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ADDENDUM
A. Information Hierarchy and Calculation Flow on Spreadsheets.

Figure 131 attached gives a summary on the hierarchy and calculation flow on the
spreadsheets.

As may be seen from the figure, the reference station monthly data sheets for the 7
production units for the years (1982-1986) were incorporated into computer
spreadsheets, and the cumulative result was a matrix of 420 monthly data sheets. This
matrix was used to produce

1 - 35 anual summary data sheets, a set for each unit.

2 - A sheet of forced outage figures, yearly reliabilities and mean times to failure for the
components of each unit, and a station reliability sheet

The yearly summary data sheets are used to produce forced outage calculation sheets.
The forced outage calculation sheets are used to calculate yearly reliabilities and their
95% confidence limits using the chi-square distribution estimates (refer to Section 8.5.8
Page 317 of Volume I of the thesis). Furthermore, the yearly summary sheets are used
to produce station reliability summary sheets, which i turn are used to calculate
summary of station components reliability results.

B. Difference between result of Figure 121-A page 336 and Table no. 65 Page 337

Figure 121-A shows that the boiler has the highest total number of failures (102) than
the turbine (29), generator (46), and distiller (72); whereas Table 65 indicates that the
average failure rate over the 5 year period for the boiler is less than that of the distiller
(4.50 E04 for the boiler compared to 6.96 E04 for the distiller). This might seem odd
at first glance, however, if we look closer on the basis of the calculation, we will find
that they are not comparable, because the bases of the calculation are different. Figure
No.121-A is based on the total time of operation, whereas the failure rate values are
based on the actual operating time.

C. Expansion of the Work

The work of the thesis was confined to reliability analysis. The definition of reliability
is the probability of a device or system performing its function adequately, for the
period of time intended, under specified operating conditions. From this definition
reliability is defined through the mathematical concept of probability. Therefore,
reliability analysis will lead to the calculation of establishing the failure rates for the



production unit sub-systems. These failure rates of the various parts of the production
unit indicate the frequency of occurrence upon which the distribution of maintenance
downtimes are dependent. Therefore, in order to establish that "the components can be
made to remain within their useful life period for the bulk of their economically feasible
life" (36) the concept of preventive maintenance has to be introduced. Since reliability
analysis is a tool to put forward such concept, then maintainability analysis has to be
initiated to complement the work of the thesis. Maintainability is concerned with mean
time to repair and the repair time. "Maintainability models are related to reliability to
determine frequency of occurrence of maintenance requirements” (70). "The
maintainability model is made up of several repair time elements, such as localization,
isolation, disassembly, interchange or repair, reassembly, repair (MTTR) is expressed
mathematically as (70)

N
Eajlure rate x log (repair time)

MTTR = antilog: ! =
E l;:ailure rate i
: .

2F

A combination of repair times and failure rates lead to the MTTR and down time and are
used to evaluate the production unit maintainability. Once the production unit
maintainability is established, then improvements in operational planning and design
may be attempted.

Another area where the work of this thesis can be expanded, is that a state space
reliability assessment of the (power and water) production station could be conducted in
order to take into account load variation, production capacity reserve, and operating
reserve. The basis of the analysis was the work of Chapter 6 of the thesis.
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SUMMARY

This thesis presents the outcome of applying reliability engineering analysis techniques
to a thermal dual - purpose (power&water) production station. The thermal cycle of the
station is a fossil fueled steam boiler, condensing - extraction steam turbine, a
generator, and a multi - stage flash evaporator.

Full description and analysis of the station, and the production unit configurations were
investigated in order to acquire a detailed information about the functional and physical
interconnections of the various sub - systems and associated systems making up the
(power&water) production units and hence, the station. Based on this analysis, the
production unit was found to be composed of four sub - systems and eleven associated
systems (chapter III).

Based on the work of (chapter III), the operational interlocking logical sequence models
for the station, boiler, turbine, generator, distiller, and their sub - systems were
developed (chapter I V).

As a consequential step to the previously mentioned two analysis, reliability network
analysis was performed, and reliability models for the production station, production
unit, unit sub - systems, unit associated, and their sub - sub systems were developed
(chapter V).

State - space reliability models for production station and the unit sub - systems were
developed and are presented in (chapter V ).

Doha East (powér&water) production station of the State of Kuwait was selected as an
actual operating reference station. This station is composed of seven production
units.The installed capacity of reference station is 1050 (MW) of power and 191 X 103
cubic meters per day (42 million imperial gallons). The outages data for all the seven
units were collected over a period of five years (1982 - 1986). These original outages
data were analysed and processed in newly designed forms. The processed outages

data' are found in appendix (I) in volume (1) of the thesis.



All the processed outages data for the seven production units were entered in a
computer spread sheet program, and the various reliability calculations were performed
on them.(chapter V III).

Based on these calculations the reliability models for the production station, boiler,
turbine, generator, distiller, and their sub - systems which were developed in

(chapter V) were found to be fairly representative and adequate for reliability
calculations of the production station, boiler, turbine, generator, distiller, and their

sub - systems.

The results of the calculations indicate that the average reliability of the reference station
production unit is 1.36 X 10-4 over a period of a year , 0.27 over a month , 0.71 over
a week, and 0.95 over a day. The average availabilify is 49 %.

The average failure rate for the boiler is 4.50 X 10-4, for the turbine 1.28 X 10-4, for
the generator 1.97 E X10-4, and for the distiller 6.96 X 1\0'4.

The mean time to repair (MTTR) for the boiler is (64) hours, for the turbine 108 hours,
for the generator 55 hours, and for the distiller 45 hours.

The mean time between failure (MTBF) for the boiler is 2250 hours, for the turbine is
7750 hours, for the generator is 5000 hours, and for the distiller is 1500 hours.

The number of successfully operating units out of seven units of the reference station
over a period of a month is -3, with a probability of success of 40 %.

Conclusions and recommendation for further work and development are given.
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CHAPTER 1
THE OBJECTIVES AND METHODOLOGY OF APPROACH

1.1 Introduction

The modern socioeconomic idiosyncrasy of most societies of the world,
regardless of their level of development, leads them to expect the supply of electric
power and fresh water to be continuous, in quantity and quality, on demand. Such
emphasis on the continuity of supply has caused the electric energy and water industries
to emerge as the mosf vital and capital-intensive sectors of the economy of any country.
In order to appreciate the massive capital investment involved in such industries, one
can look to the United States as an example, where the electric energy industries
investment alone, is expected to exceed U.S $ 70 billions by the year 1990 [1], and the
water industries investment was approximately U.S $ 300 billions by the year 1972
[2].

Such colossal investment should stimulate a great deal of interest in improving
the productivity (performance-cost-availability-reliability-maintainability) of new and
existing power and water systems. Therefore planning, design, and operating criteria
and techniques have been proposed over the past five decades in the hope of achieving
a trade-off between securing the continuity of sﬁpply, with respect to quantity and

kquality, and the prevailing economic constraints at the time of question. The real
objective of the trade-off in practice is to account for the random stochastic nature of
power and water system's inevitable failures. Inadequate planning for such failures can
lead to power and water shortages of varying intensities. Therefore, ideal power and
water systems that unfailingly supplies power and fresh water to consumers whenever
wanted are by definition a perfectly desirable and reliable ones, and conversely, the
power and water systems that are unable to supply electric energy and fresh water to the
end users could be termed totally undesirable and unreliable. Unfortunately, all real life

power and water systems lie between these two extremes. The probabilities of



interruptions in electric and water services can be abated by investment intensification
during a project's planning, specification, design, and tendering phases. However
over-investment can lead to undesirable effects on the operating and capital cost of the
systems, which in turn will be reflected in the tariff structure of the two commodities.
On the other hand, under-investment can lead to operational limitations and ultimately
curtailment of services which is in direct conflict with the anticipated norms. The over
or under investment dilemma requires hard managerial decisions at both the planning
and operating phases. Such decisions can not be left to personal intuition and judgment
alone, but should be arrived at by a proper evaluation of the probabilistic operational
behaviour of the power and water systems and load forecasting over the required
period. The probabilistic operational behaviour of the power and water systems can be
attained by the application of qualitative and quantitative reliability analysis of past
operational data if available [3]. As for the load forecasting and its uncertainties of
prediction, sound statistical analysis should be employed based on past demand trends
and future anticipated social and industrial developments.

Every country and its power and water systems have unique characteristics.
Most countries of the world enjoy different level of separation between these two vital
industries in terms of planning, design, and operation. This is due to the fact that in
these countries the power supply is industrially generated in thermal, hydro, or nuclear
power stations, and the water resources, for the fresh water supply, are naturally
available (e.g. rivers, fresh water lakes, rain, underground fresh water aquifers).
Therefore, the problems of planning, design, and operation that have to be encountered
by each of these industries can be distinct and different. Furthermore, these tasks are
entrusted to different group of technically specialized people, and in most cases they are
run by different corporations or agencies. On the other hand, there exist in this world
some unfortunate countries which have to cope with the problems of planning, design
and specifications, and operation of these two vital industries simultaneously. These

countries have to manufacture both power and water supplies, and in most cases the



problems of planning, specifying, designing, and operating are handled by one
technically specialized group of people, and they are run normally by a single
corporation or agency. Practically, most, if not all, of these countries are located in the
arid zones of the world. These zones are physically characterized by severe weather
conditions, scarcity of rain, absence of rivers and lakes, and have limited underground
fresh water aquifers. However, they enjoy an ample supply of oil and gas, which are a
prime sources of fuel needed for the production of power and fresh water.

Modernization and industrialization of these arid countries requires, as is the
case for other countries, relatively large quantities of fresh water as well as an ample
supply of electrical power. In order to meet such requirements, most arid countries
turned to conventional thermal power stations utilizing the available fuel for power
generation, and for the fresh water supply they relied on desalination. ,

Capital and operational costs savings, efficient utilization of fuel, and thjc‘vstate-
of the art of desalination technology [4, 5, 6,7,8,9, 10], as we shall discuss yla’ter in
chapter (III), influenced the decision that large land based desalination plants, which
most of these arid countries need, are based on sea water thermal distillation processes.
Furthermore, a unique characteristic that most of these countries share is thai both
utilities (power&water) are constructed and operated side by side on the same site, in
what are commonly known as "dual-purpose” (power&water) production stations.
Chapter (III) will deal with the fuli description and the various technical aspects of
such stations.

Over the past three decades an ever increasing number of such dual-purpose
(power&water) production stations have been built and operated in most of the arid
countries of the world. Rapid technological advancement in the field of power and
desalination opened the doors for such stations to be enormous in size and outputs [11,
12, 13, 14]. Single stations of this nature having installed capacities of 2400 mega-
watts (MW) of power and approximately 4.4 x 107 cubic-meters (m3) per day ( 96
million imperial gallons) (MIG) of distilled water are common today in the countries of

the Middle East, particularly in the State of Kuwait and the Kingdom of Saudi Arabia



[14, 15]. As of 1987 the world wide installed capacity of this class of stations is
approximately 15101 (MW) of power and 4.7 x 106 (m3) (1034 MIG) per day of
distilled water [15].

For most of the arid countries, such electricity and water supply stations were
built during the oil boom era ( late 1960's to the early 1980's ). During this era
adequate financial resources were available and the emphasis was on rapid construction
to meet the ever increasing demand. Therefore, owners, consultants, and designers
were more concerned with short construction time and competitive low cost bids. Such
practice, unfortunately, can only be achieved at the expense of reliability and
maintainability. Designers had little involvement with the subsequent operation and
maintenance of these stations and even less appreciation of the routine and not-so- ‘
routine problems of the day-to-day operations and outages. This lack of feed back
meant that the designers were not aware of the deficiencies of their design.

The high demand on the availability, (the proportion of time, in the long run,
that the (power&water) production units in station are in service, or ready for, service),
of these stations has led in most cases to setting up stations with over capacities
(inherited redundancy) to accommodate losses or failures. And to combat further any
unexpected malfunction in the electrical supply most, if not all, countries which have
more than one station of this type, also resorted, like most other countries of the world,
to interconnected systems design; that is to link the power side of these stations in a
national electrical grid system to compensate for any losses that might take place from
any station of the national system. As for water, normally, huge water reservoirs are
built and interconnected by a network of piping and pumping stations to overcome any
shortages in supply due to failures or disturbances in the water side of these stations.
Upgrading of one of the commodities at the expense of the other or vice versa to meet
certain peak load demand is another operational procedure that is also employed in these
stations to offset failures or losses. It is customary to design and construct these station

in such a way that énable any one commodity to be produced independently of the



other, i.e. to be able to produce full or partial power without distilled water or produce
full or partial distilled water without power. This practice, even though helpful, will
defeat the benefits of duality for which these stations were built.

The foregoing demonstrated the importance that should be attached to the
operational availability of any electrical energy and fresh water systems and in particular
for these special class of (power&water) production stations. For the "dual-purpose”
(power&water) production stations, it is true, that these precautionary planning steps of
over design, over capacity, and operational manoeuvrability have, no doubt, enhanced
the availability and maintenance of supply. However, these measures are not the ideal
ones because they are self-defeating and, as mentioned earlier, will lead to over
investment and its inevitable consequences. Therefore, there exists a pressing need to
set up planning, specification, design , and operational management criteria for such
stations to enforce the benefit of their duality and demonstrate that with such criterion a
safe and sound reliable operaﬁonal availability can be achieved. Reliability analysis
techniques form one of the most successful and useful tools in this endeavour, due to
the fact that economic and management decision-making process cannot be divorced:
from these analyses. This fact constitutes a good and legitimate reason for this research
study to be devoted to reliability analysis of dual-purpose (power&water) production
stations. It is of value to mention at this stage that such reliability analysis alone, cannot
fulfill the requirements needed to set up the above stated goals of sound criteria.
However, it is the first step forward in such endeavour, and without such an analysis

the whole question cannot be answered at all in a scientific manner.

1.2 The problem

There is ample evidence that dual-purpose (power&water) production units have
consistently proven maintenance-intensive [17,18,19,20,21,22,23,24]. This is due to
the fact that most, if nbt all, equipment used in such units are of a repairable type, and

thus their life histories consist of alternating operating and repair periods. On the one



hand, such inevitable conditions requires a precise and foresighted operation and
maintenance planning strategy on the part of the management in order to accommodate
any planned or forced outages and minimize the mean time to repair (MTTR) of
outages; and on the other hand, it requires sound design and proper material selection
on the part of the designers and consultants inorder to improve the productiﬁty and
prolong the mean time between failures (MTBF) of outages. Furthermore, such
conditions requires the availability of financial aﬁd specialized human resources to
provide adequate level of operation and maintenance. So the achievement of the
optimium utilization of design, operation, maintenance, and increasing the effectiveness
of all maintenance staff, are planning problems that have to be faced in order to increase
the availability and reliability of "dual purpose" unit and hence the station. In order to
tackle these planning problems effectively a qualitative and quantitative reliability
appraisal of the (power&water) production unit components and of the mode of success
and failure of operation within and between the sub-systems and associated systems
making up the total unit is required.

As the name implies, the components of any dual-purpose (power&water)
production unit comprises of equipment for power generation as well as for sea water
desalination. Thermal (fossil or nuclear fueled) or hydro-powéred single-purpose
power generation stations are universally used by practically all countries ‘of the world;
and for some industrially advanced countries such as U.S.A., U.K., West Germany,
France, and Japan they have been used for the last fifty years. Consequently, for
power systems incorporating these type of single-purpose power generation stations
only, the planning, design, and operation techniques such as :

1. Load forecasting and its uncertainty including peak load and load duration.
Static generating capacity reliability including reserve requirements.
Operating generating capacity reliability including spinning reserve.

2
3
4.  Transmission and distribution systems reliability.
5 Bulk power system reliability.

6

Area supply system reliability.



7.  Equipment outage data collection and analysis.
have been recognized since 1947 [25]. Since then, an ever increasing interest to study
and solve such problems, has been embodied in the research and development
programs of the electric utility companies and agencies in the industrially advanced
western countries. The outcome of the research and development projects in the field of
power system reliability over the years, as we shall see in chapter ( II ), have produced
and are still producing reliability models, indices, and deterministic and probabilistic
reliability evaluation techniques. Furthermore, specialized agencies such as the National
Electric Reliability Council in the U.S.A. and the National Centre for System Reliability
in the UK. have been established to co-ordinate reliability research activities.
Therefore, a fair amount of information and solutions to the reliability problems of the
single-purpose power generation stations and power systems are available. On the other
hand, the dual-purpose (power&water) production stations are relatively recent and
their utilization is confined to a limited number of countries which are undergoing
development. Therefore, little activity, or nothing at all, in terms of research and
development in the field of reliability of these specialized class of "dual purpose"
(power&water) producing stations has taken place (as we shall see in chapter (II)). It is
worthy to note that, even though the "dual-purpose” (power&water) unit and stations
contain power production equipment, the reliability models established for the single-
purpose power generation unit and stations can not be applied directly to represent the
reliability models of the "dual-purpose” (power&water) unit and stations because the
duality requirés some very different models. Hence, the following reliability problems
pertaining to the power and water system incorporating dual-purpose (power&water)
production stations have to be investigated :
1.  Static production (power&water) capacity reliability including generation

and desalination reserve requirements.
2. Operating production (poWer&water) capacity reliabilify including

generation spinning reserve.



3. Interconnected systems reliability.
4, Bulk power and water system reliability.

5. Equipment outage data collection and analysis.

1.3 The Objectives

The five research areas (1-5) pertaining to the power and water system
incorporating dual-purpose (power&water) production stations mentioned in section
(1.2) above cover a wide range of research activities that are required in order to
establish a comprehensive reliability model for the power and water system as one
entity. It is quite unrealistic to address all of these requirements in one single research
study, therefore, one has to identify the order of priority that the present research study
should address itself to. Since the production stations are the fundamental building
blocks of the power and water system in question, therefore, they should receive the
first attention. Hence, this research study will be confined to the reliability analysis of
the dual-purpose (power&water) production station only. For such production stations,
the basic planning and operation problem confronting them is the determination of the
required quantity of power and water production in order to secure an adequate supply.
This basic problem as a whole can be solved by applying three conceptually distinct
reliability analysis areas commonly known as static production (power&water)
capacity, operating production (power&water) capacity, and equipment scheduled
(planned) and forced outages. The static production (power&water) capacity
requirement refers to the installed capacity that must be planned and constructed. This
static requirement includes reserves; that must be sufficient to cover for the required
annual equipment overhaul, outages that are not scheduled (forced) and load growth
needs in excess of the anticipated estimates. This reliability analysis area relates to the
long term evaluation of the power and water system and provides an analytical basis for
production capacity planning. The operating production (power&water) capacity refers

to operating reserve. For the power side production, this means the spinning reserve



which is synchronized and ready to take up load whenever needed as well as rapid start
electrical generation unit(s) such as gas turbines; and for the water side production this
could mean either a cold reserve (completely shut down distiller ready for operation
whenever wanted) or rapid start desalination plant(s) utilizing such method as vapour
compression or sea water reverse osmosis. This reliability analysis area relates to the
short-term evaluation of the actual production (power&water) capacity needed to cover
arequired load level. The reliability analysis area concerned with the forced outages of
equipment of the sub-systems and associated systems, that make-up the (power&water)
production units which in turn constitute the production station, encounters the effects
of these sub-systems and associated systems on the overall availability (the proportion
of time, in the long run, that the. unit is in, or ready for, service) of the production units
and hence on the overall availability of the dual-purpose (power&water) production
station. From the foregoing, the operating production (power&water) capacity is a daily
operating problem and the solution can not be generalized to fit every production
station. Hence, it is more meaningful that each individual production station develop
their own production model based on their own localized design configuration.
Therefore, this research study will not encompus this reliability problem. The reliability
analysis of the static production (power&water) capacity and the outages of equipment
are interrelated and their solutions can be generalized and used for improving future
design and capacity planning. Therefore, this study will be confined to these two areas
of reliability analysis. Hence, the objectives of this study will be the following :
1. Establishment of the sub-systems and associated systems and sub-sub

systems of a dual-purpose (power&water) production unit
2.  Setting up an operational interlock logic diagrams for the

dual- purpose (power&water) production station, production unit, and

the sub-systems and associated systems and sub-sub systems of the production

unit.
3. Development of dual-purpose (power&water) production unit model.

4. Development of dual-purpose (power&water) production station model.



Setting up reliability block diagram models for the dual- purpose

w

(power&water) production station, unit, and sub-systems and associated
systems of the production unit.

6. Setfing up state space models for the Dual-purpose (power&water)
production station and the production unit.

7.  Setting up reliability data collection forms for the dual- purpose
(power&water) production station and the sub-systems and associated systems
of the production unit.

8.  Using collected actual operating and outages data for a period of five years
(1982-1986) from a reference station, reliability calculations will be

performed based on the above models to establish their significance.

1.4 Methodology of approach

In general, system reliability analysis can be divided into six basic steps. These
steps will involve "system definition, logic model construction, failure mode
determination, quantitative and qualitative data evaluation, uncertainty analysis, and
formulation of conclusions and recommendations" [26]. However, in our study these
general steps will not be adhered to exactly. In order to achieve the set goals of this
thesis the following "topics/subjects" will be studied. These topics are arranged in such
a way that each one, as well as being a sequential part of the thesis, is in itself an
integral essay, reporting and concluding on a phase of the overall study.
1.4.1 System definition _

Here, a full description and study of the dual-purpose (power&water)
production unit configuration, and hence the station, will be conducted and
investigated in order to acquire a detailed information about the functional and
physical interconnections of the various sub- systems and associated systems
making up the (power&water) production units and the station.This discussion

will be the subject of chapter (III) of the thesis.
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1.4.2. Operational interlock logic analysis approach

Under this approach, the operational interlocking logical sequences of the
production station, production unit, unit sub-systems, unit associated systems,
and unit sub-sub systems are investigated and analysed, in order to group the
various pieces of equipment under the appropriate unit sub-systems, associated
systems or unit sub-sub systems. Furthermore this analysis will facilitate an
understanding of the operational interrelationship between the various unit sub-
systems and associated systems and will enable us to split the production unit into
it's proper sub-systems and associated systems. Moreover, from this
understanding, the "duality" aspects of the production station, and the production
unit will be demonstrated. The analysis will be presented in a graphical forms in
order to avoid a lengthy and boring repeated description of the various sub-
systems,associated systems, and sub-sub systems and also for quick reference.
Each graph (figure) is a distinctive self explanatory operational  model for the
sub-system, associated system, or sub-sub system in question.This work will be
the subject of chapter (IV) of the thesis.

1.4.3. Reliability network analysis approach.

This work is a consequential step to the previously mentioned two analysis
approaches due to the fact that one of the most important goal of this reliability
study is to predict suitable reliability indices for the dual-purpose (power&water)
production units and hence for the production station on the basis of the unit's
sub-systems and associated systems failure data and hence use this information
for improvement of the unit sub-systems, associated systems and sub-sub-
systems configuration and design. This analysis will help to transform the logical
operation of the dual-purpose (power&water) production unit's sub-systems,
associated systems and sub-sub systems into a structure that consists only of

series and parallel component paths. This transformation will be achieved by
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reliability block diagrams construction for the various production unit sub-systems, associated
systems, and their sub-sub systems. This work will be the subject of chapter (V) of the
thesis.

1.4.4 State space analysis approach

This analysis will translate the operation of the production units and hence the
production station into a state space diagrams that represent the possible relevant states
that the production units and station can reside in. Furthermore, they will illustrate the
possible known ways in which the transitions between the states can happen. This
approach will facilitate the determination of these reliability indices such as the
probability, frequency, and mean duration of the units forced failures. Furthermore, this
analysis will help to determine the production unit and hence the station state that can be
considered as a success or as a failure. This work will be the subject of chapter (VI) of
the thesis.

1.4.5 Qutage data collection forms

Reliability analysis is based on equipment outages data, therefore setting up
forms for recording the outages of the production unit, unit sub-systems, associated
systems and their sub-sub systems is important. Such forms have been designed and
presented in chapter (V11). These forms will help to develop a comprehensive recofding
mechanism for the monthly and yearly outages for most equipment of the dual—putl;ose

(power&water) production station.

1.4.6 Reference station outages data analysis

Doha East (Power & Water) production station of the State of Kuwait was
selected as an actual operating reference station. The installed capacity of this station is
1050 (MW) of power and 191 x 103 (cubic meters (m3)) (42 million imperial gallons
(M.I.G)) per day of distilled water. This production is achieved by the installation of
seven production units. Each production unit produces 150 (MW) of power and 27270
(m3) (6 M.I.G) of distilled water per day. The outages data for all the seven units were

collected over a period of five years (1982-1986).

12



14.7.

1.4.8.

1.4.9.

The choice for this particular period is due to the fact that the reference station
is in it's usefu life (i.e.passed it's de-bugging phase of life and not in it's wear
out phase of life). Therefore the outages data represent a true picture of
it's operation. The collected original (raw) data was by no means intended

by the station management for reliability analysis, but was collected for

the station personnel and the Ministry of Electricity and Water of the State

of Kuwait reference and various uses. Therefore such data will be processed

in a newly designed fonhs (tables) to allow reliability calculations for

the station, production unit, production unit sub - systems, production

unit associated systems, and thier sub - sub systems.The processed data

will then be entered and processed in a computer spread sheet program

The results of the processing will be the presented in chapter (V111).

Conclusions and recommendations

The conclusions and recommendations will be presented in chapter (V111)

of the thesis.

Literature overview

The literature overview will be the subject of chapter (11) of thev thesis
Appendices

The thesis will contain one appendix. This appendix (1) is the reference

station units monthly outages processed data. The appendix will be found

in volume (II) of the thesis.
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CHAPTER IT
LITERATURE OVERVIEW

2.1 Introduction

Reliability as a concept , in general, should be understood to mean "the
probability of a device, item, system, éub-system, associated system, or sub-sub
system performing its defined purpose adequately for a specified period of time under
the operating conditions encountered.”. This simplified definition manifests that
reliability is a broad notion that relates to the failure problems of an extremely varied
disciplines such as technology, economic, physico-chemical processes, structural
mechanics, manufacturing, and industrial complexes etc. Hence it should be an aim and
a target for all persons concerned with operation of services or designing and
manufacturing of products. Furthermore, it implies that it is an aspect of engineering
uncertainty,

Fatigue life studies during the 1930s revealed the use of the extreme value
statistical distributions (asympototic distributions of variables describing values which
can lead to failure) for reliability assessment. The Weibull distribution was the principal
one that was propdsed to describe the breaking strength of materials during that era
[27].

The preliminary aild basic mathematical theory of reliability development can be
traced to the first attempt to apply renewal theory (a stochastic independently and
identically distributed non-exponential process, e.g. homogeneous Poisson process) to
industrial replacement problems in 1939 by Lotka [28]. His basic approach was based
on the assumption that the problems of population growth and those of industrial
replacement were closely analogous, and therefore he suggested the utilization of the
probability functions and their mathematical solutions employed for population growth

calculations could be used for industrial parts replacement problems. However complex
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military weaponry and systems introduction during World War II had played a vital role
in the recognition of the pressing need for reliability to be approached in a more
organized scientific manner and mathematical theories for it should be developed. The
establishment in the U.S.A of the joint Army and Navy (JAN) parts standards, the
Vacuum Tube Development Committee (VTDC) in june 1943, and later the Advisory
Group on Reliability of Electronic Equipment (AGREE) in 1952 were the real starting
points in this endeavour. Full accounts of the historical developmental of reliability
activities in general can be found in references [27, 29].

. The 1950s activities in the field of life testing , electronic, and missile reliability
introduced the exponential distribution function as a more useful distribution in
reliability evaluation of systems because it assumes constant failure rates; thus
simplifying the evaluation.procedures [27, 30].

The 1960s witnessed the researches on the reliability of coherent structures
(general system reliability ) [27]. This area of research is still active in the 1980s. The
works of Pr.ofessor B. V. Gnedenko and associates of the Soviet Union in 1965 [31]
on repairable systems and standby redundancy with renewal resulted in the emphasis
on maintenance and repair reliability models using limiting probability techniques from
queueing theory ( a mathematical analysis of systems subject to failures whose
frequency and duration can in general be specified only probabilistically; or in a more
specific manner the use of steady state probability functions based on stationary
Markov approach ). Furthermore in the same period the concept of fault-tree reliability
analysis (FTA) (a systematic analysis of the system failure events and the sub-systems
and components failure events that can cause them) was introduced in 1961 by the Bell
Telephone Laboratories as a technique with which to perform a safety evaluation of the
Minuteman Launch Control System [32].

The nuclear power reactor safety consideration further enhanced the researches
and development of the fault-tree analysis as a reliability tool during the 1970s [33, 34]

In the late 1970s and in the 1980s the need for reliability analysis in the domain of
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systems of various states and functions (power plants, computers, etc) was in demand
and the outcome of the researches on this topic was the adaptation of several reliability
analysis techniques and approaches such as network reliability modeling, Markov
process modeling, and Monte Carlo simulation [35, 36, 37, 38, 39]. These approaches
are the predominant techniques used for repairable systems reliability analysis at
present time.

From the foregoing one can see clearly that reliability as a concept is appreciated
and desired by practically all industries; however each industry or utility is trying to
develop and utilize the mathematical models and techniques that suit its purpose best.
This argument goes to the extent that one can not find a single universal reliability
mathematical model and technique that suit all industries and utilities in the same way.
Therefore each industry and utility has to adopt to what suit its needs best. The power
and water utilities are no exemptidn from this fact. Since the theme of this thesis is
reliability analysis of "dual-purpose" ( power & water ) production station, therefore,
an attempt is made in this overview to follow the activities in the development and
application of reliability evaluation techniques for power and thermal desalination
systems. It turns out that power and water systems have to be reviewed separately,
because as we shall see later, that there scarcely exists a reliability publication that treats

them as a combined system.

2.2 Power system literature

There have been considerable activities in the development and application of
reliability evaluation techniques in power generation systems over the past 59 years.
Therefore, it will be of benefit to review this development historically in segments of
ten year intervals in order to single out their significance and input. This overview will
be confined to the generating part of the power system. Furthermore, it will be confined

to literature published in the English language because of the ease of accessibility.
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2.2.1 (1930-1939) period

It is difficult to single out with precision when many significant and useful
ideas in the field of power industry reliability criteria and problems first appeared in the
published literature. However, as early as 1933 Lyman [40] had suggested that
probability methods and techniques could be applied to analyse and solve static
generating capacity and other power reserve problems. In 1934 Smith [41] had
advocated further Lyman's suggestion and presented two papers [41, 42] illustrating
sample calculations based on probability mathematics to solve power system service
reliability problems. Smith in [42] was basing his calculations on the concept of
"statistical equilibrium." which he defined as "if fepeated observations could be made
on a very large number of generating systems, each system consisting of the same
number of units and each unit having the same characteristics determining its likelihood
of failure, it would be found that the proportion of systems in which any given number
of units, x , were at any instant s_imultaneously unavailable would have a value
independent of the particular time of observation.” This definition implies that after a
sufficiently long period of time the state probability of the systems are independent of
the initial conditions and remain constant in time The importance of Smith's papers
was that they provided a simple mathematical method to calculate the probability of
equipment outages which are a key factor in power system planning During this period
a total of approximately 6 papers , including the three mentioned above , were
published. The main focus of these papers was on planning generating capacity
requirements.
2.2.2 (1940-1949) period
‘ This period produced some of the basic reliability concepts upon which,
with some modification and expansion, the techniques in use today are based.
Approximately 13 papers were published in this decade. The most important group of

papers were presented in 1947 by Calabrese[43], Lyman[44], and Seelye [45].
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Calabrese realizing that there were no exact methods available which permit the solution
of generating reserve problems, therefore suggested a systematic attack on the problem
that could be made by a "Judicious." application of probability theory. His model
provided the first quantitative analysis of the effect of forced outages on generating
reserve requirements. It also permitted the prediction of 10,-Ss of load probability
(duration),which he defined as "the fraction of time during which loss of load may be
expected to' occur during any future period; and the kilowatt-hour losses expected to
result from forced outages." [43]. The loss of load approach is still referred to in the
power utilities circles as the "Calabrese Method". Calabrese reliability criterion
(measure ) was the computed probability that the outage of generating capacity would
exceed the reserve available at the time of peak load over a specified time period.
Lyman paper presented a short-cut method for evaluating generating outage
probabilities to a system with any number of generating units of different sizes; a
method of combining two or more outage probability curves for different systems
(interconnections) in order to determine the effect of interconnections on the overall
reserve requirements§ and an approximation method to calculate system outage
probability rate using a uniform failure rate for the generating equipment instead of
different failure rates in the probability calculations. Lyman in his approach for the
short-cut methods has utilized normal or a modified binomial distributions expansions
instead of the long and tedious binomial distribution expansion. Seelye's paper
presented simple algebraic formulas, based on binomial expansion, for the study of
generating reserve necessary to offset the effect of forced outages of generators, and to
calculate the average frequency and duration of forced outages which he defined as "the
average period between occurrence of individual outages in terms of running time and
the average duration of outages, or repair time.". These three papers proposed the
fundamental ideas upon which the "loss of load method" and the "frequency and
duration approach” in use nowadays for reliability evaluation of power system are

based. It is of value to mention here that during this period the first American Institute
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of Electrical Engineers (AIEE) Subcommittee on the Application of Probability Methods
was organized in 1948. The first report of this subcommittee was published in 1949
[46] containing some comprehensive definitions for equipment outages. This
Subcommittee has played and is still playing a vital role in the application of fe]iability
techniques for power systems.
223 (1950-1959) period

During this period about 41 papers were published. Two of which were
prepared by the (AIEE) Subcommittee and presented some statistical data on equipment
outages[47,48]. These two papers were a continuation of the work which was started
in 1947 by the Subcommittee. The papers of the early part of the 1950s were still
concerned with generation reserve requirements and the benefits resulting from systems
interconnections. They did not produce any significantly new approaches or methods.
However, in 1954 Watchorn [49] and Kirchmayer et al [S0] while working on the
evaluation of economic unit addition in system expansion studies suggested and
illustrated the benefits of using digital computers for reliability evaluation calculations.
The largest number of papers during this period were published in 1958 and 1959. The
input of these papers was the modification and extension of the reliability calculation
methods proposed in 1947 (i.e. loss of load and frequency and duration of outages
methods) [51, 52, 53]. In December, 1959 two papers [54, 55] were publish which
introduced a rather new approach for the solutions of the problems of power generation
forced outages. The new idea was advocating the adaptation of system simulation
techniques by using "Operational Gaming Theory" to set up a mathematical models for
~ use in the simulation of power generation forced outage distributions. The gaming
technique as employed by these authors was based on a combination of system analog
(mathematical and logical model of the system), Monte Carlo simulation (a computer
simulation of the random occurrences), and simulated human decisions (logic of system
operation) to predict future system events which are probabilistic and deterministic in

nature and obtain a statistical forecast of future system performance. The system
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performance in turn is translated into equipment needs and used for economic
evaluation of alternate expansion patterns. Interest in the use of the "Game Theory"
techniques as a tool for reliability evaluation of power system declined after 1962 [25]
and it is not used nowadays. The decline could be attributed to the preference for
analytical approaches rather than a simulation techniques by the power industry
researchers.
2.2.4.  (1960-1969) Period

About 50 papers were introduced in this period, out of which four papers
were based on the simulation techniques (Game Theory) that was advocated in the late
1950s, as mentioned above, and ten papers were based on equipment outage data. The
most significant publications on equipment outages data were produced by the ( AIEE )
and (IEEE ) Subcommittees [56, 57]. The (AIEE) Subcommittee publication dealt with
methods of analyzing forced outages using digital equipment where the (IEEE)
Subcommittee paper was concerned with definitions of terms for reporting and
analyzing outages of generating equipment. On the other hand, the (AIEE)
Subcommittee realizing that the basic reliability methods ( namely, loss of load
probability, loss of energy probability, and frequency and duration ) as introduced in
1947 and modified later were still the routine procedures used by the power systems
utilities, therefore, initiated a study to compare the three methods by subjecting them to
the same problem. The result was published in 1960 [58], and their final conclusion
was stated as "The application of probability methods to generating capacity problems
has reached a stage where it should be accepted as a normal tool of the system planner ;
but that does not imply that all problems have been solved. Comparison of the basic
methods of measuring reliability and discussion of refinements in computation and of
the adjustments common to each method reveals a number of limitations and
possibilities of improvement that require study beyond the scope of this report. In

addition, still other methods of probability application await investigation and
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development.”". This conclusion implied that these methods did not fulfill all
requirements and more comprehensive analytical techniques were needed to model the
power system effectively. Moreover, the power failure of November 1965 which had
left large parts of North-eastern United States and Eastern Canada without power
supply for several hours enhanced further the need for the accepted reliability measures
(indices ) at the time to be reexamined and researched. In addition, more emphasis was
being given to the development of more or less standardized reliability indices and
methods of calculations for all parts of the electric utility system (generation,
transmission, and distribution). One significant outcomé of such activities was
published in a series of four papers in 1968 and 1969 [59, 60, 61, 62]. The aim of this
research work was to find means of integration and modification of the well expended
past efforts on reliability analysis and reserve requirement planning of the generation
part of the power system with the established techniques of reliability evaluation of the
transmission and distribution segments of the power system. Prior to this work, as was
mentioned earlier, there were two reliability calculation methods used for the generation
part of the power system, namely, the "loss of load" and the "frequency and duration”
[58]. In general the "loss of load" method will yield the probability of failure to be able
to cover the expected peak load over a certain time period, while the "frequency and
duration” calculations allows the computation of the probability of the generation part to
suffer an outage state of exactly a specified quantity and the expected frequency of
reoccurrence of that exact state. The essence of this new research work was the
development of a frequency-duration model for the generation part based on a Markov
chain state analySis that enabled the calculation of availabilities, frequencies of
occurrence, and cycle durations for both individual and cumulative outage states.
2.2.5. [ 1970 - 1979 ] Period.

During this decade many papers were published, however, no completely new
ideas or methods have emerged. In general, one can say most of the contributions of

these papers were the expansion on the Markov process concept and the frequency and
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duration method which was introduced in the late 1960s. Billington et al [63, 64] have
introduced a multi - derated state model and its associated failure and repair rates and
the idea of the effect of partial outage to be used in spinning reserve and generation
system planning studies. Marco [65] has presented a semi - Markov model of a

three - state generating unit. This approach according to the author would remove the
necessity of the outage states of the generating unit to be assumed to follow an
exponential distribution. The mathematics involved with this approach is highly tedious
and difficult (Laplance transform and numerical inversion routines), therefore, it did not
prove to be useful in actual practice, eventhough, it is more accurate than the
approximate models. Day et al [66] have introduced a model to calculate a new
reliability parameter which the authors refers to as "the conditional expected value of
generation deficit for loss - of - load.". This parameter along with the Loss -of - Load
Probability would measure the anticipated deficiency of the power system during loss
of load. Singh et al [67] have realized that for power system components, in general,
their up times can be assumed to be exponentially distributed, however, their down
times usually do not follow this pattern. This meant that they had to model the
generating unit as a non-exponential model like Marco [65] did. Therefore, they
introduced the idea of using the device of stage in reliability modelling of power system
to overcome the complexity of the mathematics involved. The overall model is obtained
by representing "a non-exponential distributed state by a combination of stages each of
which is exponentally distributed." [67]. However, the procedure of the technique is
still too complex to be widely used. Ayoub et al [68] have présented a method for
computing exactly the frequency and duration of loss of load events as a measures of
generating system reliability. This method according to the authors differs from
previous ones because it utilizes a cumulative state load model together with an exact
state capacity model to permit the computing of the probability, frequency, and

average duration, of loss of load and the cumulative margin states (available capacity

less the load).
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2.2.6. [1980 -1989] period

The 1980s era has witnised the production of numerous papers, however, few
of them only yielded new considerations on the reliability evaluation of the generating
system. Patton et al [69] have présented a new analytical approach that incorporates
operating considerations (such as start up failures, start up time, outage postponability,
unit commitment policy, and operating reserve policy) in generating system reliability
modeling. This approach has not been covered in previous publications. This modelling

methodology is most suitable for operation planning,

2.3. Water system literature

In contrast to the power system, the water system literature is limited to a very
few and scattered publications over the years. The total number of publications on the
distillation processes (in particular the ’Multi-Stage Flash (MSF) process) was
approximately six papers. The publications on the Reverse Osmosis process was one
only. This overview will be confined to the publications on distillation processes.The
first publication was a report presented by Hittman Associates, Inc.[70] under contract
for the Office of Saline Water of the U.S.A. The reliability analysis employed in the
report was based on block diagram modeling of the various sub-systems of the MSF
distiller and was confined to the distiller part only. The generation part was not
incorporated. Moreover, the capacity of the distiller studied was 9.5 X 103 cubic
meters per day ( 2.5 U.S. MGD), which is approximately one third of the existing
capacities of MSF distillers operating nowadays. Unione et al [71, 72] have presented
two similar papers on the reliability of desalination equipment. The reliability technique
used in the analysis was fault tree analysis (FTA). Kutbi et al [73] have presented a
paper based on operational history of Jeddah I (Saudi Arabia) MSF plants. Here again
the authors have used the fault tree analysis (FTA) approach and confined their analysis
to the distillers side only of production units. Both Bailie [74] and Thies et al [75] have
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presented a paper in which the contents were general and dealt with the importance of
employing reliability analysis to desalination plants. None of these publications on
water system reliability have introduced new reliability techniques or methodology of

modeling.

24. The State Of The Art

From the foregoing, it it is clear that power systems have received a considerable
amount of attention with regard to the reliability evaluation and analysis techniques,
whereas water systems have received little, or practically no, attention. Moreover, there
was no published work that considered the the reliability analysis of both the power and
water systems combined as they are designed, constructed, and operated in the dual-
purpose (power &water) production station. Therefore, the works of this thesis will be
a step foreward in that direction. However, it is imperative to mention that the models
and analysis that will be evolving out of this research work might not be the ultimate

ones, but form a first attempt.
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CHAPTER III

DUAL PURPOSE (POWER & WATER) PRODUCTION STATION
SYSTEM DEFINITION

3.1 Introduction

The main purpose of this chaptér is to develop a thorough understanding for
the functional operation and design objectives of the thermal dual - purpose
(power&water) production station. Furthermore, through this chapter the different
power and water cycles configuration that can be employed in such power and water
production stations will be investigated and the process structural arrangement that
this study will be confined to will be specified and amplified. Based, on such
understanding the dual - purpose (power&water) production unit and hence, the
station model will be developed. Furthermore, through the discussion of this chapter
the various sub-systems and associated systems that comprise the dual - purpose

(power&water) production unit and, hence the station will be identified.

3.2. Thermal single-purpose water production station
Thermal single-purpose water production stations are erected mainly for the
production of distilled water. Treatment of such distilled water in a post treatment
plant will prodube potable water. For some thermal single-purpose water production
units (such as Multiple - Effect Evaporator and Multi - Stage Flash Evaporator),
steam is produced in packaged boilers and fed directly through pressure reducers and
desuper-heaters to the thermal desalination process. For the vapour compression
.process mechanical energy instead of heat energy is uséd. Such thermal single-
purpose desalination plants are normally employed for small output plants or when,
the water demand is high and the power demand is non-existent. Over the past 30
years many possible thermal desalination processes have been proposed and some
have reached cbmmercial‘utilization and proved to be reliable and are operating with

great success around the world. The following is a list of the most viable ones :
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A)  Multiple - Effect Evaporators. (Submerged Tube, Vertical Tube,
and Horizontal Tube).
B) Muilti - Stage Flash Evaporators. (Once - through and
Brine Recirculation)
C) Vapor Compression. (Vertical - Tube and Spray Film or
Horizontal Tube) |
D) Hybrid Systems.
These systems have been proposed but are not commonly used :
1) Vertical - Tube Evaporator Multi - Stage Flash Evaporator
(VTE - MSF).
2) Vapor Compression - Multiple Effect Evaporator.(VC - ME).
3) Horizontal - Tube Multiple - Effect Topping Unit (MSF in Series
with HTME unit).
4) Multi - Stage Flash - Vapor Compression.
Out of the above listed processes the Multi - Stage Flash (MSF) distillation is the
most widely used process for large desalination plant output throughout the world
at present time [6,.76, 77, 78,79]. Figure (1 a) below illustrate a simplified flow

sheet of a single-purpose thermal desalination unit.
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3.3. Thermal Single - Purpose Power production Station

Thermal single-purpose power stations are constructed for the production
of electrical power also. For the fossil fuel plants, normally, combustible matter
such as natural gas, crude oil, heavy fuel oil, gas oil and coal.etc are burned to
furnish a single product which is electrical power. In such single-purpose plant,
approximately half of the useful heat is rejected in the condenser cooling water.
Other losses amount to nearly 10-15% therefore, the net resulting overall
efficiency of the cycle is 30-40 %. By increasing the working steam temperature
higher efficiencies can be obtained, however, there are economic and technical
limitations to the freedom for such increases. The thermal generating unit consists
mainly of the basic three sub-systems which are the generator, the turbine, and the
boiler along with various associated systems (auxiliaries). There are many ways in
which these sub-systems and associate | rystems can be configurated. Normally,
the turbine and the generator are in series and the steam generator can be either in
series with them ( unit type) or they can be connected in series with a steam

header. Figure (1 b) below illustrate a simplified flow sheet of a single-purpose

power unit.
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3.4. Thermal Dual-Purpose (.Power&Water) Production Station

A thermal dual -purpose (power&water) production station is an
interconnected complex factory structure for the conversion of the energy stored in
the fuel into electrical energy and the desalting of sea water into distilled water. In
such operations two products are produced from a single source of heat energy.
Figure (1 c) below illustrate a simplified flow sheet of a dual-purpose (power&water)

production unit.
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Basically the overall principal of operation of such production unit is to employ the
normal thermal closed cycle (Modified Rankin Cycle) interlinked, usually, with a
thermal dés_alination process. The interrelationship of the power cycle and the thermal
desalination process is not physical but rather in the sharing of some of the energy in
the working fluid (steam) or heat of the thermal power cycle. It is noteworthy to
mention here that from a technological point of view, the interconnection between
power generation and sea water desalination is not a must, since it is possible to
produce separately fresh water or electrical power by utilizing the available
technologies as long as the required source of energy is available. Besides, the
development of both of these technologies (power and desalination) will not be much

affected by interconnection or non-interconnection.
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From an energy point of view, the sharing is utilized by means of bled steam
from specified tapping points on an extraction turbine, or the exhaust steam from a
back pressure turbine of the thermal power cycle, or a simple gas turbine with waste
heat boiler cycle, or a combined gas turbine - back pressure steam turbine cycle.
Another aspect of the sharing, is the common utilization of the site, sea water intake
‘structure, brine and sea water discharge structure, administrative manpower,
operational manpower, and maintenance manpower.

It is appropriate to think of the sub-systems, associate systems, and machinery
of the thermal dual - purpose (power &water) production unit as falling into three
broad categories; those which are " in line " on the sequence of converting fuel into
power ( boiler, turbine, and generator), those which are " in line " on the sequence of
converting sea water into distilled water ( boﬂef, turbine, and distiller), and those
which provide some services to the two " in line " categories mentioned above to
ensure their safe and efficient operation. Figure (2) below shows a schematic process
flow diagram of a dual-purpose (power&water) production unit utilizing Multi - Stage
Flash Evaporator ( MSF ) and a condensing turbine arrangement.
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SCHEMATIC PROCESS FLOW DIAGRAM OF A DUAL - PURPOSE (POWER & WATER) UNIT
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It is worthwhile to mention here, that such dual - purpose stations produces
two distinct products which are not inevitably consumed by a single market and
furthermore, one of these products is storeable (water) and the other is not (power).
Therefore, in order to successfully interconnect the power and thermal desélination
cycles in such stations, certain technical and economic criteria should be
implemented. It has been reported [79] that the most important of these design
measures are as follows :

1- The machineries of the power and the thermal desalination side of

the production unit should be able to start up and shout down independently.
2- Load factor alteration for either side of the production unit should

not automatically affect the other.
3- At full load of the power and thermal desalination side of the production

unit, the heat rejection rate of the power side cycle should, as much as

possible, match the heat consumption of the thermal desalination side cycle.
There are another two significant technical aspects that have also to be incorporated in
the design of such stations. These features can be summed up as follows :
1- Both , the power generation and the thermal desalination cycles should

be designed to baseload, because the desalination cycle, particularly the

Multi - Stage Flash process( MSF ), is inherently slow to respond to load changes.
2- For the thermal desalination cycle, the steam and sea water supply should

be maintained in a non-changing condition with respect to flow, pressure,

and temperature.
3.4.1. Advantages Of Dual - Purpose Station

- As was mentioned earlier, one of the main overriding advantage of the

dual - purpose (power&water) production station is the potential savings in capital,
operating, and maintenance costs relative to single - purpose desalting and electric
power facilities of equivalent capacity. The economic advantages of such stations are

obtained from tow principal sources. The first one, is the savings in the thermal
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energy requirements and the associated economic benefits that will be resulting from
the merger of the thermal cycles of high - pressure, high - temperature power
generation with the relatively low - pressure, low - temperature evaporation based
desalting processes. The other source of potential saving, which will be reflected in
the operating and maintenance costs of the station, is the results of the common
sharing of certain facilities as compared to two separate single - purpose stations.
Another source of saving is the reduction in unit capital costs due to the increase in
installed capacities of certain common sub-systems and associated systems or
components as compared to two separate stations. Furthermore, the interconnection
of the thermodynamic cycles of power generation and distillation - type desalination
process will improve the overall cycle utilization of the thermal energy employed.
3.4.2. Disadvantages Of Dual - Purpose Station |

The major disadvantage of such station is that the daily operation will
become rather difficult to control because the machineries of both side of the
production unit are interdependent. Therefore, failure of the power side of the unit to
operate will result in the inability of the water side to operate, because there will not
be steam. And, on the other hand, if the water side of the production unit does not
operate, therefore, there will be no condenser for the power side in the case of back -
pressure turbine configuration. It is true, that in such stations this difficulty can be
overcome by the installation of auxiliary and standby equipment ( e. g. steam pass out
and stand by condensers) to keep both side of the production unit operating
regardless of what happens to one side or the other. Most, if not all, existing stations
incorporate such facilities in their layout. The altemative steam supply to the thermal
desalination side of the production unit will be discussed in more detailed later in this
chapter. Another inherited weakness in the dual-purpose (power&water) production
unit and hence the station, is the limited adaptability in the economic design to

accomplish the proper balance between the power and water demand.
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3.4.3. Water Power Product Ratio (WPPR)

In order to economically optimize the operation of the dual - purpose
(power&water) production unit and hence, the station, the (WPPR) for the
production unit should be analysed and determined. It is defined as the static water
output capacity in million - gallon - per - day (MGD) divided by the static power
capability in million - watt (MW) Hence,

WPPR = MGD/MW e oo (1)
The (WPPR) values lies between 0.1 and 1. However, its value may vary between 0
and oo for power - only and water - only units, respectively. Larger values for the
(WPPR) tend to increase the fuel economy of the such stations. For the different
power cycle arrangement, the typical range of values for (WPPR) are as
follows [80] :
for extraction turbine unit : 0.12-0.08 MGD / MW
for back pressure turbine unit:  0.33 - 0.20 MGD / MW
for gas turbine arrangement : 0.12-0.08 MGD / MW
Since the power output is governed chiefly by the inlet and outlet temperatures of the
turbine, and the distilled water production is regulated by the heat transﬁer surface
available and the temperatures of the heat of supply and discharge, therefore, the
(WPPR) value for practical dual - purpose (power&water) production unit is less than
0.5 [6], because of the limitation of the steam conditions at the turbine throttle and by
the maximum brine temperature the thermal desalination cycle can take.
3.4.4. Alternative Thermal Desalination Cycles Duality Schemes
As was mentioned earlier in section (3.2), there are a number of possible

thermal desalination processes and their hybridization that can be employed in the
thermal dual - purpose (power&water) production unit cycle. However, from a
practical, economic and technical point of view, at least for large distilled water output
evaporators in the range of (approximately 2.3 - 4.5 X 104 cubic meters per day or
5 - 10 million imperial gallons per day (MIGPD)), the Multi - Stage Flash (MSF)

distillation process (brine recirculation type) is the most widely employed system
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‘'world - wide [6, 7, 10, 14, 79, 81, 82]. Therefore, this research work will be
confined to the coupling of the (MSF) process with the power cycle that will be
selected in the next section of this chapter.
3.4.4.1. Multi - Stage Flash (MSF) Distillation Process

From a design point of view, there are four basic types of (MSF)
process configuration that are employed nowadays all over the world. These are as
follows :

1. The long - tube (acid or high temperature additive) dosed once - through type.

2. The cross - tube (acid or high temperature additive) dosed brine recirculation type.
3. The long - tube polyphosphate dosed once - through type.

4. The cross - tube polyphosphate dosed brine recirculation type.

Each of these process configurations has its own advantages and
disadvantages. Furthermore, there is no common consensus among the desalination
experts regarding the best process configuration [6, 82, 83, 84, 85, 86]. However,
out of the four types mentioned above, the cross - tube (polyphosphate), and the
Cross - tube (high temperature additive) dosed brine recirculation type are the most
widely used configuration world - wide. This preference in the choice of the cross -
tube configuration over the long - tube type is due to the facts that this arrangement
has advantages in chemical treatment, desolved gases removal, feed sea water
deareation, temperature control, less corrosion / erosion problems, and less shell
volume requirement resulting in less plant cost. Based on the above discussions,
therefore, this research work will consider only the Multi - Stage Flash (MSF) cross -
tube (polyphosphat or high temperature additive) dosed brine recirculation process
configuration. The reliability models that this research work will investigate and
develop can easily be adapted to the other process configurations.

The basic thermodynamic principal of flash distillation is based on the fact that
vapour can be created from a saturated warm liquid in an enclosed space by a sudden

pressure reduction over the liquid. This boiling process is termed "ﬂashing“. The
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evolved vapour can then be condensed and collected. Pure water separation from sea
water in the (MSF) process is basically based on above mentioned principal. Figure
(3) below represents a schematic process flow diagram of an (MSF) evaporator with

brine recirculation.
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SCHEMATIC PROCESS FLOW DIAGRAM OF MULTI-STAGE FLASH DISTILLATION EVAPORATOf

From the above schematic diagram, the (MSF) evaporator is essentially composed of
the following four parts : |
1. The heat rejection section.
2. The heat recovery section.
3. The brine heater.
4. The ejector.
Chlorinated cold sea water is pumped from the sea water intake to the inlet of
the heat rejection stages of the (MSF) evaporator. As the sea water flows through the

condenser tubes in these stages it will be heated by the condensing vapour evolved in
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each heat rejection stage. As the term cross - tube configuration implies, the
condenser tubes in which the sea water flows in each stage are perpendicular to the
flashing brine flow in the stage. From a thermodynamic balance pdint of view,
normally the number of these stages are three. After the heated sea water leaves the
heat rejection section, part of it is returned to the sea via the discharge system. The
remainder (sea water make - up) is then chemically treated and flows to the
deaerator.The function of the deaerator is to remove the air from the sea water make -
up. The deaerator can be designed as an external or internal one. In the case of low
brine temperature operation (approximately 90 ©C or 195 OF) the chemical used
normally is a mixture of sodium tri - polyphosphate, lignin sulfonate, and anti - foam
agent and it is commonly known as the polyphosphate additive. And in the case of
high temperature operation (approximately 105 - 110 OC or 220 - 230 OF) the
chemical used is an organic polymer additives such as the commercially known
Belgard EVN [14, 19, 86]. The chemical addition is performed on a thershhold
bases. The treated sea water make - up, then, mixes with the highly concentrated
brine leaving the last stage of the heat rejection section. Part of the concentrated brine
from the last stage is blown down to the sea before mixing with the incoming treated
sea water make - up. The blow down operation is to maintain a proper brine
concentration in the evaporator so as to minimize calcium carbonate, magnesium
hydroxide, and calcium sulphate scaling. Normally the brine concentration is
maintained at approximately 1.5 to 2. The recycle brine then enters the brine
reciculation pump and is pumped through the condenser tubes of the entire heat
recovery section, receiving heat from the condensing product water vapour and
reflashing distillate.The recycle brine leaves the heat recovery section and enters the
brine heater where it is further heated by a relatively low pressure (L.P) steam
(approximately 0.8 bar or 12 psi for polyphosphate operation) which is coming from
either the turbine or the boiler or the common header. In section (3.4.6.1) of this
chapter, this steam provision will be discussed in detail. The brine temperature (95 -

110 - 120 OC) after leaving the brine heater is determined by the chemical used for the
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treatment of the sea water make - up. The hot brine, after leaving the brine heater,
passes through to the flash chamber of first stage of the heat recovery section of the
evaporator. The pressure in this stage is the highest of all stages and it is less than the
saturation pressure of the incoming brine, therefore, a portion of the brine flashes to
vapour. The evolved vapour condenses over the condenser tubes in the stage by
transferring its latent heat of vaporization to the recycle brine flowing in the tubes.
The unflashed brine passes through to the next adjacent stage, where the pressure is
lower again and the same process is repeated. The flashing process continues at lower
pressure and temperature as the brine is cascaded down through the entire stages of
the heat recovery section till it reaches the last stage of the heat reject section where
the pressure is the lowest. A portion of the concentrated brine is blown down after it
leaves the last stage and the remainder is mixed again with a freshly treated sea water
make - up and recycled again to go through the same process.

The fresh water produced by the condensing vapour in each stage is collected
in the distillate tray and flows along from stage to stage in the same direction as the
flashing brine until it reaches the last stage of the heat rejection section where it leaves
the evaporator as distilled water.

The function of the steam ejector condenser is to maintaining the design
vacuum in each stage at full load, and the removal of air and non-condensable gases
from the stages of the evaporator and the brine heater. The Pressure reduction in the
stages is essential for flashing. And the removal of air and non - condensable gases is
vital for the proper condensation of the evolved vapour at the condenser tubes in each
stage of the evaporator. The.steam ejector condenser receives relatively high pressure
(H.P) steam (approximately 14 bar or 203 psi for polyphosphate operation) either
from the boiler or the common header. Some desalination consultants, enginéers and
operators refer to this pressure as medium pressure steam (M.P). However, in this
theses this pressure will be referred to as (H.P). In section (3.4.6.2) of this chapter,

this (H.P) steam provision will be discussed in detail. Most designs of (MSF)
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evaporators allows the first flash chamber, the second to seventh flash chambers in
cascade, and the brine heater to be vented directly to the steam ejector condenser. And
for the other flash chambers the venting is done in group or cascade through the
ejector condenser.

Full account of the theory, heat and mass balance, economics, and process
optimization for (MSF) distillation procéss can be found in the following references
[5, 6, 81, 88, 89, 90].

3.4.5. Alternative Thermal Power Cycles Schemes

As was mentioned earlier in section (3.4.4.1) of this chapter, the (MSF)
evaporator requires relatively low and high pressure steam for its operation.
Furthermore, it requires a supply of electrical power for the operation of it pumps,
control, and instrumentation. For an (MSF) evaporator of (2.7 X 104 m3 per day or
6 MIGPD) capacity, the electrical supply is approximately 5 Megawatt - Hour. In
some design these pumps are steam turbine driven, and in this case further steam is
required to drive the turbines. According to the present state of the art, there are a
‘number of possible thermal power cycles that can be combined with the (MSF) cycle
to form the dual - purpose (power&water) production unit. Each of these cycles has
its own advantages and disadvantages. However, the most determining factors that
influence the choice of the appropriate cycle to be used are the rated production
capacity of the proposed unit, the operational flexibility of the turbine to meet the
instantaneous changes in the electrical generation load and to a lesser extent the
distilled water demand, and the fuel flexibility. The following list represents the
thermodynamic power cycles that are normally used in such combination :
1. Diesel generator set with waste heat boiler.
2. Gas turbine with waste heat boiler.
3. Steam boiler, back - pressure steam turbine.

4. Steam boiler, condensing - extraction steam turbine.
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3.4.5.1. Diesel Generator Set With Waste Heat Boiler Scheme
The idea behind this combined thermal cycle, is to let the diesel engine

drives an electric generator. Then, the required steam for the (MSF) evaporator
operation is generated in a heat recovery boiler that uses the diesel engine exhaust as
heat source. The capacities of the commercially available diesel engines are in the
range of 20 - 25 megawatt (MW), and their air to fuel ratio (excess air) is very low.
Therefore, the diesel engine has the lowest steam to power ratio and as a result of
that, it has a very low water to power ratio. Diesel engine co - production cycle is
suitable for small output. of water and power, therefore, most of the dual - purpose
(power&water) production stations operating at present do not employ such a cycle
because of their large output. Hence this research work will not consider such
combination cycle.
3.4.5.2. Gas Turbine With Waste Heat Boiler Scheme

In this co - production cycle, the relatively high temperature flue gases from
the gas turbine, are fed into a waste heat boiler to recover the waste heat in the flue
gases. The steam produced in the boiler can then be used for the (MSF) evaporator
operation. It is worth mentioning that in such thermal cycle the water to power
product ratio (WPPR) is fixed and depend on the (MSF) evaporator performance ratio
(P.R). This ratio is defined as the number of (kilogramme or pounds (kg or 1bs) of
distillate produced per (1.055 X 100 joules or 1000 Btu) of heat input in the brine

heater for heating the brine. Commonly this ratio is expressed as follows :

P.R = Ibof distillate / 1000 Btu in put in the brine heater 2
The fixation of the (WPPR) in such away will hinder the flexibility of operation for
this combined cycle, because any reduction in power generation will result in lower
distilled water production. Therefore, to enhance the operational flexibility and obtain
a higher distilled water production in comparison with power generation , refired
waste heat boiler can be used. Since the exhaust gas available for the waste heat boiler
is at a relatively high temperature (approximately 500 OC - 932 OF) and it contains

oxygen in sufficient amount (this apply to high air / fuel ratio gas turbines, i.e. less
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efficient turbines), therefore, this condition allows refiring additional fuel in the
exhaust stream for the co - production cycle that is requiring more heat than is
obtainable from the exhaust only, and for more operational flexibility. For further
flexibility of matching the steam output to the (MSF) evaporator requirements some
design configuration will incorporate any or all of the following additional equipment
[6] :
1. "Auxiliary boilers to provide steam when the power demand is low

(exhaust temperature varies with the electrical load) or when the gas turbine is

not in operation."
2. "Bypass dampers, which can send excess exhaust gases to the atmosphere

(when the power demand is high and water demand is low."
Inorder to increase the thermal efficiency of the combined thermal cycle, some
installation add a steam turbine (back pressure or extraction type) to the gas turbine,
heat recovery boiler, and (MSF) evaporator. In this scheme the steam generated in the
waste heat boiler is not sent to the (MSF) evaporator, but instead it is sent to the
steam turbine to generate more power. The (MSF) evaporator receives it's process
steam either from the waste heat boiler or the steam turbine. Even though, this
combination seems attractive from a thermodynamic point of view, however, its
process optimization and operation is more complex than the gas turbine / Waste heat
boiler / (MSF) evaporator one.

The gas turbine / waste heat boiler / (MSF) evaporator scheme has many
advantages such as [6, 7, 91] :
1. Lower capital cost.
2. Short installation period.
3. Ability for quick start , loading up, and delivering the process heat required for
the thermal cycle.

However, it has many disadvantages such as :

1. Normally the fuel used for the gas turbine is high grade natural gas or light fuel oil.
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This feature leads to less fuel flexibility and hence increases the operation cost.
2. Usually the gas turbine has less reliability than steam turbine.
3. The gas turbine efficiency and output is influenced by the ambient temperature.
4. The gas turbine maintenance costs are relatively high.
5. The gas turbine is suitable for small and medium capacities

(at presént 130 Megawatt (MW)). This will limit its applicability for large

(MSF) evaporator output of 6 (MIGPD) and over and a power generation

output of 150 - 350 Megawatt (MW). _
Based on the above disadvantages therefore, only a minority of the large
dual - purpose (power&water) production stations operating at present employ the |
combined gas turbine thermal cycle because the gas turbine can not fulfill the large
output requirement. Hence this research work will not consider such combination
cycle.
3.4.5.3. Steam Boiler, Back - Pressure Steam Turbine.Scheme

In this configuration, the exhaust steam from the turbine is sent directly to

the brine heater of the (MSF) evaporator, where it releases its latent heat of
vaporization. The pressure at which the turbine is backpressured will vary according
to the top brine temperature operation of the (MSF) evaporator. The attractiveness of
this combination lies in the fact that this scheme has the highest water to power
production ratio (WPPR). Therefore, this configuration will produce the least amount
of power for a given amount of water. Hence, this combination is favorable for the
mainly water production station in which power generation is considered less
important than the water production. This scheme has a higher thermal efficiency in
comparison to a condensing turbine, because its exhaust steam is fully utilized in the
brine heater of the (MSF) evaporator [6]. It should be noted, however, that the
(WPPR) for this scheme is fixed and depends mainly on the performance ratio (P.R)
of the (MSF) evaporator. This condition is similar to the the gas turbine scheme. Here

again like the case of the gas turbine combination, the operational flexibility can not
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be assured because any reduction in power load will entail a reduction in water
production. Therefore, this combination is best suited for constant base load power
production to make certain that the required quantity of distillate is produced. To
enhance the flexibility of operation, some design incorporate a dump condenser in the
set up.or use part of the (MSF) evaporator brine heater, to condense the excess steam
in the case of of the distiller failure, and a bypass to supply enough steam to the
distiller in the case of the turbo - generator failure. From the above discussion one can
see that this scheme is not really a dual - purpose in the strict definition of the
application, because in a true dual - purpose station both the power and water have to
be equal in importance. Therefore, most large dual - purpose (power&water)
production units (2.7 X 104 m3 per day or 6 (MIGPD) and above of distillate and
150 - 350 (MW). of power) in which both the power and water are at equal
importance do not employ such thermal cycle. And since this research work is
concerned with a true dual - purpose station, therefore, this research work will not
consider such combination cycle.
3.4.5.4. Steam Boiler, Condensing - Extraction Steam Turbine.Scheme

A steam turbine is made of a number of stages, and as a coﬁsequence of
that, the steam flows through these stages in ordered succession until it is expanded
to the condenser exhaust pressure. As the live steam from the boiler, is expanded in
the various turbine stages for power generation its temperature and pressure drop
from high to low in a series of steps that is matching to each turbine stage. Therefore,
if it is required, the necessary quantity of heating low pressure steam at a specified
pressure and temperature can be extracted as a pass - out and be sent, usually through
a pressure reducing station, to the brine heater of the (MSF) evaporator, where it will
condense and give its latent heat vaporization to the circulating brine. The condensate
from the brine heater will be pumped back to boiler circuit. The rest of the low
pressure steam in the turbine is then completely expanded in the lower stages to the
condenser exhaust pressure, thus providing additional power to be generated. This is

the principle upon which this thermal combined cycle is based. The bleed stream can
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be extracted from one or more stages of the turbine. The extraction points have to be
selected carefully, because of their effect on the overall steam cost and thermal
efficiency of the combined cycle. Therefore, the selection of the extraction points
entails a balance between low steam cost Qersus high steam cost. If the criterion of the
design is to increased the distilled water production or reduced (MSF) evaporator
" capital cost then in this case higher steam pressure is preferred. However, the
solubility limits of calcium bicarbonate, magnesium salts, and calcium sulphate,
which are present in the circulating brine, will limit the extraction temperature,
because it is important to control the scale formation on the heat transfer surfaces of
the (MSF) evaporator [87]. There is also a limitation on the extent of how low the
extraction pressure should be, because the lower the temperature the higher the
specific volume of the steam. Thus if the extraction pressure is very low, the volume
of the extracted steam will be so large that extraction difficulties aries. It should be
noted that, the steam can not be extracted to the (MSF) evaporator until the turbine
~ load reaches a certain value normally about 60 (MW). In this combination, both
power generation and distilled water production are equaily important. Therefore, the
design should be so flexible to secure that one part of the combined unit is not totally
dependent on the other. This combined scheme is characterized by an extremely good
operational flexibility. The (WPPR) in this scheme can be varied from very low
values to values as high as for the back pressure scheme. Furthermore, this
combination allows the operation to produce power only or water only. Variation in
power load is met by an appropriate changes in the steam ﬂowkin the low pressure
section of the turbine. A control valve located on the turbine is used to regulate the
steam flow through the low pressure section of the turbine so that the rates and
temperature of the extracted steam can be adjusted as appropriate. In this scheme, if a
failure does occur to the turbine or generator, the (MSF) evaporator can be provided
with the appropriate steam supply by a bypass systems (including pressure reducing

station and desuperheater) either from the boiler directly or from the high and low
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pressure headers. And if the boiler is at fault, then, the appropriate steam is supplied
from the high and low pressure headers. In this scheme, the turbine is designed in a
way such that, if the (MSF) evaporator is shut down, then the low pressure section of
‘the turbine and the condenser can expand and condense the whole low pressure steam
flow. In the this combination the thermal efficiency of the cycle will be varying and
will depend on the conditions of the extracted steam to the (MSF) evaporator. |
From the above discussions, it is clear that this combined cycle is the most
versatile one and represent a true dual - purpose (power&water) production unit.
Almost all true dual - purpose (power&water) production stations all over the world
adopt this combination. And since this research work is concerned with a true dual -
purpose station, therefore, this research work will adopt this combined thermal cycle
for the production unit. |
3.4.6. High And Low Pressure steam Supply To The (MSF) Evaporator
The thermal cycle selected for this research work is a combination of an (MSF)
brine recirculated evaporator with a fossil fueled steam boiler and a
condensing - extraction steam turbine. Furthermore, the rated capacities of the
evaporator and the turbine are in the range of (2.7 X 104 m3 per day or 6 (MIGPD))
and above of distillate and 150 - 350 (MW). of power generation. All the motors of
the combined unit are electricity driven. Therefore, the (MSF) evaporator requires
high pressure (H.P) steam for the ejector - condenser operation, high pressure (H.P)
steam to be used as an atomizing steam for the desuperheater, and low pressure (L.P)
steam for heating the circulating brine in the brine heater.
3.4.6.1. Low Pressure (L.P) Steam Supply To Thé (MSF) Evaporator
The following are the alternative methods of low pressure (L.P) steam
supply to the (MSF) evaporator side of the dual - purpose production unit :
1. If the turbine is operating and the load is at least 60 (MW) and over, the steam
will be extracted from the turbine. Since, the pressure and temperature of

the extracted steam will be over the conditions required for the (MSF)
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evaporator operation, therefore, it is passed through a pressure control valve to
adjust the steam pressure to normally about ( 0.8 bar or 12 psi for polyphosphate
operation), then it is passed through the (MSF) evaporator desuperheater to
reduce its temperature. The (L.P) steam prior to its entry to the‘ brine

heater should be slightly super heated at more than zero Kg / m2

for polyphosphate operation. |

. If the the load on the turbine is less than 60 (MW), or the turbine is down

for either a forced or planed outage, then the low pressure (L.P) steam is
normally supplied from the (L.P) steam common header or from the boiler

if the boiler is operating (and this operational procedure is very rare indeed)

. If the steam supply is from the low pressure (L.P) steam common header, then
the slightly super heated steam is passed through the distiller desuperheater

prior to its entry to the brine heater. The steam in the (L.P) steam common
header is collected from any of the operating boilers or turbines of the station,
after the proper pressure and temperature reduction.

. If the steam supply is directly from the boiler, the high temperature steam
(normally about 500 OC and above) is first passed through a desuperheater at the
boiler side, then through a pressure reducing station to reduce its pressure,

after that it is passed through the (MSF) evaporator desuperheater to come out
slightly super heated prior to its entry to the brine heater. |
3.4.6.2. High Pressure (H.P) Steam Supply To The (MSF) Evaporator

 The following are the alternative methods of high pressure (H.P) steam

supply to the (MSF) evaporator side of the dual - purpose production unit :

1. If the boiler is operating then, the steam will be supplied directly from it. Since,the

pressure and temperature of the steam coming out of the boiler are very high for
the ejector and desuperheater of the (MSF) evaporator operation, therefore, it is
first passed through a desuperheater at the boiler side, then through a pressure
reducing station to reduce its pressure to normally about (14 bars or 203 psi).

Part of this pressure reduced steam is fed
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to the desuperheater of the evaporator as an atomizing steam, and the rest it pass
to the starting ejector while the evaporator is under start up conditions , then to
the operating main ejector (each evaporator is normally provided with two
main ejectors, one in service and the other is stand - by).
2. If the boiler is down for either a forced or planed outage, the steam will then
be supplied from the (H.P) steam common header. The steam in the (H.P)
steam common header is collected from any of the operating boilers of the
station, after the proper pressure and temperature reduction.
Figure No (4), which will be found in the next page, illustrate a flow sheet of the
distiller high (H.P) and low (L.P) pressure steam supply direct from the boiler and
from the common headers. |
3.4.7. The Dual - Purpose Production Unit Sub And Associated Systems
Figure No (5), which will be found at the end of this volume of the thes:is,
shows the process flow diagram , sub - systems, and associated systems of a
dual - purpose (power&water) production units of the station as whole. From‘ the
figure and the discussions of the proceeding sections of this chapter, it can be
deduced that the the production unit is composed of four (4) sub - systems and eleven
(11) associated systems.These are as follows :
A. Unit Sub - Systems.
1. Boiler.
2. Turbine.
3. Generator.
4. Distiller.
‘B. Unit Associated Systems.
1. Fuel.
2. Electrical Supply (1). [ Station Main Busbar - (S.F.6) Switch Gear ].
3. Electrical Supply (2). [ Unit Power Side Electrical Supply 1.
4. Electrical Supply (3). [ Unit Water Side Electrical Supply 1.
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Unit Associated Systems Continued

5. Sea Water.Intake.

6. Turbine Cooling.

7. Distiller Cooling.

8. Turbine Discharge.

9. Distiller Discharge.

10. Distiller High Pressure (H.P) Steam Supply.

11. Distiller Low pressure (L.P) Steam Supply.

Chapter (IV) of the theses will discuss the sub - systems, associated systems, and

their interaction in unit operation.
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CHAPTER IV

DUAL - PURPOSE (POWER & WATER) PRODUCTION

STATION OPERATIONAL INTERLOCK LOGIC

ANALYSIS APPROACH



CHAPTER 1V
DUAL - PURPOSE (POWER ATER) PRODUCTI TATI

PERATIONAL INTERLOCK LOGIC ANALYSIS APPROACH

4.1. Introduction

As it was mentioned earlier in section (1.4.2) of chapter (I), the work of this
chapter is to analyse the operational interlocking logical sequences of the station,
production unit, unit sub - systems, un"1t associated systems, and unit sub - sub
systems, in order to establish the interrelationship between the various parts of the
- production unit and hehqe the station. This analysis will facilitate the development of
the operational models for the sub - systems, and associated systems of the production
units of the station. Furthermore, the analysis will establish the boundaries of the

production unit sub - systems, associated systems, and their sub - sub systems.

4.2, Unit Sub And Associated Systems Boundaries

In section (3.4.7) of chapter (III) it was established that the production unit
consists of four (4) sub - systems and eleven (11) associated systems. In the following
two sections (4.2.1 &4.2.2) the boundaries of these parts will be identified.
42.1. Unit Sub - Systems

There are four unit sub - systems, namely, the boiler, turbine, generator, and
distiller.
4.2.1.1. Boiler Sub - System Boundaries

Referring to figure (5) of chapter (III), and the construction of the boiler

proper, it can be deduced that the boundaries of the boiler should be confined to
following sub - sub - systems :
1. The feed and make - up water.
2. The heat recovery area.

3. The boiler drum.
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4.
5.
6.

The boiler furnace.
The combustion air.

The main stop valve.

4.2.1.2. Turbine Sub - System Boundaries

Referring to figure (5) of chapter (III), and the construction of the turbine, it

can be deduced that the boundaries of the turbine should be confined to following

sub - sub - systems :

1.

The main steam supply line.

2. The auxiliary steam line (from boiler) for main ejector and turbine gland seal.
3. The load control.

4. The high pressure (H.P) turbine.

5.
6
7
8

The low pressure (L.P) turbine.

. The lubricating and hydraulic oil system.

The condenser system.

. The condensate system.

4.2.1.3. Generator Sub - System Boundaries

The generator boundaries should be confined to the following sub - sub

systems :

1.

The generator rotor.

2. The stator.

3. The hydrogen cooling.
4.
5
6
7

The sealing oil system.

. The pilot exciter.
. The exciter.

. The voltage control.

4.2.1.4. Distiller Sub - System Boundaries

Referring to figure (5) of chapter (III), and the construction of the (MSF)

distiller it can be deduced that the boundaries of the distiller should be confined to
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following sub - sub - systems :
1. The brine heater.

The heat recovery section.
The heat rejection section.

The distiller discharge.

UI-PU)E\)

The air ejectors.
4.2.2. Unit Associated Systems
There are eleven (11) unit associated systems. In the following eleven (11)

sections (4.2.2.1) to (4.2.2.11) the boundaries of these parts will be identified.
4.2.2,1. Fuel Associated System Boundaries

Referring to figure (5) of chapter (III), and since most of these stations are
build with flexible fuel strategies therefore, the boundaries of this associated system
should be confined to the following sub -sub systems :
1. The fuel gas (natural gas) and ignition gas (natural gas or propane gas).
2. The crude oil.
3. The gas oil.
4. The heavy oil.
4.2.2.2. Main Electrical Supply [Electrical Supply (1)] Boundaries

Referring to figure (5) of chapter (III), and the practical understanding of the
operation of these stations, the general overall main electrical supply associated system
(station main busbar) [electrical supply (1)] should be confined to the following
Vsub - sub systems :
1. The unit generator transformers (step down transformers) [ N unit generators].
2. The national electrical distribﬁtion system (grid net work).
3. The station auxiliaries power supply (e.g. gas turbines).
However, since the national electrical distribution system (grid net work) and the
station auxiliaries power supply are needed only in emergency situation, moreover,
they are on the periphery of this associated system and their inclusion will divert the

efforts of the reliability analysis, therefore, they will be omitted from this associated
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system. Based on that, this associated system will be reduced and confined to the unit
generators (step down) sub - sub system. It should be noted here, that this associated
system, supply all the unit sub - systems with electrical power, therefore if this
associated system fails, then both parts (power&water) of the production unit will be
down. “
4.2.2.3. Power Side Electrical Supply [Electrical Supply (2)] Boundaries

Referring to figure (5) of chapter (III), and the practical understanding of the
operation of these stations, the electrical supply (2) associated system should be
confined to the following sub - sub systems :
1. The unit transformer (step down) [15 / 6.6 Kilovolts (K.V)].
2. The 132 (K.V) main busbar [(S.F.6) switch gear].
3. The power side auxiliaries transformers (step down) [132 (K.V) / 6.6 (K.V)].
4. The power side auxiliaries transformer (step down) [6.6 (K.V) /415 volts (V)].
4.2.2.4. Water Side Electrical Supply [Electrical Supply (3)] Boundaries

Referring to figure (S) of chapter (IIT), and the practical understanding of the
operation of these station, the electrical supply (3) associated system should be
confined to the following sub - sub systems :
1. The 132 (K.V) main busbar [(S.F.6) switch gear].
2. The water side auxiliaries transformer (step down)‘ [132 (K.V)/ 11 (K.V)].
3. The water side auxiliaries transformers (step down) [11 (K.V) /415 (v)].
4.2.2.5. Sea Water Intake Associated System Boundaries

Referring to the practical understanding of the operation of these stations, this
associated system should be confined to the following sub - sub systems :
1. The sea water intake open forebay channel.
2. The oil protection system (e.g. oil booms).
It should be noted here, that this associated system supply both the (MSF) evaporator
and the turbine condenser of each production unit in the station with sea water,

therefore if this associated system fails, then both parts (power&water) of all the
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production units in the station will be down and accordingly the whole production of
the station will be out of production..
4.2.2.6. Turbine Cooling Associated System Boundaries
Referring to figure (5) of chapter (IIT), this associated system should be
confined to the following sub - sub systems :
1. The trash rack.
2. The disinfiction system (e.g.chlorination).
3. The travelling screens.
4. Theturbine condenser cooling water transfer pumps.
4.2.2.7. Distiller Cooling Associated System Boundaries
Referring to figureb (5) of chapter (III), this associated system should be
confined to the following sub - sub systems :
1. The trash rack.
2. The disinfection system (e.g.chlorination).
‘3. The travelling screens.
4. The distiller cooling and make - up water transfer pumps.
5. The distiller cooling and make - up water common header culvert.
4.2.2.8. Turbine Discharge Associated System Boundaries
Referring to figure (5) of chapter (III), this associated system should be
confined to the following sub - sub system the concrete channel.
4.2.2.9. Distiller Discharge Associated System Boundaries _
Referring to figure (5) of chapter (III), this associated system should be
confined to the following sub - sub systems the concrete channel.
4.2.2.10. Distiller High Pressure (H.P) Steam Supply Associated
System Boundaries
Referring to figure (5) of chapter (III), this associated system should be
confined to the following sub - sub systems :

1. The reduced high pressure (H.P) steam direct from the boiler.
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2. The reduced high pressure (H.P) steam direct from the common header.
4.2.2.11. Distiller Low Pressure (L.P) Steam Supply Associated
System Boundaries
Referring to figure (5) of chapter (III), this associated system should be
confined to the following sub - sub systems : |
1. The low pressure (L.P) steam direct from the boiler.
2. The low pressure (L.P) steam direct from the common header.

3. The low pressure (L.P) steam direct from the turbine.

4.3. Unit Sub - Systems And Associated Systems Operational
Interlock Logic Diagrams

It was mentioned earlier in section (1.4.2) of chapter (I) this logical and sequential
analysis of the operation of the station and the production unit is necessary for the
establishment of the operational interlocking logical sequences of the production
station, production unit, unit sub-systems, unit associated systems, and unit sub-sub
systems. This will in turn facilitate the grouping the various pieces of equipment under
the appropriate unit sub-systems, unit associated systems, and their sub-sub systems.
Furthermore, this operational analysis will facilitate an understanding of the
interrelationship between the various unit sub-systems and associated systems
Moreover, from this understanding, the "duality" aspects of the production station, and
the production unit will be demonstrated. As it was mentioned in section (1.4.2) of
chapter (I) the analysis will be presented in a graphical forms in order to avoid a
lengthy and boring repeated description of the various sub-systems, associated
systems, and their sub-sub systems and also for quick reference. Each graph (figure) is
a distinctive self explanatory operational model for the sub-system, associated system,
or sub-sub system in question. Figures (6) to (61), which will be found in a
hierarchical order at the end of the text of this chapter, represent this analysis. The logic

symbols used in the graph (figure) are as follows :
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LOGIC SYMBOLS :

A B l (]
| OPERATION OF "A", "B", AND "C" HAVE TO BE OPERATED
IN THAT ORDER.
A
A
]
cna
B A D . B
g EITHER OPERATION "A"OR "B" HAVE TO
C BE COMPLETED FOR "C " TO WORK.

BOTH OPERATIONOF"A","B" AND " C "HAVE TO BE COMPLETED FOR" D" TO WORK.

Figure (6) represent the overall dual - purpose (power&water) station operational
interlock logic diagram. This figure incorporate the station auxiliaries associated
systems which are defined as :

STATION AUXILIARIES = REFER TO ELECTRICAL CONTROL (BOTH DIRECT AND
Alternating CURRENT), AUXILIARY POWER (e.g. GAS TURBINE etc), INSTRUMENT
AIR FOR POWER AND WATER SIDE, SERVICE AIR FOR POWER AND WATER SIDE,
SERVICE WATER FOR POWER AND WATER SIDE, STATION LIGHTING, FIRE
FIGHTING SYSTEM, AND COMMUNICATION SYSTEM etc.

From this definition , the station auxiliaries associated systems involve a wide range of
systems that requires a detailed analysis by them self, moreover, they are on the
periphery of the operational interlock logic of dual - purpose (power&water) station,
therefore, their inclusion in the operational interlock logic model will divert the efforts
of the reliability analysis. For this reason, figure (6) will be replaced by figure (7)
which represents a reduced version of figure (6). Figure (8) represent the general
overall dual - purpose (power&water) unit combined systems operational interlock
logic diagram. Also this figure incorporate the station auxiliaries associated systems,
therefore, it will be replaced by figure (9). Figures (10) to (14) represehts the fuel
associated system and its varidus sub Sﬁ?stems. Figure (15) represents the general
overall main electrical supply [electrical supply (1)] associated system operational

interlock logic diagram. This figure incorporates the national electrical distribution
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| system (grid net work) and the station auxiliaries power supply. Since the national
electrical distribution system (grid net work) and the station auxiliaries power supply
are needed only in emergency situation, moreover, they are on the periphery of this
associated system and their inclusion will divert the efforts of the reliability analysis,
therefore, figure (15) will be replaced by figure (16) which represents a reduced
version of figure (15). Figure (17) represents the unit power side electrical supply
[electrical supply (2)] associated systems operational interlock logic diagrams. Figuie
(18) represents the unit water side electrical supply [electrical supply (3)] associated
system operational interlock logic diagrams. Figure (19) represents the sea water intake
associated system operational interlock logic diagrams. Figure (20) represents the
turbine cooling associated system operational interlock logic diagrams. Figure (21)
represents the distiller cooling associated system operational interlock logic diagrams.
Figure (22) represents the turbine discharge associated system operational interlock
logic diagrams. Figure (23) represents the distiller discharge associated system
operational interlock logic diagrams. Figures (24) to (29) represents the boiler sub -
system and its various sub -sub systems operational interlock logic diagrams. Figures
(30) to (39) represents the turbine sub - system and its various sub -sub systems
operational interlock logic diagrams. Figures (40) to (47) represents the generator sub -
system and its various sub -sub systems operational interlock logic diagrams. Figures
(48) to (50) represents the distiller high pressure (H.P.) steam supply associated
system and its various sub - sub systems operational interlock logic diagrams. Figures
(51) to (54) represents the distiller low pressure (L.P.) steam supply associated system
and its various sub - sub systems operational interlock logic diagrams. Figures (55) to
(61) represents the distiller sub - system and its various sub - systems operational

interlock logic diagrams.
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FIGURE NO 6

FUEL
SEA WATER A
UNITS ASSOCIATED
SYSTEMS
STATION AUXILIARIES D
ASSOCIATED SYSTEMS
ELECTRICAL
DUAL-PURPOSE (POWER&WATER) UNITS ‘ POWER
( BOILER- TURBINE-GENERATOR- DISTILLER UNIT ) DISTILLED
WATER

LEGEND :

FUEL = REFER TO FUEL ASSOCIATED SYSTEM.
SEA WATER = REFER TO SEA WATER INTAKE ASSOCIATED SYSTEM.

STATION AUXILIARIES = REFER TO ELECTRICAL CONTROL(BOTH DIRECT AND
ALTERNATING CURRENT), AUXILIARY POWER ( e.g. GAS TURBINE etc.),
INSTRUMENT AIR FOR POWER AND WATER SIDE, SERVICE AIR FOR POWER AND
WATER SIDE, SERVICE WATER FOR POWER AND WATER SIDE, STATION LIGHTING,
FIRE FIGHTING SYSTEM,AND COMUNICATION SYSTEM etc.

LOGIC SYMBOLS :

A
A B
B A 5
g S OPERATION OF " A" AND " B " HAVE TO BE OPERATED
C IN THAT ORDER.

BOTH OPERATIONOF " A", "B " AND " C " HAVE
TO BE COMPLETED FOE " D " TO WORK.

OVERALL DUAL-PURPOSE(POWER&WATER)

STATION OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 7

FUEL
A
UNIT'S ASSOCIATED
SYSTEMS
SEA WATER D
ELECTRICAL
DUAL-PURPOSE (POWER&WATER) UNITS POWER
( BOILER- TURBINE-GENERATOR- DISTILLER UNIT) DISTILLED
' WATER

LEGEND :

FUEL = REFER TO FUEL ASSOCIATED SYSTEM.
SEA WATER = REFER TO SEA WATER INTAKE ASSOCIATED SYSTEM.

LOGIC SYMBOLS :
A

| A B
B | A
N D
D

C OPERATION OF " A" AND " B " HAVE TO BE OPERATED
IN THAT ORDER.

BOTH OPERATIONOF "A"," B " AND " C " HAVE
TO BE COMPLETED FOR " D " TO WORK..

REDUCED
OVERALL DUAL-PURPOSE(POWER&WATER)

STATION OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 8

TURBINE COOLING
DISTILLER COOLING
TURBINE DISCHARGE
SEAWATER COOLING DISTILLER DISCHARGE]
STATION A l_
BOILER FEED & MAKE-UP WATER | A
AUXILIARIES ( DEMINERALIZED WATER)

FEED WATER

ASSOCIATED N
DISTILLER FEED & MAKE-UP WATER

SYSTEMS (SEA WATER) N ]
INOPERATION| D FUEL(GAS-CRUDE OIL-HEAVY FUEL-GAS OIL)
| ELECTRICAL SUPPLY
FOR(BOILER- TURBINE- GENERATOR- DISTILLER)| D
SEAWATER
BOILER I TURBINE { GENERATOR
( H.P.) STEAM DIRECT FROM
BOILER(FOR DISTILLER EXTRACTED( L.P.) STEAM FROM TURBINE
EJECTOR AND DESUPERHEATER) FOR DISTILLER MAIN HEATER
47 STEAM DIRECT DROM (L.P.) STEAM DIRECT FROM BOILER =
COMMON HEADER(FOR YORY  FORDISTILLER MAIN HEATER
DISTILLER EJECTOR AND (L.P.) STEAM DIRECT FROM
DESUPERHEATER) (L.P) COMMON HEADER(FOR DISTILLER
MAIN HEATER)

LOGIC SYMBOLS :
DISTILLER

A B l Cc
I OPERATIONOF"A","B"AND " C " HAVE TO BE OPERATED IN THAT ORDER.

A
A .
C
>
B A D B
g EITHER OPERATION "A"O R. ‘B"HAVE TO
C BE COMPLETED FOR "C " TO WORK.

BOTH OPERATIONOF"A ", "B " AND " C " HAVE TO BE COMPLETED FOR" D" TO WORK.

GENERAL OVERALL DUAL-PURPOSE(POWER&WATER)

UNIT COMBINED SYSTEMS OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 9

FUEL(GAS-CRUDE OIL-HEAVY FUEL-GAS OIL)

MAIN ELECTRICAL SUPPLY
POWER SIDE ELECTRICAL SUPPLY A
WATER SIDE ELECTRICAL SUPPLY
SEAWATER
TURBINE COOLING N
DISTILLER COOLING
TURBINE DISCHARGE D
DISTILLER DISCHARGE
BOILER | TURBINE I GENERATOR
( H.P.) STEAM DIRECT FROM
BOILER(FOR DISTILLER EXTRACTED( L.P.) STEAM FROM TURBINE
EJECTOR AND DESUPERHEATER) FOR DISTILLER MAIN HEATER
| | _(LP) STEAMDIRECT FROMBOILER |,
(H.P.) STEAM DIRECT FROM
COMMON FEADERTOR FOR DISTILLER MAIN HEATER
DISTILLER EJECTOR AND (L.P.) STEAM DIRECT FROM
DESUPERHEATER) (L.P) COMMON HEADER(FOR DISTILLER
MAIN HEATER) '
LOGIC SYMBOLS : DISTILLER
Al |c

I OPERATIONOF"A","B" AND " C " HAVE TO BE OPERATED IN THAT ORDER.

A
A

B A c
B ( >
D OR WAN [T=1
N EITHER OPERATION "A"OR "B" HAVE TO
c D BE COMPLETED FOR "C " TO WORK.

BOTH OPERATION OF " A", "B " AND " C " HAVE TO BE COMPLETED FOR" D" TO WORK.

REDUCED GENERAL OVERALL DUAL-PURPOSE(POWER&WATER)

UNIT COMBINED SYSTEMS OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 10

FUEL GAS (NATURAL GAS ) SUB-SYSTEM

CRUDE OIL SUB-SYSTEM
FUEL
/BR\ IGNITION GAS | ASSOCIATED
' ‘\__/ SUB-SYSTEM | SYSTEM
GAS OIL SUB-SYSTEM
HEAVY FUEL OIL SUB-SYSTEM

LOGIC SYMBOLS :

A
| c
 OR )——

EITHER OPERATION "A" OR "B" HAVE TO BE COMPLETED
FOR OPERATION "C" TO WORK.

A|B|c
| l

OPERATION OF "A", "B" AND "C" HAVE TO BE OPERATED
IN THAT ORDER.

FUEL ASSOCIATED SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 11

FUEL GAS FROM
RECEPTION STATION

MAIN ISOLATING FUEL GAS MAIN HEADER
VALVE | A

PRESSURE REDUCING N

STATION

IGNITION GAS MAIN HEADER

GAS FILTERS AND
ISOLATING VALVES

LOGIC SYMBOLS :

A

B

A
N D
D

C

BOTH OPERATION OF"A","B" AND" C "HAVE TOBE
COMPLETED BEFORE " D" TO WORK.

FUEL ASSOCIATED SYSTEM FUEL AND IGNITION

GAS SUB-SUB SYSTEM-. OPERATIONAL INTERLOCK LOGIC DIAGRAM

61



FIGURE NO 12

CRUDE OIL PIPE LINE

MAIN ISOLATING
VALVE

- CRUDE OIL STORAGE
TANKS

CRUDE OIL MAIN HEADER

STORAGE TANKS N
CHANGE-OVER VALVE

FUEL OIL SUPPLY
PUMPS ' D

FUEL OIL PRESSURE
CONTROL VALVES

LOGIC SYMBOLS :

A

A
N D
C D

BOTH OPERATIONOF"A ", "B " AND " C "HAVE
TO BE COMPLETED BEFORE " D " TO WORK.

FUEL ASSOCIATED SYSTEM
CRUDE OIL SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 13

HEAVY FUEL OIL
PIPE LINE

MAIN ISOLATING
VALVE

HEAVY FUEL OIL
STORAGE TANKS

STORAGE TANKS HEAVY FUEL OIL MAIN
CHANGE-OVER VALVE | HEADER

FUEL OIL SUPPLY
PUMPS D

FUEL OIL PRESSURE
CONTROL VALVES

HEAVY FUEL OIL
HEATERS (PARALLEL)

LOGIC SYMBOLS :
A

B A
N
c D

BOTH OPERATIONOF"A","B" AND " C " HAVE
TO BE COMPLETED BEFORE " D " TO WORK.

FUEL ASSOCIATED SYSTEM HEAVY FUEL

OIL SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 14
GAS OIL PIPE LINE

MAIN ISOLATING
VALVE

GAS OIL STORAGE
TANK

N CRUDE OR HEAVY OIL
STORAGE TANKS MAIN HEADER
CHANGE-OVER VALVE

FUEL OIL SUPPLY
PUMPS , D

FUEL OIL PRESSURE
CONTROL VALVES

LOGIC SYMBOLS :

A

oZz>

BOTH OPERATIONOF "A","B " AND " C " HAVE
TO BE COMPLETED BEFORE " D " TO WORK.

FUEL ASSOCIATED SYSTEM

GAS OIL SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 15

UNIT GENERATOR TRANSFORMER

(STEP UP)(15/132 K.V.)
[ N UNITS GENERATORS ]

132 K.V. MAIN BUSBAR
NATIONAL ELECTRICAL DISTRIBUTION OR

SYSTEM(GRID NET WORK)

STATION AUXILIARIES POWER
SUPPLY (e.g. GAS TURBINE)

NATIONAL ELECTRICAL DISTRIBUTION
SYSTEM NETWORK ( GRID NETWORK )

POWER SIDE DISTRIBUTION SYSTEM
NETWORK [N UNITS]

"(S.F.8) SWICH GEAR

WATER SIDE DISTRIBUTION SYSTEM
NETWORK [N UNITS]

STATION AUXILIARIES DISTRIBUTION
SYSTEM NETWORK

LOGIC SYMBOLS :

B - D

EITHER OPERATION "A", "B" OR "C" HAVE TO

BE COMPLETED FOR "C" TO WORK.

A | B

OPERATION "A" AND "B" HAVE
TO BE OPERATED IN THAT ORDER

GENERAL OVERALL MAIN ELECTICAL SUPPLY

ASSOCIATED SYSTEM OPERATIONAL INTERLOCK DIAGRAM
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FIGURE NO 16

UNIT GENERATOR TRANSFORMERS 132 K.V. MAIN BUSBAR

(STEP UP) (15 /132 K.V (SF-6) SWICH GEAR
[ N UNITS GENERATORS ]

POWER SIDE DISTRIBUTION SYSTEM
NETWORK [N UNITS]

WATER SIDE DISTRIBUTION SYSTEM
NETWORK [N UNITS]

LOGIC SYMBOLS :

A | B

OPERATION "A" AND "B" HAVE
TO BE OPERATED IN THAT ORDER

REDUCED GENERAL OVERALL MAIN ELECTRICAL SUPPLY
ASSOCIATED SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 17

UNIT TRANSFORMER
{STEP DOWN) (15/6.6 KV) |

132 K.V MAIN BUSBAR
(S.F.6)SWICHGEAR |

UNIT POWER SIDE
AUXILARIES TRANSFORMER |
(STEP DOWN)(132/6.6 K.V.)

UNIT POWER SIDE

AUXILIARIES TRANSFORMER

(STEP DOWN)(6.6K.V./415 V.)

LOGIC SYMBOLS :

A

oZ>»
O

(¢

UNIT POWER SIDE ELECTRICAI

SUPPLY ASSOCIATED SYSTEM

BOTH OPERATIONOF " A", "B " AND " C " HAVE TO BE

COMPLETED FOR" D " TO WORK.

UNIT POWER SIDE ELECTRICAL SUPPLY

ASSOCIATED SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 18

132 K. V. MAIN BUSBAR
(S.F.6)SWICH GEAR

UNIT WATER SIDE A

AUXILIARIES TRANSFORMER UNIT WATER SIDE ELECTRICAL

(STEP DOWN)(132/11K.V.) N SUPPLY ASSOCIATED SYSTEM
D

UNIT WATER SIDE

AUXILIARIES TRANSFORMER

(STEP DOWN)(11 K.V./ 415 V.)

LOGIC SYMBOLS :
A

B

OZ>»

Cc

BOTH OPERATION OF "A","B" AND " C " HAVE TO BE
COMPLETED FOR" D " TO WORK.

UNIT WATER SIDE ELECTRICAL SUPPLY

ASSOCIATED SYSTEM OPERATIONAL INTERLOCK LOGIC DIGRAM
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FIGURE NO 19

SEA WATER

SEA WATER INTAKE OPEN A

FOREBAY CHANNEL |

: SEA WATER INTAKE

N | ASSOCIATED SYSTEM
D

OIL POLLUTION

PROTECTION SYSTEM

(e.g. OIL BOOM)

LOGIC SYMBOLS :

A
N
c D

BOTH OPERATION OF "A"," B " AND " C " HAVE TO BE
COMPLETED FOR " D " TO WORK.

SEA WATER INTAKE ASSOCIATED

SYSTEM OPERATIONAL INTERLOCK DIAGRAM
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FIGURE NO 20

SEA WATER INTAKE
( FORBAY CHANNEL )
ASSOCIATED SYSTEM

TRASH RACK

DISINFECTION SYSTEM
(e.g. CHLORINATION)

N TURBINE COOLING
TRAVELLING SCREENS ASSOCIATED SYSTEM

( PARALLEL )

TURBINE CONDENSER

TCOOLLNGWATER | D

TRANSFER PUMPS
(PARALLEL)

PIPING AND VALVES

LOGIC SYMBOLS :
A

ocZ>

BOTH OPERATION OF "A", "B " AND " C " HAVE TO BE
COMPLETED FOR" D " TO WORK.

TURBINE COOLING

ASSOCIATED SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 21

SEA WATER INTAKE

( FORBAY CHANNEL )
ASSOCIATED SYSTEM

TRASH RACK

DISINFECTION SYSTEM
{eg. CHLORINATION) |

TRAVELLING SCREENS

( PARALLEL )

DISTILLERS COOLING AND

MAKE-UP WATER TRANSFER

PUMPS(PARALLEL)

DISTILLERS COOLING AND

MAKE-UP WATER COMMON
HEADER CULVERT

PIPING AND VALVES

LOGIC SYMBOLS :
A

B

A
N D
Cc D

BOTH OPERATIONOF"A ", "B " AND " C " HAVE TO BE

COMPLETED FOR " D " TO WORK.

DISTILLER COOLING

DISTILLER COOLING

ASSOCIATED SYSTEM

ASSOCIATED SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 22

CONCRETE CHANNEL
A
EXPANSION JOINTS
TURBINE DISCHARGE
N —ASSOCIATED SYSTEM ™
INSPECTIONMANHOLES| P

LOGIC SYMBOLS :

A
A

B D
N

c D

BOTH OPERATION OF "A", "B" AND "C" HAVE TO COMPLETED
FOR "D" TO WORK.

TURBINE DISCHARGE
ASSOCIATED SYSTEM OPERATIONAL INTERLCK LOGIC DIAGRAM
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FIGURE NO 23

CONCRETE CHANNEL
A
EXPANSION JOINTS
DISTILLER DISCHARGE
N —ASSOCIATED SYSTEM
INSPECTION MANHOLES | P

LOGIC SYMBOLS :

A

C

BOTH OPERATION OF "A", "B" AND "C" HAVE TO COMPLETED
FOR " D" TO WORK.

DISTILLER DISCHARGE
ASSOCIATED SYSTEM OPERATIONAL INTERLCK LOGIC DIAGRAM
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FIGURE NO 24

BOILER FEED AND MAKE-UP WATER
SUB-SUB SYSTEM

BOILER HEAT RECOVERY AREA .
SUB-SUB SYSTEM

BOILER DRUM SUB-SUB SYSTEM

A

BOILER FURNACE SUB-SUB SYSTEM BOILER SUB SYSTEM
N

BOILER COMBUSTION AIR SUB-SUB

SYSTEM
D

BOILER FLUE GAS SUB-SUB SYSTEM

BOILER MAIN STOP VALVE SUB-SUB
SYSTEM

LOGIC SYMBOLS :

A

B A
N
c D

BOTH OPERATION OF "A" , "B" AND "C" HAVE TO
BE COMPELETED FOR "D" TO WORK.

BOILER

SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 25

CITY WATER MAIN HEADERE AND
~ [INE {USED ONLY INEMERGENTY)

OR

BOILER MAKE-UP WATER HEADER
~AND LINES (FROM DISTILLERS)

LOGIC SYMBOLS :
A

B D
— &>

Cc

-EITHER OPERATION "A", "B" OR "C" HAVE TO
BE COMPLETED FOR "C" TO WORK.

A

B

A
N|D
D

c

BOTH OPERATION "A","B",AND "C" HAVE TO
COMPLETED FOR "D" TO WORK.

()

SERVICE WATER TANK(S)

SERVICE WATER PUMPS
—PARALLEL)

DEMINERAIIZATION PLANT

MAKE-UP WATER STORAGE
TANKS {INSERIES )

NORMAL MAKE-UP WATER
LINETBY GRAVITY TO
TURBINE

MAKE-UP WATER TRANSFER
PUMPS (PARALLEL)

EMERGENCY MAKE-UP WATER
— LINE (10 TURBINE CONDENSEH]]

DISTILLER CONDENSATE
[ RETURNHEADERANDLINE |

SPILL OVER RETURN LINE FROM
TORBINE

BOILER MAIN DEAERATOR AND
[ FEEDWATER TANK |

BOILER MAIN DEAERATOR LOW
"PRESSURE{L P STEAM
FEEDING LINE

BOILER HIGH PRESSURE(H.P.)
HEATER STEAM ANU
CONDENSATE RETURN LINE

BOILER FEED WATER

TRANSFER PUMPS
(PARALLEL)
BOILER MAIN HEATER

BOILER MAIN HEATER HIGH
PRESSURE(H.P.) STEAM
FEEDING LINE

CONTROL VALVES AND VALVES

PIPES

BOILER FEED AND MAKE-UP

WAITER SUB-SUB SYSITEM

BOILER FEED AND MAKE-UP WATER

SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 26

ECONOMIZER

PRIMARY
SUPERHEATER

ATTEMPERATOR -

SECONDARY BOILER HEAT
SUPERHEATER N RECOVERY SUB-SUB
SYSTEM

VALVES AND CONTROL
VALVES

PIPES

LOGIC SYMBOLS :
A .

oOZ>»

BOTH OPERATION OF "A", "B" AND "C" HAVE TO
BE COMPLETED FOR"D" TO WORK.

BOILER HEAT RECOVERY AREA
SUB-SUB SYSTEM OPERATIONAL INTERLOCK DIAGRAM
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FIGURE NO 27

DRUM INTERNALS (SCRUBBERS, CYCLONE
SEPERATORS, PIPES)

BOILER FEED CHEMICAL TREATMENT
SYSTEM

BLOW DOWN LINE

DRUM LEVEL MEASURING SYSTEM

DRUM SAFETY VALVE

DRUM VENTING SYSTEM

DRUM SAMPLING LINE

LOGIC SYMBOLS :

A BOILER DRUM SUB-SUB

A SYSTEM

B
N

Cc

D

BOTH OPERATION OF "A", "B" AND "C" HAVE TO
BE COMPLETED FOR "D" TO WORK.

BOILER DRUM
SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 28

FURNACE WALL
TUBES
A
BOILER FURNACE
N | SUB-SUB SYSTEM
D
DRAIN VALVES
LOGIC SYMBOLS :
A
B
A D
N
c D

BOTH OPERATION OF "A", "B" AND "C" HAVE TO
BE COMPLETED FORD" TO WORK.

BOILER FURNACE

SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 29

FORCED -DRAFT FANS

COMBUSTION AIR CONTROL
VALVES

AIR DAMPERS

STEAM AIR HEATER
( REGENERATIVE )

AIR DUCT AND WIND BOX N

FLUE GASES DUCT

STACK ( CHIMNEY )

COMBINED BOILER COMBUSTION
AIR AND FLUE GASES SUB-SUB
SYSTEM

LOGIC SYMBOLS :
A

OZ>»

C

BOTH OPERATION OF "A", " B" AND " C " HAVE TO
BE COMPLETED FOR "D " TO WORK.

COMBINED BOILER COMBUSTION AIR AND FLUE GASES

SUB-SUB SYSTEMS OPERATIONAL INTERLOCK LOGIC DIAGRAM

79



FIGURE NO 30

MAIN STEAM SUPPLY LINE SUB-SUB

SYSTEM

AUXILIARY STEAM LINE (FROM BOILER)

FOR MAIN EJECTOR AND TURBINE GLAND
SEALS SUB-SUB SYSTEM

TURBINE LOAD CONTROL SUB-SUB

SYSTEM

HIGH PRESSURE TURBINE SUB-SUB

SYSTEM

LOW PRESSURE TURBINE SUB-SUB

SYSTEM

TURBINE ROTOR SUB-SUB SYSTEM

TURBINE LUBRICATING AND HYDROULIC

OIL SYSTEM SUB-SUB SYSTEM

TURBINE CONDENSER SYSTEM SUB-SUB

SYSTEM

TURBINE CONDENSATE SYSTEM SUB-SUB

SYSTEM

LOGIC SYMBOLS :

A

B

oZ>»

c

BOTH OPERATION OF "A", "B" AND "C" HAVE TO
BE COMPELETED FOR"D" TO WORK.

TURBINE

TURBINE

SUB-SYSTEM

SUB-SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 31

MAIN STOP VALVES

TEFT AND RIGHIT |

MAIN STOP VALVE

RIGHT BYPASS VALVE A
VALVES N | MAIN STEAM SUPPLY LINE

TO TURBINE SUB-SUB SYSTEM
D
PIPES

LOGIC SYMBOLS :
A

OZ>»

C

BOTH OPERATIONOF"A","B"AND " C " HAVE TO BE
COMPLETED FOR" D " TO WORK. :

MAIN STEAM SUPPLY LINE TO TURBINE
SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 32

AIR EJECTORS
( PARALLEL)

CONTROL VALVES FOR
PRESSURE AND LEVEL A

HYDRAULIC OIL SUPPLY

FOR GLANDS STEAM N | AXILIAR STEAM FOR TURBINE
REGULATOR MAIN EJECTOR AND GLANDS

SEALS

VALVES

PIPES

LOGIC SYMBOLS :
A

oZ>»

Cc

BOTH OPERATION OF "A ", "B " AND " C " HAVE TO BE
COMPLETED FOR" D " TO WORK.

AXILIARY STEAM LINE (FROM BOILER) FOR TURBINE MAIN AIR EJECTOR

AND GLAND SEALS SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAG
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FIGURE NO 33
CONTROL VALVES

CAMS AND CAM SHAFT

SERVOMOTOR

SPEED GOVERNOR

TURBINE LOAD CONTROL
SUB-SUB SYSTEM

GOVERNORMOTOR

LOAD LIMITER

INITIAL PRESSURE
REGULATOR

LOGIC SYMBOLS :
A

OZ>»

Cc

BOTH OPERATION OF "A", "B" AND "C" HAVE TO
BE COMPLETED BEFORE "D" BEGINES.

TURBINE LOAD CONTROL

SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 34

TURBINE CASING

FIXED AND MOVING BLADES

CONTROL VALVE CHEST

GLAND SEALS

INTERNAL DIAPHRAMS

VALVES

PIPES

HIGH PRESSURE TURBINE

LOGIC SYMBOLS :
A

OZ»

C

BOTH OPERATION OF "A", "B* AND "C" HAVE TO

BE COMPLETED FOR "D" TO WORK.

SUB-SUB SYSTEM

HIGH PRESSURE TURBINE

SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 35
OUTER CASING

INNER CASING

FIXED AND MOVING BLADES

DIAPHRAM RELIEF VALVES

LOW PRESSURE TURBINE
SUB-SUB SYSTEM

INTERNAL DIAPHRAMS

GLAND SEALS

VALVES AND PIPES

LOGIC SYMBOLS :
A

0OZ>»

Cc

BOTH OPERATION OF "A", "B" AND "C" HAVE TO
BE COMPLETED FOR "D" TO WORK.

'LOW PRESSURE TURBINE
SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 36

GOVERNOR DRIVING GEAR

. MAIN OIL PUMP

HIGH PRESSURE (H.P.) ROTOR

LOW PRESSURE (L.P.) ROTOR

ROTOR COUPLINGS A

TURNING GEAR

ROTOR GLAND

GENERATOR ROTOR | TURBINE ROTOR
SUS-SUB SYSTEM

EXCITER ROTOR

PILOT EXCITER ROTOR

TACHOMETER

BEARINGS

LOGIC SYMBOLS :
A

OZ>»

BOTH OPERATION OF "A" , "B" AND "C" HAVE TO
BE COMPLETED FOR "D" TO WORK.

TURBINE ROTOR
SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 37

OIL PUMPS
( PARRELL)

OIL COOLERS
( PARRELL)

OIL STRAINERS
(PARRELL)

CONTROL VALVES

OIL TANK

OIL TANK VAPOUR TURBINE HYDRAULIC
EXTRACTOR N 'AND LUBRICATING
OIL SYSTEM SUB-SUB
OIL PURIFIER SYSTEM

VALVES

PIPES

LOGIC SYMBOLS :
A

B

OZ>
(]

c

BOTH OPERATION OF "A", "B" AND "C" HAVE TO
BE COMPELETED FOR "D" TO WORK.

TURBINE HYDRAULIC AND LUBRICATING OIL SYSTEM
SUB- SUB SYSTEMS OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 38

CONDENSER FRAME AND HEAT
EXCHANGE TUBES

WATER BOXES

CATHODIC PROTECTION SYSTEM

HOT WELL

A
CONTAMINATED CONDENSATE
PUMP
VACUUM BREAKER

N
FLASH TANK

D

MAKE-UP WATER CONTROL VALVE

VALVES

PIPES

TURBINE CONDENSE

LOGIC SYMBOLS :
A

B

0OZx
w)

Cc

BOTH OPERATION OF "A", "B" AND "C" HAVE TO
BE COMPELETED FOR "D" TO WORK.

TURBINE CONDENSER

SUB-SUB SYSTEM

SUB SUB-SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 39
SUCTION STRAINER

CONDENSATE PUMPS
(PARALLEL)

MINIMUM FLOW CONTROL
“VALVE

GLAND STEAM CONDENSER

TURBINE CONDENSATE
SUB-SUB SYSTEM

EJECTR AND GLAND STEAM
CONDENSER CONTROL
LEVEL

VALVES

PIPES

LOGIC SYMBOLS :
A

oZ»

Cc

BOTH OPERATION OF "A", "B" AND "C" HAVE TO
BE COMPLETED FOR "D" TO WORK.

TURBINE CONDENSATE
SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 40

GENERATOR ROTOR SUB-SUB
SYSTEM

GENERATOR STATOR
SUB-SUB SYSTEM

HYDROGEN COOLING SUB-SUB
SYSTEM

SEALING OIL SUB-SUB
SYSTEM

; GENERATOR
PILOT EXCITER SUB-SUB N SUB-SYSTEM
SYSTEM

EXCITER SUB-SUB SYSTEM

VOLTAGE CONTROL SYSTEM
SUB-SUB SYSTEM

LOGIC SYMBOLS :
A

OZ
w}

BOTH OPERATION OF "A", " B " AND " C " HAVE TO
BE COMPLETED FOR " D " TO WORK.

GENERATOR
SUB-SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 41

GENERATOR ARMETURE

COLLECTOR RINGS

COLLECTOR RINGS A

COOLER GENERATOR ROTOR

SUB-SUB SYSTEM

N

BEARINGS
D

COUPLINGS

LOGIC SYMBOLS :

A

B

OZ>

BOTH OPERATION OF "A ™, "B " AND " C " HAVE TO BE
COMPLETED FOR " D " TO WORK.

GENERATOR ROTOR
SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAI
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FIGURE NO 42

STATOR FRAME
STARTOR WINDING A
GENERATOR STATOR
N SUB-SUB SYSTEM
D
BUSBAR DUCT

LOGIC SYMBOLS :

A

B

C

BOTH OPERATION OF "A", "B" AND "C" HAVE TO
BE COMPLETED FOR "D" TO WORK.

GENERATOR STATOR
SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAI
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FIGURE NO 43

HYDROGEN CYLINDER RACKS
(PARALLEL)

HYDROGEN PRESSURE
REGULATING VALVE

HYDROGEN COOLERS
(PARALLEL)

HYDROGEN TEMPERATURE GENERATOR HYDROGEN .
CONTROL VALVE N COOLING SuB-SUB
SYSTEM

VALVES

PIPES

LOGIC SYMBOLS :

A

oOZr

BOTH OPERATION OF "A", " B " AND " C " HAVE TO
BE COMPLETED FOR "D " TO WORK.

GENERATOR HYDROGEN COOLING
SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRA
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FIGURE NO 44

VACUUM PUMP
SEAL OIL PRESSURE
CONTROL VALVE
HYDROGEN DRAINING TANK
MAIN SEAL OIL A
PUMP
GENERATOR
om_ AIR DRAINING TANK SEALING OIL
I SUB-SUB
EMERGENCY SEAL N | SYSTEM
OIL PUMP SEALING OIL RINGS
VALVES D
PIPES
LOGIC SYMBOLS :
A
B A D
N
C D

BOTH OPERATION OF "A", "B" AND "C" HAVE TO
BE COMPELETED FOR " D" TO WORK.

GENERATOR SEALING OIL

SUB SUB-SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM

94



FIGURE NO 45

PILOT EXCITER ROTOR
STATOR A
GENERATOR PILOT
N EXCITER SUB-SUB
SYSTEM
BRUSHES D

LOGIC SYMBOLS :

A

oZ>»

BOTH OPERATION OF "A", "B" AND "C" HAVE TO
BE COMPLETED FOR " D" TO WORK.

GENERATOR PILOT EXCITER

SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 46

EXCITER ROTOR

EXCITER STATOR

SILICON RECTIFIERS A

BRUSHES

CIRCUIT BREAKER

EXCITER COOLER GENERATOR EXCITER
SUB-SUB SYSTEM

EXCITER CUBICAL COOLING
FANS (PARALLED)

VALVES

BEARINGS

LOGIC SYMBOLS :

A

«B

oz

BOTH OPERATION OF "A"", "B" AND "C" HAVE TO
BE COMPLETED FOR " D" TO WORK.

GENERATOR EXCITER
SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 47

AUTOMATIC VOLTAGE
REGULATION ( AVR)

INDUCTION VOLTGE
REGULATOR | A

AUTOMATIC FOLLOW UR

DEVICE N GENERATOR VOLTAGE
: CONTROL SUB-SUB
SYSTEM

REACTIVE POWER
CONTROLLER

POWER FACTOR
CONTROLLER

LOGIC SYMBOLS :
A

A
N
c D

BOTH OPERATIONOF "A","B " AND " C "HAVE TO BE
COMPLETED FOR" D " TO WORK.

GENERATOR VOLTAGE CONTROL
SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 48

HIGH PRESSURE (H.P.) STEAM
DIRECT FROM BOILER

/'\ DISTILLER (H.P) STEAM
OR

SUPPLY ASSOCIATED
SYSTEM

HIGH PRESSURE (H.P.) STEAM FROM
COMMON HEADER

LOGIC SYMBOLS :

A

OR

EITHER OPERATION "A" OR "B" HAVE TO BE
COMPLETED FOR " C* TO WORK.

DISTILLER HIGH PRESSURE (H.P.) STEAM SUPPLY

ASSOCIATED SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 49

HIGH PRESSURE(H.P.) STEAM
LINE FROM BOILER

HIGH PRESSURE(H.P.)
STEAMDESUPERHEATER |
(AT BOILER SIDE) A

HIGH PRESSURE (H.P)
STEAM CONTROL VALVE HIGH PRESSURE(H.P) STEAM
 DIRECT FROMBOILER
N [ suB-suB SYSTEM

VALVES

PIPES

LOGIC SYMBOLS :

A

OZ >

BOTH OPERATION OF "A", "B " AND " C " HAVE TO BE
COMPLETED FOR " D " TO WORK. '

HIGH PRESSURE(H.P.) STEAM DIRECT FROM BOILER

SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 50

REDUCED (H.P.) STEAM
COMMON HEADER

REDUCED HIGH PRESSURE (H.P.)

STEAM DIRECT FROM BOILERS
[ N PARALLEL BOILERS ]

)

OR VALVES

(

PIPES

REDUCED HIGH PRESSURE(H.P.) STEAM
FROM COMMON HEADER SUB-SUB SYSTEM

LOGIC SYMBOLS :

A
B A
N D
[N PARALLEL] D

c
EITHER OPERATION OF ANY OF THE N'S "A" . .
HAVE TO BE COMPLETED FOR " B" TO WORK. BOTH OPERATION OF 'A’,"B" AND "C

: HAVE TO BE COMPLETED FOR" D"
TO WORK.

REDUCED HIGH PRESSURE(H.P.) STEAM FROM COMMON HEADER
SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 51

LOW PRESSURE(L.P.) STEAM DIRECT

FROM BOILER

REDUCTION FROM HIGH PRESSUR
(H.P.) TO LOW PRESSURE(L.P.)
STEAM

LOW PRESSURE(L.P.) STEAM DIRECT

/O;\ DISTILLER (L.P.) STEAM

FROM COMMON HEADER

LOW PRESSURE(L.P.) STEAM EXTRACTED
DIRECT FROM TURBINE

LOGIC SYMBOLS :
A

ey

EITHER OPERATION "A" OR "B" HAVE TO BE
COMPLETED FOR "C" TO WORK.

: \_jSUPPLY ASSOCIATED

SYSTEM

DISTILLER LOW PRESSURE (L.P.) STEAM SUPPLY

ASSOCIATED SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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" FIGURE NO 52

HIGH PRESSURE(H.P.)
STEAM LINE FROM
BOILER

HIGH PRESSURE(H.P.)
STEAMDESUPERFEATER| A
(AT BOILER SIDE)

LOW PRESSURE(L.P.)
STEAM CONTROL VALVE | LOW PRESSURE(L.P.) STEAM

N FDIRECTFROMBOILER SUB-SUB
SYSTEM -

VALVES

PIPES

LOGIC SYMBOLS :
A

A
N
c D

BOTH OPERATION OF "A*","B"AND " C " HAVE TO BE
COMPLETED FOR" D " TO WORK.

LOW PRESSUhE(L.P.) STEAM DIRECT FROM BOILER
SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM

102



FIGURE NO 53

LOW PRESSURE(L.P.) STEAM LOW PRESSURE(L.P.)
DIRECT FROM BOILERS STEAM COMMON HEADER
[ N PARALLEL BOILERS ]
' VALVES A
OR N
: PIPES D
LOW PRESSURE(L.P.) STEAM
EXTRACTED FROM TURBINE

[ N PARALLEL TURBINES]

LOW PRESSURE(L.P.) STEAM FROM
COMMON HEADER SUB-SUB SYSTEM

LOGIC SYMBOLS :

A A

[N PARALLEL] B
B B

[ N PARALLEL]

A
N
D

Cc

EITHER OPERATION OF ANY OF THE N'S ‘A’

HAVE TO BE COMPLETED FOR 'B' TO WORK. BOTH OPERATION OF ‘A’ ,"B" AND "C"

HAVE TO BE COMPLETED FOR "D"TO
WORK.

LOW PRESSURE(L.P.) STEAM FROM COMMON HEADER
SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 54

LOW PRESSURE (L.P)
STEAMLINEFROM |
TURBINE

PRESSURE CONTROL
VALVE A

LOW PRESSURE(L.P.) STEAM
VALVES | N  [EXTRACTED FROM TURBINE
SUB-SUB SYSTEM

PIPES

LOGIC SYMBOLS :

A

oz>»

BOTH OPERATIONOF "A"," B" AND " C " HAVE TO BE
COMPLETED FOR" D" TO WORK,

LOW PRESSURE(L.P.) STEAM EXTRACTED FORM TURBINE
SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 55

BRINE HEATER
HEAT RECOVERY SECTION
A
HEAT REJECTION SECTION
DISTILLER SUB-SYSTEM
N
DISTILLATE DISCHARGE
D
AIR EJECTOR

LOGIC SYMBOLS :
A

OZ>»

BOTH OPERATION OF "A","B " AND " C " HAVE TO BE
COMPLETED FOR" D " TO WORK.

DISTILLER
SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 56

LOW PRESSURE DES_UPERHEATER
( AT DISTILLER SIDE )

TEMPERATURE CONTROL VALVE

WATER BOXES

HEAT EXCHANGE TUBES

HEATER SHELL

BRINE HEATER
HEATER DRAIN PUMP N SUB-SUB SYSTEM

LEVEL CONTROL VALVE

VALVES

PIPES

LOGIC SYMBOLS :
A

OZ>»

BOTH OPERATION OF "A", "B" AND "C" HAVE TO
BE COMPLETED FOR "D" TO WORK.

DISTILLER BRINE HEATER
SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 57

BRINE RECIRCULATING
FUMP
STAGES (IN SERIES) A
[ (N-3) STAGES |
| ] HEAT RECOVERY SECTION
VALVES N  [SUBSUSSYSTEM
D
PIPES

LOGIC SYMBOLS :

A

B

oz>»

C

BOTH OPERATION OF “A","B " AND " C " HAVE TO BE
COMPLETED FOR" D " TO WORK.

NOTE : THE NUMBER OF THE STAGES IN THE HEAT RECOVERY
SECTION ARE NORMALLY EQUAL TO TOTAL NUMBER
OF STAGES LESS THREE.

DISTILLER HEAT RECOVERY SECTION

SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 58

FLASH CHAMBER
ORIFICE PLATE
DEMISTER
A
HEAT EXCHANGE TUBES
NORMALLY CROSS TUBES) |
- DISTILLER HEAT
WATER BOXES N I RECOVERYSECTION
STAGE SUB-SUB
SYSTEM
DISTILLATE TROUGH
D
VENTING ORIFICE

LOGIC SYMBOLS :
A

OZ>»

Cc

BOTH OPERATIONOF"A","B"AND " C "HAVE TO BE
COMPLETED FOR" D " TO WORK.

DISTILLER HEAT RECOVERY SECTION STAGE
SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 59

SEA WATER MAKE-UP BLEED OFF

LINE
SEA WATER RECIRCULATION PUMP

(ONLY FOR WINTER OPERATION)
CHEMICAL INJECTION SYSTEM

STAGES ( IN SERIES )

[ NORMALLY 3 STAGES ]
LAST STAGE LEVEL CONTROL

SYSTEM
BRINE BLOW DOWN PUMP

DEAERATOR

( EXTERNAL OR INTERNAL)

VALVES

PIPES

HEAT REJECTION
SECTION SUB-SUB
SYSTEM

LOGIC SYMBOLS :
A

A
N
D

BOTH OPERATION OF "A", "B" AND "C" HAVE TO

BE COMPLETED FOR "D" TO WORK.

DISTILLER HEAT REJECTION SECTION

SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO 60

DISTILLATE PUMPS
(PARALLEL)

DISTILLATE LEVEL CONTROL
SYSTEM - A

DISTILLATE CONDUCTIVITY
CONTROL SYSTEM DISTILLATE DISCHARGE

N |sUssUBSYSTEM

VALVES

PIPES

LOGIC SYMBOLS :
A

A
N
c D

BOTH OPERATION OF "A","B "AND " C "HAVE TO BE
COMPLETED FOR" D " TO WORK.

DISTILLATE DISCHARGE
SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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FIGURE NO

EJECTOR STEAM FLOW CONTROL

61

VALVE
EJECTOR NOZZELS

(PARALLEL)
EJECTOR CONDENSERS

(PARALLED)
AIR EXTRACTION VALVE

DISTILLATE DISCHARGE LINE

DISTILLER VENTING PIPING

VALVES

PIPES

A
DISTILLER
EJECTOR

N SUB-SUB
SYSTEM

D

LOGIC SYMBOLS :
A

OZ>»

BOTH OPERATION OF "A" , "B" AND "C" HAVE TO
BE COMPLETED FOR "D" TO WORK.

DISTILLER EJECTOR

SUB-SUB SYSTEM OPERATIONAL INTERLOCK LOGIC DIAGRAM
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CHAPTER YV
DUAL - PURPOSE (POWER ATER) PRODUCTI TATI

LIABILI BLOCK DIAGRA LYSI PPROACH

5.1. Introduction

As it was mentioned earlier in section (1.4.3) of chapter (I), the work of this
chapter is a consequential step to the work of the system definition analysis (chapter
(III)) and the operational interlock logic analysis (chapter (IV)). The first step in this
reliability analysis approach will be, to transform the interlock logical operation of the
station, production unit, unit sub - systems, unit associated systems, and their
sub - sub systems into a reliability network models (reliability block diagrams) in which
the components of the station, production unit, unit sub - systems, unit associated
systems, and their sub - sub systems are connected together in formations which may
be either in series, parallel, series - parallel, "r out of n", or a combination of these
configurations. It should be noted, that the actual station, production unit, unit sub -
systems, unit associated systems, and their sub - sub systems may not necessarily have
the same topological structure as the reliability block diagram developed to model them.
This analysis is performed with the aid of the the operational interlocking logical
analysis developed in chapter (IV). The second step will be to use these reliability
block diagrams to develop the reliability models for the station, production unit, unit
sub - systems, unit associated systems, and their sub - sub systems. These steps will
be the subjects of the following sections of this chapter. The analysis will be presented
in a graphical form (figures 62 - 114), in order to avoid a lengthy and boring repeated
description of the various unit sub-systems, unit associated systems, and their sub-sub
systems and also for quick reference. Each graph (figure) is a distinctive reliability
block diagram (model) for the station, unit sub-system, unit associated system, and

their sub-sub system in question.
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5.2. A Simplified Dual - Purpose (Power&Water) Production

Station Model

In order to proceed with the reliability analysis a model for the station and

production units has to be envisaged. The model assumes the following :

1.

7.

The capacity range of the (MSF) distiller part of the production unit is between
5 - 6 (MIGPD) of distilled water.

. The capacity range of the Boiler - Turbine - Generator part of the production unit is

between 150 - 350 (MW) of electrical power, and that the boiler is a fossil fueled

steam boiler.

. All equipment are in their useful life period.(e.g. not in their infant mortality or

wear - out life period).

. All equipment assume a constant hazard rate. (e.g. constant failure rate

{ A }), and that it is exponentially distributed. This will be defined in section
(5.3.1) of this chapter

. Successful operation of the production station requires that "{ r } out of { n }"

units must work to produce electrical power and distilled water.

. All the production units in the station are connected in parallel and they are fully

redundant.

All the production units in the station are identical in their production capacity.

In view of the above assumptions, let us consider the dual - purpose (power&water)

production station to be formed of a multiple number of identical production units

{ N1, Nj,...., N } which are connected in parallel. Each production unit produces a

specified capacity of electrical power and distilled water. Furthermore, from a reliability

point of view each production unit assumes a series connection of boiler - turbine -

generator - distiller.

5.3. Definition Of Reliability Indices

It is worth while at this junction to define some of the most commonly used

indices in network (block diagrams) reliability analysis. Other indices will be
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introduced in later chapters as the need arises. In the following sections the term
'device' is used to mean " item, system, sub - system, associated system, or sub - sub
system" in order to avoid repeating these words over and over.

5.3.1. Failure Rate (A) :

The failure rate is defined as the number of failures of a device per unit time

[36], hence :
number of failure of a component in the given period of time

= — 3)

total period of time the component was operating
The failure rate is a state transition rate, because it represent the rate at which the device

transit from the operatioh state to the failure state, furthermore, it is a time dependent
rate. The units used for the failure rate are ( # of failures per hour, day, month, and
year).

5.3.2. Mean Time Between Failures(MTBF)

The mean time between failures(tMTBF) is defined as the cycle time between
failures of a device , and If the failure rate of the device is exponentially distributed
(constant failure rate) then the (MTBT) is equal to thé reciprocal of the frequency of
failure or failure rate (A) [70, 93].

(MTBF) = 1/A (hours, days, months, years) . 4)
5.3.3. Reliability (R) :

Reliability (R) is defined as the probability of a device, performing its
defined purpose adequately for a specified period of time under the operating conditions
encountered. The general mathematical expression for the time dependent reliability

{R (t)} is as follows :

t
R = exp [-Jx(t)dt] 5)
0
For a constant failure rate (a case in which {A (t)} is constant and independent of time),

the reliability {R (t)}is defined mathematically by the following exponential distribution
function [35, 36] :
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R(® = e-AXt (6)
OR, :
R() - e -t/ MTBF (7

Where

R (t) =reliability as a function of operating time.
e = Napierian base.

A = faﬂure rate.

t = operating time.(days or hours).

From Equation (7), the mean time between failure (MTBF) will be :

(MTBF) = j R () dt : (8)
0

5.3.4. Unreliability (Q)

Unreliability (Q) is defined as the probability of a device failure. Since success
and failure are mutually exclusive events (e.g. they can not happen at the same time)
and complementary [36], therefpre
R® + Q@O =1 9)

5.3.5. Availability (A) :

Availability (A) is defined as the state in which a device, is capable of
providing service, whether or not it is actually in service, and regardless of the capacity
level that can be provided.[92]. The steady state availability {A (t) } can be defined
mathematically as :

Operating Time

Al) =
© Operating Time + Down Time

(10)

5.4. Reliability Block Diagram Modelling

From a reliability point of view, there are a number of reliability block diagram
configurations that can be used to represent a system, namely, series, parallel,
series - parallel, and the "r-out of n". In the following sub - sections, these

configurations will be discussed.
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5.4.1. Series Configuration

A series configuration is a non - redundant system. Therefore, the successful
operation of a system that is composed of a number of components represented in a
reliability block diagram by series connection, requires that all components must work
to ensure system success. For a system composed of three jndependent components A,

B, and C connected in series, the series reliability block diagram will be as follows :

O—— A B C |—oO
Let
R g() = the system reliability as a function of operating time (t).
RA(t) = the reliability of component A as a function of operating time (t).
RB(t) = the reliability of component B as a function of operating time (t).
RC (t) = the reliability of component C as a function of operating time (t).
And
Qs ® = the system unreliability as a function of operating time (t).
Qp ® = the unreliability of component A as a function of operating time (t).
Qg ® = the unreliability of component B as a function of operating time (t).
Qc® = the unreliability of component C as a function of operating time (t).

Since success and failure are mutually exclusive events (e.g. they cannot happen at the
same time) and complementary [36], hence,

RA(® +Qa(® =1 and Rg(t) + Qg(®) =1 and Rc@®) + Qc(®) =1

The requirement for system success is that all components "A, B, and C" must be
working, therefore by using the theory of probability for mutually exclusive events, the
system reliability mathematical model will be [35, 36] :

Rg® = RpA® XRg®) X Rc@® 11

If there are n - components connected in series, then Equation (11) can be generalized,
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hence it becomes [35, 36] :

16X (12)

i=1

Ry ()

This equation is called the product rule of reliability, because it demonstrates that the
reliability of a series system is the product of the individual component reliabilities.
Now if we substitute the failure rates of the components (A; (t)) in Equation (12), hence
for the system we have [36] :

n

t
R¢ (®) = H exp [ - J A (®de ] (13)
0 ‘

i=1

This equation is general and does not require that all the components should have the
same probability distribution, therefore each component can be represented by its
proper distribution [36]. Now if the the time dependent failure rates (A; (t)) in Equation
(13) are exponentially distributed (constant failure rates), then Equation (13) will
become [36] :

n

Rg@® = J] ew(-At) (14)

i=1

Also Equation (14) can be written as follows [36] :

Rs®) = exp (-2 At) (15)

i=1

Now if we donate an overall (equivalent) failure rate for the series connected system by

{Ag ()}, then from Equation (13) the reliability {Rg (t)} will be :

t
Rg (1) = exp [-I Ag (D dt ] (16)
s .

From Equation (13) and (16), we have for the general case :
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n

t t
Rs(t)=exp[-J'xs(t) d] = | exp[-J.?\.i(t) dt ] amn
0 0

i=1

And if we assume the failure rates {A; (t)} to be constant (exponentially distributed),

then Equation (17) will become :

Rs(t)=exp[-(xs)(t)]=exp[-2l(xi)(t) | (18)
From Equations (18), we have :

A ® = Z A, (19)

i=1

Equation (19) leads to the following conclusion : if the failure rates are constant (i. e
exponentially distributed) then the overall failure rate of the system is the summation of
the failure rates of the individual series components [36]. If the unreliability of the

series system {Qg (t)}is to be evaluated then :

Qs® = 1-[RA®XRg® XRc®] (20)
= 1- [(1-QA(t))X(l-QB(t))X(l-Qc(t))]
Qs® = QaM+Q®+Qc®M)-QaMXQp M -Qg M XQc®
-Qc () XQa M +QA MX QM X Q¢ (1) (21)
And for n - components {Qg (t)} will be : |
Q® =1 - H1 R, () 22)

Now substituting the failure rates (A; (t)) in Equation (22), we have :

n

Q® = 1-[]ewi- o) (23)

i=1

5.4.2. Fully Redundant Parallel Configuration

A parallel configuration is a fully redundant system. Therefore, the failure
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condition of a system that is composed of a number of components represented in a
reliability block diagram by a parallel connection, requires that all components must
fail. The success operation of the system requires that only one or more components
should be working, hence, by using the probability theory of the occurrence of at least
one or more events [36] the system reliability (Rg (t)) and unreliability (Qg (t)) can be
evaluated. For a system composed of three independent components A, B, and C

connected in parallel, the parallel reliability block diagram will be as follows :

A
o) B O

- C
The system unreliability (Qg (t)) will be :
Qs® = QA X QM X Qc® (24)
And the system reliability (Rg) will be :
Rs® =1 -[Qa® X Q) X Qc®] (25)
Rg(® = [RA®+Rg®+Rc(®))-Rp (1) XRp (1) -Rp () XRc (1)

“Rc(®) XRA(M+RA W XRgMXRc ()] - (26)
If we have n - components system then Equations (24) and (25) will become as
follows [36] :
Q® = Q® 27)
i=1

And
Rs (t) = 1 - Qi (t) (28)

Now if we substitute, the failure rates (A; (t)) in Equations (27) and (28), we have [36]:
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n

t
G® = [Ja-ewr-[roan 29)
0

i=1

And

n

1-

1]

t
Ry ® [[a-ewi- 2o (30)

i

Equations (29) and (30) applies for any probability distribution. In the case where the
failure rates (A, (t)) of the components are exponentially distributed (e.g. constant

failure rates) then Equations (29) and (30) will become as follows [36] :

QG® = Jlt1-ewc-arer 3D
i=1
And
Rg@® =1- [[r1-ep(-at] (32)
i=1

From Equations (31) and (32), "a single equivalent failure rate cannot be derived to
represent the complete parallel system because, the system reliability cannot be
expressed as a single exponential function but only as a series of exponential functions"
[36].
5.4.3. Series - Parallel Configuration

For a system composed of three independent components A, B, and C
connected in series - parallel configuration, in which component (A) is connected in
series with components (B) and (C) which are connected in parallel. Furthermore,
component (B) and (C) are fully redundant. The reliability block diagram of the system

will be as follows :
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Cc

In this configuration, the system will fail if component (A) fails.or both component (B)
and (C) fail simultaneously. The system reliability can be evaluéted by a process of
successive reduction known as a network reduction technique [35, 36]. Components
(B) and (C) are combined in parallel and represented by an equivalent block. The new
block is then combined in series with component (A). The resultant equivalent
reliability or unreliability then represent the reliability or the unreliability of the original
configuration. For example :

Let block (D) represent the equivalent of components (B) and (C) which are connected
in parallel, then the original reliability block diagram will be reduced to block (A) and

(D) connected in series:

oO—1 A D ——oO

From Equation (25) the equivalent reliability of block (D) will be :
Rp® = 1 - (1 -Rg®)X (1 - Rc(®)
= RR(® + Rc(®) - Rg® XRc®
Since (A) and (D) are connected in series, then, the reliability of the original system

[Rg (1)] will be :

Rg (1) = Rp ()X Rp (D)
Substituting {Rg (t)} and {Rc (1)} in (Rg (1)} above, we have :
Rs® = RA® X [RB® + Rc® - Rp® X Rc® ]

=RAMXRR(M) + RA(t) X Rc(t) - RA 1) XRg (1) X Rc (D)
5.4.4. The " r out of" n " Configuration
This configuration is also known as a partially redundant system. In this

configuration there will be "n" components in the system. The successful operation of
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the system requires that "r" components out of "n" components must be working. For a
system composed of three components A, B, and C which are identical and connected

ina" r out of n "' configuration, the reliability block diagram will be as follows :

o—— A
N
o—- B 2/3p——0
7
o—1 C

The "n" components of the system can be identical or non - identical, however, in most
of the practical cases, these components are identical. The "r" components have to be
specified in order to evaluate the reliability models.

In the abov¢ illustrated configuration, the success operation of this system requires that
two components out of the three must work, (e. g.either components (A) and (B) must
work while (C) can fail, Components (A) and (C) must work while (B) can fail, or
components (B) and (C) must work while (A) can fail). This condition is known in
probability theory as combinational problem. Since in this system, the components are
identical, therefore, its reliability and unreliability functions can be evaluated by the
application of binomial distribution concept directly [3 6].'It should be noted, that the
binomial distribution concept can not be applied directly if the components in the
system are not identical. |
The binomial distribution is normally represented by the general expression :

n n n-1 n(n-1 - 2
(p+q) =p +np q+-%-—)pn 2q F oo

+ n(n"-l).;.'(n-r-l-l)

n

R U SN ——— (33)

For the time - dependent reliability {R (t)} and unreliability {Q (t)} of the system, the
expression is modified to become [ R (t) + Q (t) ]® [36]. If the system success

requires that no component failure, then the reliability of the system is equal the first
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term of the binomial expansion, and if the system success requires that only one
component can fail, the the reliability of the system is equal to the sum of the first two
terms of the binomial expansion, and so on. ASince [RAl [RB], and[RC] are equal,
and [Q 1, [Qg], and [Qg] are equal. Therefore, for the above illustrated " r out of n "
system, the reliability of the system will be

Rs® = RA®P + 3 [RA®IZ X [Qa ®)]

Now if we substitute the failure rate (A), which is assumed to be exponentially
distributed (constant failure rate), then the reliability of above illustrated system will be :

3At At

(1-¢e 7))

-2At
€

Rg@® =e "' +3

And the probability of the system failure will be :
Qs® =1-Rg(®
5.4.5. The Standby Redundant Configuration

In this configuration the components are connected in parallel and are not
operating simultaneously. Normally, one or more components are operating
continuously (called the normal operating component (s)) while the redundant
components are in standby mode ready to operate should the normally operating
component (s) fail. For standby redundant system composed of two components (A)
and (B), and component (A) is the normal operating component, the reliability block

diagram will be as follows :

A —0Q

o— —— o0

In the following discussion, it will be assumed that :

1. Components (A) and (B) are non - identical.

2. The failure rates of components (A) and (B) are exponentially distributed (constant
failure rate).

3. The changeover mechanism, which bring the standby component into operation

when the normally operating component fails, will not fail.
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4. The standby component does not fail while in the standby position.
A failure density function f (t) is defined as the derivative of the cumulative failure
distribution Q (t), therefore f (t) and Q (t) will be [36] :
_d_g_(f)_ _dR®

f@ = = = < (34)
t
Q® = J f(t) dt 35)
0
And {R (t)} will be [36] :
t o
R (t) = 1 - J. f(t) dt = J. f(t) dt (36)
0 t

If component (A) fails at time t] then component (B) operates immediately at this time.
If component (B) fails at time t, then the time to failure of component (B) (ty) is equal

to [t - tq]. Therefore, the failure density of component (A) will be [36] :

fra)ty) = Ma)y € ° 7‘(A) g

The failure density of component (B) will be :
At
fe\t) = Ay e ® 72

Now, the joint density function of both components operating will be [36] :
f@® = [fa) )] X [fgy(©) ]
At A -
= [rgy e @ Ix[rg e "® ¢y e

If we integrate f (t) with respect to (t1), we have [36] :

t
(0 = [0 )0 ewi-Ayt) expl-hy G-t ]dt
tl=0
A A .
= —@A B fexp(-A_t)-exp(-A, t)] e (38)
)”(A) - k(B) (B) (4)
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From Equation (36), the system reliability {R (t)} is equal to the integral of the failure
density function f (t) from time (t) to (©°), therefore {R (t)} will become as follows
[36]:

R = j £ dt
t
7\'A XB [
= —(-)—-(—l—x - J.[exp(-K(B)t) - exp(-?\,(A)t] dt --—--—-- 39
@ e t

By integration, we have :

A

A
R() = —A) exp (-K(B)t) + —B) _ exp (-X(A)t) _______ (40)

(A) (B) (A) (B)
Equation (40) can also be written as follows [36] :

A
_ _ — (A - - -
Rt = exp( X(A)t)+ ) [exp ( ?»(A)t) exp ( ?\.(B)t]

(B) (A)

(41)
Equations (40) and (41) are general and can be used if the two components are
identical. In the case when the changeover device is not perfect, then its reliability has
to be incorporated in Equations (40) and (41) [36]. From Equation (8), the mean time

between failures(MTBF) of the system is equal to :

(MIBT), = _[ R(t) dt
0

Hence, substituting {R (t)} from Equation (41) and integrating we have [36] :
1 1
(

(MTBT) = — + — (42)
(

A) B)

Now if components (A) and (B) are identical the above models can not be used [36]. In
this case the poisson distribution is used to evaluate the reliability functions of the

system because "this distribution gives the probability of any number of component
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failures provided the components are operating in their useful life period" [36]. The

poisson distribution is expressed as [36] :

-At
At e
PO = 3)
Where,
P, (t) = the probability ﬂlgt x components will fail in time (t).
X = number of components failing in time (t).
So
PO = e- Mayt
PO = (Ate-ra!

Hence, the reliability of the system {Rg (t)} will be :

Rg(®) = Py + P1(t) = [e-MAIt] X [1+A(a)t]

Now if there is n -.identical standby components, the reliability of the system {Rg (t)}
will be [36] :

Al (o’ A"
R = e [1+7»t+(2!) +(3!) + oo +(n!) ] (44)
Equation (43) can be written as :
n X ;Xt
R() = (M)X'e .

x=0
Equations (43) and (44) indicate that the probability of the system failure is equal to the
sum of the first (n) terms of the Poisson distribution [36]. Now if we substitute
{R (t)} from Equation (44) in Equation (8), therefore, the mean time between failureg

(MTBEF) of the system will be [36] :

. o0 n At
MY e
(MTBF) = J' 26 ( )X! (46)
0 X=
Integrating, we have
(MTBF) = “;1 » 7)
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5.5. Dual - Purpose (Power&Water) Station - Unit Sub - Systems - Unit
Associated Systems. - And Their Sub - Sub Systems Reliability
Block Diagrams
The following figures (62 - 114) represents the developed reliability block

diagrams for the station, unit sub - systems, unit associated systems, and their

sub - sub systems. Each graph (figure) is a distinctive self explanatory reliability block

diagram. In the development of each graph, the corresponding operation interlock logic

diagram developed in section (4.3) of chapter (IV), figure (5) of chapter (III), and the
simplified dual - dual purpose (power&water) production station model (section 5.2 of

this chapter) have to be referred to.
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FIGURE NO 62
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wo w o
| ) ||
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FUEL ASSOCIATED SYSTEM RELIABILITY BLOCK DIAGRAM
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FIGURE NO 63

(1)
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l

(4) ()
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FIGURE NO 64

(1)
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D [0 O

T, 2y N

!
(4)
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CHANGE-OVER VALVE

!
(5)
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CRUDE OIL SUB-SUB SYSTEM RELIABILITY BLOCK DIAGRAM

130



FIGURE NO 65
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NOTE :  THE (N) IN EACH RELIABILITY BLOCK ARE NOT NECESSARILY EQUAL.

HEAVY FUEL OIL SUB-SUB SYSTEM RELIABILITY BLOCK DIAGRAM

131



FIGURE NO 66
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FIGURE NO 67
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133



(1)
UNIT GENERATOR
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ASSOCIATED SYSTEM RELIABILITY BLOCK DIAGRAM

FIGURE NO 68
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FIGURE NO 69
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FIGURE NO 70

(1)
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FIGURE NO 71
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FIGURE NO 72
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FIGURE NO 73
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ASSOCIATED SYSTEM RELIABILITY BLOCK DIAGRAM
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FIGURE NO 74
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FIGURE NO 75

(1)
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BOILER SUB SYSTEM RELIABILITY BLOCK DIAGRAM
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FIGURE 76
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FIGURE NO 77
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FIGURE NO 78
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FIGURE NO 79
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FIGURE NO 80
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FIGURE NO 81
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FIGURE NO 82
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FIGURE NO 83
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FIGURE NO 84
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FIGURE NO 85
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FIGURE NO 86
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FIGURE NO 87
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FIGURE NO 88
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FIGURE NO 89
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FIGURE NO 90
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FIGURE NO 91
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FIGURE NO 92
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FIGURE NO 93
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159



FIGURE NO 94
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FIGURE NO 95
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FIGURE NO 96
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SUB-SUB SYSTEM RELIABILITY BLOCK DIAGRAM
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FIGURE NO 97
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FIGURE NO 98
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FIGURE NO 99
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FIGURE NO 100
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FIGURE NO 101
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FIGURE NO 102
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FIGURE NO 103
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FIGURE NO 104
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FIGURE NO 105
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FIGURE NO 106
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FIGURE NO 107
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FIGURE NO 108
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FIGURE NO 109
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FIGURE NO 110
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FIGURE NO 111
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FIGURE NO 112
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FIGURE NO 113
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FIGURE 114
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5.6. Dual - Purpose (Power&Water) Station - Unit Sub - Systems
- Unit Associated Systems. - And Their Sub - Sub Systems
Reliability Models
In the Following sections the reliability models of the station, production unit,

unit sub - systems, unit associated systems, and their sub - sub systems will be
developed. It should be noted that the models are based on the reliability block diagrams
(figures 62 - 114) of section (5.5) of this chapter, therefore, the reliability model in
question should be examined in consultation with its corresponding reliability block
diagram. Moreover, in the development of the models, it will be assumed that the failure .
rates of all equipment are exponentially distributed (constant failure rates). Detailed
reliability models will be presented for four different type of the reliability block diagram
configurations as was presented in section (5.4.1) of this chapter, in order to illustrate
the techniques used to model them. The selected reliability block diagrams from section
(5.5) for this purpose are as follows :
1. Fuel associated system (figure 62).

This will represent a series and fully redundant parallel configuration.
2 Fuel gas sub - sub system (figure 63). This will represent a series configuration.
3. Crude oil sub - sub system (figure 64).

This will represent a series and identical standby redundant configuration.
4. Reduced main electrical supply associated system (figure 68).

This will represent a series and "r" out "n" configuration.
For the remainder of the reliability block diagrams, only the final models will be
presented under the corresponding sections. It should be noted that the reliabilities
{R (t) }and unreliabilities {Q (t)} in the developed models are time dependent,
therefore, the sign (t) will be omitted from the models in order to make them easy to
follow.
5.6.1. Fuel Associated System Reliability models

Referring to figure (62) we have the following :
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1 Blocks (1) and (6) are connected in series.
2. Block (1) is composed of four fully redundant blocks (2, 3, 4, 5) which are
connected in parallel.
3. Block (6) is composed of two fully redundant blocks (7, 8) which are connected
- in parallel.
Therefore, by applying the techniques presented in section (5.4) of this chapter, the
reliability model for the fuel associated system (Rf), will be developed as follows :

From Equation (12), we have :

Rg = [Ry] X [Rg] (48)
From Equation (26), we have :
Ry = [(R2+R3 + R4 + Rs) -(RzXR3)-(R3XR4)-(R4XR5)

-(RsXRy)+(Ry X R3 X Ry X Rs) ]
[R7 + Rgl - [R7 X Rg]

Rg
Note that Rg = Ry, substituting Ry and Rg in Equation (47), we have :
Rp = [(R2+R3+R4+R5)—(RZXR3)-(R3XR4)
- (R4 XRs)- (R5 XRp)+(Ry X R3 X Ry X Rs) ]
X [iR; + Ryl - Ry X Ryl | ‘

Now substituting the failure rates (A,),we have :
Rp = [[(e-R2t + "Mt 4+ e-Mat 4 e-Ast)

. (e-t(x2‘+x3)_ e-tA3+A) _ o-tAg+hs)_ o-t(hg+2y)

+(e-t(7»2+7»3+7\,4+7\.5)]

X [(e-Mtse-Mat) - (e-(a+hp) ] (49)
The unreliability (Qp) will be :
Qe = 1-Rp (50)

The mean time between failures MTBT)g will be :

(MTBT), = J R, dt (51)
0
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5.6.1.1. Fuel Gas Sub - Sub System Reliability Models

Referring to figure (63) we have qucks (1), (2), (3), (4), and (5) are
connected in series.Therefore, by applying the techniques presented in section (5.4) of
this chapter, the reliability model for the fuel gas sub - sub system (Rgg), will be
developed as follows :
From Equation (12), we have,
Reg = [R1 X [Ry] X [R3]1 X [R4] X [Rg]  —--rormmeeee- (52)

Substituting the failure rates, we have :

Rpg = [e-t(7\,1+7\,2+7\.3+7\.4+7»5)] (53)
The unreliability (Qrc) will be :
Qpg = 1 - [e-t(K1+7\,2+7\.3+7\.4+7»5)] (54)

The mean time between failures MTBT)fG will be :

(MTBT)p, = JRFG dt (33)
0

5.6.1.2. Crude Oil Sub - Sub System Reliability Models
Referring to figure (64),we have the following :
. Blocks (1), (2), (3), (4), (5), and (6) are connected in series.

oy

2. Blocks (3) is composed of (N) identical redundant standby components.
3. Block (5) is composed of (N) identical redundant standby components.
4. The (N) components in blocks (3) and (5) are not necessarily equal.

Therefore, by applying the techniques presented in section (5.4) of this chapter, the
reliability model for the crude oil sub - sub system (Rc), will be developed as
follows :

From Equation (12), we have, ‘-

Rco = [R1I X [Ry] X [R3] X [R4] X [Rg5] X[Rg] -----mmm- (56)
Since block (3) consists of k(N 3) identical components, and block (5) consists of (N5)

identical components Now assuming perfect changeover, the the reliability of the each
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block can be evaluated by the use of the poisson distribution [36], therefore the

reliability of block (3) will be as follows, :
From Equation (44), we have,

x -\ t)
=3 (7L3t)3 e °

|
X320 X3.

And the reliability of block (5) will be as follow

X -(A_D
S At) e
- 3G
5 X !
xszo 5

Now substituting the failure rates in Equation (55) we have :

ny A, T)
R = ¢

Aty e ™
-t(A +A +A +R) X 2 ( 3t) e
Co
x3=0 x, !

- (xs t)

N

x5=0 5°
The unreliability (QCO) (t) will be as follows :
QCO = 1 - Rco

7

The mean time between failure (MTBT)c will be as follows :

(58)

(MIBF,, = f Rgg dt
0

5.6.1.3. Heavy Fuel Oil Sub - Sub System Reliability models

Referring to figure (65), the reliability models for the heavy fuel oil

sub - sub system (RypQ) will be :

RHFO = [Ry] X [Ry] X [R3] X [R4] X [Rs] X[Rg] X [Rq]

Substituting for [ R3], [R5 ], and [ Rg ] we have :

-(7»3 t)

3

A1) e
R3=Z 2 %1

xg=0 3
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Since the formula for [ R5] and [ Ry ] are similar to [ Ry ], therefore the reliability

(RyFO) will be : |
X -(Ag 1)
3 ote
_-t(Ay+hp A, +Ag) X
RI{FO = ¢ ! X3 =0 XS !
-(Ag 1)
i gt e
X 1
X5 =0 5
ng Xg - (xs t)
(. VI SR— (1)
X z X, |
x6=0 6
The unreliability (QirQ) will be :
Quro = 1 - RHFO. v

The mean time between failures(MTBF)HFO will be :
(62)

MTBF),, = fRHFO dt
0

5.6.1.4 Gas Oil Sub - Sub System Reliability models
Referring ti figure (66), the reliability models for the gas oil sub - sub system

{Rgo (©) will be :

n, Xy - (ls T)
R, = e-t(xl+xz+x4+xﬁ) X 2 (xgt) e
x3=0 X3 !
ng X5 - (7»5 t) .
At) e
5 S X

X Y — (63)

| %5 =0 ?
The unreliability (Qg ) will be :

QGo = 1 - Rgo (64)

And the mean time between failure (MTBF)g o will be :
(MTBF), = I Rgo dt (65)
0
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5.6.2 Sea water Intake Associated System Reliability Models

Referring ti figure (67), the reliability models for the sea water intake associated

system (Rgyy ) will be :

Rsw = [é-t(kl+3.2+k3)] ---(66)
And the unreliability (Qqyy) will be :

Qsw = 1 - [e-t(A+2+A3)] (67)

The mean time between failures (MTBF)gyw will be :

MTBF),, = J Ry dt A (68)
0 .

5.6.3. Reduced Main Electrical Supply Associated System
Reliability Models
Referring to figure (68), we have the following :
1. Blocks (1) and (2) are connected in series.
2. Block (1) is composed of n - identical unit generator transformers connected in
parallel and they are fully redundant.
3. The success condition of block (1) is that "r" unit generator transformers out of "n"
unit generator transformers must work.
Therefore, by appiying the techniques presented in section (5.4) of this chapter, the
reliability modelsvfor the reduced main electrical supply associated system (Rppg) Will
be developed as follows:
RRME = [R1] X [Ry] (69)

Now block (1) is connected in "r" out of "n" configuration, let,

A = the average value of the failure rates of [n] generators transformers.

Based on the number of generators transformers that have to be working "r", one can
proceed to calculate [ Ry]. If for example "n" is equal to 7, and "r" is equal to 5 then
[ R1] is equal to sum of the first three terms of the binomial expansion. If we substitute

the the average value of the failure rates of [n] generators transformers (A) in binomial
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expansion then [ Rq] will be :
[Ry] =e A+ 7X e 6 X (1-e M) +21 X &SR (1- e ht)2
Therefore, the reliability (Rpyqg) Will be :
Rpmg = [eMt1X [e7M 4+ 7 X e 6t x (1- ¢ty
+21 XeSAtx (1- e Aty2]
And the unreliability (Qyg) Will be :

QeMe = 1 - RRME (71)
The mean time between failures (MTBF)pp g will be :

(MTBF)y; = j Rey dt (72)
0

5.6.4. Unit Power Side Electrical Supply Associated System
Reliability Models

Referring to figure (69), the reliability of the unit power side electrical supply

associated system (Ryypgg) will be :

RUPSE — [e—t(7\,1+7»2+7»3+7\.4)] (73)
The unreliability (Qyypgg) will be :
QUPSE = 1-[e-t(AM+hp+A3+2y)) (74)

The mean time between failures (MTBF)pgg willbe :

(MTBF) g f Rypsg dt (75)
0

5.6.5 Unit Water Side Electrical supply Associated System
Reliability Models

Referring to figure (70), the reliability of the unit water side electrical supply

associated system (Ryyywsg) will be :

RUWSE = [e-t(M+Ar+)3)] (76)
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And the unreliability (Quwsp) will be :

Quwse = L-fertMrhatis)] an
The mean time between failures (MTBF){jywsg

(MTBF) sz Rywsg dt | (78)

5.6.6 Turbine Cooling Associated System Reliability Models

Referring to figure (71), the turbine cooling associated system reliability model
(RTc) willbe :
n, X, -( . t)
IR S S 9 X Z Ou4t) e

]
o x, !

RTC = e

-(A 1)
s (xst)xse s
X 2 X !

xs=0 5

The unreliability (Qtc) will be :

Qre = 1 - RpC (80)
The mean time between failures (MTBF) ¢ will be :

(MTBF),

f Ry dt (81)
0

5.6.7 Distiller Cooling Associated System Reliability Models

Referring to figure (72), the turbine cooling associated system reliability model
(Rpe) will be :

n, X, -(K4t)
“t(, + A+ A + L) z(kt) e
R = e 1 2 3 6 X 4 '
X =0 Xyt

-(A_t
& O e s
X 2 x. !

xs=0 5°
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The unreliability (Qp) will be :

Qpc = 1 - Rpc (83)
The mean time between failures (MTBF)p will be :

MTBR,. = | Ry dt (84)
J Foe.

5.6.8 Turbine Discharge Associated System Reliability Models

Referring to figure (73), the reliability of the turbine discharge associated

system (Rp) will be :

RTD = et 0\’1 + ;\’2 + )\‘3) ‘ (85)
And the unreliability (Qpc) will be :

QD = 1 - ety + A + Ag) (86)

The mean time between failures (MTBF)c will be :

(MTBF),, = _[RTD dt (87)
0

5.6.9 Distiller Discharge Associated System Reliability Models
Referring to figure (74), the reliability of the distiller discharge associated

system (Rpp) will be :
Rpp = e-t@y + A + 13) (88)
And the unreliability (QTc) will be :

QpD = 1- et + 2 + M) (89)
The mean time between failure (MTBF)pp will be : |

©

MTBRY,, = [ Ry a (90)
0

5.6.10 Boiler Sub - System Reliability Models

Referring to figure (75), the reliability of the boiler sub - system (Rg) will be :
RB = e'to\'l + 7\2 + 7\:3 + Mg+ 7\‘5 + 7\6 + }-7) _____________ 91)

And the unreliability (Qg) will be :
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QB=1_e-t(7\.1+7\.2+l3+7\.4+7\'5+7\46+7\'7)

---------- (92)
The mean time between failures (MTBF)g will be :
MTBR), = [Ryar 93)
0

5.6.10.1 Boiler Feed And Make - Up Water Sub - Sub System
Reliability Models
Referring to figure (76), the reliability of the boiler feed and make - up water
sub - sub system (Rggpryy) Will be :

RBFMW = [[e—klt_*_e-)\,zt]-[e't(}\'l-'{'A’Z)] X
[ -tOs+hs+hg+ 0 +hg+h10 M1 | x

[ o-t(A2+A13+ A4+ A +A17 +Ag o | X

| Ry X Rg X RIS] %94)
Now[R4 X Rg X Ryg]isequalto:

-, 1)

i Ante

4
x4=0 X4 !
- t) -(A 9
ng 0\’3 t)xs e 8 05 (}”15 t)x15 e 15
X Z x. ! X 2 x,. !
xg=0 8 X;5=0 15°

The unreliability (Qgprnrwy) will be :
QBFMW = 1 - RgpmMw 95)

The mean time between failures (MTBF)g gy Will be :

oo

(MTBF)yp = _[ Rypw Ot (96)
0

5.6.10.2. Boiler Heat Recovery Area Sub - Sub System

Reliability Models

Referring to figure (77), the reliability of the boiler heat recovery area
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sub - sub System (Rggr ) Will be :

RBHRA = e't(xl + 7\'2 + ?"3 + 7“4 + )"5 + )"6) -------------- 97)
And the unreliability (Qgpgg o) will be :
Qeura = 1 - e tQ+X+A3+dy+hs+de (98)
The mean time between failures (MTBF)gyr A Will be :
(MTBF)g ey = J Ry At (99)
0

5.6.10.3. Boiler Drum Sub - Sub System Reliability Models

Referring to figure (78), the reliability of the boiler drum Sub - sub system
(RBD) will be :

Rgp = e th+hp+d3+dg+drs+deg+hy) (100)
The unreliability (Qgp) will be :
Qpp = 1 - e-t(?x.l+7\,2+7L3+7L4+7»5+7\,6+X7) ________ (101)

The mean time between failures (MTBF)gp will be :

©o

(MIBR),, = J.RBD dt (102)
0

5.6.10.4. Boiler Furnace Sub - Sub System Reliability Models

Referring to figure (79), the reliability of the boiler furnace sub - sub system
(Rgp) will be :

Rpp = et +A (103)
The unreliability (Qg) will be :
Qpp = 1 - et +2 (104)

The mean time between failures (MTBF)g will be :

(MTBF),, = JRBF dt ' (105)
0
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5.6.10.5. Combined Boiler Combustion Air And Flue Gases
Sub - Sub System Reliability Models

Referring to figure (80), the reliability of the combined boiler combustion
air and flue gases sub - sub system (RcgcARG) Will be :
Repeapg = et + A+ M3+ Mg + A5+ 06 + A7) (106)
And the unreliability (QcgcAFg) Will be
QeBCARG = 1-e t1 + A2 + 243 +hg + A5 + A6 + Ay)
The mean time between failures (MTBF)CBC ARG Will be :

MTBF)peprg = _[RCBCAFG dt (108)
0

5.6.11.Turbine Sub - System Reliability Models

Referring to figure (81), the reliability of the turbine sub - system (R)
will be :
" Ry = et + A + A3+ A + A5+ A5+ A7 +Ag +Ag) _____ (109)
The unreliability (Q) will be :
Qr =1- ety + 2 + A3 + Mg + s+ Ag + A7 + Ag + Xg)  __(110)
The mean time between failures (MTBF) will be :

©0

(MTBF), = JRT dt (111)
0

5.6.11.1. Main Steam Supply Line Sub - Sub System Reliability Models
Referring to figure (82), the reliability of the main steam supply line
sub - sub system (Rygg.) will be :

Ryss, = et + 2y + A3+ 2y (112)

And the unreliability (Qpqggp) will be

The mean time between failures (MTBF)pfggr, will be :
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(MTBF) o, = JRMSSL dt (114)
0

5.6.11.2. Auxiliary Steam For Turbine Air Ejector And Gland Seals
Sub - Sub System Reliability Models
Referring to figure (83), the reliability of the auxiliary steam for turbine air
ejector and gland seals sub - sub System (R o) will be :

Rap = [e-tO4 + A5+ hs + Al X [e-M2t (1 4 ] (115)
And the unreliability (Q ) will be :
Qap =1- [e-tq + 25 +hg + Ml X [erP2t (g PRSY — (116)

The mean time between failures (MTBF) o g will be :

(MTBF),; = J.RAE dt (117)
0

5.6.11.3. Turbine Load Control Sub - Sub System Reliability Models

Referring to figure (84), the reliability of the turbine load control sub - sub

system (R ) will be : |

Ripe = e tM+M+ M3+ M +As+he+hp) (118)
And the unreliability (Qy ) will be :

Qruc =1-e tM+h+ 23+ + A5+ he + A7) (119)

The mean time between failure (MTBF)TLC will be :

(MTBF)11.c = I Rmc dt (120)
0

5.6.11.3. High Pressure (H.P) Turbine Sub - Sub System
Reliability Models

Referring to figure (85), the reliability of the high pressure (H.P) turbine
sub - sub system (Rygpt) will be :
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Rygpr
And the unreliability (Qgypt) will be :

= et +A + A3 +0 + A5+ Rhg+ A7) (121)

QuPT =1 -e-tQy + A + A3 +Ag + A5 + Ag + A7)

--------------- (122)
The mean time between failures (MTBF)TLC will be :
(MTBF)upr = I Rpypr dt (123)
0

5.6.11.4. Low Pressure (L.P) Turbine Sub - Sub System
Reliability Models

Referring to figure (86), the reliability of the high pressure (H.P) turbine
sub - sub system (Ry p) will be :

RLPT — e‘to"l +7»2+3.3+7»4+7\.5+l6+7\.7+7\,8) __________ (124)
And the unreliability (Qy ) will be :
Qupr =1-etA+h+M+lg+rs+he+Ap . (125)
The mean time between failures (MTBF)TLC will be :

0

5.6.11.5. Turbine Rotor Sub - Sub System Reliability Models

Referring to figure (87), the reliability of the turbine rotor sub - sub system
(RTR) will be :

Rrp = [e'to"l+)"2+)"3+7"4+;‘5+2'6+?‘7] X
[e-t(7~8+7~9+7~10+7~11+7~12] (127)
The unreliability (Qg) will be ;
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Qr = 1 - [[e-t(xl+7»2+7\.3+7\.4+7L5+?\,6+7\.7] X

[e-t(g+Ag+Ajg+Ayy +Agp ] ] ------ (128)
The mean time between failures (MTBF)1R will be :

(MTBF) = J. Rrgp dt (129
0

5.6.11.6. Turbine Hydraulic And Lubricating Oil Sub - Sub
System Reliability Models
Referring to figure (88), the reliability of the turbine hydraulic and

lubricating oil sub - sub system (Rpyy o) will be :

Rrpro = Le tQa+As+he+A7+08+29)] X [Ry] X [Ry] X [Rs)

(130)
Now [ [Ry] X [Ry] X [R31] is equalto:
- 1)
21 (7»1 t)xl e 1t
=0 x, !
- t) -Gk, 1)
Yoo e 20,00 e
X Z x. ! Z x., !
X, =0 2 x; =0 3
The unreliability (QTHL.Q) Will be :
QrHLo = 1 - RTHLO (131)
The mean time between failures (MTBF) gy o will be :
(
(MTBF) o1 I R g ot : (132)
0

5.6.11.7. Turbine Condenser Sub - Sub System Reliability Models
Referring ton figure (89), the reliability of the turbine condenser sub - sub

system (R will be

RreN = ety + 2y + A3 + A4 + A5+ Ag + A7 +Ag + Ag) _____ (133)

The unreliability (Qcpy) will be : |
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Qren =1-e tr + 2 + A3+ Mg + A5 + hg + A7 + Ag + ho) _(134)

The mean time between failures (MTBF)pcyy will be :

— (
(MIBR) o = f Roey (135)
0

5.6.11.8. Turbine Condensate Sub - Sub System Reliability Models
Referring to figure (90), the reliability of the turbine condensate sub - sub

system (Rtcon) Will be :

RTCON = [e't(xl + X«S + 7&6 + 7\.7 + ?\,8 + )\,9)] X [e-x3t (1+ 7\.3{)]

(136)
The unreliability (Qpcopy) Will be :
Qrcon =1 - | [et®1 + A5+ 2 + A7 + Ag + Ag)] X
[e-?3t (14230 ]
(137)
The mean time between failures IMTBF)tcon Will be :
(MTBF)rCON = f RTCOth (138)
0

5.6.12. Generator Sub - System Reliability Models

Referring to figure (91), the reliability of the generator sub - system (Rg)

will be :

Rg = [e-tA1 + A2 + A3+ M + A5+ M6 + A)] (139)
And the unreliability (Qg) will be :

QG = 1-[etAl+A2+A3+M+A5 +A6 +AT)] (140)

The mean time between failures (MTBF) will be :

(MTBF), R a (14D

G

1l
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5.6.12.1. Generator Rotor Sub - Sub System Reliability Models

Referring to figure (92), the reliability of the generator rotor sub - sub

system (RgR) will be :

RGR = [e-t(m +12+X3+M+XS)] (142)
The unreliability (QgR) will be :

QGR = 1 - [e-tAl +A2+ A3 +M +145)] (143)

The mean time between failures (MTBF)Gg will be :

(MTBF)gg = J Rgp dt (144
0

5.6.12.2. Generator Stator Sub - Sub System Reliability Models

Referring to figure (93), the reliability of the generator stator sub - sub

system (Rg) will be :

RGs = [e -t(AM + A2 + A3) ] (145)
The unreliability (Qgg) will be :

Qas = 1 - [e-t(M + A2 + 7»3)] (146)

The mean time between failures (MTBF)gg will be :

(MTBF) g = Rgs dt (147)

5.6.12.3. Generator Hydrogen Cooling Sub - Sub Syste
Reliability Model

Referring to figure (94), the reliability of the generator hydrogen cooling
sub - sub system (Rgpyc) will be :

O + A + A+ Ag) M) e M
_ -t 2+ 4+ 5+ 6 1
R(H = e X E =
x1=0 1
n, 3 '(7"3‘:)
A t) e
3
X 2 x. !
X3 =0 3

(148)
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The unreliability (Qgpyc) will be :

QGHC = 1 - RgHc (149)
The mean time between failures (MTBF)gg will be ;

(MTBF)gyge = J Rgpe dt (150
0

5.6.12.4. Generator Sealing Oil Sub - Sub System Reliability Models
Referring to figure (95), the reliability of the generator sealing 0il sub - sub

system (Rggo) will be :
Rgso = [e-tOs+ Ay + A5 + Ag + Ay + Ag + Ag)]
X[(e'x1t+e'7‘2t)-(e'xltXe'th)] .......... (151)

The unreliability (Qggo) will be :
Qso = 1 - [[e-t®3 +Ag + ks + A6 + A7 + Ag + Ag) ]

X[(e—11t+e-7»2t)-(e-7»1IXe-'7~2t)]] ----- (152)
The mean time between failures (MTBF)ggo will be :

MTBRGo = | Rep d (153
0

5.6.12.5. Generator Pilot Exciter Sub - Sub System Reliability Models

Reférring to figure (96), the reliability of the generator pilot exciter sub -

Sub system (Rgpg) will be :

RGPE = [e-t(A1 + 22 + A3)] (154)
The unreliability (Qgpp) will be :
QGPE = 1 - [e-tQl+22+23)] (155)

The mean time between failures (MTBF)gpg will be :

0
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5.6.12.6. Generator Exciter Sub - Sub System Reliability Models

Referring to figure (97), the reliability of the generator exciter sub - sub

System (Rgg) will be :
R - e-t(ll+7»2+k3+x4+ls+k6+l8+7L9
GE X At
g 7T ™
A t) e
Xy (157)
X;=0 X7°
The unreliability (Qgp) will be :
Qe = ! - Rge (158)

Thé mean time between failures (MTBF)GgE will be :

- (MTBF)Gg = J Rg d (159
0

5.6.12.7. Generator Voltage Control Sub - Sub System
Reliability Models
Referring to figure (98), the reliability of the generator voltage control

sub - sub system (Ry ) will be :

RgvC = [e-t(kl + A2 + A3 + M + A5) ] (160)
And the unreliability (Qgy ) will be :
QGgvC = 1-[e-tAl +A2 + A3 + M + A5)] (161)

The mean time between failures MTBF)gyc will be

MIBPoe = | Reve @ (162
0

5.6.13. Distiller High Pressure (H.P) Steam Supply Associated
System Reliability Models
Referring to figufe (99), we have the following :
1. Block (1) represents the (H.P) steam supply from the boiler.
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2. Block (2) represents the (H.P) steam supply from the éommon header.
3. Blocks (1) and (2) are connected in a parallel standby configuration, and block (1)
is the main operating block.
4. We have assumed that there will be a perfect switch from one block to the other.
5. We have assumed that there will not be a failure of block (2) while in the
standby mode.of operation.
Now from the above assumptions and operation conditions, we can be sure that the
(H.P) steam supply from the common header will always be available if the distiller
need such a supply, therefore the reliability of this associated system {Rppps)
will be :
Rpgps = 1 ‘ (163)
And the unreliability {Qppps) will be :

QpHPSs = 0 (164)
The mean time between failures (MTBF)pypg will be :

(MTBF)pgps = (165)

5.6.13.1. High Pressure (H.P) Steam Direct From Boiler
Sub - Sub System Reliability Models
Referring to figure (100), the reliability of the high pressure (H.P) steam
direct from boiler sub - sub system (Ryyppg) will be :

RHPDB = e't(}"l + 7»2 +'l3 + 7»4 + 7\.5) (166)

And the unreliability (Qy ) will be :

The mean time between failures (MTBF)gppp Will be :

(MTBF)gppp

MTBF)gppp = _[ Ryppp dt (168
0
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5.6.13.2. High Pressure (H.P) Steam Direct From Common Header
Sub - Sub System Reliability Models
Referring to figure (101), we have the following :
1. Block (1) is connected in series with blocks (2), (3), and (4).
2. Block (1) is composed of (N) identical high pressure (H.P) steam direct from boiler
sub - sub systems. These sub - sub systems are fully redundant.
Therefore the reliability of the high pressure (H.P) steam direct from common header
sub - sub system (Rgppy) will be developed as follows : | |
RUPDH = (R1) X Rp) X (R3) X (Ry)
From Equation (32) the reliability of block (1) (Rq) is equal to :

n

R, = 1-[]r1-expcan

i=1
Therefore (Rgppy) will be :
n
-t(A_+A +2A)
Rpw = ¢ 20 0 x [1-[]r1-ew -2 0 (169)

i=1

And the unreliability (Qpppp) will be :

QuppH = 1 - RHPDH (170)
The mean time between failures (MTBF)HPDH will be :

(MTBF)uppu = J Ryppy dt 17
0

5.6.14. Distiller Low Pressure (L.P) Steam Supply Associated
System Reliability Models
Referring to figure (102), we have three non - identical standby blocks
connected in parallel. Since low pressure (L.P) supply direct from boiler block (1) is
very expénsive and rarely used in practice, therefore figure (102) will be replaced by

figure (103). From figure (103), we have the following :
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1. Block (1) represents the (L.P) steam supply from the turbine.
2. Block (2) represents the (L.P) steam supply from the common header.
3. Blocks (1) and (2) are connected in a parallel standby configuration, and block (1)

is the main operating block.
4. We have assumed that there will be a perfect switch from one block to the other.
5. We have assumed that there will not be a failure of block (2) while in the

standby mode.of operation.
Now from the above assumptions and operation conditions, we can be sure that the
(L.P) steam supply from the common header will always be available if the distiller need
such a supply, therefore the reliability of this associated system {Rpy pg} will be :
RpLPS = 1 (172)
And the unreliability {Qpyypg) will be :

QpLPS = 0 (173)
The mean time between failures (MTBF)yypg will be :

(MTBF)p[ ps = oo (174)

5.6.14.1. Distiller Low Pressure (L.P) Steam Extracted From Turbine
Sub - Sub System Reliability Models

Referring to figure (104), the reliability of the distiller low pressure (L.P)

steam extracted from turbine sub - sub system (RDLPFT) will be :

RpLPFT = -t + 2 + A3 + Ay (175)
And the unreliability (Qp prg) will be :

QpLpET = ! - -ty + X + A3 + Ay (176)

The mean time between failures (MTBF)pyp ppr Will be :

MTBBprr = | Rpgper dt am
0

5.6.14.2. Distiller Low Pressure (L.P) Steam From Common Header
Sub - Sub System Reliability Models

Referring to figure (105), we have the following :
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1. Blocks (1), (4), (5), and (6) ére connected in series.

2. Block (1) is composed of Blocks (2) and (3) which are non - identical
blocks connected in parallel. These blocks are fully redundant.

3. Block (2) is composed of (N) identical low pressure (L.P) steam direct from boiler
sub - sub systems. These sub - sub systems are fully redundant.

4. Block (3) is composed of (N) identical low pressure (L.P) steam extracted from
turbine sub - sub systems. These sub - sub systems are fully redundant.

5. The (N) in blocks (2) and (3) are equal.

The reliability models for the distiller low pressure (L.P) steam from common header

sub - sub system (Rpy pppy) Will be developed as follows :

RpLPFH R X Rg) X (R5) X (Rg) ~ —memememememcnmes (178)
RpDLPFH = e tgq+rs5+he) x 1) N — (179)
From Equation (26), (Rq)isequalto:

Ry = Ry + Ry - (R2 X R3)

R, I-H[l-exp(?»lt)]

i=1

And

n

R, = 1- H [1- exp(?»lt)]

i=1

R7 and R3 have to be evaluated separately, then their values should be substituted in

Equation (178).
The unreliability (Qpy_prp) will be :
QDLPFH = 1 - RpLPFH (180)

The mean time between failures (MTBF)p pppy will be :

(MTBR)pupm = fRDu»m dt | (181)
0
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5.6.15. Distiller Sub -System Reliability Models

Referring to figure (106), the reliability of the distiller sub system (RD)
will be :
Rp = e-tA + 2y + A3 + Mg + As) (182)
And the unreliability (Qpy) will be :
Qp =1_e—t(?ul+7\,2+7»3+7\,4+15) (183)

The mean time between failures (MTBF)yppg will be

(MTBF)D = J RD dt (184)
0

5.6.15.1. Distiller Brine Heater Sub -Sub System Reliability Models
Referring to figure (107), the reliability of the distiller brine heater
sub - sub system (Rpgyy) will be :

RpH = e -t +2) + A3+ Ag + A5 + Ag + A7 + Ag + Ag) —--(185)
The unreliability (Qpgyy) will be : |

Qppy =1 - e't(}"l + 7\,2 + 7\,3 + 7\.4 + 7\.5 + ?"6 + Ay + }“8 + 7\9) —--(186)
The mean time between failures MTBF)pgyy will be :

(MTBRjpgy = | Rpgy dt (187
0

5.6.15.2. Distiller Heat Recovery Section Sub -Sub System
Reliability Models
Referring to figure (108), the reliability of the distiller heat recovery section

sub - sub system (Rpyrg) Will be

RpHRS = et + Ay + 23 + 2y (188)

A2 = sum of the failure rates of the [N-3] stages. The unreliability (Qpyrs) will be :

The mean time between failures (MTBF)pygrg will be :

204



(MTBRpps = | Rpms d 1%
0

5.6.15.3. Distiller Heat Recovery Section Stage Sub -Sub System
Reliability Models
Referring to figure (109), the reliability of the distiller heat recovery

section stage sub -sub System (Rppyrsc) will be :

RpprsG = et +A2+ A3 +M + A5+ A6 + AN ] o (191)

And the unreliability (QpgRrSsG) will be:
QDHRSG = 1-[e-tAl +2A2+ 23 + M + A5+ A6 + 7»"7)] —-(192)

The mean time between failures MTBF)prgi will be :

(MTBFpipss = | Rpmsodt (199
0

5.6.15.4. Distiller Heat Rejection Section Sub -Sub System
Reliability Model
Referring ti figure (110), the reliability of the distiller heat rejection section
sub -sub system (Rpyry) Will be :

RpHRy = et + Ay + A3 + A4 + A5 + Ag + A7 + Ag + Ag) —(194)

M4 = sum of the failure rates of the [3 stages]. The unreliability (Qppry) will be :

QDHRJ =1-e-tQg + A + A3 + R4 + 7\.5 +Ag + A7 + Ag + Ag) ~(195)

The mean time between failures (MTBF)ppqpy will be :

MTBRps = | R ' (196
0

5.6.15.5. Distillate Discharge Sub -Sub System Reliability Model
Referring to figure (111), the reliability of the distillate discharge sub -sub
system (Rpp) will be :
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X, -(7«.l 1)
[

n,
St(h, +h A +A ) X Z (xl t)

Ryp = € (197)
x, =0 X, !
And the unreliability (Qpp) will_'be :
Qpp = 1 - Rpp (198)
~ The mean time between failures (MTBF)pypy will be :
(MTBF)p = I Rpp dt (199
5 .

5.6.15.6. Distiller Ejector Sub -Sub System Reliability Model

Referring to figure (112), the reliability of the distiller ejector sub -sub

system (Rpgy) will be :
n, Xy - 7&2 t
Sth A A +A +A+A) A t) e
RDEJ=el45678XZ—2—,——
X,=0 x2 )
n3 X3 - 7\,3 t
A t) e
X~ (200)
x3=0 3
And the unreliability (Qpgy) will be :
Qpgy = 1 - Rpg (201)
The mean time between failures (MTBF)ygy will be :
0

5.6.16. Reduced Overall Dual - Purpose (Power &Water) Combined Unit
Reliability Models

Referring to figure (113), the reliability of the reduced overall dual - purpose
(power &water) combined unit (Rg o) will be :

RROCN = [e-tO\.l+7\,2+7L3+7\,4+7Ls+7\.6+7\.7] X

[e-t(lg+>»9+l1o+7»11+K1z+%19] X [R13 X Ryg ] (203)
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Now from Equations (162) we have :
Ry = 1

Rig = 1

Therefore, (RrRocpn) Will be :

RROCN = [e-t(xl+7»2+7»3+7»4+7\,5+7\,6+7\:7] X

[e't(x8+)‘9+7”10+7‘11"'7”12"'7"19] (204)
And the unreliability (QrocN) will be :

QrOCN = 1 - RRoCN (205)
The mean time between failures MTBF)g oy Will be :

MTBF)rocn = J- R poen dt (206
5 : :

5.6.17. Reduced Overall Dual - Pul;pose (Power&Water)
Station Reliability Models
Referring to figure (114), we have the following :

1. Blocks (1), (8), (9), and (10) are connected in series.

2. Block (1) is composed of I__Blocks (2), (3), (4), and (5) which are connected in
parallel. These blocks are fully redundant.Also these blocks are connected in
series with blocks (6) and (7). Furthermore, blocks (6) and (7) are connected in
parallel, and they are fully redundant. Block (1) resemble figure (62).

3. Block (9) is composed of (N) unit associated systems. These (N) unit associated
systems are connected in "r" out of "n" configuration. Also these unit associated
systems are fully redundant. Furthermore, each unit associated systems are
connected in series.

4. Block (10) is composed of (N) unit sub - systems. These (N) unit
sub - systems are connected in "r" out of "n" configuration. Also these unit

sub - systems are fully redundant. Furthermore, each unit sub systems are

connected in series.
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5. The "n" and "r" in blocks (9) and (10) are equal.
The reliability models for the feduced overall dual - purpose (power&water) station
(Rrops) Will be developed as follows : '
Rrops =  [R{]1 X [Rg] X[Rg] X [Rygl ~ =e-eeeeeeeee (207)
Referring now to figure (62), and section (5.6.1) of this chapter, we have :
Ri = [[(e-M2t+e-23t 4 e-Mt 4 e-Ast)

- (e tO+A3)  o-tA3+Ag) _ o-t(Ag+As5)_ ¢-t(A5+Ap)

+(e-t(7u2+7\,3+7\,4+7\,5)]

X [(e-Mtsetaty-(e-atry] (208)
And

Rg = e Mt (209)

With regards to block (10) we have the following :
Now block [1(9)] in block (9) refers to unit (1) associated systems other than the fuel

and sea water intake, block [2(9)] in block (9) refers to unit (2) associated systems and

block [N(g)] in block (9) refers to unit (N) associated systems.

Let

The equivalent failure rate of each unit associated systems in block (9) = ?»e )
The failure rate of block [1(9)] = M 1(9)]

The failure rate of block [2(9)] = 7L[2(9)]

The failure rate of block [N(9g)] = 7~[N(9)]

Ae (9) = the average value of 7&[1(9)] ; 7»[2(9)] , 7‘[N(9)]

Referring to figure (113), we have for unit (1) associated systems :

x[l(g)] = (M t+A3+dg+Ag+Ay+Ag+Ag+A13+Ag)

And for unit (2) associated systems :

7\.[2(9)] = (7\,2+7\.3+7u4+7\,6+7v7+7\.8 +7\9 +7\v13 +7\,16)

And for unit (N) associated systems :

A.[N(g)] = Ay + 7»3 + 7\,4 + }"6 + 7\,7 + 7&8 + }\9 7\.13 + 7“16)

Referring to figure (99) and (103) and sections (5.6.13) and (5.6.14) of this chapter,
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we heve (A13) and (A;¢) are equal to zero. Now  A[] (9)] , 7~[2(9)] , MN(g)] have
to be evaluated separately in order to evaluate the equivalent failure rate of each unit
associated systems in block (9) A¢ (9)
- Since block (9) is composed of (N) unit associated systems and these (N) unit
associated systems are connected in "r" out of "n" configuration, therefore, based on
the value of "r" the calculation can proceed. If for example "n" is equal to 7 and "r" is
equal to 5, then [Rg] is equal to sum of the first three terms of the binomial expansion.
If we substitute the equivalent failure rate of each unit associated systems in block (9) Ae
9) in the binomial expansion on the reliability of block (9) [Rg] will be :
[Ro] = [e7MOt+7XebMOtX (1-eHOt)

+21 X eSMAtx (1-e A2 (210)

With regards to block (10) we have the following :
Block [1(10)] in block (10) refers to unit (1) sub - systems, block [2(10)] in block (10)

- refers to unit (2) sub - systems and block [N(lO)] in block (10) refers to unit (N) sub -

systems.

Let

The equivalent failure rate of each unit - systems in block (10) = A, (10)

The failure rate of block [1(1()] = 7»[1(10)]

The failure rate of block [2(1())] = 7»[2(10)]

The failure rate of block [N(10)] = MN(10)]

Ae (10) = the average values of A[1 a0yl * 9\[2(10)] , l[N(l 0)!

Referring to figure (113), we have for unit (1) sub - systems :

Mg = (o+tMp+ra+igg)

And for unit (2) sub - systems :

M) = (qotArtAia+ig)

And for unit (N) sub - systems :

MN@y = (qo+ri+r2+ig)

Now Al (10)] , 7\.[2(1 O)] , 7»[N(1 0)] have to be evaluated separately in order to

evaluate the equivalent failure rate of each unit associated systems in block (10) A¢ (10)
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Since block (10) is composed of (N) unit associated systems and these (N) unit
associated systems are connected in "r" out of "n" configuration, therefore, based on
the value of "r" the calculation can proceed. If for example "n" is equal to 7 and "r" is
equal to 5, then [R10] is equal to the sum of first three terms of the binomial
expansion. If we substitute the equivélent failure rate of each unit sub - systems in block
(10) 2e (10) in the binomial expansion, the reliability of block (10) [R1] will be : |
[Rigl = [e7M10t + 7 X e 6210t X (1- e M10) )
+21 X e SAtx (1o A2 (211)

[R1], [Rg], [Rg], and [R1] have to evaluated sef)arately, then their values should
be substituted in Equation (206). The unreliability (Qrops) Will be :

Qroprs = 1 - Rrops (212)
The mean time between failures (MTBF)g opg will be :

Rpops = J.RROPS dt | (213)
0
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HAPTER VI
DUAL - PURPOSE (POWER&WATER) PRODUCTI TATI

TATE - SPACE ANALYSIS APPROACH

6.1. Introduction

In reliability analysis utilizing the state - space technique, a system, sub - system,
or associated system is represented by its states and all the possible transition between
these states. A system state describes a particular condition where every component is
in a specified operating state of its own : it is operating, on forced outage, on planned
outage, or in derated state. If a change in the state of any of the components océurs,
then the system enters another state. All the possible states of a system make up the
state - space. The attractiveness of the state - space approach lies in the fact that in most
cases a Makove model can be applied to describe the process of the system travelling
through the various possible states. The state - space models that will be produced in
this chapter do not include operating consideration such as , operating reserve policy,
derated operation conditions, spinning reserve for the power side of the production
unit, load cycle shape for the power side of the production unit, effects of start - up
delays, outage postponability, and human reliability characteristic. Furthermore, the
work of this chapter will be confined to the presentation of the state - space models in a
graphical form, and no further analysis will conducted, because such analysis will lead
to maintainability concept, and the prime concem of this these is reliability analysis.
However, these state - space models are presented here, as a pioneering step for further

consideration by later analists.

6.2.Repair rate (i)

The repair rate is defined as :

number of failures of a component in the given period of time —14)
total period of time the component was being repaired
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6.3. Mean Time To Repair (MTTR)

The mean time to repair is defined as the reciprocal to repair rate. Therefore
(MTTR) will be :
(215)

M'I'I‘R=-1—
n

6.4. Markove Model

A markove process is a stochastic process, that is characterized by a lack of
memory, that is , the future states of the system are independent of the past states
except the immediately proceeding one. This means that the future random behaviour of
the system only depends on where it is at present, and not on where it has been in the
past or how it arrived at its present position. Furthermore, the Markove process must
be homogeneous. The condition of homogeneity "means that the behaviour of the
system must be the same at all points of time irrespective of the point of time being
considered, i.e., the probability of making a transition from one given state to another
is the same (stationary) at all time in the past and future" [36]. The two above
mentioned characteristics of the Markove process (lack of memory, and homogeneity)
makes it applicable to those systems whose behaviour can be represented by a
probability distribution that is characterized by a constant failure, and repair rates, i.e.,
poisson and exponential distributions. Time and space in Markove models may either
be discrete or continuous. Space is normally represented only as a discrete function,
whereas, time may be either be discrete or continuous [36].
To solve a markove (discrete or continuous) process, it is required first, to construct an
appropriate state - space model which include the relevant transition rates (i.e., failure
rate A, and the repair rate p)."All the relevant states in which the system can reside
should be included in such diagram and all known ways in which transitions between
states can occur should be inserted” [36].The state - space model is a translation of the

physical and logical operation of the system into a graphical representation. To illustrate
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the above discussion, let us consider a single repairable component which is assumed
to exist in one of the following states :

1. Operating (up state).

2. Operating with partial output (derated state).

3. Failed (down state).

The state - space model for such a component will be as follows :

State 1
Up state

State 2
Partia]
state

Failed
state

The A, and p refer to the failure and repair rates respectively. Furthermore they are
assumed constant (exponentially distributed). The above model indicates that the
component can reside in state (1) while it is in the up state, and if something goes
wrong, then it either goes to state (2), the partial output state or to state (3) the failed
state. If it goes to state (2) it then can reside in that state for while until it can be restored
and returns to state (1) or fail therefore, it goes to state (3). On the other hand , if in had
failed at state (1) it goes directly to state (3), and a repair must be done to restore and it
goes back to state (1) or a partial repair is done and it goes to state (2).
6.5. Dual - Purpose (Power&Water) Production Station
| State - Space Models

In the following models, a partial output, means any operational condition that is

different from the ideal operation state, in which all the production units in the station

are operating and producing both power and distilled water. Figure (115) represent an
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overall dual - purpose (power&water) production station generalized state - space
model. The model include 11 state that the station can reside in. Furthermore, the model
indicate that there are 6 states in which the station can be in a successful operation, and
5 states in which the station will be in a failure operation. The failure conditions is that
either all the production units are down or the station is producing power or distilled
water only. Figure (116) is a reduced version of figure (115). Figure (117) represents a
restricted model of the station. In this model the station can reside in 5 states, and there
are 4 states in which the station can be in a successful operation, and 1 state in which
the station can be regarded as a failure. Figure (118) represent a dual - purpose
(power&water) production unit sub - systems state - space operational model. Figure
(119) represent an overall dual - purpose (power&water) production unit state - 'space
model. The model include two derated states. Derated state (1) refers to forcéd deration
and derated state (2) refers to planned deration. The model indicates that there are 9
states in which the production unit can reside in. Figure (120) represent a restricted

dual - purpose (power&water) production unit state - space model.
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FIGURE NO 116
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FIGURE NO 117
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FIGURE 119
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CHAPTER VII
DUAL -PURPOSE (POWER&WATER) PRODUCTION STATION
OUTAGE DATA COLLECTION FOREMS

6.1 INTRODUCTION
There are amble justifications for the collection of reliability data in dual -
purpose (power&water) production station such as :
1. System availability requirements.
2. Economic criteria.
3. Ascertaining compliance with safety requirements.
4. Facilitating the identification of optimum maintenace and replacement decisions.
5. Logistic and spares provisioning descisions and design decisions.
6. Providing ongoing feedback to the production station.
7. Reliability analysis calculations is based on adequate records of operational
performanc (outages).
It is of a vital importance at the stage of designing the outages records to identify
clearly the primary purpose of the data collection, because a collection scheme which
is ideal in satisfying certain objectives may be less appropriate in satisfying others.
There are many ways in which a reliabilility data collection scheme can be designed,
however, the most important factor to be considered when designing the various data
collection forms is that the collected data can be utilized easily by the reliability
analyst. Furthermore, the data collection forms should include data that will enable

the analyst to calculate the two most imprtance reliability parameters namely :

1. The failure rate.

2. The average outage duration or repair rate.

Therefore, the collection froms should contain not only the failure duration but also
the number of failures in the operation time. As it was mentioned earlier in section

(1.4.5) of chapter (I), the work of this chapter is to design and set up appropriate
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forms for recording the outages of the production units, unit sub - systems, unit
associated systems, and their sub - sub systems. These recorded outages will
eventually establish a data bank for the station various uses. There are many types of
outages that equipment can encounter. Reference [92] contains a list of all possible
outages. In the following the two most needed outages will be defined.
1. Planned outage : |
A planned outage is defined as the state in which the production unit is
unavailable due to inspection, testing, or overall. A planned outage is normally
scheduled well in advance and is of a predetermined duration. |
2. Forced outage :
A forced outage is defined as the state in which the production unit is unavailable
but is not in the planned outage state.
The following tables (1 - 49) represents the developed monthly output and outages
report for the station, unit sub - systems, unit associated systems, and their sub - éub

systems. Each table is a distinctive self explanatory monthly report.
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TABLE NO 1

DUAL- PURPOSE(POWER&WATER) STATION MONTHLY OUTPUT REPORT

MONTH OF

YEAR

TOTAL GENERATION ( KWH X 10 )

AVERAGE LOAD (MW)

PEAK LOAD DATA

TIME STARTED
(hr.min)

TIME ENDED
(hr.min)

----------------------

DURATION

(hr.min)

LOAD VALUE
(MW)

...........................................................

--------------------------------------------

AVERAGE SPINNING RESEVE (MW)

PRODUCTION

TOTAL DISTILLED WATER

* = CAN BE QUOTED IN MILLION IMPERIAL GALLONS (M.L.G) OR CUBIC
METERS (CU.METERS)

NOTE : THE ABOVE GENERATION DATA SHOULD NOf INCLUDE AUXILIARY
POWER SUPPLY (e.g. GAS TURBINES etc).
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TABLE NO 2

DUAL- PURPOSE(POWER&WATER) UNIT MONTHLY OUTPUT REPORT

MONTH OF

YEAR

UNIT NO

6
TOTAL GENERATION ( KWH X 10 )

AVERAGE LOAD (MW)

PEAK LOAD DATA

TIME STARTED
(hr.min)

TIME ENDED
(hr.min)

DURATION

(hr.min)

LOAD (MW)

...........................................................

............................................

............................................

............................................

AVERAGE SPINNING RESEVE (MW)

GENERATOR
DERATION

FORCED (hr.min)

PLANNED (hr.min)

DISTILLER
DERATION

FORCED (hr.min)

PLANNED (hr.min)

TOTAL DISTILLED WATER

PRODUCTION®

TIME THAT BOTH THE GENERATOR AND
DISTILLER OPERATED TOGETHER

{(hr. min)

= CAN BE QUOTED IN MILLION IMPERIAL GALLONS (M.I.G) OR CUBIC
METERS (CU.METERS)
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TABLE NO 3

DUAL-PURPOSE (POWER&WATER) UNIT SUB-SYSTEMS AND ASSOCIATED
SYSTEMS MONTHLY OUTAGES REPORT
MONTH OF YEAR UNIT NO

* * *

UNIT UNIT IN FORCED PLANNED
: AEFAEU| ABNO

SYSTEMS hr.min)| no | (hr.min)] NO |(hr.min)|(hr.min{hr.min)

FUEL

ELCTRICAL
SUPPLY (1)

ELECTRICAL
SUPPLY (2)

ELECTRICAL
SUPPLY (3)

SEA WATER
INTAKE

TURBNIE
COOLING

DISTILLER
COOLING

TURBINE
DISCHARGE

DISTILLER
DISCHARGE

DISTILLER(H.P

STEAM SUPPLY |
(1) DIRECT

FROM BOILER

(2) FROM
COMMON HEADER

DISTILLER(L.P.

STEAM SUPPLY

(1) DIRECT
FROM BOILER
(2) FROM
COMMON HEADER
(3) EXTRACTED
FROM TURBINE
BOILER
TURBINE
GENERATOR
DISTILLER

*

AEFAEU = AVAILABLE EXCEPT FOR UNIT SUB-SYSTEMS OR ASSOCIATED SYSTEMS UNAVILABILITY.

x *

ABNO = AVAILABLE BUT NOT OPERATED. ( STAND BY ).
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TABLE NO 4

FUEL ASSOCIATED SYSTEM SUB-SYSTEMS MONTHLY OUTAGES REPORT

MOMTH OF YEAR ____ UNITNO
FUEL FORCED PLANNED *
ASSOCIATED | IN SERVICE OUTAGES OUTAGES ABNO2
SYSTEM i
SUB- SUB hr.min hr.min
SYSTEMS NO hr.min NO hr.min

FUEL GAS

(NATURAL GAS)

CRUDE OIL

FUEL OIL

HEAVY FUEL
OlL

IGNITION GAS

(NATURAL GAS)

EMERGENCY
IGNETION GAS

(PROPANE GAS)

*
ABNO2 = AVAILABLE BUT NOT OPERATED. ( STAND BY ).
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TABLE NO 5

FUEL GAS SUB-SUB SYSTEM' MONTHLY OUTAGES REPORT

MOMTH OF

YEAR

UNIT NO

FUEL GAS
SUB- SUB
SYSTEM

SUB SYSTEMS

IN SERVICE

hr.min

FORCED

OUTAGES

PLANNED

OUTAGES

NO

hr.min

NO

hr.min

MAIN
ISOLATING
VALVE

PRESSURE
REDUCING
STATION

GAS FILTERS

ISOLATING
VALVES

MAIN HEADER
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TABLE NO 6

CRUDE OIL SUB-SUB SYSTEM MONTHLY OUTAGES REPORT

MOMTH OF

YEAR

UNIT NO

| CRUDE OIL
SUB- SUB
SYSTEM

SUB SYSTEMS

IN SERVICE

hr.min

FORCED

OUTAGES

PLANNED

OUTAGES

NO

hr.min

NO

hr.min

CRUDE OIL
PIPE LINE

MAIN
ISOLATING
VALVE

CRUDE OIL
STORAGE
TANKS

FUEL OIL
SUPPLY
PUMPS

FUEL OIL
PRESSURE
"CONTROL
VALVE

MAIN HEADER
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TABLE NO 7

HEAVY FUEL OIL SUB-SUB SYSTEM MONTHLY OUTAGES REPOR"
MOMTH OF YEAR UNIT NO

FORCED PLANNED

HEAVY FUEL |IN SERVICE OUTAGES OUTAGES
OIL SUB-SUB
SYSTEM hr.min
SUB SYSTEMS NO hr.min NO hr.min

HEAVY FUEL
OiL
.. PIPE LINE

MAIN
ISOLATING
VALVE

HEAVY FUEL
OIL
STORAGE
TANKS

FUEL OIL
SUPPLY
PUMPS

FUEL OIL
PRESSURE
CONTROL
VALVE

HEAVY FUEL
OIL HEATERS

MAIN HEADER
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TABLE NO 8

GAS OIL SUB-SUB SYSTEM MONTHLY OUTAGES REPORT
MOMTH OF ~ YEAR UNIT NO

GAS OIL FORCED PLANNED
SUB-SUB IN SERVICE OUTAGES OUTAGES

SYSTEM
SUB SYSTEMS hr.min NO hr.min NO hr.min

GAS OIL
PIPE LINE

MAIN
ISOLATING

{VALVE

GAS OIL
STORAGE
TANKS

FUEL OIL
SUPPLY
PUMPS

FUEL OIL
PRESSURE
CONTROL
VALVE

MAIN HEADER
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TABLE NO 9

SEA WATER ASOCIATED SYSTEM SUB SYSTEMS MONTHLY
OUTAGES REPORT

MONTH OF

YEAR

UNIT NO

SEA WATER
ASSOCIATED

SYSTEM

SUB SYSTEMS

IN SERVICE

hr.min

FORCED

OUTAGES '

PLANNED

OUTAGES

NO

hr.min

NO

hr.min

SEA WATER

SEA WATER

INTAKE OPEN

FOREBAY
CHANNEL

OIL
POLLUTION

PROTECTION

SYSYTEM
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TABLE NO 10

REDUCED MAIN ELECTRICAL SUPPLY ASSOCIATED SYSTEM SUB-SYSTEMS

MOMTH OF

MONTHLY OUTAGES REPORT

YEAR

UNIT NO

MAIN

« ELECTRICAL
SUPLLY
ASSOCIATED
SYSTEM
SUB SYSTEMS

IN SERVICE

hr.min

FORCED

OUTAGES

PLANNED

OUTAGES

NO

hr.min

NO

hr.min

UNIT
GENERATOR
TRANSFORMES|
(15/132)K. V|
(STEP UP)
(NT

RANSFORMERS

132 K.V
MAIN BUS

BAR (S.F.6)
SWICH GEAR
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TABLE NO 11

UNIT POWER SIDE ELECTRICAL SUPPLY ASSOCIATED SYSTEM
SUB - SYSTEMS MONTHLY OUTAGES REPORT

MOMTH OF

YEAR

UNIT NO

UNIT POWER
SIDE
ELECTRICAL
SUPPLY
ASSOCIATED
SYSTEM
SUB-SYSYEMS

IN SERVICE]

hr.min

FORCED
OUTAGES

PLANNED
OUTAGES

NO

hr.min

NO

hr.min

UNIT

(15/6.6 K.V)
(STEP DOWN)

TRANSFORMER

132 K.V.

(S.F.6)
SWICH GEAR

MAIN BUSBAR

UNIT POWER
SIDE
AUXILIARIES
TRANSFORMER
(132/6.6 K.V)
(STEP DOWN)

UNIT POWER
SIDE
AUXILIARIES
TRANSFORMER
(6.6 K.v/a15vy
(STEP DOWN)
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TABLE NO 12

UNIT WATER SIDE ELECTRICAL SUPPLY ASSOCIATED SYSTEM
SUB SYSTEMS MONTHLY OUTAGES REPORT

MOMTH OF YEAR UNIT NO

UNIT WATER
SIDE FORCED PLANNED

ELECTRICAL IN SERVICE OUTAGES OUTAGES
SUPPLY

ASSOCIATED hr.min .
SYSTEM NO hr.min NO hr.min
SUB-SYSYEMS

132 K.V.
MAIN BUSBAR
(S.F.6)

SWICH GEAR

UNIT WATER
SIDE
AUXILIARIES
TRANSFORMER
(132/11 K.V)
(STEP DOWN)

UNIT WATER
SIDE
AUXILIARIES
TRANSFORMER
(11 K.V/a15V)
(STEP DOWN)
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TABLE NO13

TURBINE COOLING ASSOCIATED SYSTEM SUB SYSTEMS

MOMTH OF

MONTHLY OUTAGE REPORT

YEAR

UNIT NO

TURBINE
COOLING
ASSOCIATED
SYSTEM
SUB-SYSYEMS

IN SERVICE

hr.min

FORCED
OUTAGES

PLANNED
OUTAGES

NO

hr.min

NO hr.min

TRASH
RACK

DISINFECTION
SYSTEM

TRAVELLING
SCREENS

TURBINE

CONDENSER
COOLING WATER
PUMPS

VALVES

PIPES
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TABLE NO14

DISTILLER COOLING ASSOCIATED SYSTEM SUB SYSTEMS

MOMTH OF

MONTHLY OUTAGES REPORT

YEAR

UNIT NO

DISTILLER
COOLING
ASSOCIATED .
SYSTEM
SUB-SYSYEMS

IN SERVICE}

FORCED
OUTAGES

PLANNED
OUTAGES

hr.min

NO

hr.min

NO

hr.min

TRASH
RACK

DISINFECTION
SYSTEM

TRAVELLING
SCREENS

DISTILLER
COOLING AND
MAKE-UP
WATER PUMPS

DISTILLER
COOLING AND
MAKE-UP
WATER HEADER

VALVES

PIPES
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TABLE NO15

BOILER SUB-SYSTEM MONTHLY OUTAGES REPORT

-MOMTH OF

YEAR UNIT NO
FORCED PLANNED
BOILER SUB IN SERVICE OUTAGES OUTAGES
SYSTEM
SUB-SUB hr.min
SYSTEMS NO hr.min NO hr.min

BOILER FEED&
MAKE-UP
WATER

BOILER HEAT
RECOVERY
AREA

BOILER
DRUM

BOILER
FURNACE

BOILER
COMBUSTION
AlIR

BOILER
FLUE GAS

BOILER
MAIN STOP
VALVE
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TABLE NO 16

BOILER FEED& MAKE-UP WATER SUB-SUB SYSTEM MONTHLY OUTAGES
REPORT
MONTH OF YEAR UNIT NO

BOILER FEED& FORCED PLANNED

MAKE-UP senlslcs OUTAGES OUTAGES

WATER SUB- ]
SUB SYSTEMS (hr.min) NO (hr.min)| NO (hr.min)

SERVICE WATER
TANK(S)

SERVICE WATER
PUMPS

MAKE-UP
WATER STORAGE
TANKS

NORMAL MAKE-
UP WATER LINE

EMERGENCY
MAKE-UP WATER
LINE

DISTILLER
CONDENSATE
RETURN HEADER
AND LINE

SPILL OVER
RETURN LINE

MAIN
DEAERATOR &
FEED WATER
TANK

DEAERATOR
(L.P.) STEAM
FEEDING LINE

(H.P.) HEATER
STEAM&
CONDENSATE

RETURN LINE

FEED WATER
TRANSFER
PUMPS

MAIN HEATER

MAIN HEATER
(H.P.) STEAM
FEEDING LINE

CONTROL
VALVES&
VALVES

PIPES
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TABLE NO17

BOILER HEAT RECOVERY AREA SUB-SUB SYSTEM MONTHLY
OUTAGES REPORT

MOMTH OF YEAR UNIT NO

HEAT FORCED PLANNED
RECOVERY IN SERVICE OUTAGES OUTAGES
AREA

SUB-SUB hr.min
SYSTEMS hr.min NO hr.min

ECONOMIZER

PRIMARY
SUPERHEATER

ATTEMPERATOR] NO

SECONDARY
SUPERHEATER

CONTROL
VALVES

VALVES

PIPES
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TABLE NO18
BOILER DRUM SUB-SUB SYSTEM MONTHLY OUTAGES REPORT

MOMTH OF

YEAR UNIT NO

FORCED PLANNED
.BOILER DRUM | IN SERVICE OUTAGES OUTAGES
SUB SYSTEM
SUB-SUB hr.min
SYSTEMS

NO hr.min NO
DRUM

INTERNALS

hr.min

BOILER FEED
CHEMICAL
TREATMENT
SYSTEM

BLOW DOWN
LINE

DRUM LEVEL
MEASURING
SYSTEM

DRUM SAFETY
VALVE

DRUM VENTING
SYSTEM

DRUM

SAMPLING
LINE

240



- TABLE NO 19

BOILER FURNACE SUB-SUB SYSTEM MONTHLY OUTAGES REPORT

MOMTH OF

YEAR

UNIT NO

BOILER
FURNACE
SUB-SUB
SYSTEM

SUB SYSTEMS

IN SERVICE

hr.min

FORCED

OUTAGES

PLANNED

OUTAGES

NO

hr.min

NO

hr.min

FURNACE
WALL
TUBES

DRAIN
VALVES
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MOMTH OF

TABLE NO 20

COMBINED BOILER COMBUSTION AIR & FLUE GAS SUB-SUB
SYSTEM MONTHLY OUTAGES REPORT

YEAR

UNIT NO

COMBINED
BOILER
COMBUSTION
& FLUE GAS
SUB-SUB
SYSTEM

SUB SYSTEMS

IN SERVICE

hr.min

FORCED
OUTAGES

PLANNED
OUTAGES

NO

hr.min

NO

hr.min

FORCED DRAFT
FANS

COMBUSTION
AIR CONTROL
VALVES

AIR DAMPERS

STEAM AIR
HEATER

AIR DUCT AND
WIND BOX

FLUE GASES
DUCT

STACK
(CHIMNEY)
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MOMTH OF

TABLE NO 21
TURBINE SUB - SYSTEM MONTHLY OUTAGES REPORT

YEAR

UNIT NO

TURBINE SUB
SYSTEM
SUB-SUB
SYSTEMS

IN SERVICE

hr.min

FORCED
OUTAGES

PLANNED
OUTAGES

NO

hr.min

NO

hr.min

MAIN STEAM
SUPPLY LINE

AUXILIARY
STEAM LINE
FOR MAIN
EJECTOR &
TURBINE
GLAND

TURBINE
LOAD CONTROL

HIGH
PRESSURE
TURBINE

LOW
PRESSURE
TURBINE

TURBINE
ROTOR

TURBINE
LUBRICATING
& HYDRAULIC
OIL SYSTEM

TURBINE
CONDENSER
SYSTEM

TURBINE
CONDENSATE
SYSTEM
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TABLE NO 22

MAIN STEAM SUPPLY SUB-SUB SYSTEM: MONTHLY OUTAGES REPORT

MOMTH OF

YEAR

UNIT NO

"IMAIN STEAM
SUPPLY

SUB- SUB
SYSTEM

SUB SYSTEMS

IN SERVICE

hr.min

FORCED

OUTAGES

PLANNED

OUTAGES

NO

hr.min

NO

hr.min

MAIN STEAM
STOP VALVE
LEFT & RIGHT

MAIN STOP
STOP VALVE
RIGHT
BYPASS
VALVE

VALVES

PIPES
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TABLE NO 23

AXILIARY STEAM FOR TURBINE AIR EJECTOR & GLAND SEALS
SUB-SUB SYSTEM MONTHLY OUTAGES REPORT

MOMTH OF YEAR UNIT NO

AXILIARY
~ PLANNED

STEAM FOR FORCED
TURBINE AIR | IN SERVICE OUTAGES OUTAGES

EJECTOR &

GLAND SEAL hr.min

SuUB-SUB NO hf.min NO hr.min
SYSTEM

SUB SYSTEMS

AIR EJECTORS

CONTROL
VALVES FOR
PRESSURE &
LEVEL

HYDRAUILIC
OIL FOR GLANDS
STEAM

REGULATOR

VALVES

PIPES
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OUTAGES REPORT

TABLE NO 24
TURBINE LOAD CONTROL SUB-SUB SYSTEM' MONTHLY

MOMTH OF YEAR UNIT NO
TURBINE FORCED PLANNED
SUB-SUB
SYSTEM hr.min
SUB SYSTEMS NO hr.min NO hr.min

CONTROL
VALVES

CAM AND CAM
SHAFT

SERVOMOTOR

SPEED
GOVERNOR

GOVERNOR
MOTOR

LOAD LIMITER

INITIAL
PRESSURE
REGULATOR
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MOMTH OF

OUTAGES REPORT

TABLE NO 25
HIGH PRESSURE TURBINE SUB-SUB SYSTEM MONTHLY

YEAR

UNIT NO

HIGH PRESSURE
TURBINE
SUB-SUB
SYSTEM

SUB SYSTEMS

IN SERVICE

hr.min

FORCED
OUTAGES

PLANNED
OUTAGES

NO

hr.min

NO

hr.min

TURBINE
CASING

FIXED AND
MOVING
BLADES

CONTROL
VALVES CHEST

GLAND SEAL

INTERNAL
DIAPHRAM

VALVES

PIPES

247




TABLE NO 26
LOW PRESSURE TURBINE SUB-SUB SYSTEM MONTHLY
OUTAGES REPORT

MOMTH OF YEAR UNIT NO

LOW PRESSURE
TURBINE IN SERVICE
SUB-SUB )
SYSTEM hr.min

FORCED PLANNED
OUTAGES OUTAGES

"SUB SYSTEMS NO hr.min NO hr.min

OUTER
CASING

INNER
CASING

FIXED AND
MOVING
BLADES

DIAPHRAM
RELIEF
VALVES

INTERNAL
DIAPHRAM

GLAND SEAL

VALVES

PIPES
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MONTH OF

TURBINE

TABLE NO 27

YEAR

TURBINE ROTOR SUB-SUB SYSTEM' MONTHLY OUTAGES REPORT

UNIT NO

ROTOR SUB-SUB
SYSTEM

SUB-SYSTEMS

GOVERNOR

iN
SERVICE

(hr.min)

FORCED
OUTAGES

PLANNED
OUTAGES

NO

(hr.min)

NO (hr.min)

DRIVING GEAR

MAIN OIL

PUMP

.HIGH PRESSURE
(H.P) ROTOR

LOW PRESSURE
(H.P) ROTOR

ROTOR
COUPLING

TURNING
GEAR

ROTOR
GLAND

GENERATOR
ROTOR

EXCITER
ROTOR

PILOT EXCITER

| roTOR

TACHOMETER

BEARING
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TABLE NO 28

TURBINE HYDRAULIC & LUBRICATING OIL SUB-SUB SYSTEM
MONTHLY OUTAGE REPORT
YEAR UNIT NO

FORCED PLANNED
OUTAGES OUTAGES

MONTH OF

TURBINE IN
HYDRAULIC AND SERVICE

LUBRICATING OIL
SUB-SUB (hr.min) NO
SYSTEM

SUB-SYSTEMS

(hr.min)] NO (hr.min)

OIL PUMPS

OIL COOLERS

OIL STRAINNER

CONTROL
VALVES

OIL TANK

OIL TANK
VAPOUR
EXTRACTER

OIL PURIFIER

VALVES

PIPES
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TABLE NO 29
TURBINE CONDENSER SUB-SUB SYSTEM '@ MONTHLY OUTAGE REPORT

MONTH OF YEAR UNIT NO
TURBINE IN FORCED PLANNED
CONDENSER OUTAGES OUTAGES
SUB.SUB SERVICE .
SYSTEM (hr.min) NO (hr.min)} NO (hr.min]

SUB-SYSTEMS

CONDENSER
FRAME AND
EXCHANGE TUBES

WATER BOXES

CATHODIC
PROTECTION
SYSTEM

HOT WELL

CONTAMINATED
CONDENSATE
PUMP

VACUUM
BREAKER

MAKE-UP WATERW
CONTROL VALVE

VALVES

PIPES
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TABLE NO 30
TURBINE CONDENSATE SUB-SUB SYSTEM MONTHLY OUTAGE REPORT

MONTH OF YEAR UNIT NO
TURBINE FORCED PLANNED
CONDENSATE SEF:?”CE OUTAGES OUTAGES
SUB-SUB _
SYSTEM (hr.min) NO (hr.min)| NO (hr.min)

SUB-SYSTEMS

SUCTION
STRAINER

CONDENSATE
PUMPS

MAXIMUM FLOW
CONTROL VALVE

GLAND STEAM
CONDENSER

EJECTOR AND
GLAND STEAM
LEVEL CONTORL
VALVE

VALVES

PIPES
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TABLE NO 31
GENERATOR SUB - SYSTEM MONTHLY OUTAGE REPORT

MONTH OF YEAR : UNIT NO

IN FORCED PLANNED
GENERATOR OUTAGES OUTAGES

SERVICE
SUB-SYSTEM

SUB-SUB (hr.min) NO (hr.min)} NO (hr.min)
SYSTEMS

GENERATOR
ROTOR

GENERATOR
STATOR '

HYDROGEN
COOLING

SEALING OIL

PILOT EXCITER

EXCITER

VOLTAGE
CONTROL
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TABLE NO 32
GENERATOR ROTOR SUB-SUB SYSTEM MONTHLY OUTAGES REPORT

MOMTH OF YEAR UNIT NO

GENERATOR FORCED PLANNED

ROTOR
SUB- SUB IN SERVICE OUTAGES OUTAGES

SYSTEM

hr.min
SUB SYSTEMS NO hr.min NO hr.min

GENERATOR
ARMETURE

COLLECTOR
RINGS

COLLECTOR
RINGS COOLER

BEARINGS

COUPLINGS
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TABLE NO 33

GENERATOR STARTOR SUB-SUB SYSTEM: MONTHLY OUTAGES REPORT

MOMTH OF YEAR UNIT NO
PLANNE
GENERATOR FORCED P
STATOR
IN SERVICE OUTAGES

SUB-SUB OUTAGES
SYSTEM hr.min
SUB-SYSTEMS NO hr.min NO hr.min

STARTOR
FRAME

STARTOR
WINDING

DUSBAR
DUCT
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TABLE NO 34

GENERATOR HYDROGEN COOLING SUB-SUB SYSTEM

MONTHLY OUTAGES REPORT

MOMTH OF

YEAR

UNIT NO

GENERATOR
HYDROGEN

COOLING SuUB
-SUB SYSTEM

IN SERVICE

hr.min

FORCED
OUTAGES

PLANNED
OUTAGES

SUB SYSTEMS

HYDROGEN

NO

hr.min

NO

hr.min

CYLINDER
RACKS

HYDROGEN
RESSURE

REGULATING
VALVE

HYDROGEN

COOLERS

VALVES

PIPES

256



TABLE NO 35
GENERATOR SEALING OIL SUB-SUB SYSTEM MONTHLY OUTAGE REPORT

MONTH OF YEAR UNIT NO

GENERATOR IN FORCED PLANNED
SEALING OIL SERVICE OUTAGES OUTAGES
SUB-SUB o

SYSTEM (hr.min) NO (hr.min)| NO (hr.min)

SUB- SYSTEMS

MAIN SEAL OIL
PUMP

EMERGENCY SEAL
OIL PUMP

VACUUM PUMP

SEAL OIL
PRESSURE
CONTROL VALVE

HYDROGEN
DRAINING VALVE

AIR DRAINING
TANK

SEALING OIL
RINGS

VALVES

PIPES
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TABLE NO 36

GENERATOR PILOT EXCITER SUB-SUB SYSTEMS MONTHLY OUTAGES
REPORT

MONTH OF YEAR UNIT NO

GENERATOR
PILOT

EXCITER IN SERVICE OUTAGES OUTAGES
SUB-SUB

FORCED PLANNED

SYSTEM hr.min L.
SUB SYSTEMS NO hr.min NO hr.min

PILOT
EXCITER
RPTOR

STATOR

BRUSHES
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TABLE NO 37

GENERATOR EXCITER SUB-SUB SYSTEM MONTHLY OUTAGES REPORT

MONTH OF YEAR UNIT NO
FORCED PLANNED
GENERATOR
EXCITER IN SERVICE OUTAGES OUTAGES
SUB-SUB
SYSTEM hr.min _
NO hr.min NO hr.min

SUB- SYSTEMY

EXCITER
ROTOR

EXCITER
STATOR

SILICON
RECTIFIERS

BRUSHES

CIRCUIT
BREAKERS

EXCITER
COOLOER

EXCITER
CUBICAL
COOLING FANS

VALVES

BEARINGS
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TABLE NO 38

GENERATOR VOLTAGE CONTROL SUB-SUB SYSTEM". MONTHLY OUTAGES
REPORT
MOMTH OF YEAR "UNIT NO

GENERATOR FORCED PLANNED
VOLTAGE
CONTROL IN SERVICE OUTAGES OUTAGES
SUB- SUB
SYSTEM hr.min ]
SUB SYSTEMS NO hr.min NO hr.min

AUTOMATIC

VOLTAGE

REGULATOR
(AVR)

INDUCTION
VOLTAGE
REGULATOR

AUTOMATIC
FOLLOW UP
DEVICE

REACTIVE
POWER
CONTROLLER

POWER
FACTOR
CONTROLLER
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TABLE NO 39

HIGH PRESSURE (H.P) STEAM DIRECT FROM BOILER SUB-SUB
SYSTEM MONTHLY OUTAGES REPORT

MOMTH OF YEAR UNIT NO
STEAM DIRECT |,y | FORCED oUTAGES
IN SERVICE
FROM BOILER ’ OUTAGES
SSB{%UB hr.min
SYSTEM NO hr.min NO hr.min

SUB SYSTEMS

HIGH PRESSURE
STEAM LINE
FROM BOILER

HIGH PRESSURE
STEAM
DESUPERHEATER
(AT BOILER
SIDE)

REDUCED

HIGH PRESSURE
STEAM
CONTROL
VALVE

. VALVES

PIPES
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TABLE NO 40

HIGH PRESSURE (H.P) STEAM FROM COMMON HEADER SUB-SUB
SYSTEM MONTHLY OUTAGES REPORT

MOMTH OF YEAR UNIT NO

HIGH PRESSURE PLANNED
STEAM FROM FORCED

IN SERVICE OUTAGES
COMMON OUTAGES

HEADER

SUB-SUB . NO .
SYSTEM NO hr.min hr.min

SUB SYSTEMS

hr.min

HIGH PRESSURE
STEAM DIRECT
FROM BOILER
SUB-SUB
SYSTEM

( N BOILERS)

BOILER 1

BOILER 2

BOILER (N)

(H.P) STEAM
COMMON
HEADER

VALVES

PIPES
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TABLE NO 41

LOW PRESSURE (L.P) STEAM EXTRACTED FROM TURBINE SUB-SUB
SYSTEM MONTHLY OUTAGES REPORT

MOMTH OF YEAR UNIT NO

LOW PRESSURE FORCED PLANNED
STEAM ‘ OUTAGES
IN SERVICE

EXTRACTED OUTAGES

Somsop = | hemin
- - NO

SYSTEM NO hr.min

SUB SYSTEMS

hr.min

LOW PRESURE
STEAM LINE
FROM
TURBINE

PRESSURE
CONTROL
VALVE

VALVES

PIPES
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TABLE NO 42

LOW PRESSURE (L.P) STEAM FROM COMMON HEADER SUB-SUB
SYSTEM MONTHLY OUTAGES REPORT

LOW PRESSURE FORCED PLANNED

STEAM FROM OUTAGES
IN SERVICE

COMMON OUTAGES

HEADER

SUB-SUB . NO .

SYSTEM NO hr.min hr.min

SUB SYSTEMS

hr.min

HIGH PRESSURE
STEAM DIRECT
FROM BOILER
SUB-SUB
SYSTEM

( N BOILERS)

BOILER 1

BOILER 2

BOILER (N)

LOW PRESSURE
STEAM
EXTRACTED
FROM TURBINE
SUB-SUB
SYSTEM

( N TURBINE)

TURBINE 1

TURBINE 2

TURBINE (N)

(L.P) STEAM
COMMON
HEADER

VALVES

PIPES
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TABLE NO 43

DISTILLER SUB-SYSTEM MONTHLY OUTAGES REPORT

MOMTH OF

YEAR

UNIT NO

DISTILLER SUB
SYSTEM
SUB-SUB
SYSTEMS

IN SERVICE

hr.min

FORCED
OUTAGES

PLANNED
OUTAGES

NO

hr.min

NO

hr.min

MAIN BRINE
HEATER

HEAT RECOVERY
SECTION

HEAT
REJECTION
SECTION

DISTILLATE
DISCHARGE

AIR EJECTOR
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TABLE NO 44

DISTILLER BRINE HEATER SUB-SUB SYSTEM MONTHLY OUTAGES REPORT

MONTH OF YEAR UNIT NO

FORCED PLANNED
DISTILLER
BRINE HEATER |IN SERVICE OUTAGES OUTAGES
SUB-SUB

SYSTEM hr.min ]
SUB- SYSTEMS NO hr.min NO hr.min

LOW

PRESSURE

DESUPERHEATER]

(AT DISTILLER
SIDE)

TEMPERATURE
CONTROL
VALVE

HEAT
EXCHANGE
TUBES

HEATER
SHELL

HEATER
DRAIN
PUMP

LEVEL
CONTROL
VALVE

VALVES

PIPES
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TABLE NO 45

DISTILLER HEAT RECOVERY SECTION SUB-SUB SYSTEM

MOMTH OF

MONTHLY OUTAGES REPORT

YEAR

UNIT NO

DISTILLER
HEAT
RECOVERY
SECTION
SUB-SUB
SYSTEM
SUB-SYSYEMS

|IN .SERVICE

FORCED
OUTAGES

PLANNED
OUTAGES

hr.min

NO

hr.min

NO

hr.min

BRINE
RECIRCULATING
PUMP

STAGES
(IN SERIES)
(N-3 STAGES)

VALVES

PIPES
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TABLE NO 46

DISTILLER HEAT RECOVERY SECTION STAGE SUB-SUB SYSTEM

MONTH OF

MONTHLY OUTAGES REPORT

YEAR

UNIT NO

DISTILLER

HEAT
RECOVERY
SECTION STAGE
SUB-sUB
SYSTEM

SUB- SYSTEMS

IN SERVICE

hr.min

FORCED

OUTAGES

PLANNED

OUTAGES

NO

hr.min

NO

hr.min

FLASH
CHAMBER

ORFICE
PLATE

DIMISTER

HEAT
EXCHANGE
TUBES

WATER
BOXES

DISTILLATE
TROUGH

VENTING
ORFICE
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TABLE NO 47

DISTILLER HEAT REJECTION SECTION SUB-SUB SYSTEM MONTHLY
OUTAGES REPORT

MONTH OF

YEAR

UNIT NO

DISTILLER
HEAT
REJECTION
SECTION
SUB-SUB
SYSTEM

SUB- SYSTEMS

IN SERVICE

FORCED

OUTAGES

PLANNED

OUTAGES

hr.min

NO

hr.min

NO

hr.min

SEA WATER
MAKE-UP
BLEED OFF

LINE

SEA WATER
RECIRCULATING
PUMP

(ONLY FOR
WINTER
OPERATION

CHEMICAL
INJECTION
SYSTEM

STAGES
IN SERIES
(3 STAGES)

LAST STAGE
LEVEL CONTROL
SYSTEM

BLOW DOWN
PUMP

DEAERATOR
(INTERNAL OR
EXTERNAL)

VALVES

PIPES
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TABLE NO 48

DISTILLER DISCHARGE SUB-SUB SYSTEM MONTHLY OUTAGES REPOR'I"

MONTH OF

YEAR

UNIT NO

DISTILLER
DISCHARGE
SUB-SUB
SYSTEM

SUB- SYSTEMS

IN SERVICE

FORCED

OUTAGES

PLANNED

OUTAGES

hr.min

NO

hr.min

NO

hr.min

DISTILLATE
PUMP

DISTILLATE
LEVEL
CONTROL
SYSTEM

DISTILLATE
CONDUCTIVITY
CONTROL
SYSTEM

VALVES

PIPES
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TABLE NO 49

DISTILLER EJECTOR SUB-SUB SYSTEM MONTHLY OUTAGES
REPORT

MOMTH OF

YEAR

UNIT NO

DISTILLER
EJECTOR
SUB-SUB
SYSTEM
SUB-SYSYEMS

N SERVICE

FORCED
OUTAGES

PLANNED
OUTAGES

hr.min

NO

hr.min

NO

hr.min

EJECTOR
STEAM

FLOW CONTROL

VALVE

EJECTOR
NOZZELS

EJECTOR
CONDENSER

AIR
EXTRACTION
VALVE

DISTILLER
VENTING
PIPING

VALVES

PIPES

314




CHAPTER VIII
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CHAPTER VI
REFERENCE STATION OUTAGE DATA ANALYSIS -CONCLUSIONS
AND RECOMMENDATIONS

8.1. Introduction

As it was mentioned earlier in sections (1.4.6 ) and (1.4.7 ) of chapter (I), that
the work of this chapter is to perform reliability calculations based upon the collected
outage data from Doha East power&water production station in the state of Kuwait.
Furthermore, it will contain the conclusions and recommendations.
8.2. Reference station characteristics

The selected reference station is Doha East (power&water) production station of
the state of Kuwait. This station is composed of seven identical (power&water)
production units. The powér side sub - systems and associated systems of the seven
units were commissioned over the period (1977 - 1979). The power production of each
unit is 150 (MW) of electrical power. Therefore the total installed production capacity
of the station is 1050 (MW) of electrical power. The boiler efficiency is
88.13 % and its capacity is 650 tons/hour. The turbine exhaust pressure is 1.16
1b /sq in (Absolute pressure). The percentage of steam employed in the i)ower side of
the production unit is 79 %. of the boiler capacity.
The water production sub - system (the distiller) and the related associated systems of
the seven units were commissioned over the period (1978 - 1979). The water
production of each unit is 27270 (cubic meters) (6 million imperial gallons per day) of
distilled water. Therefore the total installed production capacity of the station is 191 X
103 ((cubic meters) (42 million imperial gallons per day). The distiller performance
ratio (P.R) is 8. The percentage of low pressure (L.P) steam extracted from the turbine
for distillation purposes is 20 %. of the boiler capacity. The electrical energy needed for
the distiller is 5 (MW). At the time of the reference station commissioning, it was

considered the world's largest (power&water) production station.
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8.3. Reference station original outages data

The reference station operation department collects a monthly outages datain a
form that is not meant for reliability assessment but, for the station personnel and the
Ministry of Electricity and Water of the state of Kuwait reference and various uses. The
outages data are collected separately for power generation side and the distilled water
production side. For the purpose of the reliability calculations of the reference station,
the monthly outages data for all the seven production units were collected over the
period of five years (1982 - 1986). The choice for this particular period is due to the
fact that the reference station is in it's useful life (i.e. passed it's de-bugging phase of
life and not in it's wear out phase of life). Tables (50 - 54) represent random samples
of five months for the generation side outages (pages 321-325). These months are
January 1982, June 1983, January 1984, April 1985, and December 1986 respectively.
It should be noted that the abbreviation (N.N.C) in these tables refers to the national
control centre of the Ministry of Electricity and Water of the state of Kuwait. Tables
(55 - 59) represents a random samples of five months for the distilled water production
side outages (pages 326-330). These months are January 1982, June 1983, January
1984, April 1985, and December 1986 respectively. It should be noted that the
abbreviation (W.C.C) in these tables refers to the water control centre of the water
department of the Ministry of Electricity and Water of the state of Kuwait. The reason
the thesis does not include the original (raw) reference station collected data is that the
thesis will become a three volume thesis. However these original collected data are
available on demand. It is obvious from the above mentioned tables that these tables
contains only a small amount of information on the definitive failure mode and failed
part description. The sample forms will be found at the end of the text of this chapter.
8.4. Reference station processed outages data

The original reference station data as in it's raw form were not suitable for
reliability calculations. Furthermore, there are two monthly forms, one for the

generation side and the other for the water production side. Moreover, each form
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include the monthly outages for all the seven produétion units. Therefore, a new form
was designed to enable us to input in it the monthly outages data of each production
unit alone. The new form contains the monthly outages data for all the production unit
associated systems and sub - systems. In order to fill in the new forms the original data
was studied and all the queries regarding the outages data were verified. To accomplish
the verification of the queries 1, have made six trips to the state of Kuwait over the
period of the research study, and held extensive discussions with the reference station
operation personnel. Tables (60 - 64) represents a random samples of five months for
production unit (A - 1) outages data (gages 331-337). These months are January 1982,
June 1983, January 1984, April 1985, and December 1986 respectively. The selected
months are the same as the ones for the original data. The outages data in the new
forms are referred to as the processed data. The processed data for all the seven
production units over the five years period are presented in appendix (1) and found in
volume (II) of the theses.The sample forms will be found at the end of text of this
chapter.
8.5. Discussion of the results

All the processed data for the seven production units were entered in a computer
spread sheet program, and the various reliability calculations were performed on them.
The following sub - sections contains the various results. It should be noted that the
reliability calculations in the following sections are mainly related to the major parts of
the production units sub - systems (i. e. boiler, turbine, generator, distiller) and the
statioh.
8.5.1. Five years statistics for unit sub - systems

Figure (121-A-B-C ) represents a cumulative five year statistics for the

production unit sub - systems (page 338). Figure (121-A) represent the total number of
failures for boiler, turbine, generator, and distiller. From this figure, the number of
forced failures encountered by the boiler was 102, the turbine was 29, the generator
was 46, and the distiller was 72. It is obvious from the statistics that the boiler is the

most vulnerable sub - system to forced outages.
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Figure (121-B) represents the mean time to repair (MTTR) for the various unit
sub - systems. From this figure, the mean time to repair for the boiler is approximately
64 hours, for the turbine is approximately 108 hours, for the generator is approximately -
55 hours, and for the distiller is approximately 45 hours. These results shows that
eventhough, boiler is the most vulnerable sub - system to forced outages, however, it's
mean time to repair is reasonable in comparison with the turbine. The mean time to
repair for generator and distiller are not far from each other. The mean time to repair for
the turbine is the most lengthy in comparison to the other production unit sub -
systems.
Figure (121-C) represents the total outages over the five years period for the various
unit sub - systerhs. From this figure, the total outages for the boiler was (6539) hours,
for the turbine was 3132 hours, for the generator 2511 hours, and for the distiller was
3220 hours. Furthermore, this figure shows the percentage of time the various
production unit sub - systems were out of service over the five years period. The
percentage of time the boiler was out of service was 2.1 %, the turbine was 1 %, the
generator was 0.82 %, and the distiller was 1 %. These percentages indicates that the
production unit sub - systems outages are fairly reasonable and acceptable, provided the
maintenance work is kept at a high level.
8.5.2. Average failure rates over the five years

Table (65) represents the average failure rates (A) for the production unit
associated systems, and the unit sub - systems for the years (1982), (1983), (1984),
(1985), and (1986) as well as the overall average (page 339). Furthermore, it contains
the production unit reliability over a year, a month, a week, and a day. Moreover, it
contains the unit availability. From the table it is clear that the failure rate (A) for the
main electrical supply (electrical supply 1) associated system, and the sea water intake
associated system is zero. Furthermore, the table shows that the distiller failure rate is
the highest among the production unit sub - systems, and the distiller cooling associated

system failure rate is the highest among the unit associated systems. The average
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production unit reliability per year is 1.36 X10-4, per month is 0.27, per week is 0.71,
and per day is 0.95. The average production unit availability is 49 % . It should be
noted that these values refers the production unit when it is producing both power and
distilled water at the same time. These values illustrates that the production unit is
maintenance intensive, and requires constant repairs. Furthermore, with such a low
reliability and availability the station should have a substantial reserves units in to order
meet the demands.
8.5.3. Average failure rates for the boiler sub - system
Figure (122) represents the average failure rates for the boiler sub - system for

each boiler of the seven production units (page 340). From this figure, values of the
failure rates for the different boilers are closé.
8.5.4. Average failure rates for the turbine sub - system

Figure (123) represents the average failure rates for the turbine sub - system
for each turbine of the seven production units (page 341). From this figure, values of
the failure rates for the different turbine are very close, and can be regarded as constant.
8.5.5. Average failure rates for the generator sub - system

Figure (124) represents the average failure rates for the generator sub - system
for each generator of the seven production units (page 342). From this figure, values of
the failure rates for the different generator are very close, and can be regarded as almost
constant.
8.5.6. Average failure rates for the distiller sub - system

Figure (125) represents the average failure rates for the distiller sub - system
for each distiller of the seven production units (page 343). From this figure, values of
the failure rates for the different distiller are close except for unit (A - 7), because the
brine pump of this unit was on a forced outage for almost one and half years.
8.5.7. Average failure rates for all unit sub - systems

Figure (126) represents the average failure rates for all the production unit

sub - systems (page 344). The dotted line in the figure refers to the distiller average
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failure rate without unit (A - 7) outages included in the calculations. The confidence that
can be placed in theses calculated average values is dependent upon the amount of in
service time and the number of failures that occur. In order to establish the confidence
limits in these average values, the chi - square distribution method of calculating the
upper and lower limits was used.
8.5.8. Chi - Square Distribution Estimate

The chi square distribution estimate of the 95 % confidence limits of the
calculated average failure rates for the boiler, turbine, generator, and distiller were
computed using the chi - square tables. The lower limit of the chi - square distribution

is as follows [94] :

x2 1 -% L2V
Lower limit = — ‘ (214)
Where :
p = 1-095 = 0.05
v = number of failures
2Xv = degree of freedom
t = in service time (hours)

And the upper limits is as follows ;

,2V +2
2t

o o

XZ

Upper limit (215)

The lower and upper limits values of the xz are found by looking into a cumulative

chi - square distribution tables using the ordinate (P/2) or (1 - P/2) and the abscissa of
(2 V) or (2 v + 2). The tabulated values are divided ( 2 X t ) and expressed in hours to
obtains the 95 % confidence limits for the mean failure rate. Figure (127) represents the
chi - squrare upper and lower confidence limits for the boiler, turbine, generator, and
distiller for, 1982, 1983, 1984, 1985, and 1986 respectively (page 345). From the
figure, it is clear that the values of the calculated average failure rates for all the

production unit sub - systems lies between the upper and the lower limits of the
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estimated chi - square values. This indicates that the assumption that the failure rates is
constant, which was made in developing the reliability models in chapter (V) is
consistent with these calculations.

8.5.9. Average failure rates for Unit (A - 1) Sub - Systems

Figure (128) represents average failure rates for unit (A - 1) sub - systems. The
figure is presented for comparison purpose (page 346). It is clear from the figure that
the failure rates of the various sub. systems are scattered.

8.5.10. Production Unit Sub - Systems Mean Time Between
Failures (MTBF)

Figure (129) represent the production unit sub - systems mean time between
failures (MTBT) (page 347). From the figure, The (MTBF) for the boiler is
approximately 2250 hours, for the turbine is approximately 7750 hours, for the
generator is approximately 5000 hours, and for the distiller is approximately (1500
hours). 1t is clear from these vaiues that the distiller (MTBT) is the shortest and the
(MTBT) for the turbine is the longest. It should be noted that these values should be
compared with values of the rhean time to repair (MTTR) in figure (121). Figure (129)
and (121) form part of the station maintainability analysis. It is recommended that this
analysis should be performed by future interested analysts.

8.5.11. Dual - purpose (power&water) station reliability

Figure (130) (page 348) represents the reliability of the station based on the "r"
out of "n" configuration reliability model developed in chapter (V) of the thesis..The
figure shows the probability of no failures within a month encountered by the seven
production units versu§ the number of units operational to be considered a successful
operation of the station. From the figure it is clear that the number of units that can be

operated successfully out of the seven in a month time is 3 units with a probability of

success of 40 %.

8.6. Conclusions

From the work of the previous chapters, and the results of this chapter, the
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following conclusions can be made :

1.

The reliability models for the production station, unit associated systems, unit

sub - systems, and their sub - sub systems which were presented in chapter (V)

of the thesis are fairly representative and adequate for reliability calculations of the
dual - purpose (power&water) production station and production unit.

The assumption that the failure rates is constant, which was made in developing the
reliability models in chapter.(V) is consistent with reliability calculations. Hence it

reasonable to make such an assumption for future reliability calculations.

. The results of the reliability calculations indicates that the dual purpose

(power&water) production units are highly maintenance intensive. Therefore, in
order to meet the demands, a highly skilled maintenance team should be available,
and adequate spare parts should available at all time.

The results of the reliability calculations indicates that the boiler is the

most vulnerable sub - system to forced outages.

. The results of the reliability calculations indicates that the turbine mean time to

repair is very long. Therefore, this factor should be considered when setting - up

turbine specifications.

8.7. Recommendations

Based on the research studies, the following recommendations are presented :

. A maintainability analysis should be initiated to complement the reliability works of

this thesis

The maintainability analysis should address it's self not only to forced outages, but

also to the planned outages and the stand by outages.

. A state space reliability assessments of the (power &water) production station and

the production unit should be conducted in order to establish the static production

capacity planning for future stations, production capacity reserve, and operating

reserve.

. A detailed criticality analysis should be performed in order to identify the critical

components of the production unit associated systems and sub - systems.and their
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sub - systems.

A computerized information system for reliability and maintainability works based
on the suggested monthly outages report of chapter (VII) of thesis should be
developed and implemented.

An interconnected production stations reliability analysis should be initiated, in
order to establish an overall reliability models for future planning of the production

of power and distilled water for the country as a whole.
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TABLE NO 60

( Refrence Station Processed Data )

DUAL-PURPOSE(POWER & WATER) STATlON UNIT MONTHLY OUTAGES REPORT

MONTH OF :

JANUARY

YEAR :

1982

UNIT NO :

A 1

UNIT
ASSOCIATED
SYSTEMS

UNIT
SUB-
SYSTEMS

IN
SERVICE
hr.min

FORCED
OUTAGE
hr.min

PLANNED
OUTAGE
hr.min

*

AEFAEU 1
hr.min

*k

ABNO 2
hr.min

FUEL

223.02

520.58

ELECTRICAL
SUPPLY (1)

744.00

ELECTRICAL
SUPPLY (2)

223.02

520.58

ELECTRICAL
SUPPLY (3)

744.00

SEA WATER
INTAKE

744.00

TURBINE
COOLING

223.02

520.58

DISTILLER
COOLING

744.00

TURBINE
DISCHARGE

223.02

520.58

DISTILLER
DISCHARGE

744.00

DISTILLER H.P
STEAM_ SUPPLY|

(1) DIRECT
FROMBOILER

744.00

(2) FROM
COMMON HEADER

744.00

DISTILLER L.P.
STEAM SUPPLY

(1) DIRECT
FROMBOILER

(2) FROM
COMMON HEADER

744.00

(3) EXTRACTED
FROM TURBINE

744.00

BOILER

223.02

520.58

TURBINE

223.02

520.58

GENERATOR

223.02

520.58

DISTILLER

744.00

* AEFAEU 1 = Available except for unit sub-systems or

associated systems unavailability.

** ABNO 2 = Available but not operated, (stand by).
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TABLE NO 61

DUAL-PURPOSE(POWER & WATER) STATION UNIT MONTHLY OUTAGES REPORT
( Refrence Station Processed Data )

MONTH OF : JUNE YEAR : 1983 UNIT NO : A1
UNIT UNIT IN FORCED |PLANNED * **
ASSOCIATED SUB- SERVICE | OUTAGE | OUTAGE | AEFAEU 1| ABNO 2
SYSTEMS SYSTEMS hr.min hr.min hr.min hr.min hr.min
FUEL 717.24 2.36
ELECTRICAL
SUPPLY (1) 720.00
ELECTRICAL
SUPPLY (2) 717.24 2.36
ELECTRICAL
SUPPLY (3) 118.45 601.15
SEA WATER
INTAKE 720.00
TURBINE
COOLING 717.24 2.36
DISTILLER
COOLING 118.45 601.15
TURBINE
DISCHARGE 717.24 2.36
DISTILLER
DISCHARGE 118.45 601.15
DISTILLER H.P
STEAM SUPPLY]
(1) DIRECT
FROM BOILER 118.45 601.15
(2) FROM
COMMON HEADER 720.00
DISTILLER L.P/
STEAM SUPPLY]
(1) DIRECT
FROM BOILER
(2) FROM
COMMON HEADER 720.00
(3) EXTRACTED
FROM TURBINE 118.45. 601.15
BOILER 717.24 2.36
TURBINE 717.24 2.36
GENERATOR| 717.24 2.36
DISTILLER 118.45 601.15

* AEFAEU 1 = Available except for unit sub-systems or
associated systems unavailability.
** ABNO 2 = Available but not operated, (stand by).
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TABLE NO 62

( Refrence Station Processed Data )

DUAL-PURPOSE(POWER & WATER) STATION UNIT MONTHLY OUTAGES REPORT

JANUARY

MONTH OF : YEAR : 1984 UNIT NO : A 1
UNIT UNIT IN FORCED |PLANNED * >
ASSOCIATED SUB- SERVICE | OUTAGE | OUTAGE | AEFAEU 1| ABNO 2
SYSTEMS SYSTEMS hr.min hr.min hr.min hr.min hr.min
FUEL 668.50 73.01
ELECTRICAL
SUPPLY (1) 744.00
ELECTRICAL
SUPPLY (2) 668.50 73.01
ELECTRICAL
SUPPLY (3) 483.00 261.00
SEA WATER
INTAKE 744.00
TURBINE
COOLING 668.50 73.01
DISTILLER
COOLING 483.00 261.00
TURBINE
DISCHARGE 668.50 73.01
DISTILLER
DISCHARGE 483.00 261.00
DISTILLER H.P
STEAM SUPPLY]
(1) DIRECT
FROMBOILER 483.00 261.00
(2) FROM
COMMON HEADER 744.00
DISTILLER L.P|
STEAM SUPPLY]
(1) DIRECT
FROMBOILER
(2) FROM
COMMON HEADER 744.00
(3) EXTRACTED
FROM TURBINE 483.00 261.00
BOILER 668.50 73.01 2.09
TURBINE 668.50 73.01 2.09
GENERATOR| 668.50 73.01 2.09
DISTILLER 483.00 261.00

* AEFAEU 1 = Available except for unit sub-systems or

associated systems unavailability.

** ABNO 2 = Available but not operated, (stand by).
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TABLE NO 63

( Refrence Station Processed Data )

DUAL-PURPOSE(POWER & WATER) STATION UNIT MONTHLY OUTAGES REPORT

MONTH OF : APRIL YEAR : 1985 UNIT NO : A1
UNIT UNIT IN FORCED |PLANNED * **
ASSOCIATED SUB- SERVICE | OUTAGE | OUTAGE | AEFAEU 1] ABNO 2
SYSTEMS SYSTEMS hr.min hr.min hr.min hr.min hr.min
FUEL 696.44 23.16
ELECTRICAL
SUPPLY (1) 720.00
ELECTRICAL
SUPPLY (2) 696.44 23.16
ELECTRICAL
SUPPLY (3) 608.00 6.25 105.35
SEA WATER
INTAKE 720.00
TURBINE
COOLING 696.44 23.16
DISTILLER
COOLING 608.00 8.25 105.35
TURBINE
DISCHARGE 696.44 23.16
DISTILLER
DISCHARGE 608.00 6.25 105.35
DISTILLER H.P
STEAM SUPPLY|
(1) DIRECT
FROMBOILER 608.00 112.00
(2) FROM
COMMON HEADER 720.00
DISTILLER L.P]
STEAM SUPPLY|
(1) DIRECT
FROMBOILER
(2) FROM
COMMON HEADER 720.00
(3) EXTRACTED
FROM TURBINE 608.00 112.00
BOILER 696.44 23.16
TURBINE 696.44 23.16
GENERATOR| 696.44 23.16
DISTILLER 608.00 6.25 105.35

* AEFAEU 1 = Available except for unit sub-systems or

associated systems unavailability.

** ABNO 2 = Available but not operated, (stand by).
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TABLE NO 64

DUAL-PURPOSE(POWER & WATER) STATION UNIT MONTHLY OUTAGES REPORT
(_ Refrence Station Processed Data )

MONTH OF : DECEMBER YEAR : 1986 UNIT NO : A1
UNIT UNIT IN FORCED |PLANNED * **
ASSOCIATED SUB- SERVICE | OUTAGE | OUTAGE | AEFAEU 1| ABNO 2
SYSTEMS SYSTEMS hr.min hr.min hr.min hr.min hr.min
FUEL 704.12 39.48
ELECTRICAL
SUPPLY (1) 720.00
ELECTRICAL
SUPPLY (2) 704.12 39.48
ELECTRICAL
SUPPLY (3) 345.00 280.00 119.00
SEA WATER
INTAKE 720.00
TURBINE
COOLING 704.12 39.48
DISTILLER
COOLING 345.00 280.00 119.00
TURBINE
DISCHARGE 704.12 390.48
DISTILLER
DISCHARGE 345.00 280.00 119.00
DISTILLER H.P
STEAM SUPPLY
(1) DIRECT
FROMBOILER 345.00 119.00
(2) FROM
COMMON HEADER 720.00
DISTILLER L.P.
STEAM SUPPLY|
(1) DIRECT
FROMBOILER
{2) FROM
COMMON HEADER 720.00
(3) EXTRACTED
FROM TURBINE 345.00 119.00
BOILER 704.12 39.48
TURBINE 704.12 39.48
GENERATOR| 704.12 39.48
DISTILLER 345.00 280.00 119.00

* AEFAEU 1 = Available except for unit sub-systems or
associated systems unavailability.
** ABNO 2 = Available but not operated, (stand by).
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TABLE NO 65

Average Failure Rate over 5 Years

1982 1983 1984 1985 1986
UNIT ASSOCIATED Av. Fail Rate | Av. Fail Rate | Av. Fail Rate | Av. Fail Rate | Av. Fail Rate | Av. Fail Rate
SYSTEMS fhour (Lambda)/hour (Lzmbda)hour (Lambda)hour (Lambda)hour (Lambda)hour (Lambda)
FUEL 0.00E+00 | O.81E-05 | 0.00E+00 1.18E-04 1.83E04 7.98E-05
ELECTRICAL SUPPLY (1) | O.00E+00 | O.O0E+00 | O0.00E+00 | O.00E+00 | O0.00E+00 | O0.00E+00
ELECTRICAL SUPPLY (2) 1.79E-04 1.81E-04 1.21E-04 8.29E-05 1.76E-05 1.16E-04
ELECTRICAL SUPPLY (3) 1.70E-04 8.01E-05 2.33E-04 7.86E-05 4.75E-05 1.22E-04
SEA WATER INTAKE 0.00E+00 | O0OOE+00 | O.00E+00 | O.00E+00 | O.OOE+00 | O0.00E+00
TURBINE COOLING 0.00E+00 1.78E-05 2.15E05 | O0.00E+00 2.46E-05 1.285-05
DISTILLER COOLING 2.40E-04 | 0.00E+00 1.30E-04 5.15E-04 1.13E-04 2.00E-04
TURBINE DISCHARGE 0.00E+00 | 696E-05 | 0.00E+00 | 0.00E+00 | O0.00E+00 139E-05
DISTILLER DISCHARGE 6.74E05 | 0.00E+00 6.28E-05 436E04 | 0.00E+00 350
UNIT SUB-SYSTEMS | .
BOILER 4.62E-04 451E-04 431E-04 4.79E-04 4.26E-04 4.50E-04
TURBINE 9.67E-05 1.41E04 1.19E-04 1.33E-04 1.51E-04 1.286-04
GENERATOR 1.85E-04 3.30E-04 1.77E-04 2.20E-05 2.61E-04 1.97E-04
DISTILLER 9.00E-04 1.03E03 6.19E-04 4.96E-04 4.21E04 6.96E-04
RELIABILITY OF
UNIT /year 4.08E-04 3.16E-06 7.5TE-07 1.15E-04 6.27E-05 1.36E-04
/month 0.31 0.23 0.26 0.24 033 0.27
Iweek 0.71 0.68 0.72 0.68 0.76 0.71
Jday 0.95 0.94 0.95 0.94 0.96 0.95
Availability 61% 57% 43% 31% 45% 49%
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Failure rate/hour

FIGURE NO 122

Average Failure Rates for Boiler Sub-system
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Failure rate /hour

5.00e-3

4.00e-3

3.00e-3

2.00e-3

1.00e-3

0.00e+0

FIGURE NO 123

Average Failure Rates For Turbine

Sub-system

Unit 1
Unit 2
Unit 3
Unit 4
Unit 5
Unit 6
Unit 7

82

83

84 85

Year

339

86



FIGURE NO 124
Average Failure Rates For Generator
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FIGURE NO 125
Average Failure Rates For Distiller
Sub-system
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Failure Rate per hour

FIGURE NO 126
Average Failure Rates for all Unit
Sub-systems
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FIGURE NO 127
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Failure Rate per hour
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Average Failure Rates for Unit-1
Sub-systems
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FIGURE NO 129

UNIT Sub - systems Mean Time Between Failures
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Station Reliability
Probability of no Failures within a month
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