operation is required.

False Breaker Operations

A false operation (opening) of a breaker has essenti-
ally the same effect on the system as the failure of the
corresponding branch, The duration of the ensuring interrup-
tiqn of service is, however, much shorter; it will last the

timerneeded to reclose the breaker,

33



Breaker Failure to Operate - System Models

The evaluation of the effects of breaker failures to
operate is somewhat more complex. Evidently any load point
can be ffected by a failure in any branch, if enough brea-
kers on the path to the fault refuse to operate. A state
space model to describe all the possibilities can be guite
involved, &and certain simplifications are ﬁeeded to make

the model more manageable.

Breaker Failure to Operate - load Point Indices

With perfecf breakers, service at a given load point
is interrupted only if a branch fail on the path between
the source and the load point. If there is a possibility of
breakers refusing to operate, séruice interruptions at the
same load point can also occur as a result of failure in
0thed branches. Thelcauses of interruptions at a load point

can be divided into the following categories.,

(a) Failures of brenches between the source bus and

the load point.

34

(b) Failures of branches in higher zones than the zone

of the load point, if the load point is on the path betuween

the failed branch and the source, and if all breakers between

the failed branch and the load point are stuck.

(c) Failures of branches elsewhere in the system, if

the path to the failed branch and to the load point have a
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common section, and enough breakers fail to operate on the

former path to cause an interruption of the latter.

" Consider, for éxample, a load point on branch 21 in Fig.
(3.2.1). A failure of type (a) would be the failure of
branch 11; a failure of type (b) the failure of branch 41,
with beth 841 and 833 refusing to operate; a failure of

type (c) the failure of branch 34, with both B and B

347 22

stuck, forcing 811 to operate,

B3
1 31
g
B21 B32 49
i B [
) |
B33 B4
[ } (B
33 L] 41
811 B22 B34
LA g I
J 27 L 34
5B
B23
I
L 7 23
FIG- 3-21

3.2.3 A Looped System

A departure from the‘radial‘netmork concept is exhibited
by the system shown in Fig. (3.2.2). wWhile under normal condi-
tions the normally open switch (NO) is open and therefore,the
system operates like a radial network, upon a failure in one
of the feeder sections, that section is isolated by the
‘switches on both ends and the NO switch is closed; thus

supply is provided as in a looped system to the customers
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at the far side of the failure, who would be left witheout

service in a radial network,

In the following discussion, three alternatives of

the system in Fig, (3.2.2) will be evaluated.
(a) The system as shown

(b} The system with all the switches in the main
feeders permaently shorted and the NO switch removed. This

would represent a radial operation.

(c) The system with only the NO switch temoved. This
represents a radial operation with somewhat more flexibility

than in (b).

Case(a): The calculation of the load-point failure frequencies
is exactly the same as for a radial system (the NO switch is
open during normal Dperation), These freguencies are, there-
fore, given by Egn. (3.2.1). For example, the freguency of

interruptions at load point LD7 becomes,

+ A + A + A + A

+ A 18 18 * My

+ A + Ay (3.2.9)

2 20 12

The mean failvure durations at the various load points are
given by Egn.(3.2.2). In the case of LP,, for example, the

mean duration of interruptions, TF is given by
7

A + A 5T

+ A 17'17

T, +
Fo 7101 2 2

1
-
S
-4
—_
S
—

T T
F? 16 16

+ (Azo thyg t A, 4 A12)TS} (3.2.10)

1

vhere, Ts switching time
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The overall system indices can be computed as bzfore by

Equations (3.2.5), (3.2.6) and (3.2.8),.

Case(b): If all the SwitcHes in the feeders are shorted

and the NO switch is removed, the system is reduced to a
radial network which can be solved by the approach described
in section (3.2.2). Four zones can be defined; zone 1 contains
component 1, zone 2 component 2, zone 3 components 3,5,7,8,
11,12,14,16,18 ad 20 and zone 4 components 4,6,8,10,13,15,

17, and 19.
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Case(c): If only the NU switch is removed, a radial system
is obt ained which, nevertheless, retains same switching
facilities. There are 8 zones now, the failure frequencies
are one again the some as in the case(a). The mean durations
of interruptions at the various load points must bé computed
with a careful consideration of which failures can and which
cannot be isclated from the load point in guestion., Consi-
dering LP7, for example, the mean duration TF is obtained

7
as:

+ AT

* AT A 18'18

T = 1/fF { A, T, + AT 15716

T
v 9 11 22 1717

thogTog + O Ay + 20T 0 (3.2.11)

because when feeder sectors 14 or 12 fail, the failed sectors
can still be isolated from LR by switching.while this does
not hold for failures in 16, 17, 18 or 20, The mean dountimes
now are in between their corresponding values in cases (a)

and (b),

Note that, with a slight modification of the procedure
in (a), such constraints as a restricted load capacity of the
NO switch or a limited capacity of portions of the loop to

supply load beyond their normal share can also be considered.
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CHAPTER 4

DESIGN FEATURE OF 60 MW POWER PLANT
AND
KHULNA INDUSTRIAL ZONE DISTRIBUTION SYSTEM

4.1 PlantCapacity, Description and Control System

4.1.1 Power Plant Capacity

Rated out put capacity 60,000 Ku,

Speed 3,000 R,P.M,

Rated Max. stem femperature before starting valve=535°C

flax, steam température befpre étartihg valve = 545°¢C
Rated steam pressure before starting valve = 890 Atm.a
Max., steam pressure before starting valve = 101 Atm.a

The following are the rated capacity of major equip-

ments,

Equipments - - ' Capacity

Boiler . 260 ton/hour
Condenser (cooling area) 4,400 sq, metres
Water jet vacuum pump 450 cu. metres
Circulating water pump {(C,UW) 11,300 cu.metres/hr.

Horizontal 1ift pump 468 cu. metre/hr.

Condensate pump for Hydrogen cooling 230 cu. metre/hr.

Feed pump 310 tons/hour
F.D. Fan 38 cu.metre/sec.
I.D. Fan 70 cu, metre/sec.
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4.1.2 Power Plant Description

The turbine of 60 MW steam power plant is two cylindric,
condensing, impulse turbine with 5 non-regulated steam extrac-
tions. Regulation is done by means of 4(four) nozzle valves.

This has high pressure and low pressure cylinders.

All the three rotors viz. High pressure cylinder, Low
pressure cylinder and the generator rotor are connected by

coupling,

The turbine is rotated by (passing) super heated steam
with pressure and temperature of 1365 psi and-SQDDC, generated
in a boiler of capacity 260 tons/hr. The available heat energy

is utilized by the turbine to role the generator.

There are nine burners in the boiler., For full capacity
of the boiler at a time 7 burners are required to glow. The
preésure atomising type burner produces atomisétion by dis-
charging the fuel through a small orifice aided by a sloted

disc. The @il system is shown in Fig. 4.71.1.

In the lower and upper part of the combustion chamber,
~the boiler tubes are expanded into: headers. The lower headers
are fed through feed tubes or downcomers from the drum. The
steam water mixture discharges-through from the upper headers

back into. the drum.

Most economical operation at all leoads indicates that

a constant steam temperature at all steam flow is desirable

E

-8
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since super heat temperature decreases with increase of load
for a radient type super heater and convection super heater
performs in the opposite manner. They are installed in com-
bination to get a flat char ateristics of temperature at all
loads., The steam flows from the drum into the inlet part
which form the first stage (radient)}, located in the front
wall of the combustion chamber, while the second stage
(convention part) is formed by vertically jarranged spiral
tubes, behind this, third stage (radient) is located, the
exit part is formed by the fourth stage (convéction). The
steam mass then flows into the outlet piping towards the
turbine. Flow diagram is shown in Fig. 4.1.2 and also shouwn
by block diagram 4.1.3., Super heater.diagram is shouwn in

Fig. 4.1.4,

Exhaust steam from the turbine is condensed in the
condenser cooled by the river méter supplied by the circula-
ting water pump (cooling water pump), two in number, one
is stand by. The condensate water is pumped through the Low
‘pressure heater into the feed tank. From feed tank the feed
water is fed into the boiler drum through the High pressure
Heater and Economizer by the feed pump. There are tuwo feed
pumps; one is always standby., The make up water is supplied

from the water treatment plant which is shown in Fig.4.1,5,

The Economizer is made up of two stages. The feed water
flows through the 1st stage and from it across a condenser

where it condenses steam (the condensate is used for the
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control of super heated steam temperature by injection method)
and then into the 2nd stage. From the second stage water ’ouws

into the drum,

“he airheater is used so that the air flows through
the tubes while flie gases flow perpendicularly outside the

tubes.

The steam heated air preheater serués for preheating
combustion air before it enters the air heater. The air is
preheated to 70°C where by flue gases, are prevented to
cool below their dew point at the end of the éir preheater.

The purpose is to eleminate danger of corrosion.

4,1.3 Continuous Automatic Regulation of Process in the Boiler

~

The automatic control system of bdiler operation enables
to keep automatically the system parameters or the prescribed
value, with an economical burning of black o0il., It equally
keeps the water level in the drum at the normal height to
avoid trouble for the prevention of the superheated steam

guality. The basic regulating circuits are:
a) Feed water control
b) Super heated steam temperature control

c) Combustion control.

{(a) Feed water control

This control is of three pulses, with main signal from



L8

the water level in the drum and auxiliary signals from the
quality of steam and feed water. These auxiliary signals

are connected to the central regulator. All signals are
generated in the adaptor fdf induction transmission to unit
signal and processed by the centrally regulated proportional
integrating method, The boiler has two independent feed water
lines only one of tﬁem being in operation while the other

forms a 100% reserve, Fig. 4.1.6.

(b) Superheated steam temperature control

It is governed by a signal from the superheated steam
temperature behind the superheater. In the injection type
hot water is sprayed directly into the steam (in between
super heater no. II and III and IV). The water ig evaporated
into the steam and the temperature of the mixture is reduced.

The carryingout member here is the injection control valve.
(c) Combustion control

This control is composed of

1) Black o0il quantity control
2) Air quantity control

3) Draught control in the combustion chamber.

1) Black .0il guantity control: The main signal is from the
steam pressure at the boiler exit. The pressure is maintained

constant by the change of the oil supply in the case of
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various loads of the boiler. The o0il system is shown in

Fig. 4.1.1.

2) Air guantity control: In order that the combustion
process in the boiler is accomplished under optimum
condition it is necessary to maintain a correct ratio bet-
ween the guantity of air and fuel supplied to the boiler.
And this regulation receives impulse from the fuel guantity
~and from carbon content in combustion praducts._The warking

members of the air control are the forcéd_draught fans,

3) Draught control: The control signal is the draught or
under pressure in the combustion chamber., The feed back is
from the quantity of flue gases as measured, on the diffu=
sers of drafts fans. The working member here are the control

dampers of the axial regulation of induced draft fans.

4,2" ietwork Diagram of Distribution Area

Distribution network is a part of power system that
delivers energy from the area supply station to the customers,
A single-line diagram of khulna indu;trial area (Khalispur)
electric supply is shown in Fig. 4.2.1. In the figure only
the study area is shown, Electricity is supplied to ﬁhis
area from three sub—statiﬁns, name&y - Khalispur sub-station,
Gate sub-stafion, Kohinoor sub-station. Supply to these sub-

stations comes from 33 KVY bus. Each sub-station has got one

33/11. KV transformer and from the sub-stations the load points



(distribution transformers) are fed through six feeders,
There are 23 (twenty three) distribution transformers (load
points) under the study area. The feeders and distribution

transformers are listed belouw:

Name of feeders Locations
B.I1.D.C, feeder 31
Khalispur feeder 32
Kohinoor Feedef : .33
Star + Crescent feeder 34
Charerhat fish Co, feeder 35
Rerolling feeder 36
Load points Name -Locations
LP1l Kashipur X-former 41
Lbz _ Infront of Chitralli cinema 42
LP< Behind Chitralli cinema ‘ a3
LP, Infront of gate S/S 44
LP5 Infront of Crescent 45
LPg Infront of Platinum . 46
LPo Lal Hospital 47
LPB Goal Park 48
LP g Khalispur Pump 49
LP K.I.T.C, 51

11



Load points
tP12

LPy3

LRy

LPys

LF‘16

LP17

LPyg

LPig

LP23

LP22

LP23

LP24

LP25

Name

Mohsin College
Tintala Building
Paurasava .
Kohinger 5/5

T & T (Private)
Infront of T & T
Bihari Bazar
Kadamtala

Infront of Rerolling mill
Rerclling mill
Public Health
Charerhat fish Co.

Naval base

Location

32
53
94
55
56
57
58
59
61
B2
63
B4

65

52
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CHAPTER 5

DATA COLLECTION AND DATA ANALYSIS

§.1 Power Plant fFailures ,
5.17.71 Failure History of Khulna 60 MW S5team Power Plant

Without proper data collection and subsequent analysis
it is not possible to predict operational reliability for any
machine, In plant failure history, date and time of failure
and startup, causes of failures and troubles, repairing time
t &en for the remedial measures as well as down time resulted
for the failure of eqguipments. and machinaries etc. are included.
These are collected from the operational department of the
plant., Plant failure records for five years (January 1979 to
December 1983) have been considered for the ‘present analysis.
In this five year period there was a major overhaul, spanned
from February f981 to March 1982; so, the net period over
which failures have recorded is four years. The failure history

has been presented in Appendix-A and the proforma used for

data collection is shown belouw.

Stopping time Starting time| Oown- |Cduses:;of? |'. Remedial
Date Time Date Time time féi%Ufé‘ measures/
(hrs.) (hs. ) (hrs.)|[Equip-}Cau-| Remarks
: ' ment ses
failed
1 2 3 4 5 3 7 8




2.1.2 Operating Time Calculation of Equipment

In calculating operating time, the running periods
for each items are seperated from the period considered
(January 1979 to December 1983) in the failure history
of the plant. By this way, operating times in betuween
failures of each major.equipment of the plant and the

plant are calculated and are shown in Table 5.1.

5%



The symbeols used in celumn 4 & 9 of Table 5.%. are as

follows:

56

M.F - Mechanical Fault, E,F - Electrical Fault, F.5 - False

Signal, I.F - Instrumental Fault, O.F - Operational

Fault, L,F-Logistic Induced Fault, O.H - Overhauling and

# ~ Failure.

Taple 5.1 Operating Time calculation of Equipments an
Power Plant.

Starting Stopping- Opera=]|Down Rgpair Causes
quip- [ Date | Tine | Gate | Tine | £in9 |tine) |Hme et
(days)

1 2 3 4 5 6 7 8 9
Power- 1,1.79 00.00 24,1,79 23,00 23.95 12.00 12,00 D.H
Plant 55 1.79 11.00 #26.1.79 12.88 1,07 2.36 2.36  M.F

26.1.79 15.45 % 3,2.78 7,98 7.70 8,51 - L.F
3.2.79 16.50 7.2.79 00.79 3.34 8,22 B8.22 0.H
7.2.79 9.00 % 8,2,79 15.50 1.28 2,76 - E.F
B.2.79 18,26 10,2.79 00,46 1.26 289.56 29.56 O.H

11.2.79  6.03 #21,2.79  7.91 10,08  4.58 - L.F

21.2.79 12,50 #23.2,.79  4.00 1.64 14.58 - L.F

23.2.79 18.59 #20,3.79 B8.91 24,60 2.24 - E.F

20.3.79 11.16 30.3.79 23.08 10,50 201.44 201,44  0.H

" B.4.79 18,51 % 9,4,79 18,33 1.04 23,75 23,75  M.F

10.4.79 15,08 *13,4,79 11.83 2.86 1.08 - E.F

13.4,79 12,91 %14,4,78 13,25 1.01 43.25  43.25 M.F

16.4.79 8.50 17.4.79 20.60 1.52 21,78 21.78  O.H

18.4.79 18,58 #20.4.79  7.05 1.51 25,61 - E.F

21.4.79 B.66 22.4.79 13.26 1.21 48,82 4B.82 O.H

24,4,73 14,08 #30,4,79 12,75 $,94 1,58 - E.F

30,4.79 14,33 7.5.79  5.66 6.63 28.67 28.67 O.H
£.5.75 10.33 23,5.79 4,60 14,76 28,90 28,80 O,H
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Table 5.1 (Contd..)

2 3 4 5 6 ) B 9

24.5.79  9.50  ¥2.6.79 4.33 8.78 4,58 - E.F
2.6,79 8,91  ¥9,6,79 19,53 7,44 2.13 2.13 M, F
9.6, 79 21,66 11.6.79 10.11 1,53 140,79 140,78 O.A
17.6.79 6,90 *18,6,79 10.39 1.16 1.91 1.91 m.F
18.6.78 12,30 #23,6.79 11.66 4.98 2.79 2.79 "
23.6.79  14.47 ¥30.6.79 15.16 7.03 2, 50 - E.F
30.6.79 17.66 1.7,79 23.79 1.24 24,92 24,92 O.H
3.7.79 00.70 7.7.79 23,91 4,96 21,40 21,40 "
8.7.79  21.31 *11,7.79 16.88 2,80 00,20 - F.5
11.7.79 19,08 26,7,79 23,66 15,20 30,33 30,33 O.H
28.7,79  6.00  #29,7,79 17,13 1.47 1,58 1.58 M, F
29.7.79 18,71 31.7.70 22.60 2.16 38,60 38.60 O,H
2.8.79 13,20 %*3,8.79 - 19.58 1.27 21.25  21.25 M.F
4.8.79 16.83 %*5,8,78 13.91 0,84 3.00 3.00
5.8.79 16.08 *%7.8.79 1,53 1.39 1.41 1,41 0.F
7.8.79 2.93  #8,8,79 15,25 1.50 2.33 2,33 "
8.8.79 17.58 %9,8,79 13,29 0,82 1,47 1,47 L
9,.8.79 14,75 23,8,79 0,16 13,39 130,34 130,34 O.H
28,8,79 10,50 #23,7.79 11.28 1.05 1.57 1.57 0.F
29.8,79 12.83 *30,8,79 21.50 1.66 1,66 - n
30.8.79  23.16 1.9.79 23,05 1.99 25,77  25.77 O.H
3.9.79 0.91 18,9,79 23,91 15,95 116.00 116.00 "
23.9.79 19,91 #27.9,79 12.20 3.68  0.25 i F.S
27,9,79 12,45 30,9.79 0.08  2.48 25.67 25,67  O.H
1.10.79 1.75  %9,10.79 13.25 B.48 2.00 2.00 0.F
9,10,79 15,25 12,10.79 17.97 3.11 19,44  1%.44  OLH

13,160,789 13.41 #17,10,79 17.53 4,17 0.57 0.57 L.F
17.10.78 18,10 28.,10.79 23.75 11.23 22.83 22.83 O.H

29.10.78 22.58 #31.,10,79 23,50 2.03 5,11 - Fo5
1.11.78 4,61 10,11.78 23,33 9.78 14.25 14,25 O.H
11,171,738 13,58 21.11.78 22,80 10,38 11,46 11,46 0.H
22.11.79 10,66 %4,12,78 1.41 11.61 3.09 3,089 M, F
4,12,789 4,50 5,12,78 23,16 1,77 103,08 103,09 O.H
10.12.78 6.20 #,12.12.79 6.75 2.02 0.17 - 0.F

12.12,79 6.91 #13,12,79 8,25 1.07 3.80 3.80 E.F



Table 5.1 (Contd.) i

2 3 g 5 & 7 8 g
-13.12,79 12,05 #%17,12,79 9.33  3.88 2,17 - 0.F
17.12.79 11.50 #19,12,79 21.41 2,41 9.84 - E.F
20.12,79 7,25  %21,12.79 7.45 1.02 1.66 1.66 M.F
21.12.78 8.41  ¥#30,12,79 2.00 8,69 B.15 8.15 E.F
30.12,78 10,15 5.1.80 10,75 6.02 B4,62 B4.B2  O,H
B.1.80 23.37 *14,1.,80 1,26 5,08 2,72 2,72 0.F
14,1.80 4,00 15.1.80 11.75 1,33 13,75 13,75 0O.H
16,1.80 1,50 18,1.80  11.58 2,42 62,55 62,55 °©
21.,1.80 2,13  27.1.80 4739 6,08 14,02 14,02 "
27.1.80 18,41 16.2.80 5.25 19,45 17.50 17.50 v
16,2.80 22,75 18B.2.80 11.16 1.26 163.17 163.17 ™
25.2.80 6,33  28,2.80 22,16 3,66 8,17 B.17 "
29,2,80 6,33  2,3.80 7.61 2,05 14,39 14,39 v
2.3.80 22,00 15.3.80 23.21 13.05 31,42 31.42
17.3.80 6.63  23.2.8B 0.60 5.75  39.48 39,18 "
24,3.80 15.76 %28,3.80 B.41 3,70 2.84 . - E.F
28,3.80 11.25 30.3.80 0.08 1.54 22.00 22,00 O.H
30.3.80 22,08 1,4,80 . 22,33 2,01 158,05 158,05 "
B.4,80 12,39 10.4,80 6.75 1,76 154,25 154,25 "
16.4,80 7,00 18,4.80 22.66 2,65 47,72 47.72 "
20.4.80 22,38 *%#22,4,80 0,01 1.10 D.95 0.95 M.F
22.4.80 0.96 ~ #23,4,80 8,50 1.32 3.93 3.93 n
23.4,80 12,43 26.4.80 22,73 3.43 59.52 589,52  O.H
29.4.,80 10,25 3.5.80 . 8,36  3.92 11.47 11.47 ™
3.5.80 19,83 #35,5,80 12.58 1.69 4,18 - E.F
5.5.80. 16.75 %#9,5,80 10,75 3.92 2.08 - "
9.5.80 12,83 *18.5,80 7,91 8.80 14,13 14,13  0O.F
18.5.80 22,05 #23,5,80 9,11 4,46 2,39 - EJF
23.5.80 11,50 26.5,80 9,83  2.93 868,53 888,53 O0O,H
2.7.80 10,36  *4,7.80. 7.75  1.88 6.83 - E.F
4.7.80 14,58 #6,7.80 12,08 1.90 4,00 - "
6.7.80 16.08 18.7.80 16.00 12,00  278.47 278.47 O0.H
30.7.80 6.46 1.8,80 23.10  2.90 418,33 418,33

18.8,80 9,43 5.9,80 = 23.75 17.60  456.33 jsg,33



Table 5.1 (Contd.)

2 3 4 5 6 7 8 g
25.9.80 0.08 %26.9.80 9.25 1.38  196.15 196.15 [M.F
4,10.80 13,40 *15.10.80 18,16 11.94 90,12 90.12 F.S
19.10.80 12.29 #8,11.80 13.66 20.05 129,62 129.62 I.F

13,11.80 23.29 22.11.80 8,41 8,38 9,92 9,92 0.H
22.11.,80 18.33 *23,11.80 19.25 1.06 73.83  73.83  M.F
26.11.80 21.08 *29,11,80 16,25 2.80 72,33 72,33 v
2.12.80 16,58 %3,12,80 16,75 1,00 11.08 11,08 "
4,12,80 3,83 % 6,12,80 7,16 2.13 145,79 145,79 "
12,12.80 8.95 *#16,12,80 3.85  3.78 57.40 57,40 0V
18.12.80 13.25 10.1,81 22.25 23.37 64,25 64,25 O.H
13,1.81 14,50 16.1.81 11.33 2.87 29,82 29,82 "
17.1.81  17.15 31.1.81 21.91 14.19  41.72 41,72 ™
2.2,81 15.63 %8,2,87 7.75 5,67 - - M.F
7.%.82 3,01 -%8,4.82 5.75  1.14 1.28 1.28 n
8.4,82 7.03  %9,4,82 10.58 1.44 0.17 0,17 "
9.4,82 10,75 #10.4,84 14,00 1.15 6.50 .50 "
10,4.82 20,50 *17,4.82 10,75 6.60 7.66 -~ E.F
17.4.82 18,41 %23,4,82 8,46 5,58 1.56 1,56 0.f
23.4,82 9,93  30,4.82 23,23 7.55 50,52 50,52 O.H
3 5.82 1.74  27.s.02 23.24 24,80 61,70 61.70 ¢
J0.5.82 12.95 #29,6,82 11.16 .29.92 9.66 18,66 O.F
29.6.82 20,83 %#1.7,82 9.70  1.55 2. 39 2. 39 "
1.7.82 12,08 %3,7,.82 2,20  1.42 . 15,40 16,40 "
3.7,82 17,70  *5,7,82 0,91 1.30 - 509,65 509.65 #,.F
26,7.82- 1,56 1,8,82 22,86 6,88 195,55 195,55~ O,H
5.2.82 21.41 #25,8,82 2,50 19.21 74,12 74,12 M,F
28.8.82 23,61 1.9.82 23,08 3,98 . 14.92 14.92  O.H
2.9.82 14,00 %3y9,82 23,00 1.37 1.33 1,33 a.F
4,9,82 0.33 *¥5,9,82 5,58 1.22 7.33 7.33 "
5,9,82 12,91 »10,9,82 21.41 5,35 1,42 1.42 "
10.9.82 22.83 %12,9,82 6§.00 1.31 .5,91 5,91 "
12.9.82 11.91 %13.9,82 22,91 1.45 1.50 1.50 "
14.9.82 0.41 17.9.82 21,83 3,90 26.27 26.27 O,H
19,9,82 0,10 %20,9,.82 11.10 1.49 2,75 2.75 0.F

20.9.82 13.85 #21.8.82 14,417 1,12 1.75 1.75 "

_req,
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Boiler

2

21.9,82

3,10,82

4,10.82

15.10,82
26.10,82
20.11.82
22.31.82
24,11.82

19.12.82

22.12,82
23.12.82
28.12.82
10,1.83
17.1.83
17.2.8%
19,2,83
21.2.83
22.2.83
9.3.83
13.3.83
26,3.83
1.5.83
4,5,83
17.5,83
19.5.83

31,5.83

19.6.83
14,7,83
26.7,83
10.8.83 -
29,.9.83
15.11.83

1.1.78

16.16
1.25
12,00
9,33

11.16

7.58
7.00
6.81
16.33
13. 41
14,80
18.66
1.66
14,97

17.91°

9.16
7.78
11.50

11,50

17.71
22.58
9,13

16.50
21,53
12,50
10.66
17,25
14,11
18.56
10, 21
14,50
12,75

ga, oo

4

27.8.82
*4,10,.82
#15,10,82
*26.10,82
17.11.82
r22.11.82
#23.11.82
10.12.82
#20,12.82

#*23.12,82

%26,12.82
2,1.83
%17,1,83
%17,2,83
%18,2,83
%21,2,83
%22,2,83
8,3.83
10.3.83
24,3,83
30.4,83.
2.5.83
14,5.83
%18,5,83
31,5.83
16.5.83
6.7.83
¥26,7.83
8.8,83
17.9.83
6,11.83
10,12.83

10,2.79

23,50
6,21
5.00
9.10
22.25
2.25
22,25
23,39

- 23.50

14,53
16,80
22,56
8.08
13.50
20,75
0.36
8.50
11.61
22.53
22,49
21.91
22.%C
22.95
23,33
5.91
22,87
21.16

18,29

1.50

22,55
21,70
21.83

0,47

6.30
1.20
10,70
10,98
22.87
1.78
1.63
16,70
1.29
1.08
3,08
5.16
7.26
31,35
1.13
1.23
1.03
14,00
1.46

11.20

35,38
1,56
10,45

1.1

11.72
16,51
17.16
12,17
12.28

'38.51

38.30
25,37

40,00

7

121.75
5.78
7.33
2,06
57.33
4,75
B.56

-184,84

37,91
0.27
49,85
176.10
6.83
4,41

12,41

7,42
3.00
23.89
BT. 12
48,10
11,22
42,00
70.58
13,17
4,75
56. 26
18%.95
0. 28
56, 71
159,95

' 207,05

92,25

29,56

121.75
5.78
7433
2,06
57,33
4,75
8.56
184,84
37.91

-

4% .86

176.10
6.83
12,41

23.83
67.1%
48,10
11.22
42,00-
70.58

4.75
56,28
184,95
0,28
56. 71
159,95
207,05
92,25

29.56

0.H
0.F

E.F
a.H
a.F
1

D.H
0.F
E.F
a.F
0.H
I.F

E.F.

M.F
E.F

0.H
"

n

"

"

g.H

g



2

11.2.78
B.4.,79
10.4.79
16,4.,78
30.4.79
8.5.79
24,5.79
17.6.78
2.8.79
28,8,79
27.9.179
17.10.79
1.11.79.
25.2.80
17.3.80
16.4,80-
29, 4,80
4,10,80

26,11.80

2.12.80

12.12.80

17.1.81
7.4,82
3.5.82
30.5.82
5¥.9.82
28.8.,82
3.10,82
20.11.82
19.12.82
17.5.83
19.6.83
14,7,83
25,9,83

Table 5.1 (Contd.)

3

6.03
18, 51
15,08
8.50
14.33
10,33
§.30

6.590 .

13,20
10,50
12,45
18,10
4,61
6.33
5.63
7.00
10,25
13,40
21,08
16. 55
8.85
17.15
3.01
1.75
12.95
21.41

23,81
. 1.25

7.58
16,33
21.53
17.25

14,11

14,50

4

30.3.78
#9,4,79
#14,4,79
*30,4,79
7.5.79
23.5,79
11.6.79
31.7.79
23.%.78
®27.9,79
*17,10.,78
*31.10.78
18,2,80
15.3.80
10.4.80
26.4,80
¥26.9,80
*23,11.,80

*289.11.80

*6.12,80
16.1,81
8.2.81
30.4,82
27.5.82
1.8.82
%25,8,82
27.9.82
17.11.82
10,12.82
14,5,83
16.6.83
6,7.83
17.9.83

‘10,12.83

23,08
19,33
13.25
12.75
5.68
4,60
10,11
22,60
0.16
12,20
17.53
23,50
11.48
23,21
6.75
22,73

8,25

19,25
16.25
17.16
11.33
7.75

23.23
23.25

22,87

2.50

© 23,50

22,25
23,38

. 22,95

22,97
21.16
22,55
21.83

B

47,75
1.30
3,91
14,50
6.53
14,76
18.00
106,66
20.54
30.08
20,20
14,23
108. 21
19,70
24,00
10.62
150,00
50,25
2,75
3.62
35,12
45,41
24,90
63. 41
19,20
30,00
45,87

20,66

146,27
30.04
17.16
65.27
72.16

v

201,44
23,75

43,25

1.58
28,67
28,90
140,79

38,60
130,34

0.25
0.57
5,11
163,17
31,42
154,25
59,50
186,15
73,83
72.33
145.79
29,82
50.52
61.70
95.55
74,12
121,75
57.33

184,85

70.58
66.28
184,85
207.85
92,25

8

201,44
23.75
43,25
1.58
28.67

- 28,90

140,79
38,60
130,34

0.57
163.17
31.42
154,25
59,59
196,715
73,83
72,33
145,79
29,82

50,62

61.70
95,55
74,12
121.75
57.33
184,85
70,58
66.28
184,85
207,95
892.25
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O.H
M. F

E.F

O.H
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Table 5.1 (Contd.)

1

2

Turbine 1.1.79

26.1.79.
2.6.79
9.6.79
17.6.79
18.6.79
23,6.79
28.8.79
23,9,79
10,12, 79
22,4,80
7.4.82
8,4.82
9,4,82
10.4.82
2.9.82.
20,11.82
10.1.83
19.2.83
9,3,83
13,3.83
1.5.83
17.5.83

231.5.83

&
e

v
=

Genera--

tor

1.1.79

§.2,79

20,3.79
21.4,78
30,6, 79
13.12.179
16.2,80
25,2,80
28,3,80
9,5,80

3
00,00
15.25
8.91
21,66
6.90
12.30
14,47
10,50
19,91
6.25
00,97
3.01
7.03
10,75
20.50
14,00
7.59
1.66
8.16
11,50

17,71
1

w
[N

-3

i

0.

-
o
()]

00.00
18.26
11,16
8.B6

17.668
12,05
22,75
B.33

11.25
12,81

[

4

%26,1,79

£#2,6.79
®9,6,79
11.6,78
*18,6.,79
#23.6.79
23.8.79
18.9.79
5,12,78
®22,4,80
8.2.81
*8.4,82
®9,4,82
®10.4.82
1.9.82
17.11,82
2.1.83

$%18,2,83

8,3.83
10.3.83
20,4.83
14,5.83
31,5.83

10.12.83

#8.,2,79
®20.,3.79
#20,4,78

*30,6,79
*13,12,79

16,2.80
18,2,80
®28,3.80
#9,5,80
%23.5.80

12.88
14,33
19,53
10,11
10, 39
11.66
0.16

23,91
23.16
0.01

7,75

5.75

10.59
14,00
23.08
22.25
22,56
20,75
11,61
22,53
21,91
22,95
5.91

24,63

15,50
8,91
7.05
15,16
8,25
5,207
11.60
8. 41
10,75
9.11

25,55
127.04
7.44
1.92
1.14
4,98
60,60
21.54
73,12
133.75

291,00
1.15
1.13
144,12
76,33
43.62
39.80
17.10
1,46
48,16
13.58
13,37
193,45

38,62
39,58
30,83
70,25
165,60
64,70
1.50
22,08
42,00
13,75

7
2,386
4,58
2,13
140,78
1.91
2.79
130,34
140,00

-103,09

0.85
1.28
0.17
6,50
14,892
57,33
126.10
12,41
23,89
67.18
11.22
70,58
4,75
42.25.

2,76
2,24
25,61
2,50
3.80
17.50
163.17
2.84
2.08
2.39

2,36

2.13
140,78
1,91
2.79
130, 34
140,00
103,09
0,85

1.28
0.17
6,50
14,92
57433
176,10
12,41
23,89
67.18,
11,22
70,58
4,75
92,25

3,80
17450
163,17

Mo F
E.F
M. F
0.H
M. F

1



Table 5.1 (Contd.)

Vacuum-
system

2

23.5.,80
13,11,80
7.4,82
3,5.82
23.12.82
17,2.83
21.2.83
22,2.83
19.5.83
26.7.83

1.1.79
5.9.79
7.8.79
B.B.79
5.8.78
29,8,79
30,8.79
9.10,79
30.12.78
14,1.80
21.1.80
25.2.80
30,7.80
19.8.80
25.9,80
7.4.82
23,4.82
29,.6,82
1.7.82
3.7.,82
26.7.82
4,9,82
5.9.82

11.50
14, 50
3,01

1.75

14,80
17.91
7.9

11.50
12.50
18.54

00,00

16.08
2.94
17.59
14,75
12,83
23.16
15.25
10.15
4,00
2,13
65.33
6.47
9,43
00.08
03,01
8,10
20.83
12.08
17.70
1.56
0,33
12,91

4

8.11.80
B8.2.81
30.,4,82

*23,12.82

#17.2.,83
*21.2,83
®22.2,83
18.5.83

#26,7.83

6.11.83

*5.8.78
%7.8,78
*8,8,79
#9.8,79
%29,8,79
%30,8.79
%9,10,79

*30,12.789

#14,1,80
18.1.80
18.2,.80
18.7.80
1.8.,80
5.9.80
8.2.81
#23.4.82
#29,6.82
¥,7.82
*3,7.82
#5,7.82
#3,9,82
¥5,9,82
#10,9,.82

5

22,25
7,75

23,23
14,53
13.50
0.36

8.50

23,33
18, 26
21,70

13.91
1.53
15.25

13.28

11.26
21,50
13.25
2.00
1.28
11,59
11.16
16.00
23,10
23,75
7.75
8. 46
11,16
9,70
2,30
0,91
23.00
5, 59
21,41

169.45

110,54
233,54
55,95
3,25
1.03

85,50

68.25
103.12

216.58
1.39
1.51
0.82
19,83
1,36
39,58
80,45
14,62
4. 29
28,37
144, 41
2.69
17.59

151,50
67.08
1.53
1.42
1,30
39,89
1.21
5.35

129.62

50,52
0.27
4y 41
7.42
3.00

1347

0.28
207,05

3.00
1.41
2,33

1.47

1.57
1.67
2.00
B,15
2,72
62.55
163,17
278,47
418,33
456,33

1,58
9,66
2.38
15,40
509,65
1233
7.33
1.42

129,62

50,52

0,28
207,05

3,00
1.41
2,33
1.47
1.57
1.67
2,00
8.15
2,72
62,55
163.17
278,47
418,33
456,33

1.56
9, 66-
2.38
15,40

‘509,65

1.33
Te33
1.42

"

i

E.F
O.F
O.H

n



Table 5.1 (Contd.)

I.D.Fan
(1eft)

2
10,9.82
12.9.82
14.9.82
19.9.82
20.5.82
21.9,82
4,10.82
15.10,82
22.11.82
23.11.82
22,12,82
28.12.82

1.1.78
B8.4.79
30.4.79
8.5.79
24.5,79
8.7.79
11.7.79
3.9.78
27.9,79
4,12,79
10,12.79
8.1.80
16. 4,80
20.4.80
23.4.80
2.7.80
31.7.80
25,9,80
4,12.80
18,12.80
13.1.81
17.1,81

3
22,83
11.91
0.41
0.10
13.85
16,16
12.00
9,33
7.00
6.81
13,41
18,66

00.00
18.52
14.33
10,33
9.50
21.31
19.08
0.92
12.45
4,50
6.25
23.37
7.00
22,38
12,43
10,36
Bed?
0.08
3.83
13,25
14,50
17,18

4
®¥12,89.82
#13,9.82
17.9.82

®¥20.,9,.82
#21,9,82
®4,10,82

#15,10.82
®22,11.82
23.11.82
#20,12.82
#26.12.82

30,.3,789
#30,4.79
7.5.,783
23.5.79
7.7.79
*11.7.78
1.9.79
#27.9,79

*4,12,79

5.12,789
5. 1.80
10.4.,80
18.4,80
23,4980
26,5,80
18,7.80
5.9.80

*,3.12.80
#16.,12,80

10,1.81

16.1.81

%872, 81

6,00
22.91
21,83
11.10
14,41
6.21
5,00
2425
22.25
23,50

16.80

23,08
12.75
5.66
4,60
23.91
18,88
23,05
12.20
1.41
23,16
103,75
6.75
22.66
g.50
9.83
16,00
23,75
16.75
3.85
22,25
11.33
7.75

1.29
1.45
3.88
1.45
1.45
12.58
10,70
36,70
1.63
27,70
4,12

849.00
21.75
5.60
14,775
44,60
2.89
32.16
24,50
67.94
1.77
26,18
82,18
2,65

2,38

32,89
16.25
36,72
69,35
12,00
23,37
2,86

21,60

5,91
1.50
26,27
2,75
1.75
5.78
7.33
4,75

8.56

37491
49,.86.

201.44
1.58
28.67
28.90
21,40
0,20
25,77
0.25
3,09
103,09
84.62
154,25
47,72
3,93
888,53
278,47
456,33
11.08
57,40
64,25
29.82

9. 91
1.50
26,27
2.73
1.75
5.78
7.33
4.75
B.56
37.91
49,86

201 .44
28,67
28,90
21,40

25,77
3,09
103,08
84,62
154,25
47.72
3.83
888,53
278,47
456.33
11,08
57.40
64,25
29,82

bi

. 0.F

0.H

E.F

M.F

M.F



Table 5.1 (Contd.)

I.D,.Fan

(Right)

C.WU.pump
(1)

2
7.4.82
3.5.82
14.,12.82

1.1,78
18.4.79
30.4.78
17.6.79
11.7.78
23.,9.79
27.8.79
1.10.78
4,12,79
8.1.80
17,3.80
8.4.80
23.4,80
13.11.80
13.1,81

17.1.91

T.4.82
J.5.82
26.3.83

1.1,79
T.2.79
4,8,789

23.9.789

22.11.78
16.1.80
25.,2.80
29.%,80
30,3.80
29.4,80

3
3.01
1.75
18.08

0.00.
18,58
14,33
6.90

18,08
19,91
12,45

1.75

4,50
23,37
5.63

12,38
14,43
23.28
14,15
17.15
3.01

1,75

22,58

00,00
8,00
16.83
19.91
10.66
1.50
5,33
6,33
22,08
10,25

4
30.4,82
10.12,83

17,4.79
%30,4,79
11.6.79
#11,7,79
18.9.79
%27,9,79
30.8.79
¥4,12,70
5.1.80
15,3.80
1.4.80
%23, 4,80
*8,11,80
10.1,81
16.1.81
%8,2.81
30.4.82
24,3.83

T7.2,78
®3.8.79
18.58.79
21.11.79
15. 1.80
18.2,80
28,2.80
30. 3,80
26,4,80
3.5.80

23,23

21.83

20,80
12,75
10.11
18,68
23,92
12.20
0.08

1,41

10.75
23,21
22.33
8.50

13,65
22,25
11.33
7.75

23,23
22,48

0.78

19,58
23.91
22.90

11.75

11.16
22,1€
0,08
22,73
8.37

23,84
586.83

107,85
11.75
41,83
24,%0
69.20
3,70
2,48
64,00
32.26
66,00
15,65
14.85
189.00
58.00
2.85
21.60
23.84
355.86

37,03
177.48
45,29
59,08
54,04
33.40
5.66
28,73
27,02
3,92

a0, 52
92, 25

21,78
1.58
140,79

‘0,20
116,00

0.25
25,67
3,08
B84.62
31.42
158,05
3. 93
129.62
64.25
29,82

50,52
48,10

8,22
21,25
116,00
11.46
13.75
163.17
8.17
22,00
59,52
11.47

50,52
82.25

21,78

140,79

116,00

25,67
3.08
84,62
31.42
158,05
3,93
129.62
64,25
29.82

50,52
48,10

B.22
21.25
116.00
11446
13.75
163.17
8.17
22,00
59.52

11.47

65

O.H

0.H
E.F
0.H
F.S
O.H
EF
0.H
M.F

O.H

M.F
O,H

n
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Table 5.1 (Contd.)

C.W.pum
(2) |

Other
causes

2
3.5.80
18.5.80
19.8.80
25.9,80
7.4.81
20.11.82
10.1.83
10.8.83

1.1.79
3.7.79
29.7.79
4.8.78
11.11.79
16.1.80
21.1.80
27.1.80
%% 60
30.3.80
18.5.80
2.7.80
7.4.82
3.5.82
20.11.82

"10.1.83

19.6.,83
10.8.83

1.1.79
3.2.79
21.2.79
23.2.79
13.4.79
12.12.79
21.12.79

19.84
22,05
8.43
0.08
3,01
7,58
1.66
10.21

0,00
0,70
18,71
16,83
13,58
1,50
2,13
18, 41
2275
6.33
22.08
22.05
10, 36
3.01
1.75
7.58
1.66

17,25
10.21

00,00
16.50
12,50
18,58
12,92
6.91

8.41

4
#18,5.80
1.8.80
5.8.80
8.2.81
17.11.82
2.,1.83
8.8.83

1.7.78
®29.7.79
*3.8.79
10.11.78
15.1.80
18.1.80
27.1.80
1185:5,2.'210
30.3.80
#¥18,5,80
26,.5.,80
B.2.82
30.4.82
17.11.82
2.1.83 .
16,6.83
8.8.83

%3,2,79

%21,2,79
#23,2,79
%13,4.,79

#12.,12,78
#21.12.79

2.3 +» 30

7.92
23.10
23,75
7,75
22.25
22.56
1.50

23,78
17.12
19,58
23.33
11.75
11.58
4,39
151'.212
0.08
7,92
9,83
7.75
23,23
22.25
22,66
22,87
1.50

- 7.79

7.91
4,00
11.83
263750
Te?5
7.61

B
14,50
75.00
17.58
361.08
42,62
210.00

182.00
26.41
5,00
98,28
64,92
2.42
6.08
19.45
33775
48,40
7,49
244,70
198.85
43,62
157,88
49, 34

32,30
17.62
1.64
48,770
242775
9,00

71.91

7
14,13
438,33
456,33
57.33
176.10
56.71

24,92
1.58
21,25
14,25
13,75
62,55
14,02
17.50
{6217
22.00
14,13
888.53
50,52
57.33
176.10
52,28
56, 71

8.51
4,58
14,58
1.08
Ox17
1.66
14,38

B
14,13
418,33
456,33

57.33
176.10
56. 71

24,82
1.58

21.25
14,25
13.75
62.55
14,02
1123'. ?TU
22.00
14,13

888,53

50,52
57.33
176.10
62.28
56,71

1.66
14,39

66

0.H
E.F
M.F
0.H

0.H

L.F

n

E.F
0.F
MoF
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Table 5.1 (Contd.)

Feed

pump

F.D,Fan

Conden-
ser

2
2.3,80
24,3,80
30.3,80
5.5,80
25.9.80
22.11,80
2.2.81
7.4,82
26.10.82

31.5.83

1.1.79
28.7.79
7.4.83
17.4.82
20,11.82
17.1.83
435,83
17.5.83
19.6,83

1.1.79 .
30.4.78
27.9.78

18.10,80 °

1.1.79
25.,1.78
8.4,79

24.4.79

3.7,78
28,7.79
28,8,78
3.9.79

23.9.79

22,00
15,76

22,08

16,75
0.08

18,33
15,63
3.01

11.16
10,66

UU.Dd
6.00
3.01
18. 41
7.58
14,81
16.50
21.53
17.25

00,00
14,33
12.45
12,28

0.00
11.00
18. 61
14,08
0.70
6.00
10.50
0,971
19,91

4
23.3.80
30,3.80
%5, 5,80
5.9.80
22.11.80
31.1.81
8.2.81

¥26.10.82

31.5.83

26.7.79
8.2.81
$17.4.82
17.11.82
€17.1.83
2.6.83
14,5,83
16.6.83

-

*30.4,79
®27,8,79

#15,10,80

24,1,78
30.3,79
22.,4,78
177,78

26.7.783
23,8,79
149,78

18.9,79

12,10.78

0.60
0,08
12,59
23,75
8. 41
21,91
7,75
9,10
5,91

23,66

7.75
10,75
22.25
8.08

22..50
22.95
22.97

12.75
12.20
18.16

23,00
23.08
13,26

23,79

23,66
0.16

23,05
23,81
17.97

6
20,08
5.33
34,62
4,30
57,75
70.16
208,00
216.00

207,00
567,37
208,15
58,04
105.62
10.26
30,04

119,50
150,00
410,00

24,00
64.50
13.87
68,37
23,97
25.75
4,54

15.95
18.91

39,18
22,00
4,16
456,33
9,92 .
41,72

2.06
4,75

30.33

7,66
57.33
65.83
42,00
70,58
66.28

1.58
0,25
890,12

12,00
211.44
48,82
24,84
30.83
130,34
25.77
116,00
19. 44

8
38,18
22,00
456.33
8.82
41,72
2.06
4.75

30,33

57.33
6.83

42,00
70.58
66.28

80.12

12,00
211,44
48,82
24,94
30,83
130.34
25,77
116,00
19.44

67

0.H
1"

E.F
0.H

1

E.F
F.5
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Table 5.1 (Contd.)

0il
cooler

Water
heater

Trans-
former

2
13.10.79
22.11.79
10.12.79
8.1.80
16.2.80
29.2.80
2,3.80
17.3.80
B.4.80
13.1,81
7.4.82
3,10,82
10.1.83
10.8.83

1.1.78
3.7.78
1.10.79
17,1.81
7.4,82

1.1.79
29.10.79
8.4.82
3.5.82
19.7.82
20.11.82

1.1.79
17.12.79
20.12.79
4.7.80
6.7.80
7.4.82
2.9.82

13.41
10,66
6,25
23,27
7.75
.33
22.00
6.63
12.39
14,30
3,01
1.25
1.66
10,21

00,00
0,70
1.75
17.15
3.01.

0.00
22,589
3,01
1.75
0.10
7.58

0.00
11.50
7,25
14,58
16,08
3,01
14,00

4

21.11,78
5.12.78
5.1.80
16.2.80
28.2,80
2.3.80
15.3.80
1.4.80
10.1.81
8.2.81
27.9.82
2.1.83
16.6.83
10.12.83

177,783
30.98.79
16.1.81
8.2.81
17.8.82

. 28.10,79

8.2.81
30.4,82
17.9.82
17,11.82
16.6.83

%17.12,79
%19.12.79
%4,7,80
¥6,7,80
8.2.81
1.9.82

22.90
23.16
10,75
5.25

22.16
7.61

23.21
22,33
22,25
7.75

23,50
22,56
22,97
21.83

23.79
0.08
11,33
7.75
21.83

23,75
7.75

23,23
21.83
22,25
22,97

9,33
21,41
7.75
12.08
7.75
23,08

B
38.37
13.54
26.18
38.25
12,62
2.05
13.05
15.16
277.41

199,54
91,87

157.87
122.92

182.00
89.00
472,37

185,37

301.00
488.16
137,83
121,91
208,62

350,37
2.41
187500
18.89

364,45

7
11,46
103.08
84,62
17,50
B.17
14,39
31.42
158.05

64,25

121,75
176,10
66.28
92,25

24,92
25'. 67
29,82

26,27

22.83
50,52
26,27
57.33
66. 28

2.17
8.84
65.83
4,00

14,92

8
11,46
103,08
B4.62
17.50
8.17
14,39
31.42
158.05
64.25
121.75
176.10
66. 28
92,25

24,92
25.67
29.82

26,27

22.83
50,52
26,27
57,33
66.28

68

n
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5.1.3 Weibull Distribution Parameters Estimation of Eguipments

The methods for the estimation of the weibuli distri-
bution parameters, B and 1 are described elaborately in
section 2,6, In this section Hazard Dlottlng method as well
as MLE method are used fDr the estimation of weibull para-
meters, Graphical solution of Hazard plotting method for
individual equipment are shown in Appendix-B, Computer
programming was used to estimate the paramefers by MLE
methods (shown in Appendix-C). It should be mentioned here
that both of theée methods are applicable only when number
.0f failures r> 2. But in analyzing operating time it has
been found that éome of the eguipments suffered no failure!
during the period. considered, that equipments faced only

maintenance. In such cases wejibull parameters are estimated

by considering the maintenaance date as failure. Application

of all the methods mentioned above are shown in Table 5.2.



Table 5.2 Weibull Distribution Parameter Estimation of Equipments

Numbe v Numbey | Numbew ML E Hethod Ufl—ie:irmd PLotting MTRBF
Eq,q},f,mgﬂt Fa.;iu.re | of- of | é:ape, Seale Mean tife | - shape scale. ( S;'mple
Maintenan Repain ameler|Parameter | mTEE (1| farametergnimeter Avemae)
Boitey 11 23 32 8.7z 162.84 | 137-95 065 165.00 114454
Turblme 10 13“ 27 0.60 iti.06 259.26 057 175.00 134.06
Genevétop 14 b 7 .. 0.93% 94.5¢ 57.658 0.85 | 915.00 94.9¢
Vaeuum Sysiem| 27 & 3% 0.59 26.37 | 40.45 0-50 3500 35-02
I.D.FanTegt) 8 186 20 0.66 - | 199.10 | 2g6.7g 0-72 100-00 159-38
I.D. Fancr"iaht) N i1 14 0-76 183,16 | 217.30 05 140-gg 159.35
C-W.Pump (1) 2 14 16 .02 STT-02 | 57474 0.5 £40.00 597.22
C.w.?ump (2) 6 14 17 0.64 | 24%.60 | $178.8%5 058 850-00 396-66
-l

0L



Table 5.2 (Contd...)

Numben | Number |wumbern [ MLE Hethed ;:::nd PLotting (N:I.-BF‘ |
of of oF Shape |Scale Mean Life Shape Scale imple
Fquipment |[Fatlure |Maintenanee|Rebain Pa-mgne{m Hlm),"getep MTBF (M) Pﬂ"a\‘:&""-t‘?"- Hl-ﬂa;qe{en Avepaae)
Otherc CouseS 2 T 9 0-81 i34-.00 | 15102t 0:71 120.00 | i30.0L
Feed Pump 9 - é 6 147 449.21 439.94 1.00 470.00 79324
FD., Fan 2 1 ! 1-83 287-62 | 218:80 0.50 310-00 | 335.75
Thans kor mew 4 4 i. 0-61 309:45 | 45522 0.95 200.00 | 229.03
. Condemser -~ 23 23 0-84 . 166.05 72+ 42 - - 5732
i 0it cocler : 4 4 3.2t | 166.87 | 149:64 - - 2.32-14
Water Heater = J v - 2:7g 20131 '1'79"35 - - 255150
Powar Plant 817 68 125 030 12.82 14.55 0+69 12.50 1t.7¢

¥
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5,2 Distribution System Failures

5.2.1 Failure History of Khulna Industrial Zone

Electric Supply

In distribution system failure history, date and time
of failure and startub, causes of failures. and troubles,
remidual measures taken as well as downtime resulted for
the failure of subtransmission line, feeders and distri—
bution transformers are included. These are collected from
the operational division of the Khulpma Electric 5upply;
Distribution system failure records for one year has been
collected for fhe present work starting from 1.7,82 to

3,7.83., The failure history has been presented in Appendix-D.

5.2.2 Operating time Calculation of Individual Components

In caiculatiﬁg operating time, the tunning periods for
each item are seperated from the period considered in the
failure history of the distribution system. Dperating time
for subtransmission line -and feeders are calculated in tuo
ways, one by.including loadshade in the downtime and in the
other by excluding load shade. In case of distribution
transformer there was no loadshade, so, the operating
time caléulation are simple and in general form. B&'this
way, operating times in betuéen failures of each component
of the distribution system are calculated and are shown in

Table 5.3.



Table 5.3

The symbols used in column 7 are as follows:

L = load

system components.

shade,

0 - Bver current,

E - Earth fault, 5 - Shutdouwn

Operating time calculation of Distribution

M - Maintenance

Subtransmission line - 11
. Time to TiTe to | Gauses
Date Duration of Downtime Failure failure of
"“_ig%%%lg_'f' hrs. hrs. . nE éECt. Failure

1 2 3 4 5 & 7

12,5,83 12-%0 13-15 0.75 7596,50 7596.50 E
Gate sub-station incomming feeder - 21

2.7.82 03-13 10422 7.15 27,21 - L
2.7.82 10438 10-55 0.28 0.26 - "
4,7.82 00-38 00-58 0.35 37.7M 65,18 E
15.7.82 12-30 - 13-22 0.86 275,52 i L
15.7.82 17«10 17-29 0,30 3.80 - n
6.10.82 17-42 17-52 0.16 264,21 i "
5.11.82 21«05 21-07 0.03 203, 21 746,74 E
6.11,.82 11+20 14-05 1.75 14.21 14,21 "
19-11.82 17-40 17-45 0.08 31538 -
21.11.82 17-42 17=-43 0.01 47,85 363,33
22.11.82 10-14 11-03 0.81 16+51 i8.51 "
1.12.82 14-12 15-20 1.13 219,15 219.15 E
19-12.82 11-564 11-56 0.03 425.55 428,56 "
20,12.82 17-21 14-48 ~ 0,45 29, 41 - L
5.2.83 11-14 14-10 2.93 1124,43 - n
21.2,83 08+ 50 09-05 0.25 378,66 - "
22,2,83  00-22 01-00 0.63 15,28  1547.78
22.2.8B3 0z-02 02-05 0,05 1,03 1.03 n
25¢2,83 08-50 08-05 0.25 78.75 - L
3.4,83 21-50 22-03 0,21 900,75 979,50 E




o

Table 5.3 (Contd..)

3
3.7.82
5.7.82
15.7.82
3,8,82
4.12.82
10.12.82
12.1.83
14,1,83
12.2.83
15.2.83
1.3.83
7¢3.83
15.3.83
11.4,83
20.4.83

17.5.83

8.6.83
8.6.83
22,6.83
25,6.83
3.7.83

3.7.8B2
6.7.82
8.7.82
8.7.82
15¢7 82
16. 7«82
17.7.82
17.7.82
17-7-82
25.7.82

Khalispur Sub-station Incomming.

.2
16-15
16-25
22-24
1842
07-26
18,29
07-20
17-40
18-18
07-30
18-35
15-37
14-18
13-55
11-53

-15~01

11-20
19-16
10-25
18-50
18-30

- 02-32

10-53
05-55
17-00
16-15
13-38
02-24
07-47
13-35
20-51

3
17-20
17-20
22-35
18-44
07-27
18-30

07-22

1742
18-18
07-32
18-36
17-02
14-20
13-56
13-25
16-58
11-23
19-18
10-45
18-52
18-45

4
1.08
0,91
0.81
0.03
0.18
0.01
0,03
0.02
0.01
0.03
0,01
0.41
0.03
0,01
1.53
1.98
0,05
0.03

0,33

0.03
0.25

BIDC Feeder -

03-08
13-06
07-40
18-16
17-31

14-00
02-48
08-38
14-25
22-05

0.60
2,21
1.75
1.30
1.26
0.36
0.40
0.85
0.83
0.23

31

5
64;25
47,08
245,06
452.11
12.70

154.88

37-16
58,30
696, 58
301,20

- 107.05

141,01
189.26
64757
213,94
649,60
522,36
7.88
326,91
80.08
191.63

50.53
79,75
16,81
9.33
165,98
20,11
12,40
5.00
4.95

198,43

5]

808, 50
12,70

154,88
37.16

58,30

696, 58
301.20
107.05
141.01
189,26
647,57
213.94
649.60
530,24
326,91
80.08

19163

130,28
16,81

74

M
E

lLoad change
E

M
3
M



Table 5.3 (Contd..)

1
2.8,.82
11,10,82
26.10.82
1.11.82
8.11.82
16+11.82
20.11.82

$22.11.82
26.11.82
2.12.82
24.12.82
25.12.82
13.1.83
21.1.83
30.1.83
30.1.83
5.2.83
6.,3.83
18-2,83
7.3.83
16,3.83
20.3.83
26.3.83
26.3:83
29-3-83
30.3.83
3.4.83
12.4,83
20.4.83
27.4,83
27.4,83
12,5,83
17-5-83
17-5.83
1945.83

2
16-30
13-25
18-01
13-02
19-42
13-15
11-00
09-07
17-38
12-20
20-07
11-24
19-43
10-00
12-46
15-05
16-10
18-00
20-45
15-45
19+55
21410
18+05
2f-25
19-19
19-55
18-50
18-08
21-10
13-00
18-30
18-50
17-07
18-55
18-15

3
22-00
16-00
18-02
13-22
19-44
15-30

.12-00

09-08

17-42.

12-45
21-20
12.45
20-16
13-45
13-30

16-00

16-55
18-03
21-35
16-145
20408
21411
1815
21-35

19-25 .

20-05

18-12

18-18
21-11
14-35
18-53

18-57

17-36
19-26
18-55

5.50
4,58
0.01
0,33
0.03
1.58
1.00
0.01
0.06
0.41
1.21
1.35
0.55
3,75
0,73
0.91
0.75
0.05
0.81
0.50
0.21
0.01
0.16
0.16
0.10
0.16
0,36
0,16
0+01
1.58
0,38
0.11
0.48
0.52
0.66

5
186+ 41
205, 41
262,01
115.00
174,33
185. 51
91.50
43,11
104.50

138.63

535,36
14.06
462,97
181.73
215-01
1.58
144,60
25.08

'230.70

442,16
218.686
97,03
140, 80
3.16

21,73
24,50
94-75
215.02
19486
159,81

3491

383.85
118.14
1.3
46,81

6
186. 41
205. 41
262,01
115.00
17433
185-51
134,61
104,50
673,99
14,06
462,97
181,73
215,01
1.58
169, 24

1048,55
140,90
3.16
46,23

504.63
159,81

506,00

48,12

75

m =2 mMm =2 M

1"

Locad change
E
M

"

Load change



Table 5.3 (Contd.)

T
24,5,83
18.6,83
22,6,83

3,7.82

3.7.82

8,7.82

10,7.82
12+7:82
13,7.82
15.7.82
15,7.82
17«7.82
17.7.82

27.10.82

1.11.82
-3.11.82

12.11.82
12.11.82
12.11.82
12.11.82
16-11-82
17-11-82
17.11.82
20.11.82
21.11,.82
22.11.82
3.12.82

5.12.82

11.12.82
11.12.82

21540
06-22
20-05

02-32
08-35
10-26
17-05
09-03
10-40
15-12
22-28
02-08
12-00
13-25
12-09
19-10
03-10
05-15
05-45
16- 30
21445
0928
10-50
11400
17=55
13-00
2130
09-45

- 09-45

11-28
12414
14-20
14,22

3
22-40
07.22
20-45

4
1.00
1,00
0.66

5
898.74
558,68
108.71

Khalishpur Feeder - 32

03-08
09-30
12-35
18-05
13-55
12-23
16-15
22-45
02-24
13-32
16-1%
i2-11
18-12
04-15
05-20
06-50
17-17
22-00
09-35
11-00
11-30
17-56
13-02
22-10
11-15
10-45
12-00
12-25
1421
14-39

0.60
0,81
2.75

1.00

4,886
1.71
1.05
0.31

0.26.

1.93
2,83
0,03
0,03
1.08
0.08
0.08
0.78
0.25
0.11
0.16
0,50
0.01
0.03
0,66

1.50

1.00
0,53
0.18
0.01
0.28

50,53
5.45

144,94

28450
38¢97
20.75
50, 81
6.18
27,38
9,66
239.88
115490
54,98
199,96
1.00
0.41
10.66
100, 46
11.46
1.25
72.00
30,41
18.06
272,46
34,58
142,50
0.71
0.23
1.81
0.01

98,74
558,68
108.71

55,38
144,94

182.25
239,88
115.90
54,98
199,96
1,00
0.41
10,66
100, 46
11,46
1.25
102, 41
19,06
272,46
34,58
142.50
0,71
0.23
1.91
0.01

Failure

n
"
"

n



Table 5.3 (Contd.)

1
11.12.82

17.12,82
24,12,82
27.12.82
30,12.82
16.1.83
18.1.83

"

25,1.,83
"
J0.1.83
31.1.83
12.2.83
t
18,2.83

n

"

19.2.83
2,3.83

1.4.83

26.4.83
12.5.83
17.5.83
15.6.83
29.6.83

4,7.82
5.7.82
11.7.82

2
16-238
18-05
21-22
21-24
21-36
19-52
23-50
18-10
20-04
11-59
12-21
14-25
14-07
18-00
15-15
18.45
11-15
12-08
18-20
20-45
21-15
08-36
18-47
17-17
18-08

18-50

18-55
21-50
15-55

02-27

07-55
21-35

3
16-48
18-35
21-24
21-25
21-38
20-02
00-10
18«13
20-07
13-10

12-28

14-35
14-08
18-01
18-55
18-50
11-35
13-00
18.22
21-10
21-35
089-46
19-10
17~35
18-10
18-58
19-26
22-20
16-15

Kohinoor Feeder

03-07
12-40
21-45

4
0,11
0,50
0.03
0.01
0.03
0,16
0.33
0,05
0.05
1.18
0.11
0.16
0.01
0.01
3.60
0,08
0.33
0.86
0.03
0. 41
0.33
0,16
0,38
0. 30
0.03
0.13
0,52
0.50
0.33

0.66

4,75
0.186

5
4,00
1.28
2.78
0.13
143,23
171,80
82,00
73.85
399,86
47.18
1.95
167.53
3.86
117,23
23.83
280, 68
0.55
149,33
2,38
0.08
12-26
273,03
718.11
600,55
384,66
118,95
698, 40

329,58 .

33

74,45

28,80 -

152,91

B

- 4,00
1.28
2,78
0.13
143,23
171.80
82.00
73.85
399.86
47.18
1.85
167.53
3.86
117,23
23.83
280.68

0,55
149,33

14,72
273,03
718.11

-

1803, 56

329,58

74,45

181.71

77

M

Load change



Table 5.3 (Contd.)

1
12.7.82
13.7.82
25,7,82
3.9.82
28.9.82
1.10.82

n
3.10.82
27.,10,82
12.11.82
1.12.82
2.,12.82
4,12.82
5.2.83

"
1.3.83
6.4.83

1
26.4,83
28.6.83

30.6.83

2.7,82
3,7.83
S5.7.82

n

6.7.82
f
11.7,82
12.7.82
13.7.82
17.7.82

09-37
11-48
11-45
13-57
19-38
15-02
18-25
07-07
17-57
09-50
1412
11-08
07-37
11-07
15-29
18-35
20-00
21-35
18-05
15-55
19-55
20-25

16-42
13-23
07-55
17-45
18-10
19-26
20-25
05-38
19-28
03-03

3

1125
12-22
12-30
14-20
20-05
15-55
19-10
07-48
18507
11-03
15-23
11-10
10-20
11-42
16-04
18-05
20-27
21-43
18-15
16-55
19-17
20-46

4
1.80

0.56

0.75
0. 38
0.45
0.88
0.75
0.68
0.16
1.21
1,18
0.03
2,38
Q.58
0.58
0.50
0.35
0,13
0.16
1,00
0.03
Q.35

5
11.86
24,38
287,38
961,45
505. 30
56. 96
2.50
35.95
566,15
375,71
723.15
19-75
4t , 46
24,78
3.78

578.51"
864,91

1.13
476:41
69.66
2,33
1.13

Star Crescent Feeder-34

18-40
15-11
10-55
18-38
18-17
19-48
22-15

05-42
19-47
03-38

1.96
1.80
3,00
0.88
O.11
0.36
1.83
0,05
0.31
0,58

4D, 42

18- 71
40,73
8.83
23.53
1.15
120.45
7.40
37.76
78,26

323,62
8961.45
605, 30

6391.56
375,17
723.15
64,21
24,78
582,28

1414, 44
1.13

195,69
7.40

78

Load change
E
M

Load change

Load change
E
0

m
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Table 5.3 (Contd..)

1 2 3 4 5 6
18.7.82 02-42 03-07  0.41 23,06 - L
" 14-55 15-34 0,65 11.80 - n
29.10.82 18-25 18-40 0,25 242,85 394,73 E
12.5.83 16-50 21-53 5,15 4678,16 4678,16 M ,
21.6,83 22-05 22-40 0,58 960,10 960.10 Breaker failure
22.6.83 20-01  20-02 0.01 - 21.35 21.35 0
" 20-04  20-05  0.01 0.03 0.03 L
n 20-26  2D-42 0,26 0.35 0,35 n
23.6.83  20-03 20-05 0.03 23,35 23,35 n
" 20-18  20-20 0,03 0,21  0.21 "
29,6.83 12-50 13-10 0,33 134,82 134,82 "
2.7.83 11-08 11-10 0,03 69,96 - Load change
" 11-22 11-25 0,05 0.18 - "
Charerhat Fish Co. Feeder - 35
29,9,.82 10-20 12-48B 2,33 2170.33 2170.33 N
29,10.82 18.25 18-42 0,28 749,61  749.61 E
Rerolling Feeder -38°
3.7.82 10-07 11-00 0.88 58.11 - L
4.7.,82 05-34 ° 05-45 0.18 18,56 76.67 Failure
L 06-36 06-42 0.10 0.85 0.85 E
5.7.82  07-07 12-39 5,53 24,41 - L
10.7.82 17-06 18-02 0,93 124,45 - m
" 19-05 139-45 0.66 1.05 - "
12.7.82 09-37 13-20 3,71 37.86 - "
" 19-08  20-15  1.11 5.80 - "
13.7.82  10-38 11-34 0,93 14.38 - "
15.7.82 15-05 17-30  2.41 51.51 - L
16.7.82 12-15  15-22 3,11 18475 - "
" 23-36 D0-10 0.56 - 8,23 - "
17-7.82 02-08 03-03 0,91 25,96 - n
" 07-50 10-15 2,25 4,78 - "

18.7.82 12-~58 13.59 1.01 26,71 - "



Table 5.3 (Contd..)

1
19.7.82
22.,7.82
2.8.82
7.8.82
19.9.82
23.9,82
25.9.82
26,9,82
2,10.82
6.10.82
LI
10.10,82
11.10.82
25.10.82
26.10,82
31.10.82
17.11.82
21.11.82

1"

1))

23.11.82
26.11.82
1.12.82
11.12.82
15,12.82
21.12,82
4.,1.83
30.1.83
31.1,83
5.2.83
7.2.83
12,2.83
13,2.83
18,2.83
24,2.83

14-48
12-08
21-01
10-45
21-37
07-56
00-25
04-15
18-42
10-20
18-06
18-15
16-38
18-51
09-46
10-30
10-30
D6+55
07-30
10-33
08-05
17-10
15-25
09-15
07-48
17-01
20-15
16-45
10-30
16-10
10-15
17-01
10-25
14-40
19-07

14-55
12-54
22-00
11-15
22-30
07-58
00-28

04-16

19-20
10-35
18-07
18-50
16-53
19-33
09-47
11-20
11-00
07-25
07-31
10-50
09-45
17-13
16-08
09-35
07. 50
18-02
20-35
18-40
11-55
16~ 25
10-28
17-46
10-40
16-25
18-40

0.66
0.77
0,98
0.50
0.88
0.03
0,05
0.01
C.63
0.25
0.01
0,59
0. 35
0,70
0.01
0.83
0.50
0.50
0.¢1
0.28
0.66
0,05
0.7
0,33
0,03
1.01
0.33
1,91
1.41
0.25
0.21
0.75
.25
1.75
0.55

5
24,26
69y 21
272.11
108,75
298,30
B1.43
40455
27-178

158,43

87.00
7.51
72,13
21-80
337.86
14421
120.88
407,15
91.91
0.08
3.03
46.25
79, 41
118,03
133,11
94,21
153,18
338, 21
620.16
15.83
124,25
41.83

126.55

16,65
124,00
146,70

6
368.15
69-21
272,11
108, 75
298, 30
81.43
40,55
27-78
245,43
7.51
93.93

472,85
407,15

46,25
79, 41

118,03
133,11
94,21

153.18
338.21
620.16
15.83

166.08
126,55
16.65

124,00
146,70

m =2 m =J

Failure
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Table 5.3 (Contd.)

1
25.2.83

"

28.2.83
7.3.83
15.3.83
i}
16.3.83
19.3.83
1]
27.3.83
6.4.83
11.4.83
26.4.83
1"
12,5.83
2846483

"
n

L

00-04
06-30
07-40
13-45
12-31
14-18
16-22
17-35
10-40
13-35
19-45

20-05

13+55
1735
18-05
09-35
18-35
18-45
20-30
20-43

3
02-40
07-30
08-45
14-15
12.58
14-40
17-05
17-45
10-55
14-00
19-58
20-29
13-58
17-36
18-15
10-05
18-45
20-05
20-43

20-55 |

- 2,60

1,00
1.00
0.60
0,45
0.36
0.71
0.16
0.25
0,58
0,21
0,30
0,05
0.01
0.16
0,50
0.18
0,33
0.20
0.21

5
4,40
3.83
0.16
77.00
166,25
193.33
1.70
24,80
64.91
2,66
197575
240,11
113.43
363,61
0.51
375,33
1134,50
1,00
0.41

G
4.40
J.83
0.16
77,00
166,26
193.33

1.70

24,50
64.91

200, 41
353,54
363.61

1510.34
1.00
0. 41

81
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L
E
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Failure
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Power supply history of distribution transformer {(load point)

t oad point - 1 (Feeder-31)

Table 5.3 (Contd..) -

. Duration of Down Running. Causes
Date failure time - time of
From ~To hrs. hrs.. failure
1 2 3 4 5 6
11.10.82 19-53 20-00 U.ii 2467.00 F
12.,10.82 08-39 10-15 1.60 12.65° "

" 11-55 12-10 0.45 -~ 1,686 "
15,10.82 00-50 01-10 0.66 60.66 "
18,10,82 22-15 22-20 0,08 93,08 "
5.,11.82 18-45 18-00 ° 0,25 452,41 - "
12.11.82 20,40 2100 0.33 169,65 "
17.11.82 20-10 20-42 0,53 1149.16 "
23.12.82 15-35 15-50 0.25 858.88 "
25.12,82 20-32 20,50 0,30 52,70 oo
11.1.83 11.30 12,05 0,58 392,66 H
24,1.83 .. 19,00 19-15 0,25 318.91 "
12,2,83 20-35 20-57 0,36 462,91 "
17.3.83 -21-20 22-05 0.75 792.38 "
19,3.83 11«15 11-45 0.50 37.16 t
31.3,83 08-50 09-00 0.18 285,08 "

Load point - 2 (Feeder-31)

18.10.,82 20-15 20-30 0.25 2636.83 n
8.11.82 20-50 21-00 0.16 480,33 1
27,6.83 11-30 11-37 0.11 5534,.50 i

Load point -~ 3 (F-31)

10,11.82 00-10 00-20 0.16 3168.16 "
26.11.82 21-25 21-35 0.16 405,08 u
7.5.83 09-15 09-40 0.41 3875.66 "
18.5.83 11-20 11-36 0.26 265,66 n

4,7.83 18-40 13-00 0,33 1111.06 n



Table 5.3 (Contd.)

Load point-4 (F-31)

1 o2 3 4 5
4,7.82 09-44 09-49 0.08 81.73
3.8,82 16-06 ~  16-14 0.14 726,28
25.10.82 21-01 21-05 0.06 1996, 78
" 21-07 21-14 0.11 0.03
30.3.83 20-35 20-41 0.10 3743,34
Load point - 5 (F=31)
19,3.83 11-25 12-40 1.25 6275, 41
Load point - 6 (F=36)
3.10.82 17-32 17-45 0,21 2273.53
17.11.82 16-58 17-13 0.25 1079, 21
19.3,83 15-55 16-10 0,25 2926.69
Load point - 7 (F-32)
4,7.82 09-44 09-49 0.08 81.73
12.2.83 19-55 20-01 0.10 5362.10
8.3.83 22-01 22-20 0.31 674.00
23,3.83 09-00 09-30 0.50 346,66
16.5.83 09-20 10-05. 0.75 551.83
22.6.83 18-05 19-25 1.33 896.00
Load point - 8 (F_32)
18,10.82 19-23 19-28 0.08 2635, 36
18,10.82 20-55 20-56 0.01 0.83
26.10,82 20-30 20-37 0,11 191.56
3,11.82 20-10 20-15 0.08 167,65
8.11.82 18-5D 19-00 0.16 118,58
16.11.82 2350 00-11 0.35 196.83
26.11.82 20~07 20-23 0.26 263,93
18.2.83 19-16 19-40 0.40 2014.87

1

i

n

n -



Table 5.3 (Contd.)

28.9.82

28.11.82
19.1.83
31.1.83
31.1,83

25,10.82

3.8.82
3.4.82
27,10,82
28.10.82
22.11.82
4,12,82
27.12.82
30,12,82
31.12.82
1.3.83

12.7.82
4,8,82
189.10.82
24,10,82
3.11.82
21.11.82
11.12.82
12,12.82
21-12-82

2
17-58

20-30
14-25

'09-55

11-50

20-34

01-15
20-55
19-50
19-25
17-05
10-45
10-38
13-20
18+48
10-10

18-32
14-40
19-55
10-41
21-24
19-33
16-25
12-20
10-05

Load point

3
18-10

Load point

20-50
14-35
10-12
12-10

Load point

20-50

Load point

01-34
21-02
20-10
19-37
17-18
11-25
10-44
13-50
19-48
10-50

9(F-33)

4

0.20

11(F-32)

0.33
0.16
0.28
0.33

12(F-32

0.26

13(F=32)

0.31
O.11
0,33
0,20
0.21
0.66
o.10
0.50
1.00
0.66

5
2177.96

3596. 50
1241.57
283,32
0.63

2808, 56

783.25
19.35
2038,78
23,24
587.46
281,45
351.21
74,50
28,96
1430, 36

Load point - 14(F-3%2)

18-36
14-52
20-09
10-55
21-43
20-00
16-35
13-36
10-20

0,06
0.20
0.23
0,23
0.31
0.45
0.16
1.26
0,25

282,53
548,06
1108,05
110,53
250,48
429,83
476,41
19.75
212.48

n

L

1"

a4



Table 5.5

1
22.12.82
25,1.83
22.3.83
2,7.83

29,9.82
B.,12.82
10.12.82
11.12.82
12.12.82
12¢12.82
15.12,82
19.12.82
1.3.,83
19.5.83
29.6.83
1.7.,83

26.9.82

11.10.82
20,10.82
25,10,82
16.11.82
17.,12.82
21.12.82
21.12.82
22,12,82
23.12.82
23.12.82
13.1.83

23.1.83

17.7.82

(Contd.)

2 3
13-30 13-50
16-10 16-35
13-20 13-27
21«22 21-37

Load point
1817  18-28
19-05 19-15
19-50 20-14
20-05 20-18
17-05 17-20
22-00 22-480
23-~30 24-00
14-57 14-59
19-45 20-08
19-50 20-05
20-10 20-40
09-30 09-45

Load point -
02-15  02-50
00-40 01-10
10-55 11-05
21+ 40 21=51
14-55 15-04
11-30 15-42
21-50 22-20
23-15 00-04
11-50 13~ 31
16-15  16-30
19-28 19-45
12-1E€ 12¢25
12-40 12-55

Load point

10-37 10-44

4 5
0.33 27.146
0.40 794,33
0,11 1340,74
0.25 2455, 90

~ 15(F=33)

0.18  2178,28
0.16 1656, 51
0.40 48,58
0.16 23,79
0.25 20.83
0.66 4,66
0.50 72.50
0.03 86.95
0.38 292,71
0.25 1895.70
0.50 984,08
0.25 36.83
16 (F-36)

0.58 2090, 25
0.50 357.82
0.16 225,75
0.18 130,58
D.16 497,05
2.20 740,43
0.50 102,13
D.81 0.91
1.68 1171
0.25 26,73
0.28 2.96
0.16 496, 50
0.25 240,25

- 17(F=36)

0,11 394,61

i

"

"
n

n

85



Table 5.3 (Contd.)

[

3,8.82
4,8,82
20.12.8;

23,7.82
2.8.82
3.8.82
4,10-82
12.10,82
22,10.82
22-10-82
12.11,82
12.11.82
9.1,83
9.1.83
14.1.83
25.1.83
5.2.83
5,2.83
13.2.82
18,2,83
25.6.83
28.6.83
29+6.83

4,1.83
2.5.,83
25.6.83

1.6.82
27.9.82

2
14-35
17-00
14-58

10-20
11-45
00-12
11-20
15-30
11-40
12-20
18-44
21-02
14-30
15-35
08-43
19-30
19-00
18-32
12-05
19-05
21-37
11-45
21-44

11-50
08-40
20-15

10-19
08-55

3
14-44

17-17

15-05

4
0,15
0.28

0.11.

3
387.85
27,26
3309.68

Load point - 18 (¥-36)

11-10
12-34
00-30
11-35
15237
11-59
12-30
19-15
21-31

14-57
15-47
09-00
19-55
19-10
19-45
1220
18-20
21-45
12-05
22-10

0.83
0.81
0.30
0.25
0.11
0.31
0.16

0.52
0.48
0,28

0.20
0.18
0.41
0.16
0.21
0.25
0.25
0.13
0.33
0.41

538,33
240.58
11.63

- 778.83

185,91
236,05
0.35
510.63
1.78
1385.15
0.63
257.03
274,50
263,08 .
0,36
184,33
126.70
3026.28
62,00
33466

Load point - 19 (¥-3g)

12-36

09-47
20~45

0.76
0.11
0.50

4488,83
2828,06
1286, 46

Load point - 21(F-36)

12-21
08-05

2,03
0.16

754 .31
1364.,56

n

n

"

i
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Table 5.3 (Contd.)

1
9.1.83

24,2,83
11.4.83
18.5.83

3.8.8¢
3.8.82
23.49.82
23,8,82
12.1.83
8.4.,83
B.4583
21.5.83
5.6.83
24,6.83

4,8,82
7.8.82
26.9.82
17.10.82
31.10.82
23.1.83
19.2.83
19.2.83

14.3.83
14,3,83
273,83

5.4.83

08-45
20-30
15-05
17-45

00-40
12-50
10-30
11-40
09-07
15-25
189-35
10-135
08-30
23-40

19500

- 20-00
01-25

10-35
1545
21-22
08-50

19-35

21-20
21=-45
23-25

" 15-25

3
09-55
20-35
15-37
17-58

4
0.16

0,da8

0.53
0.21

5
2496,66
1114.58

1073, 49

880,13

Load point - 22 (F-36)

01-40
13-06
10-50
11-52
09-14
15-40
19-45
10-45
09-45
2350

Load point

19-15
20-20
02-00
10-48
16-07
21-32
10-00
19-47

Load poinf
21-40
21-55
23-37

792.66

1.00

0,26 11«16
0,33 1221.,40
0.20 0.83
0.11 2661.24
0.25 2070,01
0.15 3.93
0.50 1022.50
0.25 358.75
0.16 469, 91
- 23(F-36)
0.25 835,00
0.33 12.775
0,58 1181.07
0.23 512.58
0. 36 340.93
0.16 2021.25
0.16 536, 30
0,20 8.58

- 24 (F-35)
0.33 £165.33
0.16 0.08
0,20 313,50

Load point - 25(F-36)

16-05

0.66

6687, 41

87
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CHAPTER B

RELIABILITY PREDICTION OF EQUIPMENTS

6,1 Power Plant Reliability

6.1.1 Reliability Predictions of tne Piant & Equipment

In this chapter the reliability of each equipment of
the plant and also the plant are predicted for different
time pericd in days (say 0,5,10,20,30,40,50,100,150, 200,
250,300,400 and 500) by using the formula R = exp {(-t/n)B} y
where B and n are the respective shape and .scale parameters.
There is only one stand-by system i.e., feed pump, but for
the last 5 years only two failure suffered by the feed pump
and there is no inaiuidual record of that failure., Since
the number of failure are very less it is considered as
single unit, The reliabjlity of individual equipment and the

plant are shown in Table 6.1.



Table g§.1 Reliability prediction of individual equipment and the plant.

: Time D_’gis .
Equipments It N - |10 | 20 | 30 zp | B0 | 100 | 150 | 200 | 250} 300 | 400 | F0O
REliO.bu.i-‘LY
0-8772 07467 06549 03895 0.2538 01445
Boiler 075 |152:84 .
09240 108047 0.8975 0:4960 03106 0:2084 01026
. - 0§35 0-7033 0. 6189 0-3967 02848 0-4894"
Turbine 0.80 |471.06 )
‘ 0-8R48 0- 7648 0:658% - _|0-4849 0-3533 0-2483 01430
’ 0.8829 o-707T 0:6735 0.-2134 0-08%4 00213 !
(3 enenator 0.93 | 3455 !
- 0-9857 0. 7809 |. |0:636% 0-3467 0:1329 0:05 1} g-00pg!
. 0.5687 0.335939 0-1325 0 06l4 U 0131 U.6069 |
Voaeuum Gyspem| 089 (2637 |
0: 8876 0:4276 0:27 84 o-i112 0- 0367 0-0150| 00034 !
0:8702 07606 0-8690 (Y] 0.212¢ U-Fo4¢ :
09168 0:8029 o-7069 05299 0.5666 0-2645 04598 |
0-8g3t 07718 86851 04215 0-2816 B-i6%56 i
1.D. Faﬂ(niah{) 0.75 |183.26 1 _
0-9250 o 8288 0- 7263 08206 0-3433 0.134¢€ 0:1194 |
0-9ga1 0.9524 69207 0-77 64 8.65%0 05019
CH-Pump () .02 |577.02
0'9921 D'gsgi 0.9353 0.9459 07422 0.5925 0.4114
0'%31 U-dgs4q D844 0-74 G0 0+6316 053576
O-N-Puﬁrnp@> 064 | 943.60 :
0-9831 (]sS’.?-g 0~ g.@?f‘ 07744 0.6715 05967 0- 4e8

68



Table §.1 (Contdeee)

Time ~Dayg

p }] 0 5 1o 20 30 40 50 | 100 [ 150 | 200 | 260 | BOO 4o0 | B00
\ nig. : .
ECVulea Reliability
0.5349 07426 0.6 376 0.3543 0 1906 0.0R%4
Dthert caudes 0.81 |134.000 4
D. 9326 0. 2071 0 6964 0-9643 p-2507 0-1464 00547
[BLETYS 8.9834 0-96n1 0-926 3 08956 04747
Feed Pump 1.47 |485-%1(-1L
0. N7 "~ |p.0008 - 9747 0-9064 07618 0-6104 03514
0.997¢ 0.982¢ 0-9558 0-E560H b.2370 503805
ED. Fan. 1.9 |287-62| |
19934 0-9920 0- 9707 0.3455 0-8365 0-2619 0: 0296
_ 0:8939 07857 0-7194 05254 Bugy 12 03102
T[T-Q'nSb'Of'CmCTC 0'61 309'45 i
6-94923 0-8284 n- 7502 06050 048 44 0- 5745 0-261%
0. §143 854773 Cr 4534 01364 0-046% F.0406 | -
Condenserc - 0.84 |66-05} 1 : .
0.8918 06930 0-5189 02424 0-0791 p:02817 0- 004t
0. 9939¢ - |0.9958 0-97¢9 0:4956 0-0244 -
0il Coolerc 324 \fse-g7| 1 |
0.9333 0- 2986 . |0-9898|° o 8215 0:1622 0.0012 -
0:9397 043947 0 Trg7 U-6402] o.1610 0. 0017
Waterr Heaterc. | 2:76 (204311 1 _ ,
0:9939 0-9982 09984 - [0-8644 0-3729 00487 -
P 04405 013488 00542 - - -
Powerr Plamt. 0. 12:82 |
0: 6244 0:23399 0:0833 00008 - - -

06
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6.1.2 Reliability vs. Time Curve of Equipments

In this section predicted reliability vs. time curve
of various equipments of the plant and the pouer plant,
itself are shouwn in figure 6.1 to 6.9, The power plant

reliability vs. time curve is shown in figure 6.170.
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6.2 Distribution System Reliability

6.2.1 Distribution' System %ﬁ;iability Indices {_C2lculations

In this seétion the reliability indices of each component
of the distribution system and the overall relibility indices
of the system itself for the study period are calculated. For
the distribution system, the failure rate and downtime of the

components are listed in Table 6.2.

In computing the various reliability indices it is assumed
that all the interrupting devices work properly all the time.
The load point indices are calculated by equations 3.2.1 & 3.2.7
and the results, along with descriptions of the paths to each

load point are shown in Table 6.3.

The overall distribution system reliability indices are
computed by equation 3.2.@ and 3.2.@'and the results are shown

in Table 6.4,



Table 6.2 Distribution System Component Data.

_ Inctuding Llocdshdde Excfudimg Load shade
Brameheg _

Compoment Containmg | g ¢ RM; of Falur Douz':{ime MT.-BFE  [Rate of kriludd Downtime
Componem+ wfYer, 8) (hes) Aefyen {hrs)

1 2 () 3 4 g 6 T g
Subtransmission Line {33k 1 759650 000013 D-7s 750650 0.00013 o5
Gate sfs (1) Feeder 21 219.4p D-OD4Y 0.88 44553 D-D022 D-50
Khalispur sis (1) Feedew 22 245-07 8-DD40 .37 35729 B-0027 D-28
B.1.D.C. Feeden 34 14323 - 0- 0063 0-Q¢ 32154 0-0034 o5
Khalispur Feeder 32 110.02 d-a090 0-Eo . 2747 g.0032g 0 5 -
Rohinouv Feedewr 33 240-95 00041 0.go 595-20 0.0046 0-Bg
Ctar Cyresceni feeder 34 204-58 - 0.0035 0.9 33364 .0'007-9 a-gs6
Charerhot FishCe. Feeder 35 -14:59.9:; 00007 1-30 1459.97 0-0007 120

'» Ref’nui.na mill feeder 36 i0g o 0.-00814 b-ws 339750 3.001% 052
Loaed Poimi-1 Lpy 44 - - — 406-32 0:002¢4 0-45
» LP2 42 - - - 2915-44 00003 017
r LP3 43 - - - 176566 D-0008 02§

" LP4 e - - - 137304 0-00D7 0.098
i " LPY 45 - - - 654816 0-00015 1.25
" LPG 46 - - - 2106-24 1000 a.24

coL



Table 6.2 (Contd.o o)

2 3 & 7 2

"~ Load Ppimt-7T LP7 47 - 1250-48 0.obog 0451
5 " LPQ 44 - £82:56 00014 0-18
" LPY 49 - 217796 00005 020
t LPit Bi - 133404 0.0007 0-27

' LPi2 52 - 280856 D.0004 Q.26

h LPi3 B3 - 594.00 Q-8018 048

” LP14 54 - {027 44 00009 0-25

f LPty el = ST 44 g.001t 034

" LP16E <] - 515 9. 77 0:0018 075

I LP17 5% - 519.972 00046 0-16

" LP1g 58 - 39E6.24 D:D025 a-23

v LP19 59 = 3512-83 0-0002 041

" LP 61 | - 1420-392 0.000% 053

" 1.p21 62 - 1139.04 00009 026

" Lp2z B3 - 70399 g-0014 028

" LP24 54 - 3184 84 01003 023

" LP25 €5 - EE8T-41. 00014 0-65

oL




Table 6.3 Load Point Reliability Indices

105

Loaa | Bf“a“nch‘es i Nusmber Including Losdshadg| Ezcluding leod s.hade
P(.)'m% iSem.e 5 m Path cof fF‘ﬂ'lTi: pon T £ATY] Eme T
AE tead Point fu.sY!,grnc. { Fa,) thif&v{ (yry )
1 2 3 4 5 6 g
i 1,24,34,41 5 0.0139 0 757 0-00 7¢ 1369
Z 14,24, 31, 42 24 00348 o 851 0-005 9 1.690
3 11,24, 34.43 23 B.0121 0-839 B-006Q 1-8124
4 14,24, 21,44 1y 0.0122 0 825 0.0061 1-591
B 4,21, 34, 45 i D-0Q4i6 0872 D-005% 1.77
€ | 122,36, 46 31 0-043% Q624 0-0058 1.0¢
| 44,21,32, 47 15 0-0144 0684 00067 1.098
g 11,24, 32, 48 29 0-0150 0-649 00073 0986
S | 14,22,23.49 12 B-00g7 B-578 00049 0220
LF 11,24, 22,51 19 D-0343 0-674 0-0086 108
12| 11,24, 32,92 iy 0'0140 0-682 0-0063 112
13 | 1.21,32,53 22 D-0152 0-6E4 D-0075 1-04
14 £4,24,32,94 4 17 0-0145 0667 0.0058 .05
1% 11.21.33, 55 20 g-ao9z 0-566 000556 D-774
ig 11,22,36.96 1 p-01%5Q 065 D.0074 1-02
17 | 14,22,35.57 20 Q-0148 ‘0584 0-00%9 0-895
18 | 11,22.36.58 24 0-015% 0687 8-007g D-864
18 | $4,27,36,59 12 0-0435 0§31 0-005 1-09¢
24 | 11,22,%6,64 75 0-0139 053 0:0080 1.05
22 11,22,36,62 1 0014l 0-6172 00062 0-992
23 14,22.356,63 20 U-o0i4e 10602 U-DDSI"? 0-842
24 14,22, 35.64 1 0.0061 L-499 0-003¢ 0577
25 14, 22,36.65 4 D-DL33 ¢.6 3¢ T-0054 141




106

Table 6.4 Overall Reliability Indicies of Distribution

System
Trclodima  Lsadshode | Excluding _ Losd shade
Loqo[ Locetiem ‘Nuc’;'b?f*’
- Pornt Customers C‘“"‘ff’mﬂ C"“‘"‘FFMﬂ']},.a Conn C'm‘ng’an-n (_wnhn:ﬁfm
LCmrp

1 4i 49 0583 | 0465 42 ‘0229 0447
a2 49 24 0.283 0.241 24 a.136 0-2314
3 43 23 /0'2‘?8 B.2%3 23 0.1%8 0.224
4 44 15 0.5z 0150 15 0.004 D-144
j 45 17 b-157 0172 R 0-09% 0-165
& 4¢ 34 D-414 0263 31 0-179 0-186
7 47 15 0.2¢6 .| 0447w is 0-400 0-140
g 49 27 0405 | D282 27 0497 0.454
) 49 12 040§ | D-080 12 0-a5¢ 0-048
1| 51 49 027 D483 19 0-425 0135
172 L) iz 024 0143 15 0-004 p. 1oy
13 53 22 D-334 6-222 22 0-165 | D-466
14 B4 17 D-24% 0-164 i7 0-116 0-121
5 95 20 D.1¢8 0105 20 D- 110 0-08%
18 Bb 1 0.0lB : 0009 1 Q-no07 0-007
17 54 20 . Ohhg 0289 30 p.209 0-185
18 ng 214 0-319 0-193 214 0.4673 0-14)
{5 59 12 0162 0-4102 12 Q-067 Q-072
24 51 25 0-347 D-245 25 0-150 G-472
22 82 1 0144 0-008 ] 0-006 0.006
23 €3 20 0-292 D495 20 0-434 0-OBE
24 64 ' 0-00% 0-003 1 0004 G-002
26 £5 1 0-013 0-008 4 a-00% 0-006
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6.2.2 Calculation Steps for overall Reliability lndices

The overall system reliability indices are computed by
equations (3.2.5) and (3.2.5). Substifutlng the appropriate

values from ‘lable (6.%4%) we obtain

Including loadshade

. 5.5 ST . 378 . _
I'r = 1 - 0013/Yr,customer F = 55 0-682 hr
Excluding loadshade
¢ 267 . . 303
F = a1 -'000649/Yn,customer TE 13hh

267
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CHAPTER 7
OPERATIONAL READINESS AND AVAILABILITY ASSESSMENT

OF EQUIPMENTS

7.1 Operational Readiness and Availability Assessment of

Power Plant

Availability and operétionag readiness is an important
consideration in: relatively complex systems, because high
reliability of the system alone is not sufficient to ensure
that the‘system will be available or ready to operate when
needed. It is also necessary to ensure that it can be
repaired quickly and that essential scheduled maintenance
tasks can be performed quickly to reduce downtime and
consequently idel time of the plant. So, in this chapter,
availability of each equipment and the plént are assessed
and results are shown in Table 7.1. The mean time between
failure (MTBF) have been calculated b&lsimple averaging
and also from failure distribution parameters. Since the
MTBF(MLE) is slightly larger than MIBF by simple averaging,
resulting availabilities are slightly higher. Operational
' readiness could not be calculated due to unavailability of

idle time of each equipment and the plant itself.



Table 7.1

Availabiljii‘:y Assessment of Individusl Equipment snd the Plant

‘ MLE Simple  Average
Number(Number: | Numbey [Running| Dawn Repain | MTTR Avail— Amu_“
. r tln% 'of- of (;ﬁg}e (:E.me C{jmi 7 MT.BF abi ity MTBF 2btlit
uthment atlure |Maintenand Kepain a ay) &y = e ' .9 o ™
Yup Al A 5 e ° REREE R
Tuvbine 10- 135 22 1340.g2 | 4448 | 44-28 | 2:01 | 9s50.gq | 0992 {134,068 | 0.08%
Grenenater 14 - 7 1326.48 | 26469 {2483 | 554 | 9ngg | 0.965 | 9496 |0-964
Vacuum System| 27 6 33 |945.75 | @767 | 87-67 | 2:66 | 40:45 | 0-03g | 35.02 | 0-920
L.D. Fan (Re}t) 8 16 20 (1275.0g| 10973 | 109.14 | 5-4g | 266-78| 0-979 | 159.38| 0 9¢s
ID-Fan{pignt) T 14 |411532| 3790 | 3791 | 210 | 21730 | 0-987 | 45933 | 0. 983
C-W- P (1) 2 14 16 |M94.44 | 694 | €724 | 420 | 57474 |0.992 | 59722 [0:993
CN.Pump(2) | 3 14 17 |119000| 69.35 | &9.35 | 4-07 | 1178-85]| 0.996 | 396-6¢] 0 989

60L



Table 7.1(Contd..)

Number |Numbe MLE Simpe Average
Number | Numbev |Humbey | Running D . T ) : =
of of ‘ o ti"meLn z:'..-)r:e Repaiv MTTR |MT.BF Avold - M.T.B.F Aval
Fail Mai _R PCl Ld ) (c&‘ tlme . &blur{a - abitid
Equipment atliwe  IMaunt.  TRepam 23 ) | Lday =1 9 9 TR I
: Z 3 4 5 3 7 ) 4 10= ovs =
Other Causes 8 T 9 i040-16 | 26°05 2466 | 274 15124 [0.982 |130.02 |0:979
read Pume * ? ¢ 18649 | 1170 | 4038 | 189 439-94 1 0-996 | 593.04 | 0-996
2 .
FD. Fam g 1 €79:50 | &5 | 379 35 | 22680 |0-983 |3539.75 | 0-989
Transfonmer A : 1 Otg1z | Lo7 | 62 | 062 | 495.22 [0-998 |229.03 | 0-99%
Condenser - # 25 |13125t | 6873 | 6875 | 298 | 7149 |0:960 | 573z |0-950
i Cootew h 4 4 928-% | 444 4-A4 11 145.84 {9-992 |232.18 | 0:995
Water Heater | v 5 129745, | 930 | 930 | t-ec | 17933 | 0.989 | 25150 | 0-992
Powxar Plant 817 68 125 |{oz23-21 | 326-82| I24.38| 275 | {455 0-840 | 4.7 | 0-820
[

OoLi
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7.2 Availability Assessment of individual component 1n

the distribution system

In this section the availability of each component
1n the distribution system are assesssed once Dy consi-
dering loadshade and agaiﬁ by excluding ioadshade. The
availability by excluding loadshade is high because the
total downtime is less incomparisbn to that of avail-
ability including loadshade. The results are shown in

Table 7.2.
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-

Table 7.2 Availability Assessment of Individual Component
in the Distribution System.

r . Iﬂtlu.c[i'ma Locdshade Exdudi’na Lca.cj‘.shode
Co'mp0'ne"n{/ f mm ; 0 . o Len:
Lead Peimt tme Downtime! Avalobiliy bowntime Availebility
(hrs) (he9) (hvs)

! 2 3 4= 2 5 5= 2
Cubtransmission -4l | T996-5a 0.5 0.83¢9 o5 0.4844
Grate §/5(1) - =21 | 4282.04 18-4% 0.49% 5.5 Q.-993
Khalispup sf¢)-22| 54651 g.5¢ | D-998 5798 0. 998
BIpL . Feeder-31| BET549 $59.09 | G-39%1 37-30 D.994
Khalispun feedew~32 | 6481-50 53w | 0954 28-95 | 0995
Kohimpor Feedew - 33 502380 29.04 0-99% 14+ 5% 0:997
Stiar Creseent Feader-34f 594546 2725 0.949% 161t 0.99%

Charevhat Fish to. -35] 2919-94 $1-49 0-99% 8-39 0-996
Ke»ou‘mg mill Faeder 3¢ TE608-57 6134 0-992 30-34 o- 99y
Lead Paimt-4 LP{. E583:94 | -~ BY15 0.6¢9 44.4¢ 0-9383
” - LPZ gesi-ge | . 6051 g.992 3782 0-94%

» {Pz | @855 | B3 | D.0u3z | %62 | 0995

» LP4 654846 | ©0.4% | 0-990 3779 0. 994

" LP5 627541 61.24 n-990 3255 0. 993
» LPE 6271943 B2.0% 0. 990 31-05 0-99y

” LP7 | 7812.32 e | ©0-992 32.02 - 995




Table 7.2 (Contde..)
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i 2 3 4 5 &
Locd Poimi-g Lpg | 559961 | 9515 | 0:980 To40 | 0894
u Py | 207798 | 2024 c- 986 §4.77 06082
v LPY | 5122:62 | 54-80 0- 984 "30.05 0-994
i P12 280%56 53-5€ 0924 29.24 0.9g9
" P13 | bBe3e-6w| 5778 | 0980 33:03 0-9%4
" LP14 | 805725 | 5694 | 0582 32-19 0-99%9
u LpLs 1304-52 3276 0-997 18-28 0: Q0%
n LPig | 4823-07| U-0% 0:98% 40-0% 0- 954
" Lty | 4128.40 £2:04 urégs 2098 0-6912
g 1pig | 42281 | bT54 | ©-084 36-52 | Q995
o 1Pt | @615.35 | 62.63 | 0-992 31,614 g. 996
" Lp2i 7€43.72 64-953 b- 991 3351 0.40%5
" L2z | 862130 | G6zo% | 0992 | 3205 | 0.99%
0 LP23 _5(;09-45 £3.63 0588 32:614 T.994
" LP24 | 647891 11-88% 0.99% g.08 | 0.69%
" Lﬁzb 668741 E2-02 0.85Q0 3400 ' 0-9954
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CHAPTER B

0ISCUSSION ON RELIABILITY IMPROVEMENT

B.1 Discussios on Reliability Improvement

Compééring predicted values of reliability (Chapter-6)
of indiuidbal equipment of the plant (after 40 days) it has
been DbserQed that Boiler, Turbine, Generator, Vacuum system,
1.D. Fan (left),and other causes contribute relatively louwer
values of reliability (less than ,7000), Now it necessitates

"the analysis of the failure history of the above mentioned
equipments indiuidually to find the causes éor which louwer
reliability results, So it is advisable to find the sources
of major fault, and then preventive measures would be taken

for the same to improve reliability.

In this context, a list of individual equipments shouwing
different faults,dufing the period under consideration is
prepared in Table 8.1.for the plant and the indiﬁidual equip-
ments of the plant. These tables are prepared by analyzing
' the failure histery of the plant. The availabiiity of individual
equipmenﬁ after éxclgding major faults also are shown in

lable 8.8.



Table 8.1 Troubles of Equipments in the Power Flant

|[ Number of Faults Total Fawltg
_Ec\f“q"’ ment ' ”‘;:f::: ental) E 12:::!’; cot Mccl;;md 0 b&:&tio nat PF:oujtisagxf::?c? quli'zments |
Boiler 2 1 T - L 11
Turpine - 1 9 - - 10
(renerator - 14 - - - 14 .
Vacuum System - { - 2 % - 27
ID.Fan ( Leht) 1 2 5 - - 8
I.D.Fan Lf’ight) 1 2 4 - - 7
CW. PumP (1) - - ! ¥ - 2
CW.-Pump(2) - 1 i 1 .- 3
Othew Causes - 5 1 1 3 g
Feed Pump i i - - - 2
ED. Fan 2 i - - - =1
Tf’cmsbopmep - > - 1 - 4
Condenser - - - - - -
0w Cooler - - - - - -
Water Heater - — - - - -
Powar Plant 5 24 27 27 4 &7

qLL
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from T ales 8,1 it has'been found that major faults appeared
in Boiler, Turbine and I.D., fan (left) due to mechanical
troubles, in'Generator due to Electrical troubles, in Vacuum
system due to operational troubles. Among other causes,
logistic-induced faults have major contribution. Now question
arises what would be the optimal policy to improve reliaﬁility
utilizing proper technilogy to reduce major. faults or insta-
lling stand by unit. Before comming to a conclusion, it will
be useful to predict the reliability of each identified

equipment for the following cases:
1. Excluding major faults of each identified eguipment.

2. Considering stand-by unit of each identified equipment

Case-1:

For predicting reliability of each above mentioned
equipment after excluding major faults, it is first required
to calculate the operating time and then weibull parameters

_are to be estimated, g1 of which are shown in Table 8.2 and
8,3, The reliability are then calculated with the parameters

obtained in Tale B,3 and shown in Table 8.4,



The symbols used in colum 4 & 9 of Table 8.2

are as that of table 5.1.
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2 operating time calculation of identified equipments after

Table 8.
excluding major faults.
Starting Stopping Dpera- Down- _
Equip- | Date Time | Date Time |iind time | fiepairlauses
ments days hour hour |failure
1 2 3 4 5 6 7 8 g
Boiler 1.1.79 0,00 10.2.79 0.47 40,00 - 29,56 29,56 0.H
11.2.78 6.03 30.3.78 23,08 47,75 211.45 211.45 "
8.4.79 18.51 #30,4.79 12.75 21.74 1.58 1.58 E.F
B.5.789 10,33 23,5.78 4,60 14,76 28,30 28,80 0.H
24,%,79 9,30 11.6,79 10.11 18.00 140,78 140,79 "
17.6.789 6.90 31.7.79 22,60 44,66 38,68 3.0 "
2.7.78 13,20 23.8.,75 0,16 20,54 130.34 13G.24 "
28,8,79 10,50 #27,9,79 12,20 30,08 00,25 - Fo5
27.,9.79 12.45 *17.,10.79 17,53 20,20 0,57 0.57 “L.F
17.10.79 18,10 *31,10,79 23.50 14.23 5.11 - FeS
1.11.79 4,61 18,2,80 11,16 109.28 163.70 163.70 O.H
25.2.80 6.33 15,3.80 23.21 18,70 31.42 31.42 n
17.3,80 6.63 10.4.,80 6.75 24,00 154,25 154,25 "
16.4.80 7.00 26,4,80 22.73 10.62 56.59 59,59 "
29.4.80 10.25 16,1.81 11.33 263,00 29.82 29.82 "
17.17.81 17,15 8,2.81 7475 - - - "
7.4.82 3,01 306.4.82 23,23 45,41 50,52 50,52 "
3.5.82 1.75 27.5,82 23.25 24,90 61.70 61,70 "
30.5.82 12,95 1.8.82 22.87 63,41 95,55 95.55 "
28.8,82 23,61 27.9.82 23.50 30.00 121,75 121,75 "
3.10.82 1.25 17.11.82 22.25 45,87 57,33 57.33 "
20.11.82 7.59 10.12.82 23.39 20.66 184,94 184,94 "
18.12.,82 16.33 14.5,B3 22.85 146,27 70,58 70.58 "
17.5.83 21.53 16.6.83 22.97 30,04 66,28 66.28 "
9.6.83 17.25 6.7.83 21.1&  17.16 184,95 184,95 "
14,7.83 14,11 17,9.83 22,55 65,27 159,95 159,85 "
29,.,9.83 14,50 10.12.83 21.83 72,16 §2.25 92,25 "



Table 8.2 (Contd..)

1

Turbine

Gene~
rator

Vacuum
system

2
1.1.78
2.6.,79
17.6.78
28.8.78
23.8.79
10.12.79
T.4.82
2.9.82
20,11.783
10.1.83
8.3.83
13.3.,83
1.5.83
17.5.83
31.5.83

1.1.78
13.12.78
16.2.80
25.2.80
13.1.81
7.4.82
3.5,82
26,7.83

1.1.79
5.8.79
30,12.79
21.1.80
25.2.80
30.7.80
19.8.80
25.59,80
7.4,82
26.7.82

00,00
8.91
6.90
10.50
19.91
5.25
3.01
14,00
7.59
1.66
11.50
17,71
9.13
21.53
10.66

00,00
12.05
7.75
6.33
14,50
3.01
1.75

18.54

00.00
2.94
10.15
2.13
6,33
6.47
9.43
0,08
3.01

.1.56

4
*¥2,6,79
11,6.78
23.8,79
18.9.78

*5,12,79
8.2.81
1,9,82
17,11.82
2.1.83
8.3.83
10,3.83
30.4.83

14.5,83
31.5.83
10,12.83

#3.12.789
16.2.80
18.2.80
10.11,80
8.2.81
30.4.82
#26,7.83
5.11.83

*5.8,79

#30,12.79

18.1.81
18,2.80
18.7.80
1.8.80
5.9.80
8,2.81
%5,7.82
17.9.82

14,33

10,11

0.16
23.91
23.16
7.75
23,08
22.25
22.56
11.61
22.53
21,91
22,85
5.91
21.83

B8.25
5,20
11.16
22,25
T.75
23,23
18,26
21.70

13,91

- 2,00

11,59
11.16
16,00
23,10
23,75
7.75

0.41

21.53

5]

152,60
9.05
66.72
21.54
73,12
568.06
76.33
43.62
57.40
1.46
48.16
13.58
13,37
193,45

347,34
64,70
2.26
258,66
48.58
849067
103,12

216,58
147,00
18.06
28,37
144, 41
2,68

17.59

225,23
53.84

7

4,58

140.79
130. 34
140,00
103,08
14,82
57.33

176,10

23,89
67.18
11.22
70,58
4,175

92,25

. 3.80

17.50
163.77
64,25
50,52
0.28
207.05

3.00
8.15
62,55
163,17
278,47
418,33
456,33
508.65
26,27

140,79
130,34
140,00
103,09
14,92
57.33
176,10
23.89
67.18
11,22
70.58
4,75
92.25

3.80
17.50
163.17
B64.25
50,52
0.28
207,05

3.00
8.15
62.55
163.17
278,47
418,33

456,33

508,65
26,27
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- Table 8.2 (Contd.)

1
JOther
causes

I.D.Fan
(left)

2
1.17.79

13.4.79
12,%2,79
21.12,79
2.3.80
24,3.80
30.3.80
5.5.80
25.9.80
22.11.80
2.2.81
7.4.82
26,10,82

1.1.79
8.4,79
30,4.79
B.5.78
24,5,79
8.7.78
M.7.79
3.9,79
27.9,79
10,12.79
8.1.80
16.4.80
20.4.80
2,7.80
31.7.80
25,9.80
13,1.81
17.1,81
7.4,82
3.5.,82
14,12.83

K]
00,00

12.92
. 91

9. 41

22.00
15.76
22,08
16,75
0.08

18,33
15.63

3,01

11,15

00,00
18.52
14,33
10,33
9,50

21,31
19.08
0.92

12.45
6.25

23.37
7.00

22,38
10,36
5.47

0,08,
14,50

- 17.15

3,01
1.75
18.08

4
#13.4,79

*12.,12.79
#21.12,78
2.3.,80
23,3,80
30,3.80
“#5,5.80
5.9,.80
22.11.80
31.1.81
8.2.81
*25.10;82
31.5,83

30.3,79
*30.4,79
7.,5.78
23.5,79
7.7.79
*11.7.79
1.8.79
*27.9.79
5.12,78
5.1.80
10.4,80
18.4,80
26,5,80
18,7,80
2.9,.80

=110.1.81

16.17.81
*8,2,81
30,4.82
10.12.82

11.83
6.75
T.75
7.61
0.60
0.08
12,58
23,75
8.41
21,91
7.75
8.10
5. 91

23.08
12,75
5,66

4,60

23,91
1.88

23,05
12,20
23,16
10,75
6,75

22,66
9,43

16.00
23,75
22,25
11,30
7.75

23,23
21.83

6
102,50

242,75
9.00
71.91
20,08
5.33
34,62
123,.30
58,75
70.16
207,00
216,00

839.00
21.75
6.60

14,45
44,60
2,89
52.16
24,50
68,44
26,18
92,18
2,65

35,46

16.25
36,72
107.92
2.86
21.60
23.84
586.83

7
1.08
0.17
1.67
14,39
39,80
22,00
4,16
456,33

. 9,82

41.72
2.06
4,75

201,44
1.58
28,67
28,90
21,40
0.20
25,77
0.25
103,089
84,62
154,25
47,77
888.53
278,47
456, 33
B4.25
28,82
50,52
§2.25

8

1.67
14,38
39,80
22,00
456,33
9,92
41,72
2.06
4.5

201.44
28,67
28,80
21,40

25,77
103,09
B4.862
154.25
47,72
888,53
278.47
456,33
64,25
29,82
50.52
892,25
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Table 8.3 Weibull Parameters Estimation of Identified Equipment, after
' .'-excluding}major faults _

' : : MLE Method :
Nurggaen Nurz}bew Nun;ten Shape Scale Meanlife MI'.I‘.B.F '
Eq,ui[;ment Failure Mant. Repair F‘amgete,w Pa\"n;rlngtep M!I!B_-F(:‘t) (S:&Venpi;ea)
Boi ter 4 22 24 088 | 38T-45 | 4un.t4 | 3402
Turbine '2. 12 13 2.32 236.63 200.g3 68023
Generaton 2 5 K¢ 2.12 322.64 | 285-96 679.5p
Vacuum Sysiem| O 6 9 803 20421 | 199.25 234.92_
HI.D.F‘a.-n Uleft) 4 | 16 16 0.63 550-4'9_ 74787 319 .47
Othey Calms 5 T : 108 . 189-18 7136'95 170 .95
Power Plant | - 27 68 81 0-79 9151 5865 40-48
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Table 8.4 Reliability Prediction of identified
major faults

equipment after excluding

Time Days
A h 5 10 20 0 40 50 | 100 | 190 | 200 | 950 | 300 | 400 | Boo
Ecvu'\.{a ment .
Reliability
09607 0-8509 0:847m 0:G4 T 0-5062 0357
Boi tep 0.88 | 38745 '
D974 0:-9289 0-8730 . 0-7378 0-§71% D-4496 0-.95¢
0-54993 0.991g 0-9730 0. o550 0-31gg C-053%
Turbine 2.3 236635
0-959%8 09967 0-983¢ 0-8724 0-506 0 0-{74¢ 0-0820
0.9993 0.50834 0:9g09 U-g10% 06572 0-205¢
Generatop 2.2 |322-64
0-9958 0-9972 6 9820 0:918% 0-594¢ 0-4228 {0187
203 0.99%9 0-99g99 4.0550 0-9374 D:0z01 -
: 211.2.4 - .
Vecuum System L 0.9999 0:99 99 b.9975| . |oBav - -
. 09590 | - 08729 0.7883 0 4568 02643 0-10 5¢ 7
Otheﬂ Cawses j.09 [1g9.49
0-9304 0-9163 0-8295 0-6o4g D-3454 0-1826 ouTTT
0.9213 9:2400 0-7979 - {063 0.9367 4332
1D .Fan (E?H) 0-65 53042 '
0-0484 03809 08219 0-705 4 0-5%24 0.497¢ 0-387¢ |

Ll



Case-2:

For reliability calculation of stand-by equipment,
it is assumed that the failure pattern of stand-by unit
will be similar to that of principal equipment. 5o, both
the units will have same failure distribution and relia-
bility. The formula used for the calculation of each

proposed stand-by system are given as

where RS = Reliability of stand-by system

el
Il

Reliability of existing unit

The reliability calculations are shown in Table 8.5,
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Table 8.5 Reliability Prediction of Identified E

Stand by Redundant system of Each

quipments Assuming

Time Days
5 ip0 20 30 40 5o ioo {50 2040 250 300 | 4p0 | BOO
Eq/uifment :
v Reliatility
~ | o-9p4g 0-0358 0-BR05 0.5260 04433 0.26 81
Bollew 0-3942 U-9618 0-9084 0 T4TL D-8159 0:37%3 a494p
T 0.9722 - o919 0-g4565 D.6Z50 O 4884 03424
Turbi
uebime 9874 00418 0-8831 0+ T34E 0.-5551 04349 a. 2757
0.9862 08145 0.2180 G-2g842 0-159¢ 0.041F
Gienerator 099855 09662 08678 0B231 a-24¢4 o-1018 00159
0-g139 0-5542 0-4109 0-1150 0.0454 00437
Vaeuum Gystem |
| " 0-9022 | 06723 | 0- 4792 0. 2100 0.0T10 0-0297 a. ooTT
0.-9¢s4 a9z J-8904 0.6g10 05184 G:-3676
.D. Pt : ‘
LD F'zm( ) 09533 09611 0-3140 07790 05928 04663 0194

¢cL
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Foer comparisan, reliability vs., time curves of each identified
equipment are drawn in figures B,1 to 8.6, In each figure,

there are three curves showing the following:

Curve-A: Reliability vs. time curve of existing eguipment,

Curve-B: Reliability vs., time curve of existing equipment

after excluding major faults and

Curve-C: Reliability vs. time curve of stand by system of

the existing equipment.

Reliability vs, time curve of Boiler are shown in
Fig. 8.1 for different cases, It has been found that reliability
(curve-B) of the equipment slightly improved though major
faults are excludéd because the number of maintenance/over-
hairl..are more frequent which lower down the value of MTBF and
scale paiameter and ultimately the reliabjlity, but at long

run the reliability is better than the existing one (curve-A).

If a stand-by unit of Boiler is introduced, a slight
reliability improﬁemént of the equipment is obtained (curve-C).
But it should be pointed out here that other factors E.Q.
cost involvement, space facilities etc. are to be considered
before recommending any stand-by unit. In case of steam pouwer
plant st and-by unit of major equipment such as Boiler, Turbine
Generator, Yacuum system are not possible due to space and

cost involvement, Space is the major factor,
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Refering to figure 8.2 it has been found that reliability
vs. time curve (curve-C) of stand-by I.D. Fan (left) is much
better than.(curue-B) after excluding major fault up to 200
days after that the curve-C cross curve-B8 and decreases
gradually. The reliability vs, time curve after excluding
major faults (curve-B8) it better than that curve-A of
existing system. But among the three curves the st and-by
system gives much better result. If spéce perﬁits then steand
by I.D. Fan can be installed which will help to improve the

overall rEllablllty of the plant,

Refering to figures 8.3 to 8.6 it has been observed
that reliability vs., time curves after excluding hajor faults
(curve-B) of TurbineyGenerator and Vacuum system show satis-
factory results. Although stand-by system of each indicates
improved reliability but not that of reliability after
excluding major faults, The reliability vs. time curve after
excluding major faults (curve=B) shown in Figure.8.5 of
vacuum system decreases raidly after certain time but still

it is better than curve-A & curve-C.



126

1.00

080

0.60

040

——== Reliability

020}

0 1 ) 1 L] 1
0 50 100 150 200 250

——w=Time (Days)

Fig.8.1 Reliability Vs time curve of Boiler

4 - -

A-Existing condition, B- Excluding major fault ,
C- Standby system _ '



1.00

080

g

——m=Reliability

Q
e
(=]

020

| 1 1

0 100 200 300 400
——=Time (Days)

0
500

Fig.8.2 Reliability Vs time curveof 1.0. Fan (left)
A-Existing condition, B~ Excluding major fudit,

C -Standby system.
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i Y

0 50 100 150 200 250
—  sTime (Days)

Fig.83 Reliability Vs time curve of Turbine
A-Existing condition, B-Excluding major fault,

C-Stand by system .



= Reliability

0-80F

0.60

Q
s
o

0-20

I i 1. 1

0 50 100 150

200 - 250

——=Time (Days)

Fig. 84 Reliability Vs time curve of
A-Existing condition, B-—Excluding major fault ,

Generator

C-Stand by system |
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040

— = Reliability

020

0 50 - 100 150 200 250
—— = Time (Days)
Fig.B.5 Reliability Vs time curve of vacuum system
A - Existing condition, B—.Excluding major fault |

C -~ Stand by system ,
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50 100 150 200 250
—— m-Time (Days) ‘
Fig.86 Reliability Vg time curve of other causes
A~ Existing condition,; B~ Excluding major faults .
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8.2, Reliability Prediction of the Plant Including Proposed

Improved System

The feliability prediction tables and reliability
vs. time curves of the/equipmgggsshown in Chapter-8. Now
it is necessary to find to what extent the overall reliability
of the plant increases if the major faults which are excluded
from the failure list of the identified equipments are
excluded from the power étation failure data and then the
calculations.are done for reliability predictions. The data
(after excluding the major faults) is shown in Table 8.6.
The overall reliabjlity of the plant including improved
systems are predicted in Table 8.7, For comparison, the
existing overall reliability of the plant j¢ alsoc shouwn

in this table. The reliability vs, time curve of the improved

system is shown in Figure 8.7.
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Table B,6 Operating time calculation of power plant after
excluding major faults

' The ‘symbols used in column 3 and B8 are as that of
table B.g.

Starting Stopping Opera- Down- |[Repair-|Causes

1 2 3 4 5 6 7 8
1.1.79 00.00 24,1,79 23.00 23.85 12,00 12,00 O.H
25.1.79 11,00 7.2.79  .0,79 12,58 8,22 8.22 "
7.3.78 9,00 10,2.79  0.46 2.64 29,56 29,56 L
11.2.79 ~ 6.03 30.3.79 23,08 47,70 201.44 201,44 "
B,4,79 18.51  ¥13.4,79 11.83  4.68 1.08 - .
13.4.79  12.91  17.4,79  20.60 3,32 21.78 © 21,78 .
$8.4,79 18,58  22.4,79  13.26  3.77 48.832  4B.B2 L
24.4,79 14,08  *30.4,79 12.75 5,94 1.58 - )
30,4:79  14.33  7.5.789 5,66 5.63 28.67  2B.67 .
8.5,79 10.33  23.5.79  4.60 14,76 28,90 28,90 "
24,5.78  9.50 ¥2,6,79  4.33 8.78 4,58 - .
2.6.79 8,91 11.6.79  10.11 8,05 140,79 140,79 0.
17.6.79  5.90 1.7.79 23,79 14,70 23,92 23.92 "
3.7.79 0.70 7.7.79 23,91 4,96 21.40  21.40 "
8,%.79 21,31 *11.7.72 18,88  2.90 0,20 - F.
11.7.78 18.08 26,7.79 23.66 15,20 30.33 30,33 O,
28,7.79  6.00 %29.7,78 ° 17.13  1.47 1.58 1.58 .
29.7.79  18.71  31.7.78  22.60  2.16 38.60 38,60 .
2.8.79  13.20 %3.8.79 19,58 - 1.27 21.25 21.25 M.
4.8.79 16.83  %5,8.79 13,91  0.84 3,00 3.00 "
5,8.79 16,08  23.8,79 0.15 17,33 130,34 130,34 O.H
286,8.79 10,50 1.9.79 23,05  4.52 25,77  25.77 "
3,9,79 0,91 18,9.79 23,91 15,95 116,00 116.00 "
23,9.79 19.91  #27,9,79 12,20 3.68 0.25 -
27,9.79 12,45 30.89.79 0.08 2.48 25.67 25,67 .
1.10.79 1.95 12,10.79 17.97  11.67 19,44 19,44 "
13,10.79 .13.41  *17.10,78 17.03 4,17 0,57 0.57 .
17.10.79 18.10  28,10.79 23.75 11,23 22.83 22,83 .




Table 8.8

1
29,110,173
17.11.79
11.41.78
22,11.79
10,12.79
12.12.79
13,12.79
17.12,78
20.12.79
21.,12.79
30.12.73
8.1.80
16.1.80
21.1.80
27.1.80
16.2.80
25.2.80
29,2.80
2.3.80
17.3.80
24,3,80
30.3.80
8.4.80
16.4.80
20.4,80
29.4,80
3.5.80
5.5.80
18.5.80
2,7.80
4,7.80
6.7.80
30.7.80
19.8,80

(Contd...)

22.58°
4,61
13.58
10.66
6.20
6.91
12,05

11.D.7

7.25
8. 41
10.15
23,37
1.50
co13
18. 41
22,75
6.33

. 6.33

22.00
6.63

15.76
22,08
12,39
7.00

22,38
10,25
19.83
16,75
22,05
10,36
14,58
16.08
6.46

8,43

3
%31,10.79
10.11.79
21.11.79
5.12.79
12,12, 79
#13,12.79
£17,12,79
19,12, 79
21,12, 79
¥30712.79
5.1.80
15.1.80
18,1.80
27.1.,80
16.2.80
18.2.80
28,2.80
2.3.80
15,3.80
23,3.80
30.3.80
1.4.,80
10.4.80
18.4.80
26, 4,80
31.4.80
%5,5,80
%18.5, 80
26,.5.80
%4.7,80
£6.7.80
18.7.80
1.8.80.
5.9.80

4
23.50
23,33
22,90
23,16
.75
8.25
9,33

21, 41

7.45
2.00
10,75

11.58
4,39
S5.25
11,16
22,146
7.61
23,21
0.60
0.80
22,33
6.75
22,66
22,73
8.36
12,58
7.81
9,83
7.75
12.08
16,00
23,10
23,75

2,03
8,78
10, 38
13,52
2,02
.07
3,88
2,41
1.02
8.68
65.02
6.50
2,42
6.09
19.45-
1.26
3. 66
2,05
13.05
5.75
5.37
2.01

1.76

2.65
65.01
3.92
1.69
12.63
7,48
1.89
1.90
12.00
2.70
17,80

)
S.11
14.25
11.46
103,08
0.17
3.80
2,17
9.84
1.66
8.15
84,62
13,75
62,55
14,02
17.50
163.17
8.17
14,393
31.42
38.18
22.00
158,08
154,25
47,72
58,52
11.47
4,16
14.13
888,53
6,83
4,00
278,47
418,33
456,33

14,25
11.46
103.08

3.80

1.66
8.15
B4.62
13.75
62.55
14,02
17.50
163.17
8.17
14,39
31,42
39.18
22.00
158.08
154,25
47,72
59.52
11.47
14,13
888,53

278,47
418, 33
456,33
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‘Table 8.6 (Contd..)

]
25,9,80
.19.10,80
13.11.80
22.11.80
13.1.81
17.1 .81
2.2.81
7.4.82 .
17.4.82
3.5.82
30.5.82
26,7.82
5.8,82
2.9.82
19.9.82
3.10.82
26.10.82
20111,82
19.12.82
10.1.83
17.1.83
9,3.83
13.3.83
26,3.83
1.5.83
4,5.83
17.5.83
31.5.83
19.6.838
14,7.83
10.8,83
29.9.83
15.11.83

-
0.08
12.29
23,29
18.33
14.50
17.15
15.63
3.01
18. 41
1.75
12.95
1.56
21. 41
14,00
0.10
1.25
11.16
7.58

"16,33

1.66
14,91
11.50
17.71
22.58
8.13
16.50
21.53
10.66
17,25
14.11
10.21
14,50
12,75

3

*15.10.,80

#8,11. 80
22,11.80
10.1.81
16.1.81
31.1.81
%g.2.81-
%17,4.82

. 30.4,82

27.5.82
®5,7.82
1.8.82
1.9.82
17.9.82
27.9.82

#26.10,82

17.11.82
10,12.82
2.1.83
¥17.1.83
8.3.83
10.3.83
24,3,83
30.4.83
2.5.83
14.5,83
31.5.83
16.6.83
6.7.83
8.8.83
17.9.83
5.11.83
10.12.83

4
18.16
13,66
8.41
22,25
11.33
21.91
7.75
10.75
23.23
23,25
0.81
22,86
23,08
21.83
23,50
S.10
22,25
23,39
22,56
8.08
11.61
22.53
22,489
21.91
22,50
22,95
5.3
22,97
21,16
1,50
22,55
21.70
21,83

5
20.75
20.05
8.38
49.16
2.87
14,19
5.67
10,32
13,20
24,90
35,50
6.88
27.07
15.32
8.97
23,32
22.87
20.65
14.26
7.26
49.86
1.46
11,20
35.38
1.56
10.45
13,35
16.51
17.16

~24,47
38. 51
38,30
25.37

6
90.12
129,62
9.92
64.25
29,82
41,72
7.66
50,52
61.70
509,65

126,55

14.92
26.27
121.75
2.06
57,33
184,94
176,10
6.83
23.89
67.18
48,10
11.22
42,00
70,58
4.75
66.28
184,95
56. 71
159.95
207,05
92.25

890.12
129.62
89.92
B4.25
29,82
41,72

50.52
61.70
508,65
126,55
14,92
26.27
121,75
2.06
57,33
184,84
176.10
6.83
23.89
67.18
48,10
11.22
42.00
70, 58
4,75
66,28
184,85
56, 71
159,85
207,05

92,25

"
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Table 8.7 Overall Reliability of the Plant including improved system

Time Days
d fo | 20 30 40 50 tgo | twe | 200 { 250 | Zao| 4oa | 500
E L I - - -
Cl/”“r"”"eﬂt Retiobitity
. . - 0+ 0307 -
0:760 0.p2omy 0-37eq b-09n6
Power Plami | reoq
(tmproved. 6ysten) 0.9534 0.6227 04400 oaga 0.0533 _ - )
‘ 0-440% 0.13¢q 0.0817 0:Qa0T -
Power Prawt | ‘
(Eziotl'na. 5351’-2'@ 06244 02255 6.0833 0. 0005 _ )

*xL



——= Reliability

1.00

0-80

0.60

0.40

020

1 r| 1 i | -
0 10 20 30 L0 - 50
———= Time (Days)
Fig.8.7 Reliability Vs time curve of Powerplant

A-Existing condition

B-Excluding major fault
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Table 8.8 Availability of the Plant afger Excluding major faults

_ MLE Simple  Avevage
.N'umben_ Numben [Numben Rwrmma Repa'm- Doawn MI.TR | MTB.E |Avad- MITBF {Avad—
. of of of time Y| time |time _ | sbitity ] ability
Equpment Failure [Repalr |mami. | (dav9) [(daye) |[cdass) [ ¢.-& |9 T AL " o4t
. L | 2 2 4 5 3 T ’ i s
Botlen - 4 24 21 1126914 9027 | 90-49 | 376 |4uz.74 |0-9908 |314.92 |0-9882
Turbine 2 13 12 14360-45 | 4364 | 4320 | 3.39 | 200.95 | 0.0445 | 5@0-25 | 0-9948
Renevater 2 T 9 |t85936 | 240 | 2010 | 3oy | 285-95 | 0-989% | 67968 | p.gys5
Veeuum System | 3 9 8 85477 | @0.24 | 8024 | g.gy | 11925 | 0-9304. | 284.02 |o-9596
ID. fam ( Left) 4 16 t6 1277-8g | 106:50 | 106-58 | 665 | T4T.gq { 00341 |3ig.4n |0-O7aF
. ~
Power Plant 27 81 68 ° 11083.17 | 265°03 | 28701 | 351 P9:65 | 09435 | 40-49 | 0-9202

8el
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CHAPTER 9

' CONCLUSION AND FUTURE WORK

9.1 Conclusion

From the study of steam power plant, the following

points are apparent.

1) From Table 6.1 it can be observed that the time-based
reliability of the plant fall quickly. The probabilities
of encountering a failure withjy the first 20 and 40 days

of operation of the plant are 76,01% and 91.67% respectively,

From the reliability values of the individual egquip-
ments (Tables and figures of section 6.1) it can be seen
that the main contributors to this low system reliability
are Boiler, Turbine, Generator, Vacuum system, I.D. Fan
(left) and also other causes (poor logistics). Among the
above mentioned equipments, vacuum system is the main problem

creator,

'2) In Sectien 7.1 availability of individuals equipments
and the plant have beenccalculated.The availability of
individual equipments vary from 0,9980 (transformer) to
0.9382 (vacuum system) and for the plant itself, this

value is 0,8490.

3) To improve the reliability of the plant, two alternatives
were considered - eliminating major faults of each critical

equipment as identified in (1) and considering installation
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of identical stand-by units of these critical eguipments,
In Téales 8;1 failure type and numbers of failures of each
equipment of the plant have been listed. It has been found
that major faults appeared in Boiler, Turbine and I.D.Fan
(left) due to mechanical troubles, in Generator due to
electrical troubles, in vacuum system due to Operational

troubles.,

Reliability have been recalculated for both the cases
mentioned above and tables and graphs have been presented
(Tables 8.4 and 8,5, figures from 8.1 to 8.6). It can be
observed that almost in all cases the reliabilitylof the
equipments, after excluding major faults improve consider-
ably except the I.D. Fan (left). In that case‘stand by unit
gives better reliability., If the situation and space permit

‘then stand-by I.D, Fan can be recommended.

In Table 8.7 power plant reliability value has been
recalculated b; considering the improved system (éxcluding
_:ﬁhe major faults). From the table as well as Figure 8.7 it
rcan be observed that for the first 20 to 40 days of operation
of the plant the reliability has improved from 24% to 62.27%

and 8.33% to 44.09% respectively.

4) TFrom the calculatea reiiability inaices ot distraibution
system (Section v.2J), it can be seen that tne mean system tailure
duration is less(682) 1.e the average downtime of tne system

is low. Tt there 1s failure of power then it is ror shortwnile
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From the results it can be observed that the failure rate

or frequency of failure is quiteﬂhith

The availabilities of individual components are high
except a few. lhe high value of availability results tfrom

low downtime.
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9.2 Scope of Future Work

From the analyses of the present study, it is apparent

that some further works can be undertaken to improve
reliability situations of Khulna Power Generation System
and Transmission and Distribution System. These are listed

belowi

1. Methods of eliminating major mode of failure of the
" critical eqguipments should be thoroughly investigated and
effectiveness of these methodslshould be evaluated from the
technical as well as economic point of view. In this context

optimal maintenance policies should be devised.

2. A centrally installed system availapilability reporting
Schemershould be developed in order to put the system opera-
tional history in desired and manageable form. A well~-developed
- MIs will satisfy Ihé‘above requirements and in addition wili

tremendously improve logistric support schemes.

3. Reliability demonstration technique should be deveioped

to monitor the system reliability.



9.

143
RuFERENCES

Kapur, K.C., and Lamberson, L.R.,
"Reliability in Engineering Design".
dohn Willey and Sons, Inc., 1977.

Collacott. R.A.
"Mechanical Fault Diagnosis and Condition
Monitoring". Chapman and Hall, A Halstead
Press Book, John Willey and Sons, New York.

Jardine, A.K.S5., :
"Maintenance Replacement and Reliability",
Pitman Publishing, London, 1973.

Bain’ L'J.’ . )
"Statistical Analysis of Reliability and
life Testing Models". Marcel Dekker Inc.,
New York and Basel, 1978.

Mann, N.R., Schafer, R.,&. and Singpurwalla, N.D,
"Methods for Statistical Analysis of Reliability
and Life Data". John Willey and Sons, Inc.,

New York, 1974.

Nelson, W.,

"Theory and applications of Hazard Plotting
for Censored Failure Data", Technometrics,
Vol. 14, No.4, pp. 945-966, November 1972.

Arinc Research Corporation, ._
"Reliability Engineering”,
Chapter-1.

we:l.ker‘ E.L., )

"Relationship between Equipment Keliability

Preventive Maintenance Policy and Uperating

Costs". ARINC Monograph 7, Aeronautical

Radio Inc., 1959.

SKODA EXPORT,
"Operation Instruction Manual for 60 MW
Steam Power Plant". Bangladesh Power Development
Board, Khulna Power Station, Khulna,Bangladesh.

10. Operation Department,

"Fajlure History", Khulna 60 lNW,
Power Plant, Khulna, Bangladesh.



144

11. Operation Department, _ '
"Failure History". Khulna Electric Supply,
Khulna, Bangladesh.

12. Kabir, A.B.M.Z.,
lMaintenance Strategies Affecting Equipment
Performance, Unpublished Ph.D. lhesis|
University of Aston in Birmingham,

U.K., 1980. |



|

APP™"DIX-A

Failure History of Khulna 60 MW Power Plant

The symbol used in column 1 of Appendix-A are as follows:

condenser{left)

ter tubes,cleaning of
condenser,blocking of
I.0. Fan with M.S5.

sheet,

- Failure ff=Maintenance
Failure Time Start-up.-.time Down Causes of failure Remedial measures/
time T Remarks
Date Time Date Time Hours Equipment fail- Causes
hrs. hrs. , -ed/overhaul
1 2 3 4 5 B 7 8
m24.1,79 23.00 25,1,79 11.00 12.00 Condenser tube Jammed Cledning of tubes
¥26,1,79 12.8% 26.1.78 15,25 2,36 Turbine P,T of speed control Proper adjustment
system,was not working was made.
properly
#3,2.79 7.98 3.2.79 16,50 8.5 Manually shdtdowun Due to shortage of -
furnaceoil
m7.2.79 00.78 7.2.79 9,80 8.22 C.W. pump manually Due to breaking of The chain was
shutdown No.1 chain repalired
*8,2.79 15,50 8,2,78 18,26 2.76 Generator Due to load fluctua- -
tion.
m10.2.79 00.47 11.2,78 6.03 28.5b Boiler Repairing of boiler -
‘ drum level meter
#21.2.79 7.%92 21.2.79 12,50 4,59 Manually shutdown Due to shortage of -
- furnaceoil,
#23.2.79 4,00 23,2.73 18.58 14,58 Do Do -
#20,3,79 B.82 20.3.79 11,18 2,24 Generator Nonuniform load -
m30.3.79 23.08 8.4.79 18.52 201,44 I.0, Fan,Boiler, Repairing of air heater -
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Appendix-A (Contd.)

1
*9,4.79

*13.4.79
%14.4,79
m7. 4,79

*20,4.79
m22.4,79

*3Ulao?g

m7.5.79

ma23.5.79
*¥2,.6,78

*9,6.78

mi1.6,79

2

3

18.33 10.4.79

11.84

13.25

20,80

10.11

13.4.79
16.4.,73
18.4.79

21.4.79
24,4,79

30.4,79

8.5,79

24,5,78

2.6,739

89.6.789

17.6.79

15,08

12,82

10,33

6.90

28,87

140,739

B
Boilar
Fuel o0il pump
Boiler blowdown
lines

I.D, Fan(right)

Generator
Condenser
I.D0 Fan(both)
F.D Fan and

Burner

I.0, fan(left)
boiler

Do

Turbine

Turbine

Boiler, Turbine
I.0.Fan(right)

Sample line leakage

Due to loss of 1i0v

D.C.

Heavy

I.D,

"becom

Load fluctuation

Tube

Suddently tripped

Repairing of boiler
sample linea and
I.D Fan alignment

adjus

The turbine suddenly

tripp

Due to axial displa-
cement of turbine

shaft

Maintenance of the

7

leakage

Fan rope
e lossen

leakage

tment.

Do

ed

following

equip

ments

8

It was repaired

Blowdown line was
repaired,

The rope uwas tigh-
tened

Cefective tubes
were pluged

It was adjusted,

Maintenance work were
done on H,P,rotor of
turbine,alignment of .
I.D.Fan and brick work
of combustion chamber,
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Appendix-A (Contd.)

1
*18.6.79

#23.6.78

%30,6,79

m1,7.79

m7,7.79

*11,7.79

m26.7.79

*#28,7.78

m31.7.783

*3.8.78

2
10, 38

11.66

15,16

23,78

23,91

18.88

23,87

17. 1-5

22.60

13,58

3
18.6.789

23,6,79

30.6.79

3,7.,78

8.7.79

11.7.78

28.7.789

29,7.79

2.8.78

4,8,79

12,30

14,47

17,66

00,72

18,73

13,20

16.83

21,40

00,20

30,33

38.60

21.25

3]

Turbihe'

Turbine

Generator

Condenser,
qilcooler C.uW
pump (No, 2)

I.D. Fan(left)

I.D, Fan(left)

Condenser,
feedpump

C.W,pump(2)

Boiler

C.W.pump(both)

7

Due to some fire

‘in the insulator

Thrust bearing
supporting ring
shifted

Oue te load fluc-
tuation.

Manual shutdown

Alignment of I,D,
Fan tightening of
control rope.

Tripped showing

overload,

Cleaning of conden-
ser,0il filter of
feed pump

Emission tenpera-

ture increased due
to problemin C.U,
pump., - '

Replacement of
orifice plate.

Emission temp.
increased due to
due to problem in
chain & brush,

The ring was adjusted

Reparing of C.UW.
pump chain,condenser
tube cleaning, cil-
cooler cleaning.

False signal

C.Wy,pump repaired

Lhain was repaired
and the brushes were
cleaned,
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Appendix~A (Contd.)

1
*5.8.79

*7.8.,79
*8.8,79
*g9,8,79

m23.8,79

*29,8,79
*30.8.78

m1.38.78

m18.9.78

¥27.9.79

11.26
21,50

23,085

23,91

12,20

3
5.8,78

7.8.78
8.8.79

8.8,78

128.8.73

28.8.78
3Q8.79

3.9.78

23,9079

27,3.79

4 5
16.08 3.00
2.94 1,41
17.58 2.33
14,75 1,47
10.50 130,34
12.83 1.57
23.16 1.66
00.92 25,77

19.9%.116.00

12.45 0,25

6

Vacuum system

Co
Do
Do

Turbine,Boiler
condenser

Vacuum system
Co

1.0, Fan,{left)
condenser ’

Turbine,C.w..-.

pump (1)
I.0. Fan(right)
condenser

I.0.Fan(both)
F.0. Fan
Burners

7

Due to problem

in the ejector

Due toluacuum loss
Do
Co

Maintenance

Yacuum osss
Do

Maintenance

Manual shutdown

Suddenly the foll~
owing equipments
tripped

Unidentified
Do
0o
Cleaning and blocking

of condenser tubes.
Replacement of oil

"seal in shaft turning

gear and repairing of
impulse safety valve

Unidentified
Do
Blocking of I.0, Fan

and cleaning of:
condenser

Reparing of thrust
bearing of turbine
shaft,cleaning of
condenser, repairing
of C,W, pump chain,
blocing of right side
2t I.D. Fan. )

Unidentified cause
Again started and it
and it become run
normally.
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Appendix-A (Contd.)

m30.,9.79

*¥9,10.79

m12.,10,78

#17.10,78

m28,10,73

#31.10.78

mi0.,11.79

m21.11.79

*4,12.79

00,08

13,25

T7.37

17,53

23,75

23,50

23,33

22,30

1.10,79

8.,10.78

13.10,78

17.10.,78

29,10,789

111,79

11.41.79

22,11.79

4,12,79

1.75

15.25

13,4%

18,10
22,58

4,61

13,58

10.66

4,50

19.44

00,57

L 22,83

511

14,25

11,46

3.08

B

"I.D.Fan(right)

oilcular

Vacuum system

Condenser

Boiler
Water heater

Boiler

C.W. pump(2)

C.W. pump(1)
condenser

1.0. Fan{both)

7

Manual shutdown

Emission temp.
exceed the 1limit

because of stopping

one vacuum pump,
Manual shutdown

Steam pressure
decreased

Leakage of wvalve
No,13048

feed tank level
meter was giving
wrong signal(level)

Manual shutdown

Do

" Suddenly I,0.Fan

tripped due to
prablem in its flap

B
Remc.al of blockage
inside the duct of
I.0. fan,cleaning of
0il coaler

The pump again started

Tubes were pluged

Due to bad furnace
0il

The value was repalred

It was readjusted

One brush of C.U.
pump was repaired

Brush af C,W. pump
repaired and conden-
ser tubes were cleaned,
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Appendix-A (Contd.)

1 2 3 4 5 B 7
m3.12.79 . 23.16 10,12.73 " 6.25 103.09 Turbine Mawual shutdown Reparing oil seal of
I.D.Fan{left) turning shaft,repla-
condenser cement of old I.,D.
Fan,cleaning of con-
denser tubes,
#12,12.79 6,75 12.12,79 6,92 0,17 Nozzle valves Wrong operation -
starting valve )
#¥13,12.79 8.25 13.12.79 12.05 3.80 Gener aor Problem in AVR -
*17.12.79 9,33 17.12.79 11,50 2,17 Transformer T-12 Tripped showing- -
o - overload
#¥198,12.79 21.41 20,12.,79 7,25 9,84 Do Tripped automati- -
: cally
#21.12.79 7.75 21.12.79 9.41 1,66 Statting valve Problem in Starting -
' ~valve
#*30.12,79 2,00 30.,12.79 10.15 8,15 Vacuum system Dﬁe to tripping of -
: . vacuum pump
m3.1,.80 10,75 8,1.80 23,37 84,862 Condenser Manual shutdouwn Control flap of both
' I.D.Fan(both) the I,0.fan repaired,
sealed up leakage
tubes of condenser
*14.1.80 1.28 " 14,1,80 4,00 2,72 Vacuum system Loss of vacuum Unidentified cause
m15.1.80 11,75 16,1.80 1.50 13,75 C.W. pump(both)  Manual shutdown Chain of C.W.pump
repaired
mig,1.80 11.58 21.1.80 2,13 62,55 C.W, pump,(2) Do Checking up of C.U.
vacuum pump pump sump and checking
L . oA . 18.41 . of vacuum pump.
m7. 1.0 04-39 27-1-20 1 14.02 Do Do 26
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Appendix-£& (Contd.)

mi6.2.80

mi18,2.80

m28,2.80

mZ2.3,80

m15.3.80

m23, 3,80

*2B, 3,80

m33, 3,80

mi.4.80

2
95.25

11.16

22,16

23.21

22,33

3
16.2.80

25,2.80

29.,2,80
2.3.80
17.,3.80

24.3.80

28.3,80

30,3.80

8.4.80

4 5
22,75 17,50

6.33 163.17

6.33 8.17
22,00 14,39
6.63 31.42
15] 78 39.4.8
11.25 2.B4
22,08 22.00

12.38 158,08

6

C.WUspump(2)
condenser
generator

Boiler C.U.

'pump(both)
generator, vacuum

system

C.u.
ser

pump,conden-

Condenser, 132 Kv
switchyeard

Condenser
I.0.Fan{right)

Injection valve of

super heater.

132 KV line

Generator
C,W, pump {(both)
132 KY line

I.0. Fan(right)
condenser

-

Manual shutdown

Do

Oo

Do

Do

Do

Load fluctuation

Manual shutdown

Manual shutdouwn

8

Reparing screen of C.U.
pump cleaning of conden-
ser and generator top

Reparing C.W.pump,check-
ing H, system of gene-

rator,Teparing of wvacuum
pump & Burners.

C.W. pump{1) chain
repairing & condenser
cleaning

For the maintenance work
of 132 K,V. switchyard
& condenser cleaning.

Condenser cleaning,I.D,
Fan flap adjustment,
leakage repalring of
injection valve & f

For 132 KU.line cons-
truction

Codepump chain repairirg
Hocking up of BMPP at
132 KV switchyard.

Repairing of I.D,Fan,
pluging of leskage tubes.

1



Appendix-A (Contd.)

1
m10,4.80

mi8.4,80

#22,4,80
234,80
m26. 4,80

m3, 5,80

*5,5.80

*9.5.80

- ¥18,5.80

* 23.5,.80

m26,5,80

*4,7,80

*5.7.80

2
6,75

22,66

00.01

0B.50
22,73

8,37

12,58
10,75
7,92

9.11

9,83

7.75

12,08

3
16.4,.80

20,4.80

22.4.80
23,4,80
289.4,80

3.5.,80

S.5.80

9. S.BU

18.5.80

23.5.80

2.7.80

4.7.80

6,7.80

4
7.00

22,38

0G.95

12.43

10,25

19.84

16,75

12,83

22,05

11.50

‘10, 36

14,58

165,08

"5
154,25

3.93

5)

I.0.Fan(1left)
Boiler tubes

I1.0. Fan(left)

Turbine
I.D. Fan(both)

Collupump (1)
boiler

Colls pump(7)

Generator

C.U, pump(both)

Generator

C.W.e pump(2)

" I.D.Fan(left)

Transformer

Do

o
Menual-:shutczun
Do

Trouble in control
oil

Tripped due to
vibration

Manual shutdauwn

Do
Failure of 400 V
supply due to shert
circuit

Fluctuation of load

Gverflow of sedi-
ment tank

Load fluctuation

Manual shutdown

Suddenly, tripped

Do

7

Repairing of I.D.Fan
and superheater tubes.

Blocking of I.D,Fan

It was checked and
adjusted

Repairing bar screen
of C.W.pump.Ws “ing of
Economizer & heater

Repairing chain

Water pumped out

C.W.pump repairing,
Alignment adjustment,

Unidentified cause,
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Appendix-A (Contd.)

1 2
m18,7.80 16.00
m1.8,80 23.10
m5.9,80 23,75
*#26.9, 80 8,25

*15.,10.80 18,18

*8,11.80 13,66

m22.11.80 8.41
*23,11,80 19,25
¥29,11.80 16,25
%3,12,80 16,75

*6,12.80 7.16

3
31.7.80

19.8.80

25,8.80

4,10,80

19.10.80

13.11,80

22,11.80
26.11,80
2,12.80
4,12.80

12,12.80

00,08

13,40

12.28

23,28

278,47

418,33

456,33

186.15

§50.12

129,62

8,92
73.83
72,32
11.08

145,78

6

I.D.Fan {left)
Vacuum pump

C.W.pump(1)
vacuum pump

ColWepump(1)
I.D.Fan(left)
vacuum pump,
Chimney.

Boilder
F.D.Fan(both)

I.0,Fan{Right}

Grid sub-station

Superheater tube

Superheater tube
I.D.Fan{left)

Superheater tube

7

Manual shutdown

Ca

Do

Superheater tube

leakage

Tripped showing
overload

Heavy damage of
I.D.Fan due to
vibration
M aiual shutdown
Tube leakage

Do

Rope torneout

Tube leakage

8

For repairing of
vacuum pump and
I.0D., Fan.

Repairing of vaccuum
pump & cleaning intake
channel of C.W.pump.
Repairing of bush &
middle bearing of
C.l.pump,Alignment o}
I.D.fan,checking of
vacuum pump and
repairing of chimney.

It was repaired
False signal

The o©ld one out of
operation
For maintenance
It was repaired
Do
It was repiaced

It was welded
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1
*16.12.80

m10.1.81

m16.1.81

m31.1.81

*8,2.81

*8.4,82

*9,4,82
#10,4.82

¥17.4,82

#23.,4,82

2
03.85

22.25

11,33

21,91

10,58
14,00

10,75

3
18.12,80

13.1.81

17.7.81

2.2,81
7.4,82
B.4.82

g-'4-82
10.4.82

17.4,82

23,4.82

13.25

14,50

17.15

15.63

57,40

64,25

29,82

41,72

5

I.0., Fan(left)

I.0.Fan{baoth)
condenser
generator

I.D.Fan(both)
oillcooler
fuel pump

I.DyFan(both)

Turbine

Oo
‘Do

Feed pump(1)

Vacuum system

7

Brokedown of imp-
ller fixing bolt

Manual shutdown

Do

Do
Failure of gover-
nor

Oo

Oa

Due to load
fluctuation feed
pump tripped

loss of Vacuum
pressure

8

The bolts were replaced

Checking and repairing
of exciter,commutator

and other related works

to remove the sparking
at carbon brushes.
Blocking of condenser
tubes, Checking and
repairing of I.0.Fan.

Repairing of I.D.Fan

cleaning of oilcooler
maintenance of fuel

pump «
For construction work
of 110 MW under 132
KV line,

OVERHAULING

It was replaced

Oo

Do

Checked and action
was taken,
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 Appendix-4 (Contd.)

1
m30.4,82

m27.5,82
*29.6.82
#1,7.82
*3,7.82

-;$5. 7.82

m1.,8.,82
*25.8,82

ml1.,8.82

¥3,9,82
%5,9,82
#10,9,82
#¥12,9,82

#13.9,82

2
23,23

3.5.82

30.5,82
29,6,B2
1.7.82
3.7.82

26.7.82

5.8.82
28,8,82

2,9.82

4,3.82
5.9.82
10.9,82
12.8.82

14,9.82

12,85
20.82
12.Dé
17,70
1.57

21.41
23,62

14.00

00,33
12,81

22,83

11.91

00. 41

50.52

15.40

5089.65

18%.55
T4.12

14,92

5]

I.0.Fan{both)
C.W.pump(2)
water heater

‘Boiler.

Boiler tubes..
Vacuum system
Do
Do

Vacuum system

Beoiler tubes
Do

Turbine, X-former

Vacuum system
Do
Do
Do

Do

7

Maiual shutdouwn

Leakage
Laess aof
Do

Do

V.press.

Breakdown of
turbine expender

Leakage of tubes

Do‘

Loss of
Oo
Do
Do

Do

Maual shutdouwn

V-press,

8
leakage repairing at
various section of
boiler.Maintenance of
I.D.fan,high pressure
water heater,C.W pump
It was repalired
Unidentified cause

Do -

Oo
The turbine expander
was replaced by a
new one.
It was welded

Oo
R.P.MN meter was out of
order,0il was leaking
from X-former.
Un-identified cause

Do

Do

Co

Do
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1 2 3 4 5 B 7 _ a
717,9.82 21.83 19.9,82 go.10c 26,27 Oilcoolér,water Manual shutdown Both vacuum pump
heater,vacuum checked,cleaning
oump no.< gilcoolar. izs. -
: valva nf L,P.»v 5 ie
changaz,
.9.82  11.19 20.9,82 13,85 2,75 Vacuum system Loss of V.press. Unidentified ca.z
*27.9.82 14,41 21,9,82 16416 1.77 Do Co Do
m2?7.9.82 23,50 3:10.82 1.25 121,75 Condenser,BOLIEr Manual shutddun Leakage repair:.c
' drum dlscharge boiler druw dis:
valve ’ valve, Bluging
leakage condense.
: A i ’
*4,10,82 6,21 4,10,82 12,00 5,78 Vacuum system Lgss of V.pressure Unidentified caus:z
. , : i
*15,10.82 5,00 15,10.82 9,33 7,33 . Do S Do Do
*26.,10,82 3.10 26,10,82 11.16 2,06 B.6 KV supply Failure of 6.6 KV Supply resumed
m17.11.82 22.25 20.11.82 738 37433 walpump(bdth) Manual Shutéoun The plant made shut-
turbine, feed : down for the Followlng
pump,heater, repair work, (1) gland
- BolleT leakage of both-feed
: pump(2) Delivery valve
- of feed pump(3) gland
leakage of both.Cg W. .pump
(4) leakage at blow
down line,superheater
;. drain line(S)R.D.M meter
ok . i H : of turbine,
#¥22.11.82 2,25 22.11.,82 7,00 a;7§ Vacuum system’ Lbss of V.pressure Unidentified cause
®¥23.11.82 22,27 23,11,82 6.81- 8,56 ;DD Do 8]s]
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1

m10,12,82

*20,12.82
#23.,12,.82

SR 26 1. B2
m<.1.83

%17.1.83
%17,2.83

¥18,2.83

*21.2.83
#22,2,83

m8.3,83

m10.3.83

2
23,39

23. 50
14,53

i6- 80
22,56

22.53

3
19.12.82

22,12,82
23,12.,82

28.12. 81
10.1.83

17.1.83
17.2.83

19.2.83

21,2.83
22,2.83

9,4.83

13.3.83

16.33

13,41
14,80

19+ ©6
1.66

17,71

184,84

37.91

0,27

49.86
176,10

67,18

b

Boiler

~

Vacuum system
Generator

V. System
Condenser,C.U,

pump{both)
turbine.

Feed pump
Generator

Turbine

Generator
Do

Turbine

Do

7

Manual shutdown

Loss of v.pressure

Under voltage trip

Loss  of N« Progsune

M anual shutdown

Due to leakage at
recirculating line

Load fluctuation

Leakage at Secon#:
dary control oil

line

Overload trip

Load fluctuation

M awual shutdouwn

Do

8

Repairing of combustion
chamber brick work.,

Unidentified cause

Unidenti hied Cauae
Cleaning sum of C,W,
pump,checking, the
bearing and coupling
between H.P. & L.P.
turbine,Cleaning of
condenser tubes,

It was repaired

For checking the axial
displacement of turbine
rotor which was showing
maximum displacement.

Thrust bearing shoe
replacement,

LGl
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1
m24.,3,83

m30.4,83
m2,5.,83

ml14,5.,83

*¥18,5,.83
m31.5,83

ml16.,6,83

m.6.7.83

#27,7.83

mB8,8.83

m17.9,83

22,48

21.91

22,50

22.85

3
26,3,83

1.5.83

4,5,83

17.5.82

19,5.83
31.5.83

19.6.83

14.7,83

26.7.83

10,8,.,83

29,9.83

22,58

19,13

21.53

12.50
10.66

17,25

14.11

18,57

10:28

14,50

48,10

11,22

42,00

70,58

56,71

159,85

6
I.D.Fan(right)

Turbine

Feed pump

Feed pump,
turbine,baoiler

Generator
Turbine

C.W, pump(1)
condenser,
feed pump,
boiler,

Boiler

Generator

E.w.pumb(both)
condenser

Boiler tubes

7
Manual shutdown
Do

Do

Do

Load fluctuation
Manual shutdoun

Do

Do

Trouble at A.V,R

Mawual shutdown

Do

8

Bearing replacement

Maintenance work tao the
turbine governor .
(system and oil system)

Repairing of by pass
line., °

Turbine o0il centrifusir
Repairing of feed pump

delivery pressure meter
and drum level meter,

Repairing of R.,P.M.mete

Condenser cleaning
repairing of feed pump
gland leakage C.W,pump
chain,boiler gauge glas

Leakage repairing of
superheater tubes.

It was repaired

Cleaning the condenser
and C,W,pump sump,

Repairing the leakapge
tubes.
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1
m6.11.83

mi0.12,83

2
21.70

21.83

3 4 3
15.11.83 12,75 207,05

14,12.83 18.08 92,25

5]

Generator

Turbine,boiler
condenser,
I.D.Fan{Left)

7

Manual shutdown

Do

3]
Pluging of H2 cooling
condensate cooler
leakage tubes and

checking the turning
gear.,.

Checking and repairing
L.P. rear bearing of
turbine. Repairing of
broken brick work
inside the combustion
chamber, Cleaning of
condenser.Alignment

of I.D, Fan.
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Equipments of Appendix B are as follows:

13.

Boiler

Turbine
Generator

I.D. Fan (Right)
C.W. Pump (2)
Transformer
C.W. Pump (1)
I.D, ¥an (1eft)
Feed pump

F,D, Fan
Vacuum system
Other causes

Power Plant
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A  APPENDIX — C

MLE Method for the estimation of weibull distribution parameters.

FORTEAN LV 360N=-F0O=-476 3-8 MA LNPGM DATE 2C/0SC /€4
< THE CUMPUTER Pi CGRAMME USED FOR THE ESTIMITIGN (F hEIEULL
< DISTRIEUTION PARAMETER 15 SHORN BELGY
C PROGRAMME 1S DJINE DY MOKSUDUL HAQeMeSCall P:l

DIMENSION T{200). X(20C), Y[222), xy(29C YS(cdD ),
IXYS{20D¥, YF{2021, TF(ZCOY
READ (1,903 N1
gon FDR%AT(IZI
CO 996 [IX=1.N1
FEAD {(1«120% NsIR
100 FORMAT{ZI3)?
READ (1.101) STUILY, I=1, N
READ (14101 {TE(LL)»11=1,1IR)
131 FCRMAT(12F642)
El=1.0
BE=E1
NRITE (Zo 11001 X -
7110 FORMAT (1HL//75X "EXAMPLE *,12,/.C(*%" 3
CO 102 J=1,4N
Yl J1=ALCGIT (I
102 ¥Si{iJy=v{iJ)x*2
O 102 J2=1.,14R
102 YE{J12)=ALUGITF{J2))
S3=0,.,0

125 S53= bE*YF(Kl!

L)

(1ad/B13=-P2

GP={{l52%54)—-{51 #*2))/(S2*#2!)+\1.C/(EI#*2I!
R=G/GP
1F (ABS[R?IaLT«0. 001! GLC TO1%7
B1=31-F
IF(B1 4LE«" «NIGDO TA111
Gg TO 113

111 Bl=B+1,.C
B=B1
CO TO 112

113 GO T 1¢8

107 ETA=(S2/IR»*%*[ 1.0
FMT=ETAZRYY{ 104+{1
SD=SQKTI(ETA%* 21 %
140 10/E10) p %2 440
VRITELZ 129181 ,ETALFMT 50

199 FORYAT[SX, " SHAPE PARAMS= "L, F5,2,5X,*SCALE PARAM="
1,F10 245Xy "MEAN LIFE=? ,F10.245SX*STC DEV=® sFLDae 3

eGg CUNTINUE
STCP
ENC

/8113
«J2/81
{vyy{l +(2-f/81l3—((YY(I.G
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DCS FCRTYREAN IV ZEHEON-FO-47¢ Z-8 MAa INPOM DATE 20/09/7E4
coCi FURCTICAh YY({Z
ciae YY=(Z%X2Z 10 EXP{ -2 1%SOQRTII2.5%3. 141607213 {1.04 ({1 a0/
T{120%Z2034{ 1D/7(288DF{Z¥+2)1}))
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_ - APPENDIX-D
Failure History of Khulna Industrial Zone Distribution System

The symbol used in column 2,8, and 7 of Appendix-D are”as follouws
I-Incoming, S/S - Substation, L-Load shade, ‘E-Earth Fault,
O0-Overcurrent, S-Shutdouwn |

Note: Study period started from 1.7.82 at 00,00 hour.

Date .Feeder/ Uu?ation of OCown Causes |Branches/ Remarks
5/5 failure time of Load
From To Hours| Failure|Point
1 2 3 4 5. 6 7 8
2,7.82 Gate 5/5(I) 3-13 10-22 7.15 L 21

" " 10-38 10.55 0,28 " 21
n Creseent star 15-42 18-40 1,96 n 34

3.7.82 Khalishpur 2-32- -3-08 0,60 " 32
" BIOC 2-%2 3,-08 4,60 " 31 '
n Khalishpur g8-35 9-.30 0,91 E 32
" Rerolling 10-07 11,00 0.88 L 36
" Crescent star 13-23 15-11 1.80 E,O 34
" Khalishpur .,/516-15 17-20 1,08 L 22

5/5(1) | C

4.7.82. Gate S/S(I) 00-38 00-53 0,35 E 21
" Kohinoar 2-27 3-.07 0.66 E,O 33
" Rerolling 5-34 5-45 0.18 By hand 36 For changing isoclator fuse
" " 6-36 B6-42 0,10 E 36 '
" t 9-44 9-~48 0,08 8y hand LP4 For changing fuse at gate x-former.
" Kohinoor 18,30 18-55 0,41 " LP7

For changing H.T fuse of Lalhospital.

G591



Appendix-D (Contd.)

2

Rerolling
Cresaent star
Kohinoor .

Khalishpur S/S
(1)

Crescent star
BIDC

Crescent star
f

8IDC

1

Khalishpur

1t

Rerolling
L]

Crescent star
Kohinoor ‘
Crescent star
Khalishpur
Kbhinoor
Rerolling
Khalishpur

Rerclling
1"t

7-07
7-55
7-55
16-25

17-45
10-53
18-10
19-26
5-55

17-00
10-26
17-05
17-06
19-05
20-25
21-35
5-39

9.03

9-37

9-37

18-32
19-08
10-38

12-39

10+55
12~40
17-20

18438
13,05
18-17
19-48
7-40

18-16
12-35
18-05
18-02
19-45
2215
2145
5-42

13-55
11-25

13-20

18-36

20-15

11-35

5,53
3.00
4,75
0.91

0.88
2,21

0.11

0.36
1.75
1.30

2,15

1.00
0,93
0.66
1.83
0.16
0,05
4.86
1.80
3.7
0.06
1.11
0,93

7

36
34
33
22

34

31 For maintenance work
34 | ‘

34

31 - For maintenance work
31

32

32

36

36

34

33

34 .

32

33

36

LP14 For changing x~for fuse of housing.
3B

38

991



Appendix-D (Contd.)

16.,7.8B2

it

17.7.82

L]

2
Khalishpur
Kohinoor
Crescent star
Gate 5/5(I)
Rerolling
Khalishpur
BIDC

Khalishpur

s/s(1)

Gate S/5(1)
Kh alishpur
Rerolling
BIDC
Rerolling
Khalishpur
Hessdlinyg
BIDC
Crescent star
BIDC
Rerolling
Khalishpur
BIDC

f

10-40
11-44
18-28
12-30
15-05
15-12
16-15

22-24

17-10
22-26

12-15

13-38
23-36
2«08
BufE
2-24
3-03
T-47
7-50
12-00
10-37
13~-35

12.23
12-22
19-47
13-22
17-30
16-15
17431

22-34

17-29
2245
15-22
14-00
g0-10
2-24
3mBd
2-48
3-38
a-38
10=-15
13.32
10-45

14-25

1.71
0.55
J.31
0.86

2,41

1.05
1.26
0.18

0. 31
0. 31
3,11
0,36
0,56
0.26
IR
0,40
0,58
0.85
2.25
1.53
0,11
0.83

7 8
32
33
34
21
36
32
31
32

21
32
3B
31
2B
a2

aa
31

34

31

36

32

LP17 For chaning x-for.fuse near T&T
31 For maintenance work

L9%



Appendix-D (Contd.)

1
18.7.82

"

19.7.82
22-7-82
23,7.82

25,7.82

"

1.8.82
2.8.82

2
Crescent star
Rerolling
Crescent star
Rerolling

n
BIDC
Kohinocor
BIDC
Rerolling .
BIDC
"
Rerolling
1

"

Kohinoor
Rerolling

ft

Khalishpur
S/s(1)

Kohinoor
" i
Rerolling
‘IT
Kohinoor

Rerolling

2-42

12-58
14-55
14-15

- 12-08

10-20
11-45

20-51

10-18
1T1-45
16-30
21-01
00-12
D0~ 40
1-15

12-50
14-35
18-42

13-57
20-55
17-00
19-00
14-40
10,45

3-07
13-59
15-34
14-55
12-54
11-10

12-30.
22.05

12-21
12~34
22-00
22-00
00-30
1-04

1-34

13-06
14-44

18-44

14-20
21-02
17-17

18-15

14-52
11-15

0.41
1.00
0.65
0,66
0,77
0.83
0,75
0.23
2.03
0.81
5,50
0.98
0. 30
0.40
0. 31
0.25
0.15
0.03

0.38
0.11

0.28
0.25
0,20
0.50

34
36
34
36

LP18
33
31
LP 21
LP18
31
36
LP18
LP22
LP13
LP22
LP17
22

33
LP13
LP17
LP23
LP14
36

For maintenance work
For changing Biharibazaf x-for,fuse
For maintenance work
"
x=-for,infront of rerolling mill

x=-for fuse of Biharibazar

x-for, fuse of Biharibazar
Rerolling mill x-for,fuse change
For changing x-for.fuse of Tintala
x-for. fuse infront of rerolling mill

x-far,fuse infront T&T

x=-former fuse change Tintala

x-for., fuse near T&T

x-for, fuse of public health

x-for,fuse at housing,

ggy



Appendix-D (Contd.)

7.8.,82

19.9.82
20,.,9.82
23,9.82

27.9,82
28,9.82
29,9,82

"

1.10,82
"
2-10-82
3,10,82
"
4.10,82
6.10,.82

10.10.82

mn

Rerolling
1"

Fish Co
Rerolling

Kohincor
i}

"
n

n

Rerolling
Kohinoor

Rerolling
1]

]

fn

BIOC

20-00
21-37
10-20
7.50

10~30
11-40
00=25
1-25

2-15

4=14

8-55

19-38
17-58
18-17
15-02
18-25
1842
7-07

17-32
11-20
10-20

18-06

00-40
11-25

20-20
22-30
12-40

. 7=52

10-50
11-52
00-28
2-00
2-50
4-16
9-05
20-05
18-10
18-28

15255

15-10
18=20
7,48

17-45
11-35
10-35
18-07
1-10

16-00

0.33
0.88

2,33

0,03
0,33
0,20
0.05
0.58
0.58
0.01

0,15 -

0,45
0,20
0.18
0,88
0.75
0,63
0,68
0.21
0,25
0.25
0.03
0,50
4a58

By hand

By. hand

By hand

H.T fuse
By hand

LP23
36
35
36
Lp22
Lp22
36
LP23
LP16
36
LP22
33
LP11
LP15
33
33
36
33
LPB
LP18
38
36
LB16
31

Changing H.T. fuse of Public Health

Mdntenance work
"

H.T. fuse of rerolling x-former.

Maintenance work

H.T. fuse of public health x-former
HeT loop of T&T x-former.

H.T., fuse of x-for, infront of rolling
Mantenance work
H.T fuse of x-for at pump house

Kohinoor x-for,

*

HeTe fuse of x~for., in frent of Platinur
x=for, fuse at Biharibazar '

Maintenance work

at T&T x-former

Maintenance work
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1 : 2 3 4 5 6 7 8

11.10.82 Rerolling 16-38  16-59 0,35 By hand 3B Maintenance work

" BIDC 19-53  20-00 0.11 L.T loop LP1. Kashipur x-former
12.10.82 " . 8-33 10,15 1.80 " oo

LI n 11_55 12_10 0.45 n " n

" H Rerolling 15-3C 15-37 0,11 LT bushing LP18 of Biharibazar x-former
15.10,82 8IDC 00-50 1-10 0,66 LT loop LP1 at Kashipur x-former
17.10.82 Rerolling 10-35 10-48 0,23 -By hand LP23 Isolator fuse at public health x-for.
18-10-82 Khalishpur 19-23 19-28 0.08 fuse LP8 ' of goalpark x-former

" " 20-55 20-56 0,01 " " LP8 o

" BIDC 20-15 20-30 20,25 LT loop LP2 Infront of Chitrali cinema

" " - 22-15 22-20 0.08 " LP1 of Kashipur x-former
19.10.82 Rerolling 19-55 20-09 0.23 HT fuse LP14 of housing x-former
20.10,82 " 10-55 " 11-05 0.16 " LP16  of T&T x~former
22,%0.82 A 11+40 11-53 0,31 Jamper LPpi8 of Biharibazar x-former

" " 12-20 12-30 0.16 " LP18 " '
24.10,82 .0 10-41 10-55- 0,23 _H.T fuse LP14 of housing x-former
25.10,82 " 18-51 18=33 G5,70 L 36

" BIDC 20-01, 20-05 0,06 LT loop LP4 of gate x-former

" " 21-07 21-14 0.11  H.T loop LP-4 noo '

" Khalishpur 28-34 ~20-50- 0,26 H.T fuse LP12  of Mohsin college x~former

" Rerolling 21-40 21-51 0.18 " LP16  of T&T x-former
26.10.82 " 9446  9-47 0,01 L 36

" Gate S/S(I) 17-42 17-52 0,16 " 21

L 8IDC . 18-01 18-02 0,01 E 31
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1

26.10,82.

27.10.82

"

n

28,10,.82
29,10.82

"

3110.82

1.171.82

7"
3.11.82
1
"
.82
n
6.11.82
§.11.82
fn
10.11.82
12.11.82

2
Khalishpur
n
Kohinoaor

Khalishpur
"

Crescent star
.Fish Co

Rerolling
1t

Kh alishpur

BIDC

Khalishpur

"
n
Gate S/53(1)
BIGC
Gate S/5(1)
BIDC
Khalishpur
BIDG
Khalishpur
"
"

Kohinoor

3
20-30
13-25
17-57

18-25

19-50
18.25
1825
10-30
15-45
12-09
13-02
19-10
20-10
21-24

.21=-05

18-45
11-20
19-42
18-96
00-10
3-10

5-15

5-48
9-50

¢

a .
20-37
16-15
18-07

19~37
20-10

18-40

18-42 .

11=20
16-07
12-11
13-22
18-12
20-15

2143

21-07
1900
14-05
19-44

18-00

00~ 20
4-15
5-20

5.50
11-03

5
0.11
2.83
0.16
0.20

0.33
0.25
'0.28

0.83
0.36
0.03

0.33

0.03
0.08

0., 31

0.03
0,25
1.75
0.03
0.16
0,16
1.08
0,08

0g.08
T.21

B
x-for fuse
E
1
x-for fuse
x-far fuse
E
"
Mant,work
By hand
To remove
Mant.work
E
HeT.loop
Jumper
E
LT loop
e

L

x-for fuse

t

LP8
32
33
LP13
LP13
34
35
36
LP23
32
31
32
LP8

LP14

21
LP1
21
31
LP8
LP3
32
32

32
33

8

Near Round park

Near Tintala
"

HeT jumper of public health x-for.

The crow from wire mear T.V centre

of x-former at round park

of x-for,mear thana

of x-for. at Kashipur

at goal park

Behind Chitrali cinema

Lil



Appendix~D (Contd.)

1
12,11

22.11

1

.82

.82

.82
.82

.82

.82

2
Khalishpur
Rerolling
BIDC
Rerolling
BIDC
Rerolling

Khalishpur
L]

fn

Rerolling
Kh alishpur
Rerolling
BIDC

Gate S/S(I)
BIDC
Khalishpur

Rerolling
n

1"
Khalishpur

"

Gate S/5(1)

n

BIDC
Khalishpur

3
16~30

18-44

20-40
21-02
13-55
14-54
21-45
23-50
09-28
10-30
10-50
16-58
20-10
17-40
11-00
11-00
06-55
07-30
10-33
17-55
19-33
1742
1014

09-07

13-00

4
17-17
18-15
21-00
2131
15-30
1504
2200
00-11
09-35
11-00
11-80
1713
20-42
1745
12-00
11-30
07-25
07-31
10-50
17-56
20-00
17-43
11-03
09-08B
13-~02

5
0.78
0.52
0.32
0.48
1.58
0.16
0.25
0. 35
0.11
0.50
0.16
0.25
0.53
0.08
1.00
0.50
Q.50
0.01
0,28
0.01
0.45
0,01
0.81
0.01
0,03

B
Mant.
By hand

x-for,loop
n

e/

x=for.fuse
Mant,
H.T.fuse

Mant.
1

"

x=-for fuse
LT-1loop
] .

"
n

n

32
LP18
LP1
LP18
31
LP16
32

LP8

32
36
32
LP6
LP1
21
31
32
35
35
36
32
LP14
21
21
31
32

8
To change pin insulator
L.T.
at Kashipur
of B.

x-for, Loop of B, Bazar
Bazar

of T&T

of goal park x-former

infront of platinum

of x-former at Kashipur

for mant. work

of x-for. at Housing

- Tl
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1
22.11.82
23.11.82
26.11.82

i
fn

"

28.11.82
1.12.82

5.12,82
8.12.82
10.12,82

n

11.12.82

n

"

2
Khalishpur
Rerolling

1t
8IDC
Khalishpur
8IDC
Khalishpur
Gate 5/5(I)
Kohinoor
Rerolling
Kohinoor
BIDC )
Khalishpur

Khalishpur
5/5(1)

Kohinoor

Khalishpur
1"

-

Kohinoor

Khalishpur

¥/8(1)
Kohinoor
Rerolling
Khalishpur

17-05
09-05

17-10

17-38
20«07
21-25
20-30
1412
14-12
15-25
11-08
12-20
21-30
07-26

07-37
10-44
08-45
19-05
18-29

19-50
19-15
09-45
14-22

17-18
09-45
17-13
17-42
20-23
21-35
20-50
15-20
1523
16-08
11-10
12-45
22-10
07-36

10-20
11-25
11-15
19-15
18- 30

20-14
G9-35
10-45
14-39

0.21

0.66°

0.05
0.06
0.26
0.16
0,33
1,13
1.18
0,71
0.03
0,41
0.66
0.18

2,38
0.66
1.50
0.16
0,01

0.40
0.33
1.00
0,28

HeT fuse
By hand
E
"
H.Trfuse

x=-for,fuse
"

"

it

x-for fuse
E
x-for fuse
E

H.T fuse
H.T. jamper
E

n

LP13
36
36
31
LP8
LP3
LP11
21
33
36
33
31
32
22

33
P13
32
LP15
22°

LP15
36
32
32

8
of x-former near Tintala
Mant. works

of round Park x-former
Behind Chitrali cinema
of KITC

Load changeover
1"

at Tintala

of Kohinoor 5/5

of Kohinoor x-former

Changing

£l
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12.12.82

n
n

15,12.,82

1"

17-12.82

19.12.82

20,12.82

"
21.12.82

"

n

f

2
Khalishpur

Kohinoaor
Khalishpur

i

"

"
Kohinoor

"

Lid
Rerolling

f
Kh aishpur
Gate S/S(I)
Kh alishpur
Rerolling
Gate S/S(1)
Rerolling

3
11-28
12~14
14-20

16-25.

15-38

18-05

20-05
21-22
21-24

21236

12-20
17-05
22-00

- 23-30

07-48
11«30
19.52
11-54
14-57
14-58
17-21
10-05
17-01
21-50
23-15

4
12-00
12-25
14-21
16-35
16-48
18-35
20-15
21-24
21-25
21-38
13-36
17-20
2240

. 24-00

07-50
15-42
20-02
11-56
14-59
15-05
1748
10-20
18-02
22-20
00-04

5
0.53
0.18
0.01

0.16
0.11"

0.50
0.16
0,03
0.07
0,03
1.26
0.25
0.656
0.50
0.03
2,20

0.16.

0.03
0.03
0.11
0.45
0.25
1.01
0.50
0,81

0

N

Mant.works
H,T.fuse

HeT fuse
E

He T fuse
E
Breaker
Mant.
H.T.fuse
L

H.T fuse
Mant,

"

work

"

32
32
32
LP14
32
32
LP15
32
32
32
LP14
LP15
LP15
LP15
36
LP16
32
21
LP15
LPT?7
21
LP14
36
LP16
LP16

- of Housing x-former

Kohinoor x-former

for testing Housing x~former
fuse at Kohinoor S/S

To check the Kohinoor x-former

x~-for,
of Kohinoor x-former

of x-former at T&T

Trouble at Diesel control room
To chanée Khinoor S/S x-form.
infront of T&T x-former

at Housing x-former

at T&T x-former
"

(/A
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1
22-12,82
n '
23,12.82
n
"

24,12,82

25,12.82

r

- 27.,12.82

"

33.,12.82

n
31,12.82
4,1.83

n
8.1.83

1"

"

11.1.83
12.1.83

2
Rerolling
Khalishpur
BIOC
Rerolling

n
BIDC
Khalishpur
8IGC

"t
Khalishﬁur

n

H

n
Kohinoor

Rerolling

BIDC

Khalishpur

5/5(1) .
Rerolling

mn

BIDC

3
11-50
13-30
15-35
16-15
19-28
20-07
23-50
11-24
20-32
10-38
18-10
13-20
20-04
18-48
11-50
20-15
09-45
14-40
15-35
11-30

07-20

09-07

- 12-15

13=43

4
13=31
13-50
15-50
16-30
18-45

21-20

00-10
12.45
20-50
10-44
18-13
13-50
20-07
19-48
12-38
20-35

-08-55

14-57
159-47
12-05
av7-22

089-14
12-25
20-16

1.68
0,335
0.25
0.25
0,28
1.21
0.33
1. 35
0. 30

0,10

0.05
0,50
0.05
1.00
0.76
0.33
0.16
Q.28
G, 20
0,58
0.03

0.1

0.16
0.55

By hand
H.T.fuse
L.T.uire
Mant.

n

E

Mant

1]
L.T.loop
H.T.
E
Mant.
E

fuse

x-for. jamper

Mant.
"7

" x-for.fuse

L.T.100p
"

L.T. loop
E

H.T.'fuse

H.T., loop

LP16
LP14
LP1
LP16
LP15
31
32
31
LP1
LP13
32
LP13
32
LP13
LP13
36
LP21
LP18
LP18
LP1
22

LP22
LP16

31

8

‘For testing T&T x-former

6f Housing x-former
Near Kashipur

For setting newx~for, at T&T

"

of Kashipur x-former
of Tintala x-former

for setting new x-former near TiRAtala

near tintala

To set new x-~for.near K -damtala

infront of rerolling will x-for.

of Biheribazar xffor.

of Kashipur x-former

Rerolling mill x-former
of T&T x-former

S¢LL



Appendix-D (Contd.)

1
14,1,83
"
16.1,83
18.1.83
"
18,1.83
21.1.83
23,1,83
"
24,1,83
25,1.83

31.1.83

n

"

2

- Rerolling

Khalishpur

Khalishpur
"

-IT
n
BIDC
Rerolling
"
BIDC
Khalishpur

"

1]

Rerolling
BIDC
Khalishpur
BIDC
Rerolling
Khalishpur
Rerolling
Khalishpur

Kohipoor

Gate S/5(I)

3
08-49
17-40
11-53
12-21

14-25
14-25
10-00
12-40
21-22
19-00
14-D7
16-10
18-00
19-30
12-46
15-15
15-05
16-45
09-55
10-30
11-50
18445
11-07
11-14

4
09-00
1742
13-10
12-28
14-35
14-35
13-45
12-55
2132
19-15
14-08
16=35
18-01
19-55
13-30
1555
16-00
18-40
10-12
11-55
12-10
18-50
11-42

14-10

5
0,18
0.08
1.18
0.11
0.16
0.16
3.75

0,25

0.16
0,25
0,01
0,40
0.01
0.41

0,73

3.60
0,91
1.9
0.28
1.41
0.33
0,08
0.58
2,93

i

0

E

Mant,

Do

H.T. fuse

Mant.work
"

L.T.loop

H.T, fuse

E

By hand

E

HeT.fuse
E1

x-For.fuse
Mant,
x-for fuse
E

Mant.

L

LP18
22
32
32
32
LP11
31
LP16
LP23
LP1
32

LP14

32
LP18
37
32
31
36
LP11
36
LP11
32
33
21

8

of Biharibazar x-former

of KITC x-former

To set up new x-former

of Publiec Health x-former
of Kashipur x-former

Near Housing

of B.Bazar x=former

at KITC

at KITC

9LL



Appendix-D (Contd.)

6.2.83
7.2,83
12,2.83

f
mn

n
mn

13.2.83

18,2.83

"

19.2,83

2
Rerolling
BIDC
Kohinoor
Rerolling

1
BIDC
Rerclling
Khalishpur

"
Rerolling

Khalishpur
s/s (1)

Khalishpur
810C

Rerolling
n

Kh aishpur
Rerolling
Khalishpur

n

"
BIDC
Khalishp-ur

3
16-10
16«10
15-29
19-00
19-32
18-00
10-15
11-15
12-08
17-01
18-17

19-55
20-35
10-25

- 12-05

14-40
18-20
19-05
19-16
20-45
21-15
20-45
08-35

4
16-25
16-55
16-04

19~10

19=45
18-03
10-28
11-35
13-00
17-458
18-18

20-01
20-57
10-40
12-20
16-25
18-22
18-20
18-40
21-10
21-35
21-35
09-45

0.25
0.75
.58
0.16
a.21

0.05

0,21

0,33
0.86
0.75
0.01

0.10
0,36
0.25
0.25
1,75
0.03
0.25
0.40
0. 41
0,33
0.81
0.16

x=-for,fuse

4]

H.T.fuse
L.T loop

Mant.

x-for,fuse -

36
31
33
LP18
LP18
31
36
32
32
36
22

LP7
LP1
36
LP18
36
32
LP18
LP8
32
32
31
32

B

Load change

n

n

of B,Bazar x-for,

H

of Lal hospital x-for.

of Kashipur x-for,

of B.bazar

of B.,bazar

of Round park x-for.
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Appendix-D (Contd.)

1
19.2.83
il
21.2.83
22,2,83

n

- 24,2,83

"

25.2.83

8-3-83
14,3,83

2

Rerolling
n

Gate S/S5(1)

"

Rerolling

Khalishpur
s/s{1)

Rerolling
Gate S/S(I)
Rerolling
Khalishpur

Khalishpur

Kohinoor
"

Khalishpur
Rerolling
Khalishpur

5/s(1)

BIDC
Khalishpur
Fish,Co,

3
08-50
18-35
08-50
00-22

02-02

19-07
20~ 30
00-04
06-30
07-30

07-40
08-50
13-45
10-10
18-35
18-35
19-45
18-47
12-31
15-37

15-45

22-01.

21+ 20

i
10~00
18-~47
09-05
0100
02-05
19-40
20-~35
02-40

07-30,

07-32

08-45
19.05
14«15
18-50
18-36
18-05
20-08
19-10
1258
17-02

16-15
22-20
21-40

5
0.16
0,20
0,25
0,63
0.05
0.55
0.08
2.60
1.00
0,03

1.08
.25
.50
0.66
0.01
0.50
0.38
U.38
0,45
0.41

0.50
g. 31
0,33

Mant,
x-for.

E

"

x-for, fuse
Mant,

1

1

L
x=-for, fuse
Mant,

7

L.P.23

LP23
21
21
21
36
LP21
36
36
22

38
21
36
LP13
32
33
LP16B
32
36
22

31
LP7
LP24

8
of Public health x-for.

"

. infront of rerolling mill x-for.

near Tintala

at Kohinoor S/S

of Lal hospital x-for.

x=-for, Fish co.

AT



Appendix-D (Contd.)

1
14,3.83
15,3.83

u

n
16.3.83

"
17.3.83
19.3,83

n
n
"

"

20,3.83
22.3.83
23,3.83
26.3.83

27.3.83
"
29.3,83
30.3,83
r
31.3.83
1.4,83

2
Fish Co.
Khalishpur

Sfs (1)
Rerolling

mn
"
BIDC
"
Rerolling
BIDC

4]

Rerolling
n

BICD

Khalishpur

"

BIDC

n
Rerolling
Fish co.
BIDC

n
n

t

Khalishpur

3
21-45
14-18
14-18
16-22
17-35
19-55
21-20
10-40
11-15
11-25
13-25
15-55
21«10
13-20
09-00
18-05
21-25
19-45
23-25
19-13
18-55
20-35
08-50
1717

4
21-55
1420
14=40
17-05
17-45
20-08
22-03
10-55
11-45
12-40
14-00
16-10
21=-11

"13=-27

09-30
18-15
21-35
19-58
23-37

189-25.

20-05
20-41
09-.00
17-35

5
0.16
0.03
0.36
0. 71
0.16
0. 21
0.75
0.25
g.50
1.25
0.58
0.25
0.01
0.11
0.50
0.16
0.16
0.21
0.20
0.10
0.60
0.10
0.16
0,30

B
Mant.

Mant,

ft

H.T.loop
Mant

H. T.loop
x-for,

By bhand

n

E
x-for,fuse
H.T.: loop
£

"

Mant.
H.T. fuse
L

E

x-for, fuse

Mant,

LP24
22
36
36
38
31
Lp1
36
Lp1
LP5
36

LPB

31
LP14

LP7

31
31

38

LB24
31
31
ER4
LP1

32

8

' x-for. of Fish co.

of Kashipur x-former

of Kashipr x-for.
Mant, at Crescent pate
Line change

Fuse of platinum gate x-for.

at P airasava

of Lal hospital x-for,

of Fish co. x-for.

of‘gate x~-for.

of Kashipur x-for.

6LL"



Appendix~D (Contd.)

1
3.4,83
"
5.4,83
6.4,83

i

12.4,83
20,4.8B3

"
26.4,83

"

"

n
27.4,83

n
2.5,83
7.5.83
12.5.83

2
Gate 5/5(I)
BIDC
Rerolling
Kohinoor
Rerolling
Kohinoor
Rerolling
Kohinoor

Khalishpur

5/5(1)

Rerolling
1"

BIDC

Khalishpur
5/5(1}

BIDC
Rerolling
"

Kohinoor
Khalishpur
BIDC

]
Rerolling
BI0C
Rerolling

3
21-50
18-50
15-25
20-00

-20-05

21-35
15-25
19-36
13-55

13-55
15-05
18-08
11-53

20-10
17-35
18-05
18-05
18-08
13-00
18-30

 09-40

09-15
09-35

4
22-03
19-12
16-05
2027
20-29
21-473
15=40
19-45
13-56

13-58
15437
18-18

13-25

21-11

17-36
18-15
18-15
18-10
14-35
18«53
09-47
09-40
10-05

Q.21
0, 36
0.66
0.35
0.30
0.13
0.25
0.15
0,01

0.05
0,53
0.186
1.53

0,01
- 0.01

0.16
0.16
0.03
1.58
0.38
0.11
0.41
0.50

Mant.,
L

H.T. fuse
H.T. loop

By hand

21
31
LP25
33
36
33
Lp22
Lp22
22

36
LP21
31
22 .

31
36
36
33
32.
31
31
LP18
LPJ3

8

at Diesel control room breaker

of Neval x~for.

Rerolling ill x-for.
n

of x-for, infront of rerolling dill.

Due to stopgm
1" .

of Kadamtala x-for.
of x-for. behind Chitrali

Oue to storm

.-08L.



Appendix~D (Contd.)

1
12,5.83

n
n

n

16,5,83
17,5.83

©21.5,83
24.5,83
5,6,83
8.6.83

1"
n

15.6.8B3
18.6,83
21.6.83
22,6,83

2
33 Ky(I1)

Crescent star

BIDC
Khalishpur

'Khalishpur

Khatishpur
5/5(1)

BIDC
Khalishpur
BIDC

1"
Rerolling
BIDC
Kohinoor
Rerolling
810C
Rerolling

Khalishpur
s/s (1)

]

Khalishpur
BIDC

Crescent star

Khalishpur
s/s(1)

3
12-30
16-50
18-50
18-50

09-20

15-01

17-07
18455
18-55
11-20
17-45
18-15
19-50

10-15

21-40
09-30
11-20

19-16
21-50
06-22
22-05
10-25

4
13-15
21-589
18-57
18-58
10-05
16-58

17-36
19-26
19-28
11«36
17-58
18«55
20-05
10-45
22-40
09-45
11-23

19-18

22-20

07-22
22-40
10-45

5
0.75
5.15
0.1
0.13
0,75
1.98

0.48
0:52
0.52
0. 26
0.21
0.66
0.25

0.50

1.00
0.25
0.05

0,03
0.50
1.00
0.58
0.33

E
Mant,
By hand

fn

L.T.Loop

"

By hand

"

x=~for fuse
H.T fuse
Mant,
L.T.loop
By hand
H.T.jamper
H.T. fuse
By hand

E
By hand
-

11
34
31
32
LP7
22

21
32
31
LP3
LP 21
31
LP15
LP22
31
LP22
22

22
32
31

Breaker fault 34

Mant,

22

Due to storm
1t

of Lal hospital x-for,

Due to storm

of behind Chitrali cinema

of x-for. infront of rerolling mill.

of Kohinoor 5/5 x-for.

for changing bush

of rerolling x-for.,

For line change

Te save the cut ocut wire

I81L



Appendix-D (Contd.)

1 2 3 4 5 6 7 8
22.6.83 Khalishpur 18-05 18-25 1,33 L.T,loop Lp7 of x-for. at Lal hospital

n Crescent star 20-01 20-02 0,01 0 34

" " 20-04 20-05 0,01 " 34

" n 20-26 20-42 0.26 " 34

" BIDC 20-05 20-45 0,66 By hand 31 To save the cutout wire
23.6.83 Crescent star 20=03 20-05 0,03 O 34

n m 20-18 20-20 0.03 " 34
24,6,83 Rerolling 23-40 23-50 0.16 x-for,fuse LP22 of rerolling mill
25.6.83 Khalishpur 18-50 18-52 0,03 E 22

- 5/5(1)
25.6,83 Rerolling 20-15 20-45 0,80 H.T.fuse LP13 of Kadamtala x-for.

" " 21-37 21-45 0,13 " LP18 of B.bazar x-for.
27.,6.83 BIDC "11-30 11-37 0,11 L.T.1loop Lp2 of x-for, infront of Chitrali
28,6.83 Rerolling 11-45 12-05 0,33 H.,T. fuse LP18 of B.bazar x~for.

" " 18-35 1B-45 10.16 Isolator 36

: fuse :

" " ~ 19-45 20-05 0,33 " 36

" " 20-43 20-55 0,20 E 36

n " 28-30 20-43 0,21 " 36
29.6.8B3 Crescent star 12-50 13-10 0,33 E,0 34

" Khalishpur 15-.55 16-15 0,33 By hand 32 Load change

n Kohinoor 15-55 16-55 1,00 " 33 : "

n " '18-15 19-17 0,03 E 33

" o 20-10 20-40 0,50 x-for.fuse Lp15 of Kohinoor §/S

- 781



appendix-D (Contd.)

1
29,6,83
30,6.83
1.7.83

2.7.83

"

)

- 3.7.83

. 4,7.83

2
Rerolling

Kohinoor

Crescent star
n
Khalishpur -

Khalishpur
5/5(1)

BIDC

3
21-45
20-25
08-30

11-08
11-22
21-22
18-30

18-40

4
22-10
20-46
09-45

11<10
11-25
21-37
18-45

"19-00

5
a. 41
0,35
0,25

0.03
0.05
0.25
0.25

3]
Mant.
]

Hushing
change

By hand

1t
X-for,fuse
Mat.

LPB
33
LP15

34
34
LP14
22

8

Due to wire cuttingout

at Kohinoor 5/5 x-for.

Load change

1"

of Khalishpur P arasava

of x=-for. behind Chitrali

€91



	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097
	00000098
	00000099
	00000100
	00000101
	00000102
	00000103
	00000104
	00000105
	00000106
	00000107
	00000108
	00000109
	00000110
	00000111
	00000112
	00000113
	00000114
	00000115
	00000116
	00000117
	00000118
	00000119
	00000120
	00000121
	00000122
	00000123
	00000124
	00000125
	00000126
	00000127
	00000128
	00000129
	00000130
	00000131
	00000132
	00000133
	00000134
	00000135
	00000136
	00000137
	00000138
	00000139
	00000140
	00000141
	00000142
	00000143
	00000144
	00000145
	00000146
	00000147
	00000148
	00000149
	00000150
	00000151
	00000152
	00000153
	00000154
	00000155
	00000156
	00000157
	00000158
	00000159
	00000160
	00000161
	00000162
	00000163
	00000164
	00000165
	00000166
	00000167
	00000168
	00000169
	00000170
	00000171
	00000172
	00000173
	00000174
	00000175
	00000176
	00000177
	00000178
	00000179
	00000180
	00000181
	00000182
	00000183
	00000184
	00000185
	00000186
	00000187
	00000188
	00000189
	00000190
	00000191
	00000192
	00000193
	00000194
	00000195

