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Operational reliability is a measure of equipment Or
system effectiveness, Usually, it is expressed as age-based
reliability, but in a steady-state situation, it may be
interpreted as meaning operational readiness and availability.
The modeling for operational reliability of a complex system
is done by decomposing the system into subsystems or components
and thus generating a block diagram expression of system
operation. A thorough study of various system configurations
has been made. The model has been applied to assess the
retiabiUty of a fertilizer plant which helps in identification
of critical equipments wi tli low reHabi1i ty •.The causes of low
reliability and various possibilities of improving reliabllities
of critical equipments have been studied. Reliability improvements
has been co~pared. In the calculation of reliability of individual
equipment, Wei bull reliability flmction has been used. The
shape and scale parameters of this distribution has been
estimated by Hazard Plotting, Maximum Likelihood Estimator and
SEQLnl methods. Steady state availability and operational
readiness have also been calculated for individual equipments
as well for the whole plant.
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CHAPTER. 1

INTRODUCTION

General Introduction
The opera~1on of a process plant

which causes shut \1ownof the plant. Since most of the procesS
" J'-"{,

E!qu1pment;~are cQJ1Jplexmechanical units, their control and
~~, " "., . ,,' .:' .- .

protective devices are very complicated.
. ":. .~'~

fDuring o:fieration,failure of.the plant may occure for
many reasons, e.g.; previous incompetent ( incomplete and incorrect)
maintenance of mechanical, electrical, electronic and pneumatic
equipments; fault signals of instruments and safety trip systems,
poor design of the equipments, sudden and unexpected perturbation
of voltage or currents etc. If the plant operates at high temperatures
and pressures, then sometimes, it may go out of control which results
failure of the plant. In addition to these causes failure of the
plant may also happen due to wear and tear, random causes or wrong
action taken by the operator.

In order to meet either safety or economic criteria, large
and complex plants must have a potential high reliability of
operation. This 1s generally achieved by the re-design of existing
equipment, installation of redundant equipments, duplicating the
safety trip systems, improving the maintenance polioy, increasing
the rate of periodic inspection etc. But these v~rious means of
reliability improvement must be cpmpared on the basis of implementa-
tion cost. In otherwords, Cost-Optimal reliability must be ensured.
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In the general sense, Operational "reliability is the
quantative measure of system performance or system effectiveness.
Mathematically; Operational reliability is a time dependent ~
fUnction indicating that the reliability of equipment or plant wi\l
decrease with operating time. But steady state measure of operat-

'''. ,,:~ .

ion~l reliability can usually be indicated by operational readiness,
..~ ~.:.

aVe.pabilityand intrinsic availability. All of these measures are
):--

exp~essed a~\simple ratios considering operating time, idle time,
,,-,"',, -I •

dOWn'time a~d active repair time •
.,.:' ~.

However simple the above measures may seem to be, in reality,,
the reliability analysis of a complex system is extremely difficult
if it is treated in its entirety. So, the logical approach is to
decompose the system into subsystems or components, thereby genera-
ting a block diagram description of system operation. Then the
calculus of probability is applied to calculate system reliability.

1.2 Fertilizer Factory to be Studied.

Irrespective of the nature of Operation, the treatment of
reliability analysis is same for any type of fertilizer factory
or so to say for any complex plant in general". So, for this study,
Urea Fertilizer Factory Limited, Ghorasal, Dhaka had been chosen
because of its importance to the natioual economy. This is one of
the modern complex and continuous production Chemical Plants in
the Country.
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This plant operates closer to its trip limit run at very

high temperatures and pr•.~ssur(:s and use potentially dangerous

chemicals. Moreover, most of its installed equipments and

machineries 'are single unit in a flow train except few small units

where s"tand;:::byredundancy is available. This plant produces about
(-"f.:;

1,600 tonsJt' Urea per day. If the plant is shut-d.ownfor any minor

tZ;9ubles, it will take minimum2 to J u.uys to restart production

whlch leads' to great loss in production vo11.m1.So, when the plant

goes into operation then the wain objElctive is to avoid the failure

of the plant by taking all possible preventive measures.

Reviewof the plant life history indicates that the plant

suffers frequent shut-downs due to various troubles of equlpments

and machineries. The troubles might be reduced considerably if it

is possible toident11"; the critical equipments and the potential

trouble areas for which major shut-down of the plant occurs and

improving the situation by installing redundant eqtupments or

dup11catj~g the system of the trouble areas.



1.3 Objective of the Study.

, ~.~~!')',developa model for assessing operational reliablli ty
by decomposing the whole layout of the system into block
diagram representation.

ii) To assess the operational reliability of each individual
components and tbe overall reliabilit;y of the factory.

iii) To identify tbe critical components and major trouble
areas.

iv) To suggest a policy to improve operational effectiven~ss
of the factor~'.

4

J" "
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CHAPTER 2

LITERATURE J1E1!JI:\<I

2.1 Reliability tileory and definition

In its useful sense reliability theory is a Dlethod of
assessing the performance of equipment that complements the

!
~ .. :1

f~iliar criteria of performance. ~pplied to processing opera-
tions, reJ.,i~bilitytechniques allow alternative plant configu-
rations or processes to be compared objectively in terms ~f their
ability to perform the allotted task. Similar techniques may be '.
applied to the provision of maintenance and services. The systematic
analysis of failure modes of itself leads to the discovery of
danger points, and in combination with adeuate failure rate data
allows quantitative estimates of such loss quantities as down-
time to be made.

Chemical plants operate continuously in time; reliable
plant only rarely fails or operates improperly. This suggests
that the following definition of reliability given by Fresh
water and Buffham ( 1) is suitablel

The reliability is the probability that the plant operates
successfully within a desired band of operating variables for
more than a specif:Le(lt:Lme.

Clearly the reliability is a function of the time specified
and depends on the nature of the plant and its environment. The
reliability function R ( t ) may be definHd mOl'e formally:
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R(t) = Pr ( no failure in (O,t»
where Pr(A) is used to denote the probability of event A occuring,
and failure is synonymous with operations outside the desired band
of conditions. The concepts of reliability and failure rate are
intimately related. If a large number of identioal plants operating
under identioal conditions., The plants will have a distribution of

.- . ,

f(t) dt = Pr(Plant fails in (t,t+dt»
The density function f(t) may be regarded as the failure rate at
time t based on the number of plants put into operation at time

life times in much the same way that the material entering atJ,; .
c4~Fdcal p~qeess has a distribution of residenoe times :

... "
" ",

zero.
Failure Types, Failure Rate and Hazard Rate
Failure Types
Failure is defined as The termination of the ability of an

item to perform its required function. Three types of failures are
recognized in system and component reliability studies by Aird(2),
namely early failures, random and wear out failures.

2.2.1.1. Early Failures
In the early life of a plant these failures c~~ be identi-

fied as cownissioning problems and are usually caused by one of the
following :.

(1) Design faults - failure caused by inadequate design which
will continue until the design is modified.

(i1) Manufacturing faults - the Qse of substandard components
due to lack of quality control or poor workmanship in the assembly
of units will produce early failures.
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(iii) , Construction faults - the initial assembly and setting up
.

of plant items can produce additonal stresses over and above the
design values resulting in premature failure.

In 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 characteristics. This is due to the
maintenance activity it-self whether in response to a breakdown or
for preventive reasons. The most obvious reasons for these early
failure characteristics are :

(a) Incorrect fault identification - usually because the symptom
of failure has been corrected but not the underlying cause. This may
be simply for expediency to get the plant operationas as quickly as
possible or because there is a multiplicity' of possible causes which
are difficult to seperate.

(b) Disturbance of equipment - this may lead to one or more

secondary-failures such as the loosening of accumulated deposits
which can then produce blockages or opening seals which then Leak.

(c) Poor maintenance work - whilst this is the most difficult
of categories to eliminate it is unfortunately one of the more
common causes of early failure. Many examples can be quoted including
using similar but incorrect replacement parts; allowing dirt and other
matter to get into equipment ; or physically damaging replacement
parts by using incorrect maintenance procedures.

It is desirable that all early failure modes are eliminated
by appropriate action. In each case it is necessarJ to investigate
the cause carefully so that one failure mode is not simply replaced
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by another. Where maintenance induced faillues are occuring then
it may be necessary to provide more formal diagnostic procedures
or retraining as necessary.

2.2.1.2 Random F.'O\ilures

~hdomness of failltre times occurs when the probability
of failure':d.;6esnot vary with the age of a unit ( the hazard rate
i!j'(lonstant).From, an engineering point of view it would be expected
t4at mechapical equipment would show wear out characteristics.
With complex mechanical equipment there can be many different modes
and although these may individually follow normal distributions with
different means and standard deviations, when considered altogether
these can produce on 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 overheatirlg, unbalance, or vibration.

In general it would be cautious to assume that all
equipment has an underlying wear out distribution and to examine
any data that do not produce this type of result with extreme care.
Unfortunately this is frequently impossible to carry out because
the original data are not available through the lack of a good
recording system.



9

2.2.1.) Wear out Failures

From a maintenance point of view it is desirable to have
equipment with a wear out type of failure distribution since this
gives a much longer mean time between failures (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

;"., ~

apr~ventiveIJW.intenance policy. Since the equipment services a
mu~~"~reater.iength of time there are likely to be several dominant:~,::\;,:. ," ,;,'

mOdss.of faii!.urecontributing and it is important to isolate these.'" ,.,.,' (-:;-,

If one particular failure mode is causing a significant reduction in
the overall MTBF then steps can be taken to design out this mode
or at least improve the units performance. Possible causes of this
type of distribution include wear, erosion, corrosion, fatigue or
deposition of material causing failure due to blockages, ot of
balance, or local overheating.

2.2.2 Failure Rate

The failure rate of a system is defined as the numoer of

failures per unit time. The failure rate is.not constant for the
.:'
~f_

entire life of an equipment.
~, ,

Jardine()) has described that when making a graph of the
failure rate for the whole life, the failure rate would be high at the

beginingand would show a decreasing tendency. It would usually
become .constant in a comperatively short titHe, i.e., when the
equipment or system reaches a state of operational maturity
(Fig-2.1). The period of decresing failure rate is called the
It burn-in" period, during which infantile (early) failures are
inherent in the new product.
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early fdilure random failure only WeCirO\l-t failure

I
I
I
I

~~': I
I
I
I

I

«l I
..., I
ttl I
I-l I

CI) I
I-l
;)...•
•••ttl
P4

I

I~urn-in periO~ • useful life "I 'wearout period

Fig-2.1 Failure rate curve
When the curve straightens and funs essentially parrallel to the
abscissa, the failure rate is approximately constant and the
product bas reached its permod of useful life where only chance
failures occurs at rando. Later the failure rate assumes an inc-
reasing tendency and'degradation failures begin to appear as a
cpmseqiemce pf age (Wear-out), when the equipment is reaching its
"rated life."
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Herd(4) has defined that the probability of failure in a
given time interval, t, to t2 can be expressed in terms of either
unreliability functions or reliability functions. The relation-
sh:i.psare as follows :

f(t) dt '"F(t2)

•• R(t,)

The rate at which failures occur in the interval t, to t2, naturally

called the failure rate, will be defined as the ratio of the proba-
bility that failure occurs ~n the interval, given that it has not
occured prior to t" the start of the interval to the interval
length. Thms the expression for the failure rate is

R (t,) - R (t2)

(t2 - t,) R(t,)

2.2.3 Hazard Rate
The hazard rate or instantaneous failure are, is defined

as the limit of the failure rate as the interval length approa-
cehs Zero. Then the hazard rate is :

h(t) Limit JRett - H (tit)}..•t'-ot 'Ret)
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2.3 Selection of Probability Distributions

The probability that something will fail at a prescribed
instaat is zero. Thus failure distributions are represented by
functions of time f(t), such that when integrated over a specified
time ~ntervalt, to t2, the probability of at least one failure
duri~~ the ttineinterval is obtained.

F(t, t~2)
~' ..

••

There are many functions used to represent probability
density distributions(S); for example, the hyper exponential, the
negative exponential, the log-normal, the normal, the Gwruna and the
weibull distributions etc.

To ~rovide flexibility in matching different density shapes
and for easier analytical manipulation it is common in reliability
studies to use the weibull distribution, which has a density
function f(t) given by

f(t) fJ tfH tf3
•• '\ ('1) exp f- <Y{ 1

where f(t) is the probpotion of failures per unit" time, t is
time in appropriate units, P is the shape parameter and 1is the
scale parameter. The scale parameter 1is also referred to as the
characteristic age of the equ.ipment. A high valu.e of Y"j indicates a good
designed system, good qu.ality control or 19.rge factors of safety.
The shape parameter f3 defines the type of distribution. When ~ is
equal to 0.5. '.0, 2.0 and 3.4 the weibull ~istribution simulates
the hyper exponential, the negative exponential, the log-normal and
the norm~l distributions respectively.
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The cwnulative density function F(t) and Reliability func-
tion R(t) are given as follows :

2.4 Estimation of Weibull Distribution parameters.
The published methods for the estimation of the parameters

13 and Y[ include :
1. The maximwn likelihood estimators (MLE)
2. The best linear invariant estimators (BLIE)
]. The good linear unbiased estimators (GLU~) and
4. The least squares estimators.
In addition to these methods, some graphical techniques such as
hazard plotting and Weibull paper plotting are available also.

1• MLE Method
For life testing situations, where r failures have been

observed from a sample of nitems, Bain(6) gives the following
equatioa for e.<;timatingf3:

+ (n - r ) t~r:n

r

Li=1

• • • •••
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After determining fJ , the scale parameter 'I can be estimated by :

+ (n-r) lr:n
r

1
fi

••• • ••

.•

From equation (2.4.1), it is clear that ~ cannot be obtained
with a single failure, in a life testing situation. The major
problem with MLE loS that the estimate of f3 is highly biased
when there are only a few failures.

2. BLIE Method.
This method has been developed by Mann, et al (7). They

have given the following relationship for evaluating estimates
J3 and Y(

r
Y[ =[ A(n,r,i) ti ••• • •• '(2.4.)) C.. '

1=1

and 1/13 = L C(n,r,1) ti • • • ••• (2.4.4.)
1=1

Mann, et al.have given the weighting factors Atn,r,i) and C(n,r,i)
for n~2 and r ~ 2; r is the number of observed failures and
n is the number of iterns on test. Obviol.l.slythese formulations are
valid far life-testing sit<.ltltionsonly. The main disadvantages of
this method are that it oann.ot be used before the seoJnd failure
and the estimate f3 is highly biased for the first few faililres.
). GLUE method

The method of good linear unbiased estimators have been
discussed by Bain. The equations to be solved are :
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(i) For rLn ( incomplete data ),
r

r In t - LIn t1:n1/~•. r:n (2.4.5 )... ... ...n k _r,n

b"l •• In tr:n -(C / f3 ) ... ... (2.4.6 )r,n

where the constants K and C are given in tabular formsr,n r,n
for n~ 5 or may be calculated by quadratic approximations
provided by Bain.

(ii) For r = n (complete data),

nsL Inti:n + 3/(n-S) L
1=1 i=3+1

1/[3=-------------
nKn

•••

is the largest integer ~ 0.84n,
where

1 n
Iik lnt + r*/f3i:n=

Kn is an uniasing coa'3tant given
*and r

•••

in tabular form, 3=[0.84nJ
= 0.5772 is the Euler

constant.

This method provides a good estimate of j3 fCll:'few failures. But,
it also cannot be used before the seoond failure. Another short-
coming with GLUE is that it is inapplicable when replacements are-
carried out on failure; because there is no single value of t •r:n
4. Least squares met nod

The method of least squares is applicable only after all
the equipments in the sample have failed; i.e., no censories is
allowed. Neverthless, the method is effective in dealinc; with
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few failures within engineering approximations. The determination
of ~ and 1 by this method, is based on the inversion and double
logarithmio transformation of the equation for the oumulative
distribution

F(t)

funotion F(t) given by
-t. ~

•• 1 - eXPl ('?)}
which on transforl1l9.tion becomes

In In 1
I-F(t) •• f?> Int - f3 Inl ••••••••

This is of linear from Y.. M X - Z •
where Y •• In In 1

. -1--1-" (-t-)

Moo!,
X = lIlt

Z=f3ln"1
Hinds et al~8) gives that there are several way~ of oaloulating
F(ti) for the ith failure; three of which are as follows:

Choioe F(ti)

Mean rank
Benard's approximation

i/(n+l)
(i-O.3)/(n+O.9)

SYmmetrioal sample cdf (i-O.5)/n ••••••••• (2.4.10)
Estima tes of f3 and '1 can be obtained either graphioally or

by Qsing a oomputer programme. In the programme, equations(2.4.9J
and (2.4.10) can be solved by the le.,st squares technique to
estimate ~ ' while the scale parameter 1is estimated by the
following equation

'1 •. exp {Y (s.t63.~) + z1 / ~ •• • ••• (2.4.11).
Equation (2.4.9) can alao be solved eraphioally.
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Weibull RaRer Rlottin~ - Some special graph p~pers called
"Weibull probability" papers are cOJ1ll1lOnlyused for plotting
y Vs. X. In using such papers, the usual technique is to produce
a best fit line by eye. As an aid to this type of fitting, it
should be noted that the,line must pass through ( X,

= Inti
x = i=l

n

~ In In [ 1 l1:;r l-.i!' ( ti) J
=

n

v ), where

like all other methods mentioned before, the least squares
method also can not be used for n L 2.

Hazard Rlottin~ : Another graphical technique for estimating the
Weibull parameters is 'hazard plotting' which has been developed
by nelson (9). The main difference of this method from the earlier
one is that it uses cumulative hazard function H(t), instead of
cumulative distribution F(t) for a linear fit.

The hazard function h(t) for a distribution of times t
to failure is defined in terms of the cumulative distribution ~<
funcfion pet) and its derivative, which is the probability density
f(t), as follows:

••••

•••• • •• • •

The cumulative hazard function H(t) of a distribution is the
integral of the hazard function up to time t; is :

t
H(t) =J h(t). dt '"-In tI-Flt»)

"" .
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Again for the Weibull distribution,

F(t) = 1-expt- qfj
H(t).. -In (?-l + exp

i•e., H (t) •• (t/"()~ t > 0

This can be rewritten to express time as a function of the
comulative hazard, n~mely

Int •• 0;./13) In H + ln1 ••• ••• (2.4.14)
By this relatignship. lnt is a linear function of In H. Thus,
Weibuil hazarq'paper is simply log-log graph paper fronlequation

,:;

(2.4.14). it is obvious that the slope of the straight line
plot equals 1/~• this fact is used to estimate ~ with the
aid of the shape parameter scale from a Weibull hazard plQt For
H ••1 (100%) the corresponding time t equals YP this fact is used
to estimate 1graphically.
For hazard plotting, the basic steps infolved are as follows :
(1) collect a number of failure dates/times for the same equipment

(or a number of similar equipments)
(ii) Determine hours run between failures and order the times

(both failed and unfailed times) from smallest to largest.
(iii) Level the times with reverse ranks, that is, the first time

is levelled n, the second n - 1, and the n this levelled 1.

(iv) Mark the failure times to distinguish from the unfailed
times, because the hazard value is cOlculated 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.
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(vi) Calculate the cWDulative hazard value for each failure as
the sum of its hazard v~lue and the hazard values of all
preceeding failure times.

(vii) Plot cumulative hazard values Vs. sample failure times on
a log - log graph paper.

tviii)By eye, fit a. straight line through the data pobts. If the
plot- is ~easonably straight, one n~y conclude that the dis-
tribution adequately fits the data.

(ix) In the Weibull model d log Hid log t is f3 and when
H=l, t='l.

5. SEQLIM METHOD

This new method SEQL:Th1has been given by Kabir & Lihou C-IO).
Although the method was developed primarily for safety systems, its
application is not limited to those systems only, rather it can be
used for analysing data from almost any system, provided there

• • •• • •• • •• •

are not a large number of items on test or in service.

The method SEQLIM utilizes the basic acceptance principles
of Sequential probability ratio test' (SI'HT) to estimate sets of
Wei bull distribution pramaters (~ Y) ); and then the theory of
probabili ty limits is used t,) select the most sui table values of
these parameters. The acceptance POillt Vr for SEQLIM is calculated as

In df3 lnB
dJ3-1 i -1
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where, B =9"/(1-0\')

~ = Producer's risk a 0.10
~'a Consumer's risk = 0.05
d • disoriminatioll ratio. 2.0
r = NQ. of failures

The accepted estimate of 1is obtained as

"1 • Kt tf)lvrr
for any valu.e of ~

•

• •• • ••••

where ti denotes the operating time for the ith item on test
(including failure time if any), and n is the total number of
items on test.

Now, for a set of ~ values, one can obtain a set of
(P,l"j) pairs. Ha;'ing obtained a set of «(3,'1) pairs ouenow
needs to compute tr/1 for r observed failure times and to
check whether these values are within the desired pbobability
limits. The pair that has no "outlier" is accepted as the best
estimate of f3 and ~ •

with SEQLIM the fundemental approach for applying
probability limits is the same as explained above, but it has
been proposed by Dubey (11) that one should first use the 40%
(lower) - 60% (upper) limits (double sided).' If at this stage, no
pair ( ? ,~ ) can be selected, then the limits should be increased
stepwise, to 3or~70~,20% - 8~~, 10% - 90%, 5% - 95%, and so on,
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until a pair can be selected. It may happen that there are a
mumber of pairs within the selection zone. In that case, the
pair with the smaller value of f6 should be selected.

2.5 System Heliability predicticn and Models
, <In perfoI\ming the reliability analysis of a complex I:lystem,

,
.'.1

it is almost lmppssible to treat the system in its entirety. The
logical approacp.'is to decompose the system into functional entit-
ies co~posed
is asstfuJedto

o{ units, subsystems, or components. Each entirety
\;

have two states, one good and one bad. ~he subdivision

generates a block-diagram description of system operation. Models
are then formulated to fit this logioal structure and the calculus
of probability is used to predict the system reliability in terms
of the subdivision reliabilities. 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
techniques are needed. It is assumed that each functional entity

is independent of the others in the forementioned models, but in
many cases this is untrue. Dependent failures occur in standby
systems, and systems which respond to a common environmental change.
The models which govern these cases contain time-dependent conditional
probabilities.

The formulation of a structural reliability model can be
difficult in a large, sophisticated system and requires much appro-
ximation and judgment. The basic configurations of some reliability
models are developed by carter (12), shown below:



System reliability - Components in Series
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A series system is one which operates only if all its

components are operating. For a series systan the reliability is

the products of the reliabilities of the components. Figure 2.2

£hows the series arrangemont of a number of components which have

respective reliabilities R1, R2, R3•••• etc.

R 1

Figure 2.2 components in series.

The system reliability, RBis given as

Rs• R1 x R2 x R3 x •• • • • • • ~

where n •• No. of components.

when the reliabilities of se:veral series componen.ts are equal then

Rs •• ( Re )n

where Re Q reliability of several components when

their reliabilities are equal to each other.

Again their may be "n1 COJr,ponentsof R1 rel1abil1 ty and n2

components of R2 reliability etc., in Uti£! cuse the, overall

reliability of the system.

Rs e (R1)n1,( R2)n2, ( R3)n3,

System Reliability - CcTr'j:onentsin parallel.

A parallel system is one wh:lch' fails to operate only

components fail to operate. For a parallel system, the unreliabi-

lity ( probabilitj' of failure ) is the product of the unrel1abi-

lilies of the components. Thf) reliability block diagram for a

parallel system is shown in figure - 2.3.
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Figure 2.3 - C'.omponentsi.n para..lJel

If n units are in parallel with an unreliability
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•. . • • • F th'3n tmr",: iability of the system,nt

F •• F1 x F2 X F3 • • • • • Fnp

if F1•• F2 •• F3 •• • • • • • Fn

then F •• ~P

But R + F ••1 or R.. 1 - F
Hence the system reliability Rp is given by

In analysing a para..l1el system in this fashion it is

implied theat all sub-systems are activated when the system is

activated and that failures do not influence the reliabilit;)' of

System Reliability - Componentsin Series/l'arallel.

The reliability of the system can be deternined from the

failure probability of the arrangement a~ a consequence of R+F•• 1 ,

R •• 1-F.



x

y
Figure 2.4 Components in SeriesjParallel.

Considering the arrangement in.figure 2.4, reliability of the
series path X is given as

Rx • R1 x R2
Therefore, unreliability of the series path X is given as

24

- R • 1x

simi1iarly,

and Fy •• 1

Now unreliability of the system Feis given by'
u .

Fs D (1 - R1.R2) (1 - R3.R4)

Hence, reliability of the system Rs is given by

r- out-of-n parallel systems.

For 5. sy:::tC'1)] which has n components. in parallel and
operates as long as r survive, the Binomial distribution is
applicable. The system reliability is obtained by summing the
probabilities that n. n - 1, •••.• r + 1, r components,
will survive.



n \
k\(n-k}\

_K ( "R )n - k
l{"~ 1 - -x

where R •• System reliability
Rx" Components reliability

Stand-by Redundancy

In a system with redundant elements that are.completely
on stand-by, no time is accumulated on stand-hy elements until the
primary element 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. It the system
contains two elements. A and B , the re1iability.function has been
given by Welker ( 13 ) as follows 3 The system will be successfUl
at time t if either of the following two conditions holds (letting
A be the primary element )s

1) A succeeds up to t~nc t, or
11) A fails at time t1 L t and B operates from t1 to t.

The following diagram represents these two conditions I

Time Axis
t1
i
I•

A
,

(i) •Condition !•••
A

,
(ii) I

•:A- B

t
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Translation of the two conditions above to time dependent provabi-
lities gives

where f(t) is the time-to-faihlre density fW1Cticn of an element.
The first term of this equation represent the probability that
elemen t A will succeed until time t. The second term, excluding
the outside integral, is the density function of a failing exactl~
at t1 and B succedding for the remaining (t-t1) hour. Since t1 can
range from 0 to t,t1 is integrated over that range. For exponential
case where the element failure rates are Aaand Ab ,

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 th e standby element .

R(t) = exp(-A t) (iTA t)

For n elements of equal reliability

n-i
R(t) = exp(-A t) ')"f,;o



2.6.1
SyBtem Effectiveness and Its Measures.
System Effectiveness
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System effectiveness (14) is the probability that the
system can successfully meet an operational dermnd within a
given time when operated unrier specified ccmdi tions.

Effectiveness is obviously influenced by the way the
equipment is designed and built. However, just as critical are

the ways in which the equipment is used and maintained. In other
words, sys tem effectiveness can be materially infllxenced 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 operation and by the administration through personnel

policy, rules governing equipment use, fiscal control, and many
other administrative policy decisions.

The definition imply that the sys tem fails (i) if it is
in an inoperable condition when needed, or (ii) if it is operable
when needed but fails to complete the assigned mission successfully.
The expression "specified conditons" implies that system effective-
ness must be stated in terms of the requirements placed upon the
system, indicating that failure and use conditions are related.
As the operational stresses increase, failure frequence may also be
expected 1.7.> increase.

If continous operation is required, any ceasation due to
failure or scheduled maintenance reduces system effectiveness. If
the demands on the equipment are such that an on-off use cycle
profides significant free time for maintenance, system effective-
ness is ehhanced.
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2.6.2 System Effective Measures.

The following are the various measures of system effecti-
veness. For example, Serviceability, Maint~ability,Repa1rability,
,Operational readiness, Availability, Intra1nstio Avallabilit~ etc.
In tbis context, some of the important measures are defined by
Kapur ( 15 ) as follows:

Operational ReadinesS)
The term operational readiness is defined as the probability

that either a system 1s operating or can operate satisfactorily
when the system is used under stated conditions.

The operational readiness ( O. R.) would be estimated by

Operating time + idle tllge
Operating time + idle time + dow time

where operating time is t!~ tiDe during which the system is operating
in a manner acceptable to the operator.

Availability is defined as the probability that a system
is operating satisfactorily at any point in time and considers
only operating time and down time, thus excluding idle time.
Availability in a measure of the ratio of the operating time
of the system to the ope:raUng time plus the down time. Thus it
includes both reliability and maintainability.

The availability fUnction ( A ) would be estimated as

A
- Opera ting time •. _

•• operating time + down time
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The availability function wou.ld also be derived by the following
way:

Let ).l = Mean Time Between Failure (MTBF)
}J!' = Mean ti me to Repair (MTTR)
N = Number of failures.

then }J •• ( Total operating times/number of failu.rea)
}J~= ( total rerair time/number of failures)

Therefore. for N failures
time lost ••}J.,.'N
time elapsed •• (total operating time + total repair time.

Availability. A ••

i. e. A =

MN
]-.IN + 1l1'N
MTBF

MTBF + MTTR

=

Intrinsic Availability

Intrinsic availability is defined as the probability that
a system is operating in a satisfactory nan~er at any point in time
when u.sed under stated conditions. In this contest, time is limited

to operating and active repair time. Intrinsic availability is a more
restictive measure that availabiLity; hence the availability will
always be less than or equal to the intrinsic availability. The.
decrease will be caused by the administrative sad logistics time
connected with the repair cycle, which is included in the availability
meaaure.
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For instance, the unavailability of spare parts will decrease the
availability measures bu not the intrinsic availability measure.

The intrinsic .availability is estimated as

C!
Operating time
Opera "'fIii"gt1iiie-+-a-c-t-i~v-e-r-e-p-a-rr--U-m-e-

where active reap1r time is that portion of dcwn time during which
one or more technicians are working on the system to effect a
repair. This time includes preparation time, fault location time,
fault correction time and final check-out time for the systeTn.
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CHAPTER 3

DESIGN FEATill~EOF UREA FERTILIZER FACTORY LTD.,
GHORASAL DHAKA

3.1 Prod~otion Capacity

This plant is designed to prod~ce 660 Metric Tons per day
of liquid ammonia and about 18,000 NM3 per hour of carbon dioxide
for Urea Plant.

The raw material used in this plant is natural gas

3.2 Process Description of Ammonia plant.

The processes utilized in Ammonia production from natural
gas in this factory are summerzed (16) below. The process flow
diagr8Jl1of Ammonia Plant are sbown in fi~ure 3.2.

~rubin~ of natural gas

The cleaning of natural gas is done through dust
seperator, Venturi, Scrubber and filter. After being cleaned, a
certain part of this natural gas is sent to the compression unit
as feed stock for ammonia production and the rest without any
compression is used as fuel in ammonia plant, power plant, steam
generation plant and others.

Compression of Natural Gas feed stock

The natural gas is supplied at 24.5-28.0
compressed to about 35 kg/om2G before it is sent

2 .kg/em G. and
to the desulfu-

rization unit because high pressure reforming process is ad'opted
in this plant,
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Resulfurization Process.

It is necessary to reduce sulf~ content of the natural gas
feed stock to less ~hat one ppM because sulfur would act as a
poison on the reforming catalysts. Therefore the sulfur in the natu-
ral gas feed stock is almost completely removed by using zinc oxide
catalyst.

Reforming process

The natural gas form the desulfurization vessles is mixed,
with the superheated steam and th~n enter~ the primary reformer.
~he steam reforming reaction is basically the reaction between the
hydrocarbons and steam to produce hydrogen, methane, carbon dioxide.
and carbon monoxide. This steam reforming occurs in the preasence of
vickel catalyst under high temperature. The reaction is shown below :

The reformed gas from the primary reformer is mixed with process
air from the ai~ compressor (A-GB 101) preheated. Through process
air preheater is sent to the secon~~ry reformer {A-DC 101) where
methane and steam further react to produce hydrogen and carbon
monoxide and required Nitrogen for Ammonia synthesis is also
supplied.

The gas from the secondary reormer passes through the reformed
gas waste heat boilers {A-Ee 107) and the process gas procedds to
the shift conversion process.
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Shift conversion process.

In shift conversion, carbon monoxide reacts with steam to
from,B~drogen and carbon, dioxide and this h~drogen is ~sed in

"?
ammonia synthesis reaction.

This shift reaction occ~r~ ~der the proper temperature and
pressur,e conditions with suitable catalyst.

Cu + ~2P~C02 + H2
';;;: •.;,

For removal of CO2 the converted gas enters the CO2 removal
process wich is based on GIAMMARCOVE1ROCuKE lG.V) CO2 removal
process.

The process gas from CO conversion ~i t eI?-tersthe process r .
gas reb oiler (A~EA 301), providing the heat required for regenera-
tion of the ~.V.solution, then it is seperated from process conden-
sate in the process gas K.O. druml (A-FA 301).

The gas leaving the process gas K.O. drum is passed to the
CO2 absorber (A-DA 301), where CO2 is removed, contacting co~ter
currentl~ with G.V. solution. Passing through the absorber effluent
cooler (A-EA 304), the process gas is washed in the mist trap
(A-DA 303) where the mist j.B removed lind is sent to the rnethanation
unit as a purified gas with the CO2 concentration of 0.1 ~ 0.3%

The G.V. solution which absorbed CO2 is extracted out from the
bottom of the CO2 absorber and after being heated through the solution
heat 'exchanger lA-EA 302) it is supplied to the top of.the CO2
regenerator tA-DA 302).
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The regenerated G.V. solution is delivered, out through the bottom
of the CO2 regenerator and after being pressurized by the solution
pump tA-GA )01) is colled by passing through solution heat exchanger
and solution coo~er (A-EA )0) A-C) successively and then,Circulated
to the top of the CO2 absorber.

The gas released from the top trays of the CO2 regenerator
•

where it is washed by condensate, enters the washing part to the
CO2 direct cooler (A-DA )04), here the mist is further removed. by
circulating water and condensate from the mist trap. The washed CO2
is sent to the Urea plant with a purity of above 98.5%

Methanation process

In order to complete the removal of CO2 and CO gases from
synthesis gas by hydrogenating into steam and methane, methanation
is used as the final process for gas purification. These reactions
as explained by the following equations are reversible and also
each of them being exothermic.

)H2 + CO ~ CH4 + H20

4H2 + CO2 ~ CH4 + 2H20

The gas from CO2 removal wlit enters the process gas heat exchanger:
(A-EA 201) of the shift conversion unit and is heated to )OOoC, by f ,

1st shift converter outlet gas 'and then enters the methanator.
The process gas after the removal of carbon oxides in the methanatar
heats up the boiler feed water in the methanator effluent economizer
(A-EA 401) and is then cooled to ambient temperature in the gas
final cooler (A-FA 402).
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The condensed water in the gas is removed in systhesis gas K~O.
drum (A-FA 401) and the .gas is sent to the synthesis gas compre-
ssor.

AmJHonia synthesis Unit.

Ammonia synthesis reaction occurs on the iron catalyst
~romoted with various kinds of methals and is indicated by the
following equation.

Incrasing the pressure results in an increase in Ammonia
concentratiJn at the equilibrium condition.

Decreasing the s.)'sthesistemperature results in an increase
in ammonia content at the equilibrium condition~ but results in
decreasing the rate constant of reaction. Moreover, the better the •
catalyst, activity is, the lower the synthesis pressure can be.
Therefore there is an optimum temperature for ammonia synthesis
system.

•In addition to nitrogen and hydrogen with a ratio of about
1 : 3, 1he '1'efinedsynthesis gas has about 1.2% o.t'methane and
argon.

The process gas compressed by synthesis gas compressor is
mixed with the effluent recycle gas from the synthesis converter
through synthesis ecenomizer (A-EB 501). After cooling in differen t
stages. the synthesized awnonia present in the gas in condensed.
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The product liquid ammonia from seperator is sent to the
product let down tank (A-FA 502) and its pressure is decreased.
Finally it is sent to the ammonia storage tanks (A-FA 501A.B).
which are designed to store liquid ammonia of about 20 Kg/cm2G.

3.3 Process Description of Urea Plt<1lt
The following processes are adopted in Urea ProQuction in

this plant. The process flow diagram of Urea Plant ~re shown in
figure 3.)

Synthesi~ Section

Urea is synthesized in the reactor from liquid ammonia and
carbon dioxide. 002 gas is compressed by CO2 main compressor
(U-GB 102) upto 230 kg/cm2 and is directly fed with gasous state
into the Reactor (U-DC 101). Liquid ammonia from recovery ammonia
reservior (U-FA 401) is pumped upto 2)0 kg/om2 by liquid ammonia
feed pump (U-GA 101), and fed in to reactor.

The first reaction in the reactor is formation of ammonium carbamate
from ammonia and carbon dioxide.

This reaction release to large heat, and rapidly total CO2 reacts
to be ammonium carbamate. Next, a part of ammoniwll carbamate
dehydrates, to be UrBa and water.

=

Equilibrium reaction of Urea and Biuret is shown below which is
also reversible •

•
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The reaction product leaving the reactor consists of Urea, ammonium
carbamate, ammonia and water and these materials except Urea and
water are decomposed and seperated in the purification stage.

Decomposition and purification Section

The reaction product reduced its pressure through pressure
control valve frow 2)0 kg/cm2 to 18 kg/om2, and enter into the high
pressure decomposer (U-DA 201). Entering into high pressure decom-
poser, nearly 90% of free ammonia and carbamate will vaporize and
decompose to ammonia and CO2 gas. On the other hand, small quanti ty
of Urea hydrolyzes to ammonia and carbon dioxide.

The gas consisting of ammonia, carbon diox.ide and water from
high pressure decomposer, enters in to high pressure absorber cooler
(U-EA 401). ,

The liquid from high pressure decomposer (U-DA 201) enter into
low pressure decomposer (U-DA 202) through LCV. The composition
product. which is mixture gas of NH), CO2, H20 flows ~ low pressure
absorber (U-EA 402) from low pressure decomposer (U-DA 202). The
liqu~d of lO~ pressure decomposer enters in to Gas seperator (U-DA 20))

through L.C.V.

In gas seperator, NH),C02 and little water is vaporized and sent to
gas condenser ~U-RA 40)).
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Crystallizer (U-FA 201).

The urea solution enters into concentrator through the
circulation pump far crystallizer. Almost all water in the supplied
Urea solut10n are vaporized at th1S condition. Crystal Urea deposits
in concentrator, and grows 1n crystalLizer.

An agitator is installed in crystallizer to prevent agglomera~
tion of Urea crystal. Best condition far crystal grouth in crysta-
llizer is maintained by adequate recirculation of Urea slurry and
enough residence time. Urea slurry having nearly )5% of crystal Urea
is sent to centrifuge (u-GF 201) by slurry feed pump (U-GA 202).
Urea solution enters in to centrifuge and slurry is devided into
crystal and mother liquid by centrifugal force. Mother liquid is
gathered in the mother liqollr tank (U-FA 20), and about 90% is
returned back to concentrator and remaining 10% is recycled to re-
covery section as absorbent. Crystal Urea from centrifuge contains
1.0~1.5 % of H20 and 0.10~0.15% of biuret.

Drying.
Crystal Urea sent to dryer (U-FF )01) and dried by hot air of

about 110°C and dried up to 0.10~0.20% of moisture and then oaught
in the cyclones (U-FC )01).

5. Prilling

The crystals Urea from the qyolone are fed to Melter(U-EA )01)
by screw conveyor (U-JD )01). Crystalls Urea fed in the melter are
sprayed uniformly on the heating tube surf~ce by agitator. In the
melter the orystals are melted and the molten Urea flows to head
tank (U-FA )01) through strainer (U-FD )01).
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Head tank is installed to keep necessary head to the molten

urea falling down from d.istributor (U-PF 301). The liquid in head
tank falls down from distributor as rain drops. During falling down
in the tower, the molten Urea is prilled and coIled by the ascending
air, which comes from blower for fluidi~ing.cooler( U-GB 303) and
from the bottom of prilling tower as natural draught. The prills
are further cooled on fluidizing cooler (U-FD 302) at the bottom
of the tower and sent to the Urea storage through weighing
conveyor and through Tro~nel (U-FD 303) which sperates big block
of Urea from products.
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CHAPTER 4

DATA COLLECTLON AND DATA ANALYSIS

4.1 Failure History of Urea Fertilizer Factory Ltd., Ghorasal

In plant failure history, date and time of failure and Start-
up, causes of failure or troubles, repairing time taken for the
remedial measures as well as down time reaulted for the failure of
the equipments and machineries, etc are included. These are collected
from related departments (17) of the plant. Such failure records
of Ammonia and Urea Plant for four years lJuly 1977 to June 1981),
are shown in Appendix A and B respectively. The proforma used in
recording failure data are shown below :

-FAilure time Start-L1P time Down time Renair time
Date Time Date TJ.me Days DaysHrs. Hrs.
1 2 :3 4 5 6

auses of fa ure
Equipment failed Causes

measures/



4.2 Operating Time Calculations of Equipments.

In calculating operating time, the running periods for each
items are separated from the period considered (July 1977 to
June 1931) in the failure hist ory of the Plant. It is n::>tedhere
that at every running period i.e. between start-up and failure
of an equipment, ':thereexist some idle time due to the troubles
of the other equipments. These idle times are summed far every
running period and consequently actu,al operating time of an
equipment is calculated by subtracting the idle time fromthe
running period. By this way, operating times in between failures of
each equipment of the Ammonia and Urea Plants are calculated and are
shown in Table 4.2.1 and 4.2.2. res~ectively.
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The symbols used in column 3 & 9 of Tables 4.2~'1'a:nd.J+.2.2areas follows:
F.S. _ Faults signal(Instrument), E.F.-Electrical Fault, M.F.-Mechanical Faults, I.F.-Instrumental Fault,
W.F. - Wear-out Fault, O.F. - Operational Fault, O.H.-Oveha~ling and * - Failure.
Table 4.2.1 - Operating time calculation;];;o1',~quipmentsinAmnonia Plant.

Runnin1 Dat:<. Operating time Idle time Actual Do"''11 Repair Causes ofEquipment ~era~ng timeFrom To calendar days days im"' >vs ;;!:l'V'~ time days failures.
1 2 ':l. 4 <;' 6 ? -cr-'--~ ';I

Gas Turbine 26-06-77 0' 73.00 5.L.8 5.00 F.S.03-09-77 0.00 73.00
(P-GT 101 A) *09-09-77 12-10-77 33.00 I, 0.00 33.00 6.55 6.00 E.F.

* 28.00 28.00 2.5019-10-77 16-11-77 0.00 '3.00 E.F.
19-11-77 ~* 69.00 0.00 69.00 4.36 4.00 E.F.27-01-70

OH
01-02-78 02-05-78 90.00 0.00 90.00 78.00 15.00 O.H.

,

*19-07-78 08-08-79 385.00 24.73 360•27. 8.00 7.50 , E.F.

16-08-79 * 35.00 49.00 48.5'020-09-79 0.00 35.00 O.H.
OH

08-11-79 30-04-80 173.00 '0.00 173.00 4.10 3.90 E.F.
04-05-80 12-06-80 39.00 0.00 39.00 10.25 10.00 I.F.
22-06-80 21-08-80 60:00 0.00 60.00 66.00 15.00, O.H.--
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1 1- j 4 J b 7 (j- . q

*Boiler Feed 16-7.77 8.3.T8 235.00 61.59 173.41 . -',:,. .....4.77 .~.~o.16 E.F •Water Fum) -OH(A-GA 202 13.3.78 2.5.78 50.0u 9.00 40.70 78.00 7.00 O.H.
* ,

19-7-78 17-7-80 728.00 71.98 656.02 4.•62 0.33 W.F.
OH 31.00" '66.60

..

21.7.80 21.3.80 31.00 0.00 7.00 O.H.
16-7-77 " 23.34 60.66 2.77F.D.F. 8.10.77 84.00 u.oo O.F.

( A-GB 104T) 11-10-77 2.5.78oH 203.00 49.55 153.45 78.00 7.00 O.H.
*19-7-78 25-12-78 159.00 4.00 155.00 2.65 O.uO F.S.

OH 600 .00 67.95 66.0029.12.78 21.8.80 532.05 7.00 O.H.
* I26-1U-80 2-11-80 7.00 1.00 6.uo 3.50 0.50 F.S.
*6-11-80 21-6-31 227 .00 7.27 219.73 1.35 0.00 F.3.

Auxiliary 1b-7-77 29-12-77 166.00 42.81 123.19 3.00 0.25 F.S.Boiler *
( A-FA 101) 1-1-78 3.2.78 33.00 7.89 25.11 2.74 0.00 F.S.

OH10-2-78 2.5.78 81.00 14.37 66.63 78.00 20.00 O.H.
*19-7-78 6.9.78 49.00 . 0.00 49.00 4.00 0.16 W.F •
OH 637.10 66.0010.9.73 21.9.80 710.00 72.90 20.00 O.H.
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•

1.- 2 3 4 ---2_ b 7 8 q

16-7-77 * 68.95 O~-12A.T.B 2-1-78 170.00 101.05 . 1.50- Vi .F.OH --".

4.1.78 2.5.78 118.00 33.35 84.65 78.00 9.00 O.F.OH
19.7.78 21.8.80 763.00 132.00 630.82 66.00 9.00 O.H.

17.6.81 * 17.26 216.7426.10.80 234.00 3.41 1.50 E.F.

*I .D..F. 16-7-77 8.10.77 84.00 25.07 58.93 10.33 0.00 O.F.(A-GB
2_5_78oH11-10-77 203.00 78.19 124.81 78.00 8.00 O.H.

19-7-78 21_8_3OOl- 763.00 130.18 632.82 66.0018•00 O.H.- , -
78.00112•00

--
16-7-77 OH 103.80 186.20N.G. Booster 2-5-78 290.00 O.H.Compressor *(A-GB 106) 19-7-78 7-11-79 476.00 69.01 406.99 4.29 0.66 I.F.

*11-11-79 6-9-80 210.00 37.88 172.12 1.70,0.12 O.F.OH
11-6-80 21-3-80 71.00 19.39 51.61 66.0°112•00 O.H •

*26.10.80 <:!2.1.81 88.00 8.37 79.63 1.82 0•.16 F.S.

16-7-77 OH 186.20Waste heat 2.5.78 290.00 103.80 78.00 12.00 O.H.boiler .
*(A-EC 107) 19-7-78 9.8.80 751.00 129.47 621.53 2.71 2.71 W.F.
OH

10~00 66.0011-8-80 21-8-80 10.00 0.00 12.00 O.H.- - -- -.OHProcess Gas 16-7-77 2-5-78 290.00 103.80 136.20 78.00 5.00 O.H.reboiler *19-7-78 1-11-78 105.00 17.37 87.63 6.13 3.1.:10 W.F.(A-EA 301) OH7-11-78 21-8-80 652.00 108.68 543.32 . 66.00 5.00 O.H.- --
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1 2 l 4 5 ..0 7 3 9
* .

' .....

CO2 absorber 16-7-77 22-10-77 93000 )4.73 6).27 '--". 21.57 19.90 WeF.
(A-DA )01) OH

12-11-77 2-5-73 171.00 , 46.ou 125.00 . 78.00 2.00 O.H.
OH

19-7-73 21-3-30 16).00 1)2.18 6)0.82' . .66.•.00 ,,2.00 O.H.
*G.V. Solution 16-7-77 4-4-78 262.00 96.68 165.)2 ).00 1.20 M.F.

Fump(A-GA )01) OH
6-4-78 2-5-78 * I 23.00 4.12 2).83 78.UO 6.00 O.H.
19-7-78 6-8-78 113.00 0.00 13.00 10.37 6.55 M.F.

16-8-73 21_8-800H
1735.00 121.31 61).19 66.19 6.00 O.H.- - . -------,Uril

Mist trap 16-7-77 2-5-7~ 1290.00 10).80 186.20 78.00 5.00 DoH.
(A-DA 30))

119-7-73 2-2-80 56).00 89.25 473.75 11.85 4.50 W.F.
OH,4-2-78 21-8-80 138.00 31.08 156.92 66.00 5.00 O.H •--- ~. ~ .-
*Methanator 16-7-77 20-9-77 66.00 7.22 58.78 17.86 15.80 W.F.

Effluent Econo- OH
mizer(A-EA 401) 7-10-77 2-5-78 207.00 78.72 -128.28 78.00 7.00 O.H.

OH19-7-78 21-8-80 76).00 132.18 630.82 66.00 7.00 O.H.
~.. _.

Synthesis gas 16-7-77 2-5-78 296.00 10).80 186.20 78.00 ).00 O.H.
K.O. Drum * .

(A-FA 401) 19-7-78 17-2-80 578.00 101.10 476.90 2.30 2.)0 W.F.
OH

19-2-80 21-2-80 18).00 28.78 23.78 154.22 66.00 O.H.-- - ---
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1

1 2 .L 4 --••R.T.B. 16-7-77 19-8-77 34.00
••21-8-77 21-11-77 92.00

••24-11-77 29-3-78 125.00
OH4-4-78 2-5-78 27.00

••19-7-78 16-1-79 181.00
••18-1-79 11-11-79 297.00
••1)-11-79 14-)-80 121.00

OH16-3-80 21-8-80 158.00
••26-10-80 13-6-81 230.00
••17-6-31 30-6-81 13.00

Hyper Turbine 16-7-77 • 2_5_78oH 290.00
(A-GB 501 T&C) •• 59.ob19-7-78 6-9-78

••
19-9-78 31-12-78 75.00

••
7-12-78 1-1-80 390.00

*6-1-80 16-5-~0 130.00
*18-5-80 23-7-80 66.57

.
21_8-800025-7-80 27.00

•

_-2.. b ( ts Y

0.00 34.00 1.74, 0.00 P.S •

6.087 31.13 3.34 '"",70 W.P •

25.55 99.45 5.18 3.90 M.F.
7.12 19.88 78.00 9.00 O.H.

31.37 149.63 2.05 0.00 P.S •

33.79 253.21 2.00 0.00 O.F •
28.19 92.81 1.34 0.40 I.F.
27.44 130.56 66.00 9.00 O.H •

13.59 216.41 3.37 0.00 P.S •

7.03 5.97 0.68 0.00 F.S.- -----03.80 186.20 78.00 15.00 O.H.
",

14.]7 44.63 3.00 3.00 E.P.
10.78 64.22 3.22 3.22 O.P.

46.84 343.16 4.85 4.85 M.P.
28.78 101.22 2.25 2.25 M.P.
16.57 49.43 1.81 1.81 O.H.

2.71 24.29 66.00 25.00 O.H.
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Table 402.2 Operating time calculation of equipments 1..''1 Urea Plant.

49

--- Running jdate l~erating time Tldle time JI..c ttiali:, 'Do\mIlrepair Causes of
Equipment From To

Operating' ,,', 'time ' tirre failurescalendar days \ days time dav;, davs davs, ~ ~ '4 " b 7 1r' 'J

*CO2Booster 16-07-77 03-12-77 140.00 67.11 72.89 1.76 0.41 w. F.

Compressor *05-12-77 15-02-78 72.00 33.73 38.27 0.98 0.33 . w. F.
(U_GB101 T&C) OH16-02-78 02-05-78 76.00 4.69 70.31 78.00 9.00 o. R.

*19-07-78 18-12-78 152.00 23~50 128.50 0.21 0.00 M. F.

*18-12-78 01-10-79 287.00 45.77 241.23 0.58 0.12 M. F.

'"02-11-79 16-10-79 14.00 00.00 14.00 0.54 0.10 M. F.

* ,

17-10-79 14-11-79 28.00 6.29 21.71 0.06 0.00 ~. F.

- 14-11-79 * 26.00 26.00 1.95 0.8010-12-79 0.00 M. F.

*12-12-79 29-12-79 17.00 . 0.00 17.00 1.12 0.75 M. F.
OH

30-12-79 21-08-80 233.00 59.29 172.71 66.00 9.00 o. R.

26-10-80 *11-02-81 108.00 10.19 97.81 3.83 2Sb w. F.

-
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1 2 T ~ ') 6 7 s 9 I-
*Gas turbine 22-6-77 19-7-77 27.00 0.00 27.00 0.80 0.70 F.S.

(P-GT101 B) •
19-7-77 3-9-77 45.00 0.00 45.00 5.48 5.00 F.S.

, •
9-9-77 12-10-77 33.00 0.00 33.00 ;:/"6i55 ',--;" 6.00 E.F.

•
,', ' .

19.10.17 16.11-77 28.00 0.00 28.00 3.00 2.50 E.F •
•

19-11-77 27-1-78 69.00 0.00 69.00 4.00 4.00 E.F.
OH

1-2-78 2-5-78 90.00 0.00 90.00 78.00 15.00 O.H •
•

19-7-78 20-12-78 153.00 0.00 153.00 0.35 0.00 li'.s.

•21-12-78 8-8-79 230.00 24.73 205.27 8.00 7.50 E.F.
OR

16-8-79 28-9-79 35.00 0.00 35.00 49.00 49.00 O.H

•8-11-79 3-4-80 146.00 0.00 146.00 1.94 1.50 E.F.
•

5-4-30 30-4-80 25.00 0.00 25.00 4.10 3.90 E.F.
•

4-5-80. 12-6-80 39.00 0.00 39.00 10.25 10.00 . I.F.
OR

22-6-80 21-8-80 59.00 0.00 59.00 66.00 15.00 O.H.
-

CO2 Main Compre- 16-7-77 • 35.00 . 32.10 3.37 3.00 W.F.27-8-77 2.90
OHsaor. 31-8-77 2-5-78 244.00 104.80 139.20 78.00 25.00 O.H.

(U-GB 102 A) *19-7-78 10-7-79 356.00 62.05 293.95 0.10 0.00 rLF.
*10-7-79 27-9-79 79.00 8.58 70.42 0.16 0.00 P.S.
*27-9-79 13-8-80 320.00 71.23 248.77 0.41 0.20 W.F.
OR

13-8-80 21-8-80 8.00 0.00 8.00 66.00 25.00 O.H.

• - -
"" 26-10-80 26-6-81 243.00 28.52 214.48 1.35 1.10 \V.F.

---

Table 4.2.2. (Continued )
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1 2 3 4 -2_ -.9_ 7 8 q-*CO2 Main Compre-16-7-77. 18-7-77 2.00 0.00 2.00 0.03 0.00 < I.F.OH . .ssor. 18-7-77 2-5-78 88.00 107.70 180;JO '.e. e 'c''78~'OO'"'..- 25.00 O.H.(U-GB 10213)
*19-7-78 20-12-7E 154.00 24.28 129.72 0.13 0.00 M.F.
*20-12-78 6-11-79 321.00 46.89 274.11 0.58 0.}8 W.F. I

6-11-79 *12-4-80 157.00 42.27 114.72 0.44 0.24 W,F.
*12-4-80 11-7-80 90.00 19.28 70.72 0.04 0.00 M.F.
*11-7-80 13-3-80 33.00 9.14 23.86 0.41 0.20 M.F.

13-8-80 21_3-88H 8.00 0.00 8.00 66.00 25.00 O.H •- - .~- -16-7-77 .~158.00 69.46 88.54 0.17 0.11Suction common 21-12-77 W.F'.Iheader valve
2-5-7BoH 92.60of NHJ Pump 21-12-77 132.00 39.40 78.00 0.10 O.H.

(U-GA 101) *19-7-78 .1)-12-'78 147.00 23.50 123.50 0.80 0.50 W.F.
13-12-78 <?H 616.00 120.08 495.92 66.00 0.10 o .H.21-8-80 .

*26-10-BO 28-6-81 245.00 28.12 216.88 0.12 0.09 W.F.
Ammonia 16-7-77 2-5-78 o.n. 290.00 108.86 181.14 78.00 1.00 O.H.Preheater *(U-EA 101 A) 19-7-78 7-7-80 718.00 135.54 582.46 0.21 .0.20 W.F.

OH 66.007_7_80 21-8-80 45.00 10.17 34.83 1.00 O.H.



Table 4.2.2 ( Continued )
1 2 '\ 4 'j b 7 8 q-

Ammonia 16-7-77 23-1-7g 191.00 73.96 117.04 0.20 0.10 O.H.
Preheater OH
(U-EA 101 B) 23-1-78 2-5-78 99.00 34.90 64.10 78.00 1.00 O.H.

*19-7-78 8-11-78 112.00 23.50 88.50 0.80 0.60 W.F.OH
8-11-78 21-8-80 651.00 122.40 528.60 66.00 1.00 O.H.

16-7-77 *Suction Common 8-9-77 54.00 8.97 45.05 0.04 0.02 W.F.
Header valve of OH
R.C. Pump 8-9-77 2-5-78 236.00 101.64 134.36 78.00 0.10 O.H.
(U-GA 102) OH

~10J~19-7-78 21-8-80 763.00 143.57 619.42 66.00
-;r-

Urea Reactor 16-7-77 5-2-78 204.00 86.26 117.74 0.10 0.05 O.H.
(U-DC 101 B) ciH5-2-78 2-5-78 86.00 21.09 64.91 78.00 15.00 O.H.

*19-7-78 29-7-80 740.00 141.98 598.02 0.21 0.09 I I.F., OH29-7-30 21-8-80 23.00 2.71 20.29 66.00 15.00 I 0.1".
High Pressure 16-7-77 Uti '?' 108.86 181.14 78.00 15.00 O.H•2-5-78 ",90.00
decomposer .

*(U-DA 201) 19-7-78 29-8-79 406.00 37.56 368.44 2.08 1.80 iV.F.
* 62.8731-8-79 4-7-80 307.00 244.13 1.03 0.50 M.li'.
OH 37.86 66.005-7-80 21-8-80 47.00 9.14 15.00 O.H.-

Centrifuge 16-7-77 2_5_78oH 290~00 107.11 182.89 78.00 5.00 O.H.
(q-GF 201 A)

*19-7-78 21-4-79 276.00 44.79 231.21 1.28 1.25. W.F.OH .

22-4-79 21-3-80 . - 486.00 100.31 385.69 66.00 5.00 . O.H.-
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:.r"b1" 1;;,.2.2 V", i ,.,,,,,n 1
1 2 - '3" 4 '5 b _ 7 - -'-8' '::J

Centrifuge 16-7-77 ,Uti 290..0.0. 10.7.11 182.89 78.00 5.0.0. Q,H.2-5-78(U-GF2Q1 E)
23-4-79 *19-7-78 278,0.0. 44.79 233.21 .2.86 2.84 W.F.

26-4-79 OH 381.69 66.00:: "':5~"QQ21-8-80. 282.0.0. 10.0..31 O,H.
No.2 belt 16-7-77 ,Vt1 290.,0.0. 10.8.86 181.14 78.0.0. 2.0.0. -2-5-78 Q.H.conveyor *(U-JD 20.4 B) 19-7-78 15-3-79 239.0.0. 33.98 20.5.0.2 1.0.4 1.0.0. 'IV.P.

*16-3-79 25-7-79 131.0.0. 27.50. 10.3.30. 0..35 0..30. W.F.
*26-7-79 6-12-79 133.0.0. 17.92 115.0.8 0..25 0..24 W.F.

OH6-12-79 21-8-80. 1258.0.0. 64.67 193.33 66.0.0. 2.00 o..H.- 2_5_78oH !290..0.0.Melter 16-7-77 10.8.86 181.14 78.0.0. 2.0.0. Q.H.(U-EA 30.1 A)
* 1169.UQ19-7-78 4-1-79 31.93 137.0.7 0.25 0.24 W.F.
*4-1-79 1-8-79 20.9.0.0. 29.55 179.45 0..60. 0..58 W.F.

1-8-79 21_8_88H 358.0.0. 83.62 30.1.38 66.0.0. 2.0.0. Q.H.
Bucket Otl ..

6-7:"77 290..00 10.8.86 181.14 78.00 2.0.0. Q.H.Elevator 2-5-78
(B-JD 10.2) *9-7-78 3-11-79 472.0.0. 72.14 399.86 0..20. 0..20. W.P.

OH 72.68 66.0.0. 2.0.0. Q.H.-11-79 21-8-80. 291.0.0. 218.32
Belt conveyor -- 2_5_7S'OHto Bulk sto- 16-7-77 290..0.0. 10.8.86 181.14 78.0.0. 3.0.0. o.,H.
rage (B-JD 10.3 *19-7-78 4-8-79 )31.0.0. 61.48 319.52 0..0.8 0..0.8 W.P.

4-8-79 21-8-80. OH 382.0.0. 83.54 298.46 66.0.0. ).0.0. Q.H.. -
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4.3 Weibull Distribution Parameters E~timation of Equ1pments •

mentioned above are shown in table 4.3.1 and 4.3.2 for tm

equipments of Ammoniaplant and Urea plant respectively.
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Table 4.3.1 Weibull Distribution parameters Estimation of Equipments of Ammonia Plant

No. Of
failures

1.03 1270.001262.23 11.91 1231.281249.7'

0.48 1300.001600.05 10.63 \464.13\ 660.88 -

3.40'744.9~ 669.98
1.10 263.7 254.53
1.00 228.57 228.64

3.401575.6~ 517.73
1.30 342.4 316.40

3.401579.07 520.78

~

-

tIM ~.
,>cale -

HTBF para.- HTBF I_ meter
130.85 - -
421.221 - '-

133.011124.7'
166.3~ 154.81

0.951206.481211.37
503.671 489.31

291.86! 358.31' -

139.85
474.00

1.22
1.26

1.23
1.86

143.001144.30
165.00 175.86

200.00 209.24 !0.72
122.00 123.39

1225.00215.33 ,1.08

130.001124.76
400.001461.82

0.93
0.88

0.91
0.97
1.13

1.12
0.78

-- used
Hazard Plot

Shape ca e Shape cale
para- para- MTBF para- para.-
meter metp.r eter meter

4
3
2
1
3
1

1

1
2
1
1

1

6
5

7
2

~quipments

Gas Turbine (P-GT 101 A)
Boiler feed Wgt~~ Pvmp
(A-GA 202)
F.D.F. (A-GB104 T)
Al~iliary boiler(A-FA 101)
A.T.B (A-GB 101 T&C)
LD. F. (A-GB 102 T)
N.G.Boaster Comn:(A-GB 106)
W~ste heat boiler(A-EC 107)
Process gas reroiler(A-EA 301) i

CO2 absorber (A-DA 301)
G.V. Soluti on PtL'TlP (A-Gll.301)
Mist trap (A-DA 303)
Methanator efflueat
economizer(ll.-EA401)
Synthe5is gas K. 0•
drum (A-FA 401)
R.T.B. (A-GC 501 T&C)
Hyper turbine (A-GB 501 T&C)



Table 4.3.2 Weibull Distribution Parameters Estimation of Equipmentsof Urea Pl~~t
56

)

Method used
;;;EQl!:!;!["_lIo. of Hazard Plot Hng - M1..EEquipments failures Shape I;;;cale ;:;hape;:;cale Sh~e Scalepara- paI"3.- HTBF para- para- MTBF pa - para- MT&~meter meter meter meter meter meter

-CO2 ~ooster compressor 9 0.88 95.00 101.25 - - - - - -U-GB 101 T&C) -- ----Gas Turbine (P-GT 101B) 10 1.14 100.00 95.45 1.43 98.06 89.17 - - -- I -,
CO2 main compo (U-GB 102A) 5 I 0.94 205.00 210.94 1.74 206.54 184.09 - - -----f--- ---- -CO2 main compo (U-GB 102B) 6 0.76 115.00 135.48 0.91 132.31 138.63 - - -- .- ----Suction co~~on header •
valve of Ntl3 pump(U-GA 10 ) 3 1.76 200.00 178.17 1.27 324.68 301.52 - - -

- - ~
~onia preh~ter . .

1 - - - - - - 3.40 698.61 628.29U-EA 101 A) -!-- --
~onia pr~reater 2 3.12 123.00 110.14 0.97 403.72 410.18 - - -U-EA. 10U -- --
Suction common header
valve of R.C. Pump 1 - - - - - - 0.85 161.15 175.36
(U-GA 102)- -~'----



Table 4.3.2 (Continued)
57

METHOD USEDNo. of Hazard PlottinR: MolE - SEQLIMEquipments failures Shape ;Scale :Shape Scale Shape Sca.Lepara- para- ..NTBF para- para- MTB.1? para- para- MTBFmeter meter metex meter
.
I. mete! meter

.-
Urea reactor (U-DC 101 B) 2 0.68 330.00 429.86 1.59 «12.73 370.50 - - -.
High(fressure Decompo- 2 J!.69 320.001234.79 - - - - - -ser U-DA 201)

I

Centrifuge (U-GF 201A) I 1-+- - - - - - 2.10 414.06 367 .0~J
Centrifuge (U-GF 201~ 1 '- - - - - - 2.10 414.06 '367.001

,No. 2 belt conveyor 1 2.76 167.00 14S.76 3.20 99.98 179.31 - - - I(U-JD 204 B) -..

188.63 1233.56 251.62Melter (U-EA 301 A) 2 3.32 210.00 2.42 - - -
Bucket elevetor (B-JD 102) 1 - - - - - - 3.40 502.68 452.03--

.416.421
Belt conyeyor to bulk 1 - - - - - - 3.40 463.03storage B-JD 1032-- -

p



CHAPTER 5

RELIABILITY PREDICTION OF EQUIPMENTS
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CHAPTER ,

RELIABTI..ITY PREDICT ION OF EQUIPMENTS.

5.1 Reliability Predictions

The reliability block diagram and equvalent reliability
diagram of Ammonia Plant are shown in figure 5.1~1 and 5.1.2 and
tha.t of Urea Plant are shown in figure 5.1.3 and 5.1.4 respectively,-
Such diagrams are very essential and facilitate in calculating
OVerall reliability of the plant.

The formula used in reliability calculation of the stand-by
systems are again depicted belews

For equiprnents Fortllulaused

Gas turbine ( F-GT. 101 A, B ), Rs ••1 - ( 1 - R1) ( 1 - R2 )

\CO2 main compressor(U-GB 101 A,B), R1 and R2 represents the reli-
and Ammonia Preheater(U-F~ 101A,B), ability ,of equipment A and B

respectively and Rs represents
stand-by systems reliability.

-_._ ......~



For equiPrnents - ....-<---....I:----F-O~-~~.u1aused.
2 .

N.G.B9oster Compressot'(A-GB 106 A,B) Us '"1 - ( 1 - R) .
Urea reactor(U~DC 101 A,B),No.2

• !

belt conveyor(~:JD 204 AtB ),and
-<,

elte:r,(U-EA301,A, B)

Whe:ee R represents the ralia-
bility of both the equipment
A and B respectively.

Centrifuge (U_OF 201 A-E) R ••

Where R represents the
reliability of each equipment.

The overall reliability of the plant are calculated by the

••••• etc. are the reliability of each individual unit.



Figure 5.1.1 Reliability Block-Diagram of AmmoniaPlant.
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Figure 5.1.2 Equivalent Rel.iability Diagram of AmmoniaPlant.

e
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"List of EquipMents of Figure 5.1.2 are shown below:

1 • Gas Turbi,ne
(P_GT 101 A,B)

2 • B. j,' • W Pump
(_Gi\ 202 )

3. F.D.F(A_GB 104-T). ,

4. Aux.Boiler
(A_FA.101 )

5. A.T.B{A_GB 101 T&C)

6. I .D.F (A_GB 102 T)

7. N.G.Booster Compressor
(A_GB106 A,B).

8. W.H",Boiler(A-EC 107)

9. P_G.Re_boiledA_EA 301)

10. CO2 absorber
(A_~ 301 )

11. G.V.Solution Pump
(A_GA 301)

12. Miat. tr.ap (A_I)'. 303)

13. M.E.Economizer
(A_Ei' 401 )

14. Syn.Gas K.O.Drum
(A_FA. 401l

15. R.T.B<A-GC Sol T&C)

16. Hyper Turbine
(A_GB501 T&C)

a. Uesulfuriz.tion vessel(A-D\ 101 A)

b. Desulfurization vesselV\-J)<\. 101 B)

c. Ist.RefoPTler(A_l;lh 101)

d, 2nd ReformedA-DC 101)

e hi .G, SeperatodA-Ff\ 201)

f. Ist.s.convertedA-Dc 201 )

g. P,G.Heat exchanger(A-EA 201)

h. Iat,C.G.EconomizedA-EA 202)

i. 2nd shift, ConvertedA-DC 202)

j. 2nd C.G.EconomizedA-Ef\ 203)

k. p.G. K.O.drum(A-FA 301

1. S .H,Exchanger (A_EA 302

m. CO2
Regene rator (A_1)-\. 302)

n. CO2
di rect cooler (i'l.-J)<\.304 )

o. Absorb. E .Cooler (A_EA 304 )

P, Methanator (A_DC401 )

q. Synthesis Converter(A-DC 501 A,B)

,.



r --

SL,YlO

62
Table 5.1.1 Reliability Prediction of I\.rnrnoniaPlant.
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Table 5.1.1 Reliability Prediction of Ammonia Plant (Continued ).
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Figure 5.1.3 Reliability Block Diagram of U~a Plant.

Figure 5.1.4 Equivalent Reliability Diagram of Urea Plant.

~.
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List of Equipments of Figure 5.1.4 are shown below:

1. CO2 booster Compressor.
(U_GB 101 T 6<C )

2. Gas Turbine(P-GT 101 B)

3. CO2 Main Compressor.
(U_GB 102 A,a )

4. S.C.H.Valve of NH3 Pump
(U-GA.101 )

5. Ammonia preheatar
(U_EA 101 A,B)

6. S.C.H.Valve of R.C.
Pump(U-GA.102 )

i. Urea reactor
(U_DC 101 A ,l:l)

8. H.p.decomposer
(U-~ 201 )

9. Centrifuge (U-GF 201 A_E)

10. No.2 belt conveyor
(U_JD 204 A,B)

11. Melter<U-EA 301 A,B)

12. Bucket elevator(B-JD 102)

13. Belt conveyor to bulk
storage (B_JD 103)

a. L.P. decomposer(U-~ 202)

b. Gas SeperatodU-D'\ 203 )

c. crystallizer<U-FA201)

d. Belt conveyor(U-JD 202,AB)

e. Dryer<U-FF 301 A_C

f. Cyclone (U-FC 301 A_a)

g. Scre~ conveyor(U-JD 301)

h. Head tank (U_FA 301 )

i. Belt conveyor{B-JD 101)

,
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Table 5.1.2 Reliability Prediction of Urea Plant.
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Table 5.1.2 Reliability Prediction of Urea Plant ( Continued >.
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5.2 Reliability Vs. Time Curve of Equipments.

In this section predicted reliability Vs. time curve of

various equipments of the Ammoniaplant are shown in figure

5.2.1 to 5.2.5 and that of Urea plant are shown in figure

5.2.6 to 5.2.10 • Finally. over all reliability Vs.time curve,

of Ammoniaplant as well as Urea plant are ,shown in figure

5.2.11.
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Figure 5.2.1 Reliability Vs. Time curves of Equipm~nta ..
(1) Gas turbine (p_GT 1'01 A); (2) Gas Turbine
(P_GT 101 B); (3) Gas Turbine (P_GT 101 A,B);

(4) Boiler ff'!edwater Pump (A_~ 202 ) •
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(9) N.0. Booster Compressor(i:,_GB 106 A or B) ,

(10) N.G.Booster Compressor(A-GB 106 A,B).

(11) Waste heat boiler (A_EC107)1

(12) Process gas Reboi ledA -EA 301 ).
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(13) CO2 absorber(J ••-D\ 301), (14) G.V.Solution .

Purnp(A-G" 301) ; (15) Mist trap (A_D\ 303) ;

(Hi) Methanator effluent econornizer(A-EA 401).
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Figure 5,2.5 Reliability Vs, Time curves of Equipments :

(17) Synthl'!B1a gas K,O, drum(A-FA 401)1

(18) R,T.B. (A-GC 501 T&C)1 (19) Hyper turbine

(A_GB 501 T & C),
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(22) CO

2Main Compresl!odU-GB 102 B) ;

(23) cO
2 Main Compressor (U_GB 102 A,B).
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Figure 5.2.9 Reliability Vs.Time curves of Equipnents

(32) Centrifuge (U-GF 201 A;B,C,D or E);

(33) Centrifuge(U-GF 201 "-E);(34) No.2 belt

conveyodU-JD 204 A or B); (35) No.2 belt conveyor

(U-JD 204 A,B).
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CHAPTER 6

OPEJ1ATJ:OHALREADINESS AIm AVAnABILITY ASSESSHENT OF EQUIPNENTS

6.1 Operdtional ReacUness and Av&ill,,J)ility Assessment.

Availability and Operational readiness is an important consi-
deration in relatively complex systems, such as Urea Fertilizer
Factory Limited, Ghorasal, 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 down time and consequently
idle time of the system. So, in this chapter, Operational readiness
and availability of each equipment and. flnally those of the Ammonia
and Urea Plants are assessed. Res~lts are sl~wn in tables 6.1.1 and
6.1.2 respectively. The mean time between failures (MTBF) have been
calculated by simple arithrnatic averaging. In Tables 6.1.3 and
6.1.4 availability have been recalculated with MTBF from faHu:re
distribution parameters. Since this MTBF is slightly larger than
MTBF by simple averaging, resulting availability is slightly
greater.
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Table 1).1.1 Op<>t'dtional R",ad1ne 55 And Availabi Ii ty AS5essment of Ammonia Plant (by ari thmiiltic averaging).
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T.ble 6.1.2 Operational Readin~ss And Availability Assessment of Urea Plant(By arithm"tic averaging).
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T"ble 6.1.2 ( Continued)
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Table 6.1.3 Availmbility Assessment of Equipments of
Ammonia Plant by using MLE: Method.
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C HAP T E R 7
DISCU.SSION ON FELIABILITY IMPROVEMENT

7.1 Discussion on Reliability ~nprovement.
Comparing predicted v~lues of reliability (Chapter-; ) of

individyal <:lquipulentof thEI factory :I.t has been observed that F .D.F.
(A-GB 104 T ), Auxi1:!.aryboiler (A-FA 101 >, GV'solution pump(A-GA
301) and RTB (A-GC 501 T&C) in AmnJonia Plant and Gas Turbine (P-GT
101 B), CO2 boost'!lrcompressor {U-GB 101 T&C) and CO2 Main Compress-, .
or (U-GB 102 B) in Urea Plant Contributes relatively lower values of
reliabilHy. Now it necessitates the analysis of the failure hist0l7:
of the above mentioned eguipments individually to find the causes for
whioh poor reliab111 ty results. Actually in continuous production ".•
plant, fo.:t1urefree equipment are rarely feasible and failure may 'f>

Occur from various causes of troubles. So, it is advisable to find
the sources of major faults and then preventive measures would be
taken for the same to improve reliability.

In this context, a list of individual equipments showing
different fauls during the period under consideration is prepared
in table 7.1.1 for ammonia plant and in table 7.1.2 for Urea Plant~
Total faults per equipment are also shown at the last column of the
table. It is noted here that these tables are prepared by analysing
the failure history of the factory.
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Table 7.1.1 Troubles of Equipment in AmmoniaPlant.

2

1

3
1

1

1

2

1

1

1

8

1

1

-
-

-
-
-
-
-

1

1

1

--
1

1

1

-
1

1

1

1

-

-
-

-
-

2
-
-
-
-

3

1

1

--
-
-
-
-
-
-
-
1

-
2
-

-
-

--

-
,

[ 1 No.nf Fa"'''o . ITotal -
Equiprnents. :Insfr~_ ~ec~- ~~ch!i-'1IWe~r_'?Per!it- faults for

Irn"n•.••1 ri ..."l "1" •• , OUT. innalenuinm"ntll. ._~- . 1
Gas Turbine(P-GT 101A) 2 5 - - - 7
~i~!r.,~;e~ water pump _ 1 _ 1 _ 2

FDF(A-GB104 T ) 3 - - - 1 4
~~iii~~ ~ller 2 - - 1 - 3
ATB-(A-GB102T&C)

IDF(A-GB102 T )

NGBooster Compressor
",!aste H!l~t Boiler
lA-BC 10'7

~i~j!s~n~a~ reboiler

CO~absorber(A-DA 301 )

~~~l~~~o~ Pump

Mist trap(A-DA 303 )

11ethan~:~:, !f!~U~;)

~~j~e~~~ ~as K.O.drum

RTB(A-GC,01 T&C)

Hyper turbine
(A-GB501 T&C)

Total 14 8 6 10 5



Table 7.1.2 Troubles of Equipment in Urea Plant.
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Nn nf' "1;'",,14- •• ITotal faul ts
Equipments Jlnstru- It.lect-Mecha- Wear- I Opera- 1 far

men~ rical nic"l ,nut. tinna1 Enui -
COgobooster compressor 1 - , 3 - 9(0.:B 101 T&C)

Gas Turbine(P-GT 101B) 4 6 - - - 10
egg Main Compressor 1 - 1 3 - ,( .GB 102 A)
CO2 Main Compressor 1 - 3 2 - 6(U-GB 102B )
Suction common header
Valve of NH3 Pump - - - 3 - 3
(U-GA 101)
Ammonia preheater - - - 2 - 2(U-EA 101 B)
Ammonia preheater - - - 1 - 1U-EA 101 A
SUction common headervalve of RiC. Pump - - - 1 - 1
CU;'GAin?
Urea reactor(U-DC 101B} 1 - - 1 - 2

High fressure decom- - - 1 1 - 2poser U-DA 201 )

CentrifUge(U-GF 201E) - - - 1 - 1

CentrifUge(U-GF 201A) - - - 1 - 1

No.2 belt conveyor - - - 3 - 3(U-JD 204 B) .
Melter(U-EA 301 A) - - - 2 - 2 ~
~ket el8)ator ,

B-JD 102' - - - 1 - 1
Belt c~re~r 1~~)bulk -
-stA_8- B- - - - 1 - 1
Total 8 6 10 26 - ,0-
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Fromtables 7.1.1 and 7.1.2, it has been found that major faults

appeared in F.D.F. Auxiliary boiler and R.T.B. due to instrumental

( includ+ng safety trip systems ) troubles, in gas turbine due to

Eleotrical troubles and in G.V. Solution Pump, CO2booster compressor

and CO2Main Compressor due to mechanioal troubles. Nowquestion

arises what would be the optimal policy to improve reliability

either utilizing proper technology to reduoe major faults or

installing stand by unit. Before coming to a conclusion, it will

be useful to predict the rel1ability of each identified equipment

for the following cases I

1. Excluding major faults of eaoh identified equipment.

2. Considering stand by unit of each identified equipment.



Table 7.1.3 Weibull parameters estimation of identified equipments after excluding major faults
(Original values are given in parenthesis ).
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Equipments I From To Remarks.

F,D,F, I ,6-07-77 08-10-71 60,66 23.34 2.77 0.00 ~ClUd1ng(A-GB 104T) strument
11-10-77 02-0,-78 1'3.4, 49.'5 78.00 7.00 0.95 228.88 234.30 246 61 SEQLIM d safety• , ystemaults~
19-07-78121-08-801687.05 171.95166.00 17.00 1(0.72)1<291.86)\<358.37)'

,

Auxiliary 116-07-77 102-05-781216.03163.97 178.00 120.00boiler(A-FA 101) ,
0.90 ~207.37 ~218.25 1242.81I19-07-78 06-09-78 ~49.00 0.00 b4.00 lO.16 -do- I . -do-

I l.

10-09-78 21-08-80 37.39 72.60 6.00 0.00 (0.97) 122.00) 123.39)

.T.B. ~16-07-77 1-11-77 65.13 160.87 I 3.34 11.70A-GC 501T&C _
11-77 29-03-78 99.45 25.5, r,.,8 3.90

-04-78 2-0,-78 19.88 7.12 8.00 9.00 1.42 ~267.06 ~242.93 ~73.03IMLE I -do-
9-07-78 11-11-78 6.84 71.16 2.00 0.00 (1.22) 133.01) 124.74)

\ I I
3-11-79121-08-801223.37 ~5.63 166.00 e.oo
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Table 7.t.3 (Continued )

I;::~Operat- Id1.e Down Repair Shape Scale .T.B.F. Sta.nd:~etnod
I ing time time time Ipara- para- ard appliedlRemarks
Equipments time reter meter devia- •

tion I I ,
, ( nl'lV~ )

, CO2 boo,t.r r.'6007-7?03-12-77 72.89 67.11 1.76 0.41I ' ' 1;-02-78 38.27 33.73 0.98 0.33 Ib~luding. Conlpressor ;-12-77
0.96j225.35 229.60 239.23;(U-GB 101T&C) 16-02-78 02-0;-78 70.31 4.69 78.00 9.00 NIB MechanicaJ

19-07;.78 18-12-78 128.;0 23';0 0.21 0.00 (0.88 (9;.00) (101.2;) faults.
18-12-78 21-08-80 493.0; 111.9; 66.00 9".00
26-10-80 11-02-81 97.81 10.19 3.83 2.50

-Pas Turbine 22-06-77 19-07-77 27.00 0.00 0.80 0.70 Excluding
(P_GT 101B) 19-07-77 03-09-77 45.00 0.00 5.48 ;.00 Electricall

09-09-77 02-0;-78 220.00 0.00 78.00 1;.00 faults.
19-07-78 20-12-78 153.00 0.00 0.3; 0.00 1.2~ 225.63 211S6 1174.50 I MlE
21-12-78 20-09-79 240.27 24.73 49.00 49.00 (1.43) 98.06) ( 89.17)
08-11-79 12-06-80 210.00 0.00 10.25 10.00
22-06-80 21-06-80 '59.00 0.00 66.00 15.00

Co2 Main 16-07-77 02-0;-78 282.30 07.70 78.00 25.00 1.12 318S1 30,.67 3.20 I MIB
Compressor 19-07-78 06-11-79 3.83 71.17 0.5'8 0.38
(U-GB 102B) 06-11-79 12-04-80 114.72 42.27 0.\4 O.24!(O.91)K132.31) 1(138.63)

12.04-80 21-08-80 102';8 28.42 66.00 25.00
I I I I ,-

1



Table 7.1.4 Reliability Prediction of Identified Equipments After Excluding major faults.

,':me, da.ys.
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Case - 21

In rel1abili ty assessment of st.and-by eq\Jipll1en\., it is

a,,:sumed that the failure pattern of this equipmentwill be similar

to the principal equipment. So, both units will have identical

failure distribution and reliability. The formula used in calcula-

ting the reliability of each proposed stand-by systems are given

as

R.. 1 _ ( 1 _ R )2
s

Rs •• Reliability of stand-by system

R ••Reliability of existing unit.

The reliability calculations are shownin table" 7.1.5.

I
'~'-



Table 7.1.5 Reliability Prediction of Identified Equipments Aasuming Standby
Redundant System of Each.

Ic;~dYldb~ Red~LndCl:nt[o ,-25 I~ T~meJ dc1ys ,

75 100 ISO 200 I 250 I ~oo I ~50 '100 450 500
S~5>l:emoj E'lu.LPll'lell~:

Reli.d.btLay
0'9400 0'8628 10'715"6 0'5"910 0'lQ8'} OAoSir,!>, F 1

( A -G,t!> 104T) O'977~
~ill,)

10:9017 0'7868 0'650"" 0'537-4 0'4451

AU.X., bO'Lle.'f" OU'l6 O'~580 0'17"'12- 0'0826 0'0388
1

(A-FA 101) 0:.9' 2:> 0'1846 0'502-4 o'z~o~ 0'120 I 0'0567
o'nl6 0'7.04 03487 O'I~OO \°'0427 0'0129R,T,B, t

(A-GC.50IT+C) 0'9850 o'846~ (J"52'H, O':l17,3 0"0755 0'02.36

CO2 boos.~e'(cornp, 0"8119 05790 O'2]O'!> 0'1235 10'05'69 0'0266
1

O'083{, __ 100388(U-G,S \0 I ,,*-c.) 0'9293 O'6,}06. 0'3981 0'/821

Gta.S t.\J.-'f b\ne O'8~'n 0'5871 0."1'2.10 O'OI3~ 10"000JO 'uuOO!
1

O'0039! 100001(p.GlTI01B) 0'9825 0'7551 0'2932. 0'0'1351--.
0"8856 0' 70')0 0'" 1\7 (J'l2S" IO'1~521 0'0685C02 ma.'LYl comp, . 1 ' .

(U-G'O \02-~) 0',9(,II 0'7.981 1o:S'l55 0'3076 0'1693 0'0927

COl. ma.\Yl ComP.
0'9')06 0'9282 0'6'101 O'~2(1 0'162.2 0'0772

1
(u- GlB 102A,8) 0'9990 O'.96el O'Sol7 0'479.3 O'2~71 0"111"1

96
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,For comparison, reliabi1i ty Vs. t1Jne curves of each identified
equipment are drawn in figures 7.1.1 to 7.1.6. In each figure,
there are three curves showing the followings

Curve - A J ReliabUHy vs. Ume curve of existjng equipment.
J Reliability Va. time curve of existing equipment

af,ter excluding major faults and
~~.', ,,"z

.. :J

Curve ,;., C

Curve-B

sReliability Vs. t1Jne curve of stand-by system of
th~ existing equipmen~.

Reliability Vs. t1Jne curve of F.D.F. (A-GB 104 T) are
sho*~ in fieure'1.1.1, for different cases. It has been found
that r~liability1( Curve -B ) of the equipment is not sufficiently,

improved though major faults are excluded; rather after 100 days
of Operation, reliability decreases below that of existing one
( Curve _ A ), which is not expected; because in t~at particular
case reliability should be improved, since major faults are
excluded. The poor reliability resulted may be due to the fewer
no. of 'failures used in estimating shape parameter for the
equipment after excluding major faults.

But if a stand~by unit of F.D.F. is introduced, a sharp
reliability 1mprovementof tileequipment is obtained (Curve-C).
It should be pointed here that other factors e.g.; Cost involve-
ment, availability of power, space facilities etc, are to be
considered before installing any stand-by unit.
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Referring to figures ?1.2 to ?1.6, it has been observed U,at

reliability Vs. time curves after excluding major faults'(Curve - B )
of auxiliary boiler ( A-FA 101 ), R.T.B. (A.-GC ;01 T&C ), CO2 booster
compressor ( U_GB 101 T&C), Gas Turbine (P-GT 101 B), and CO2 main
compressor ( U-GB 102 B) sho\"satisfactory results. Altl10ugh stand-by
system of each indicates improved reliability ( Curve -C), but aftHr
a certain period reliability decreases below that of curve- B, which
has hel)l1 obte.1ned by excluding major faults. From the results obtained,
it may be concluded that attention should be given to avoid the respect-
,ive major faults rather than installing stand-by units.

In the case ofGV. solution pump (A_GA 301), it has been found that
only two mechanical faults occurred during the period under consideration.
If it is possible to avoid such mechanical faults the pump would contri-
bute to better reliability. Now it should be mentioned here that the GV.
solution pump as well as the boiler feed water pump (A-GA 202 ) were
or5_g:lnallydesigned to have a stand-by redundant unit with one motor
driven end another steam turbine driven unit. But due to lack of steam,
both the stealll turbine driven units were out of service from the
beginning of production of the factory. It is obvious that the l'eliab-
flity of GV. solution pump as well as boiler feed water pump will be
iID')rovedby a considerable amount if original stand-by system of both
the units can be restored either by installing motor or by increasing
steam generation which will be requir8d for operating existing steam
turbine~

The reliability of both GV. solution pump and boiler feed water
pump are now predicted by assuming stand-by redundant system of each
machine and identical reliabilities for each unit. The calculations
ar.eshown in Table ?1.6.
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Table 7.1.6 Standby Redundant Systems Reliability of G.V. Solution Pump(A_G-l>301) and

Boiler Feed Water Pump (A_GA.202 ).
-
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7.2 Overall reliability prediction of the plants including
proposed improve systems.

The reliability prediction tab10s and reliability Vs.
time curyes of Ammonia Plant and Urea Plant are shovm in
Chapter - 7.0. Now it is necessary to find to what extent the 0

oyera11 reliability of the plant increases if the improved.
reliabilit;l.esof the identified critical equipments ( i.e. the
reliability of proposed stand-by systems as well as the
reliability of those equipments after excluding major faults )
are included in the calculations. In doing so, the reliabil1ties
of stand-by redundant systems of F.D.F., G.V. Solution pump and
Boiler Feed water pump and the predicted re1iabilities of Auxi-
liary Boiler, R.T.B., 002 Booster Compressor, Gas Turbine(P-GT
101B) and CO2 Main Compressor (U-GB 102 B) after excluding major
faults are considered in place of their existing reliability. The
overall reliability of the plants including improved systems are
predicted in table 7.2.1. For comparison, the existing overall
reliability of the plants are also shown in this table.



Overall Reliability of the Plants including
improved system.
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-- ! -

I

TIME, DAYS

Name of Plant. ! 2')D~ 75 Go J 1')00
RELIABILITY I---

Ammonia Plant 1 0.4869 0.2133 0.0872 0.0335 0.0041(Including )Proposed
improve system

Ammonia Plant(Existing condition) 1 0.3106 0.0931 0.0259 0.0066 0.0003

Urea Plant(Including
Proposed improve 1 0.6464 0.4160 0.2,90 0.1531 0.0411
syste.'TJ). .
L .-
~r•• n""t<Ex"tin, 1 0.4958 0.2343 0.1025 0.0411 0.0046
Condition)
- -

The reliability Vs. time curve of Ammonia Plant for existing
condition as well, as including improved systems are shown in curves
D and E of Figure 7.2.1 and those of Urea Plant are shown in curves
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CHAPTER 8

CONCLUSION AND FUTURE WORK

8.1 Conclusion

From tllf; !Jtudy of tJlis research, the foJ JowinG points ar'J apparent.

i) From tables 5.1.1 and 5.1.2 and figure 5'.2.11 it can be

observed that the tinE,-based reliability of both Ammoniaand

Urea Plants fall dramatically. ThA p'obabi1i ties of encounter-

ing a failure ,lithin the first 25 and 5'0 days of \yp,,::ra"';:.cnof

A'11moniaPlant are 69% and 91%respectively; those for Urea

Plant are 50i; Hnd 77% respectively. Since, the shut-down of

A.1'lJmoniaI'lant will invariably caUS0 the shut-down of Urea

Plant, the maximumbound reliability fj.gures are those for

Anmonia Plant reliabilities.

From the reliabilit:l' values of the individual equipmol')ts

( Tables and figures of chapter 5 ), HCarl be seen that the

main contributors to this low 'system reliability are F.D.F.

(A-GB 104T ), Auxiliary boiler (A-FA 101 ), G.V. solution

Pump ( A-GA301 ) and R.T.B. (A-GC 501 T & C ) in Ammonia
•

Plant and Gas Turbine ( P-GT 101 B ), CO2booster compressor

( U-GB101 T & C ) and CO2main compres:30r (D-GB 102 B) in

Urea Plant.



ii) In chapter 6, Operational readiness and availability of

individual equipments and plants have been calculated. The

Operational readiness of individual equipments in AmmoniaPlant

very from 0.8075 t.o 0.8783 and for the plant itself t this

~:alue in 0.6788. The values for operational readiness for

individual equipments in Urea Plant vary from 0.8045 to

0.8796 and that for plant itself is 0.8~88.

The availability figures for both Ammoniaand Urea Plants

are 0.7190 and 0.8314 respectively. By similar reasoning, as

in (i), it can be said that the upper bound of fertilizer

factory availability for production is 0.7190. Since there

are failures of Urea PJ.a11tas well, the actual availability

is less than 0.7190.

iii) To improve the reliability of the plants, two alternatives

were eor,::;idered - eliminating major faults of each critical

equipment as identified in (i) and considering installation

of identical stand-by units of t 11e:;I, cri tic,al equipments.

In Tables 7.1.1 and 7.1.2, failure types and nurr.bE'I",of failures

of '3ach equipmp.ntin both Ammoniaand Urea Plants have been

listed. It has been found that n2ujor faults appeard in F.D.F.,

Auxiliary boiler and R.T.B. due to instrumental ( including

safety trip systems ) troubles, in gas turbine - B due to

electrical troubles and in G.V. solution pump, CO2booster

cornpres:3o!'and CO2main compressor due to mechanical troubles.
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Reliabi1ity figures have been, recalculated for both the
cases mentioned aoave and tab}r,:; and graphs have been presented
( Tab1.f's 7.1.4 7.1.6 and figures 7.1.1 - 7.1.6 ). It can be
observed that al~ost in all cases, installation of stand-by units
"muld improve reliability situations considerably for the first 100
days of operation. But this would require comparatively much heavier
capital investment and radical changes in plant layout. So, for
Auxiliary ool1er (A-FA 101), R.T.B.(A-GC 501 T & C ),C02 booster
compressor{U-GB 101 T&C), Gas turbine (P-GT 101B) and CO2 main
compressor ( U-GB 102 B ), measures to eliminate major faults have
been considered, because this step will also improve reliability
situations appreciably.

In Table 7.2.1 overall reliability values have been recalcu-,
1ated by considering the above mentioned improvement procedures.
From the table as well as figures 7.2.1 and 7.2.2, it can be
observed that for the first 25 and 50 days of operation of Ammonia
Plant, the reliability has improved from 31% to 49% and from 9% to
21% respectively. The improvements in Urea Plant are from 50% to
65% for the first 25 days and from 23% to 42% for 50 days of
operation.

)
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8.2 Scope of Future Works

Since manyfailures were caused t,y 2.Pl.;r:ioustrlps, the

reliability of tpe Safety system can be investigated. The poss1bi-
,~',

lit;y of duplicaU.ng trip systems or installing high integrity

p,rotective systems :(HIPS) can be studied.

An optimal maintenance policy for mechanical equipments

should be developed.

Fault diagno'stics of the plant equipments should be prepared
,-"

to minirrJze corrective measures by trial and error.

Maintenance procedures should be recorded and guide lines•should be strictly followed to minimize maintenance :i.nducedfailures.
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,A,pPENDIX-AFailure History of AmmoniaPlant.

Remedial measures/
Remarks

Regulator was
replaced.

Pressure regulator
troubles of Titas
gas metering
station

O.04INGBooster Comp.
( A-GB106 )

{Repairl C..'a.uses of fB1lure I
~ti\lle -~-~-,.,.-~~-------i
IDa~h .IEqulp;",n:, fall~ Cause; I

, "-. .-
""' ..•.;; -----_ .._----

(

Failure time . .!;Ste.rt-up time. I~
Date Time, Date' 1me I!)aVSbrs .bra, 'I "

1
21-6-77 11.10 22-6-77 18.20 1 1.30

4-7-77 ~0.20 116-7-77 111.16 I 12.041 8.54IWhole plant For repairing
works';

19-8-77 ~0.20 I 21-8-77 I 3.96 I 1.741 0.00 ~B(A-GC ,01T&C) ISteampressure IWrongsignal.
extra low.

3-9-77 ~4.30 I 9-9-77 11.82 I ,.481 5.00 ~as turbine ~ust temperature IWrongsignal
(P-GT101 A,B ) high. , .

20-9-77 -10.90 I 7-10-77 ~1.54 117.86115.80 ethanator efn- Tube leakage Defect tubes were
nt Economizer plugged.
A-EA401 )

8-10-77 \8.30 18-10-77 ~6.22 I 0.331 0.00 .D.F.(A-GB 102T) ~Ub.Ol1 pressure Operational
extra low faults.
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1\.PPE.NDIX-A(Continued)

•

1 I 2 3 41 ,1 6 7 I 8 9
8-10-77 1,~45 11-10-77 9-93. 2.77 0.00 F.D.F.(A-GB 104T) Exhaust steam Operational faults

pressure extra ,

high.
12-10-77 19.05 19-10-77 8.2, 6.55 6.00 Gas Turbine Fuse troubles Fuse replaced.

(P-GT 101 A,B)
22-10-77 9.30 12-11-77 22.98 21.57 19.90 CO2 8(bsorber Differential R/Ring were changed.

(A -DA 301 ) pressure vas high
14-11-77 9.3, 17-11-77 16.79 3.31 1.50 (Ammonia & Urea For repairing

Plant) works.
16-11-77 17.30 19-11-77 17.30 3.00 2.50 Gas Turbine • Fuse burnt due to Fuse replaced.

(P-GT 101 A,B) reverse current.
21-11-77 3.20 24-11-77 11~36 3.34 1.70 R.T.B.(A-GC 501 Lub.Oil line Pipe line replaced

T&C). leakage •.
03-12-77 7.25 05-12-77 1.49 1.76 0.41 CO2 Booster comp- Thrust bearing Thrust bearing

ressor (U-GB 101 (Turbine) damaged replaced.
T&C).

29-12-77 9.10 01- 01-78 9.10 3.00 0.25 Auxiliary boiler Drum level extra Faul ts signal.
(A-FA 101 ) lov

02-01-78 13.50 04-01-78 1.50 1.50 0.12 ATB .(A-GB 101T&C) mockage of air Filter replaced.
filter.
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APPENDIX-A (Continued)
. . ..

1 2 3 4 '5 6 7 8 9
-

16-01 .•78 6~1'5 19-01-78 11.67 3.23 1.30 Whole plant For repairing works.

27-01-78 21.40 01-02-78 6.03 4.36 4.00 Gas Turbine Due to rever:se Checked.
.,.. ".'"

(P_GT 101 A,B ) current.

08-02-78 11.3'5 10-02-78 22.63 2.47 0.00 Auxiliary boiler Drum level extra Fau1 ts signal.
. (A-FA 101 ) lov

08-03-78 8.4'5 13.03-78 2.93 4.77 0.16 Boiler feed water Wrong maintenance
pump(A-GA 202 ) by Electrical

personnel.

29-03-78 21.'50 04-04-78 1.82 '5.18 3.90 RTB(A-GC '501T&C) Thrust brgs.damaged Bearing replaced
and also instrument -
air pressure extra
low.

I

04-04-78 - 06-04-78 - 3.00 1.20 GV solution pump Bearing temperature Bearing replaced
(A..GA ':1.01) high.. ~

1'5-02-78 16-02-78 0.98 0.33 CO2 Booster comp- Thrust bearing Bearing replaced
ressor (U-GB 101 damaged.
T&C) •

07-04-78
. 4.12 2.2'510-04-78 Manual shutdown For repairing works.

0~~O'5-78 19-07-78 78 72 Manual shut-down For annual overhaul-
- ing.
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..

1 2 3 1+ , 6 7 ..,..8 9--
06-08-78 11.25, 16-08-78 20.•13 10.37 6.55 GV solution pump Coupling damaged Coupling replaced

. (A-GA 301 )
06-09-78 0.35 10-09-78 0.34- 4.00 0.16 Auxiliary boiler Air prehe~ter coup- Coupling repaired

(A-FA 101 ) ling damaged.
16-09-78 14.32 19-09-78 14.32 3.00 2.30 Hyper turbine Lub. oil pump stop- Electrical pircuit

(A-GB 501 T&Cr.- ped due to Electri- rectified.
cal troubles.

01-11-78 17.20 07-11-78 20-32 6.13 3.80 Process gas GV solution leakage. Line repaired.
reboiler(A-EA 301)

18-12-78 18-12-78 0.21 0.00 CO2 Booster compr. Mal.functioning of Checked.
. (U_GB 101 T&C) delivery check valve •

25-12-78 19.00 27-12-78 10.60 2.65 0.00 FDF. (A-GB 104T) Lub.oil pressure Faults signal.
. extra low •

27-12-78 13.00 29-12-78 13.00 2.00 0.00 FDY,-(A-GB 104T) Mal.functioning of Checked.
trip system.

03-12-78 21.00 07-12-78 2.28 3.22 0.00 Hyper turbine Due to fire on turb-
(A-GB 501 T&C) ine insulation.

16-01-79 20.25 18.01-79 21.45 2.05 0.00 RTB (A-GC 501T&C) Low level of Econo- 1;lrong signal.
mizer.

!



APPEND IX-A (Continued)

121

8
..

1 2 3 4 5 6' 7 ," ,..' 9. -
24-03-79 1,.30 01-04-79 16.26 8~04 5.20 HS!l'ualshut-down Short fall of ra~l NG line repaired., material.
03"04-79 14.53 06-04-79 9.00 2.77 OSO De-a.crator bent Troubles of the Repaired.

vaJ:ve(PCV 524 ) valve.
03-06-79 21';2 20-06-79 14.00 16.69 12~20 Manual shut-down Spared No. G. for

P.D.B.
08-08-79 5.30 16-08-79 5.40 8.00 7';0 Gas turbine Gas turbine-A,was Checked.

(P_GT 101 A,B ). trip due to name
failure &: that of'B'
lias trip. when synch-
ronizing with PDB.

01-10-79 17.30 02-10-79 7.22 0';8 0.12 CO2 Booster compr. High temperature of Bearing checked~
(U-GB 101 T&:C) pinion side redial

. bearings •
16-10-79 15.35 17-10-79 4.30 0.54 0.10 - do - - do - - do -
07-11-79 9.15 11-11-79 16.25 4.29 0.66 NG Booster compr. NG.pressure actua- PCV checked.

(A-GB 106 ). tion.
11-11-79 21.10 13-11-79 21.10 2.00 0.00 RTB (A-GC 501T&:C) RPM decreased 'Operational faults

suddenly •
.
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1 2 3 4 5' 6 7 8 9-
14.11.79 13.50 14.11.79 1;.00 0.062 0.00 CO2 Booster compr. Brg. temperature No. action taken.

(U-GB101 T&C). high at pinion side \

radial bearing.
16~11-79 12.15 16-11-79 13.40 0.0;2 0.00 - do - - do'- - do -
19-11-79 11.30 19-11-79 12.25 0.04 0.00 - do - - do - - do -
10-12-79 21.15 12-12-79 1.00 1.95 0.80 - do - - do - Alignment checked';
29-12-79 12.00 30-12-79 15.25 1.12 0.75 - do - - do - Bearing changed.

.

01-01-80 15.05 06-01-80 12.2; 4.85 3.50 Hyper turbine Failure of Askania I Checked.
(A-GB 501 T&C) controller. I

14-1-80 15.00 15-01-80 22.00 1.29 0.80 CO2 Booster compr. High temperature orl Alignment checked.
I( U_GB 101 T&C). pinion side radial I

I
bearing. .

24-01-80 15.15 02-02-80 20.00 9.19 7.00 W_DA 302 B. Saron cloth damaged Saron c1-othof
filter was replaced

02-02-80 22.35 14-02-80 19.15 11.85 4';0 Mist trap Extra high level of Rectified.
(A-DA 303 >. GV solution. lY

17-02-80 1.40 19-02-80 9.00 2.30 0.66 Synthesis gas High level. Checked and
K.O. Drum(A-FA repaired.401 )

-.
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1 5 6 "2 3 4 7 8 9
.!t~-03-80 18815 16-03-80 2.40 1.34 0.40 RTB(A-GC ;01T&:C) Local instrument Repaired. ,

panel troubles. ,
,"

30-04-80 20';0 04-0;-80 23.04 4.10 3.90 Gas turbine Unbalanced load Checked.
(P-GT 101 A, B ), sharing.

16-0;-80 9';0 18-0;-80 16.00 2.2; 1.40 Hyper turbine Failure of Askan1a Checked.
(A-GB ;01T&:C) controller.

09-06-80 20.16 11-06-80 13.1; 1.70 0.12 NG Booster compr. Abnormal NG press Titas gas supply
(A-GB 106 ) drop. troubles.

12-06-80 10.4; 22-06-80 1f.oo 10.2; 10.00 Gas turbine Due to load reject- Checked.
(P-GT 101 A,B ). ion by gas turbine-

IAt •
17-07-80 7.1; 21-07-80 22.1; 4.62 0.33 Boiler feed water Down stream line Line repaired.

pump (A-GA 202 ) leakage.
23-07-80 17.10 2;-07-80 12~54 1.81 1.10 Hyper turbine Inter cooler tube Leakage tube were

(A-GB ;01 T&:C). leakage. plugged.
09-08-80 4.20 11-08-80 21.24 2.71 0.33 Waste beat boiler Leakage in up Repaired.

(~EC 107 ) stream welding
joint.

- - -,....,.--
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1 2 3 l.r , 6 7 " 8 9/?-."
, , - ~' ,.;,., '."

21-08-80 10.10 26-10-80 66.00 60.00 Manual shut-down For annual over-
, h,tuling.

"

01-11-80 5'.11-0 , 02~11-80 ,.l.rO 1.00 0'.00 Auxiliary b6:1Jier" Closure of NG Instrumental
(A.-FA101 ) Emergency valve. faults.

02-11-80 20.20 06-11-80 8.19 305'0 0.50 FDF (A-GB 104T) Low lube oil press- Faults signal.
ure.

08-11-80 17.35' 12-11-80 1l.r.23 3.87 0.25 Auxiliary boiler Low instrument air Instrumental
(A.-FA101 ) pressure. faults.

22-l»1-81 10.05 24-01-e1 5.73 1.82 0.00 NG Booster compr. Low lub oil press- Faults signal.
(A-GB 106 ) ure. ,

11-02-81 7.35 15-02-81 3.27 .3.83 205'0 CO2 Booster compr Abnormal vibration Rotor replaced •
(U_GB 101 T&C). at compressor side.

-
\.
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1 2 3 4 5 6 7 8 9 ,

I 14.05 13-04-81 _ 3.40 NG supply stopped110-04-81 23.90 0.00 Manual shut-down
of NH3 Plant. by Utas.-

13-06-81 9.05 17-06-81 RTB (A-GC 501T&C) .
2.00 3.67 0.00 Lov indication of Faults signal.

thrust pressure
- relay svitch •.

17-06-81 11.20 20-06-81 21.04 3.41 1.50 ATB (A-GB 101 T&C) Failure of conden- Electrical faults.
sate pUl!lp.

21-06-81 9.30 25-06-81- 0.18 3.62 0.00 FDF(A-GB 104T). Mal. functioning of Faults signal.
Governor linkage •.

30-06-81 9.20 01-07-81 1.52 0.68 0.00 RTB(A-GC 501T&C) Low thrust pressure. Faults signal..
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APFENDIX-B Failure History of Urea Plant.

9

Remedial measures
IRemarks.

IAbno:rmal suctionfiow' .'"'I Checked.
nuctuation~

Urea reactor
(U-DC101 A,B ).

0.00
-

8.001 16-07-771 16.00 I 0;0716-07-77

:Failure Time {Start-up time ,t:~:I~i~:fr I Causes of failures "", iI-~ -- , - ~ i r '
Date I ,~,~~I Date Jb~e iDays \DaYS IEquipment failed : Causes. I

1 1M2 I 3 -L 1; [ i =t {l -1= ? I 8 -

~8-07-77 17.00118-07-771 7.7210.03

~9-07-77 10.,0 119-07-77 I 19.70 I 0.80

~1-07-77 \20.55 122-07-77 I 0.33 I 0.36

0.001c02 main compr. \Oil pressure switeh Pressure s••••itch

( U-GB102 B) troubles. ~ replaced.

0.701Gas turbine Exhaust temperature Checked and

( P_GT101 B) high. repair.

0.30 I -, do - I - do - iChecked.

22-7-77 9.00 I 22-07-77 I 21.48 I 0.,2 I 0.251Urea reactor
( U-DC101 A,B)

Heavy leakage of 13 kg! ILine repaired-.
cm2 steam line leading
to LPD.

27-08-77 ~3.00 I 31-08-77 7.88 3.37 3.0q CO2main compr.
( U-GB 102 A)

Packing temperature
abnormally high.

Checked & rectifi
~d.

108-09-77 "3.00 108-09-77 113.96 I 0.04 10.02 ~uction common ~alve nange and seat
eader valve of ~eakage.
C. pump(U-GA102)

\Repaired.
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1 2 3 4 5' 6 7 8 9

21-12-77 9.30 21-12-77 13.36 0.1'7 0.11 Suction common Leakage between fl~~ge Repaired ,
header valve of and seat.
NH3 pump (U-GA
101 .)~

23-01-78 10.1; 23-01-78 14.9; 0.20 0.10 Ammonia prehea- Tube leakage. Leakage tubes
ter(U-EA 101A) were plugged.

0;-02-78 20.00 0;-02-78 22.40 0.10 0.0; Urea reactor Line cracked Repaired.
( U-DC 101 B).

26-07-78 0.2; 27-07-78 13.93 0.;7 0.00 Gas turbine Flame failures. : Faul ts signal.
(P-GT 101B ).

I
08-11-78 0.1; 08-11-78 .19.1; 0.80 0.60 Ammonia prehea- Leakage. Tube bundles.

ter(U-EA 101B) replacp.d.
'.

13-12-78 0.80 13.12.78 20.00 0.80 0.10 Suction common Leakage. Repaired.
header valve of ,

NH3 pump (U-GA
101 ).

04-01-79 13.1; 04-01-79 19.1; 0.2; 0.24 Melter(U-EA301A) Bearing damaged. Bearing replaced.
21-04-79 22-04-79 1.28 1.2; CentrifUge Over load trip. Main bush changed

(U-GF 201A ).
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i 1 2 3 4 --2 6 7 8 9
r-
23-04-79 , 26-04-79 2.86 2.84 Centr:l.fuge Motor troubles. • Repaired.

(U_GF 201 E)

I 8.45 20-12-78 11.57 0.1.3 0.00 CO2main compr": Abnormal sound in Checked.
i aO-12-78

I ( U.GB 102 B ) stuffing box.
I I

: 20-12-78 19.50 I 21-12-78 3.90 0.35' O.OOIGaf turbine Over speed trip.
I

Faults signal.

I . (P-GT 101 B)
..

I

I I i I

1.04
I

Checked and
1
15'°3-79 I ' 16-03-79 1.ooiNO. 2 belt Bearing worn ed-out i

:conveyor replaced.

I ! I

I 0,10

II (U-JD 204 B)
I i

! 10-07-79 10,25 10-07-79 : 14.00 o.ooi CO2main compr. Abnormal sound. i Checked.
I I

\25'-07-79 116•30 I 26-7-79

I I ' (U-GB 102 A )
I

I

I 0.35
I

I 1.15 0.30 No.2 belt conv- Bearing troubles.
i

Bearing changed.
I I, eyor (U-JD 204B)I I,

01-08-79 9.30 01-08-79 14.20 0.60 0.58 Melter(U-EA101A) Leakage. i Repaired.I

I
04-08-79 15.45 04-08-79 18.00 0.08 0.08 Belt conveyor to Motor chain worned

\
Replaced with new

I
bulk storage out.

I
one.

(B-JD 103 ). .
I ~

I

\29-08-79 13.15 31-08-79 15.30 2.08 1.80 High pressure Leakage. I Repaired.

I decomposer

I (U-GB 102 A )
-
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I 1 2 3 4 5 6 7 8 9

,

27-09-79 8.45 27-09-79 13.10 0.16 0.00 CO2 main compr. High temperature of • Checked.
, (U-GB 102 A ) Ist stage delivery.

03-11-79 8.20 03-11-79 13.00 0.20 0.20 Bucket elevator Worn ed-out of driving i Repaired.
( B-JD 102 ) chain. I,

06-11-79 9.35 06 •• 'On 23.50 0.58 0.18 CO2 main cOI];pr. High temperature of Checked and-,,-,;,
( U-GB 102 B ) packing box. repaired.

06-~~-79 4.10 06-12-79 10.iO 0.25 0.24-No.2 belt conv- Worned out of sprocket Replaced with one
eyor (U-JD 204 B) teeth.

03-04-80 I 3.30 0,-04-80 2.30 1.91- 1.,0 Gas turbine Load hunting. , Checked.
I (P-GT 101 B )I

12-04-80 I 8.3C 112-04-80 i 19.15 044 0.241 CO2 main compr. High t.emperature of Checked & RepairedI •

i i (U-f;F< 102 B ) Ist stage delivery.
i

10•98 o.SolGas turbine
,

124-06-80 11.2, 2,-0?:-80 11.00 Load rejection by gas Checked.
( P-GT 101 B) turbine .•1A' • I

I
04-07-80 15.4, 0,-07-80 16.20 1.03 0.,0 High pressure Sight glass blown out I Replaced.I,decomposer I

(U-DA 201 ).
07-07-80 12.45 07-07-80 17.'3 0.21 0.20 NH3 prehea ter Tube leakage. Tube bundle
I .l.__~ J (U-~ 101 A ) replaced •--
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1 2 3 4 5 6 7 . ~ [~-8 9- - --
11-07-80 11-07-80 0.04 CO2 main compr. F~gh temperature of . Checked.12.10 43 ,.,,, 0.00 ,

t .~J

(U-GB 102 A7B ). llacking box.
29-07-80 3.15 29-07-80 12.31 0.21 0.09 Urea reactor Failure of pressure Replaced.

( U;'DC 101 B ) controller.
06-08-80 16.30 06-08-80 20.95 .0.19 0.00 - d.o - Mal. functioning of Checked •

pressure control va1v~. .

13-08-80 12.15 13-08-80 22.11 .0.41 0.20 CO2 mun coopr. Compressure-A,stcpped Thoroughly
(U-GB 102 A,B )~ due to high temperature checked and

of Ist stage delivery rectified.
& that cr 'B' stopped
due to high temperatu-
re of packing box •

. .
26-06-81 8.45 27-06-81 16.91 1.35 1.10 CO2 mun compr. High temperature of Checked and

(U-GB 101 A ). rst and 2nd stage repaired.
•

. delivery •.
28-06-81 14.4-5 28-06-81 17.40 0.12 0.09 Suction common Flange leakage. Repaired.

header valve of
NH3 teed pump.
(U-GA 101 )

I
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A!'PEHDIX = C1
Cumulative Hazard Vs. Failure Times curve of Equ1pment(Ammon1aPlant).
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- -APPENDIX. - C1 -
Cumulative Hazard Vs. Failure Times Curve of Equipment(Ammonia Plant)

1000 f

i:

. 10 00I1000L
100

Time, da.~S.
10

!
i

1.00 ~
J
I

I

~ to ;-
"'"-./
:r::
"':l
l-
c:
N
<:\ --(j)..,..

.J<-

III
)-.~

~'Dr.•..
-0

--'::l,... Ij::
.l~ :j Iv

\

\
i

i
O'~~

I

I
J



134

, APPENDIX - 02

Curou.la.t1veHazard Vs. Failure Times curve
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Equipments of Appendix C1 are as follows s

1. Gas turbine ( P.GT 101 A)
2. Boiler feed water pump ( A-GA 202 )
3. F.D.F. ( A.GB 104 T).
4. Auxiliary boiler ( A.FA 101 ).
5'. A. T. B. (A-GB 101 T & C ).
6. N. G. Booster Compressor ( A.GB 106 ).
7. . G.V. Solution pump ( A-GA 301 ).
8. R. T. B. ( A.GC 5'01T & C ).
9. Hyper turbine ( A.GB 5'01T & C ).

Equipments of Appendix C2 are as follows S

135'

1. CO2 Booster Compressor ( U.GB 101 T & C ).
2. Gas Turbine ( P.GT 101 B)
3. CO2 Main Compressor ( U.GB 102 A ).
4. CO2 Main Compressor ( U-GB 102 B ).
5'. Suction common header valve of Ammonia Pump ( U~GA 101 ).
6. Ammonia preheater ( U.EA 101B )
7. Urea reactor ( U-DC 101 B ).
8. High pressure decomposer ( U.DA ~01 )
9. No. 2 belt conveyor ( U-JD 204 B ).
10. Melter ( U-EA 301 A )



,
"

_._- ..--- . -,_.

136

APl?1i.:NDJX - D

MLE Method for the Estimation of Weibull distribution (W.D. )

The Computer programme used for the estimation of Weibull
distribution parameters is shown belows

.'

•

c
(

PROGRAMME FOR EVALUATING WEIBULL PISTRIBUTION
PARAMETERS011'1£"5101'1 T(40), X(40), Y(40), Xy(40), YS(40)' XY5(~0), yF(40),

ITF(40)
RE AD (1,900) NI

900 F ORMAT(I 2)
00 999 IX=l,Nl
READ (1,100) N, ~R

100 FORMAT(2!2)
RE.AO0,1.01) (T(llo 1=1, "I)
READ (1,101) (TF(II),!I=l.IR)

.01 FORMAT(13F6.2)
81= 1.0
B=81wRl,e (3,110)'IX

110 FORMAT (Sx,'EXAMPLE' ,I2./,~lC.9('*' J)
po 102 J=1,H
y(.1)=AL(\6(T(J»

102 YS(J)=VlJ)**2
00 103 ) 2= 1 , :IR

103 YfU;n=ALQG(l'fUZJ)
53= 0 .0
DO 105 l<1= 1 , IIR.

105 S3=S3+Yf(Kl)P3=(1.0/FLOAT(IR».S3
108 00 '106 )1"'1,"1

X()1 )=Ie J1 )**13'1
XV(J1)=X( J1) ,.Y( J1 )

106 XYS(J1)=X(J1)*YS(Jl)
:>.=0.0
52=0.0
54=0.0
DO 104 L'=l.K
51= S1+XY(L)
S2=S2-t)«L)

10'\ S4=S"l .•.xYS(L)G=ISl/S2)-(1.0/BL)-P3~P;«(S2~S4)_(Sl**2»/(~~**2»+(1.0/(Bl*~~»)
R=G/GP .IF(ABS(R).LT.0.001) GO ~Olor
B1=81-RIF(B1.LE.D.O)GOT0111
GO.0113

111 81=8+1. O'
8=B1
GO ,0 113

113 (,0 TO lOB107 ETA=(S2/IR>**(1.0/Bl)
FMT=ETA1\<YY(I.0+ll.O/U1»SD = SORT l ( ETA ** .~) • (V Y ( 1 • 0 t ( 2. I) /131 ) ) - ( ( y Y (1. 0+ ( 1 • 0/ HI) }) ••,. <' ) ))
wR 1T E ( 3 ~ 1 09)B 1 .•£ T A, f MT 'I :.U

109 FoRt'&\AT(5.x ,~SHAPE. PARA""'::'" ,F ~). :-,'.5)(,. ~:'CALE PAR.AM=-t.F 10 .3, sx. t

1 'MEAt( L.IFE='.Fe.3,~X •• S:TD UE'IJ=' ,FlO. 3)
999 COMTHhlE

5rop
END

FUNCT'ON YY(T)YV= (T'" "T) 1\< EXP(-T ) "SQRT ( (2. 0" 3. 14 In) / 1 J •• ( 1• 0+ (I .0/ I 12 .0" T > ) +
1() .0/( 288.0"'(, •• :.')»)

RETURN
E~' 1)
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APPENDIX- E

Calculation Steps For Estimation of the Weibull Distribution
Parameters by ~he SEQLIM Method.

1is palculatedby eqn. ( 2.4.16 ) ; trl~ is the ratio of the
obserVed failure time to Y) ,for rth failure; t.40 and t.60
indicate the 40% lower and 60% upper probability limits; " - "
indicates that the observed failure time is not an outlier, while
"J«" ind~cates an outlier; checks of outliers and non outliers are
made frQrn the ~ables givpn by Kabir ( 18 ); ,,__ " on the left
side offi indicates an incoming pair. An example of estimations of

J3 and Y) for I.D.F. ( A.GB 102 T ) by SEQLIM method are shown below.
Failures data of I.D.F. are shown in chapter - 4 •.

~ 1 t1 If") t,ltO .t'60

1.0 227.24 0.25'928

- 0.95 206.48 0.285'35 -
0.90 185.82 0.31708 *

Estimates for single failure s 13.. 0.95, 1D 206.48
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