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ABSTRACT: This paper presents an evaluation of Markov models used to obtain unit reliability and
availability the operational data of Pathri and Chilla power stations (India) for period 2007 - 2012. The most
important reliability indices are found namely failure rate (λ), repair rate (μ), MTTR, MTBF, MTTF
Through data collection and analysis. The data of each year and for each unit is time scheduled. After
tabulating all the data, we classified for each unit the different type of failure taking into account the various
sub units and systems. According to the classification we defined Markov states. Failure rate repair rate of all
state are found from the classified data. The determination of availability and reliability from their definition
is completed.
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I. INTRODUCTION
Pathri hydro power station (PHPS) has an installed
capacity of 20.4MW.It consists of 3 identical
independent unit of 6.8MW capacity per each. PHPS
has been constructed on upper Ganga canal at 13 km
downstream of holy city, Haridwar, India. All the
mechanical equipments were supplied by J.M.Vaith,
Germany and electrical equipments by Siemens,
Germany. Each unit of PHPS units consists of several
subunits such as Turbine, Generator, Excitation
system, Speed Governor, Spiral case, etc.
Chilla hydro power station (CHPS) has an installed
capacity of 144MW. It consists of 4 identical
independent units of 36 MW capacities per each.
CHPS is a runoff river scheme constructed under
Garhwal Rishikesh Chilla hydel scheme in the river
Ganga. It comprises a diversion barrage across the
river Ganga at Pashulok 5 km downstream of
Rishikesh town. Each unit of CHPS comprises vertical
shaft Kaplan turbine of rated head 32.5 meter. There
are separate penstocks for each unit.
The objective of “Reliability Evaluation of
Hydropower Station (PHPS & CHILLA)” is: To study
the Frequency of Scheduled maintenance of each
individual generating unit of the station. To Evaluate
MTTR, MTBF, MTTF, failure rate, repair rate,
probability of occurrence of failure for the
components/ subsystems of individual generating unit.

To carry out Markov model and State space diagram
of both hydro power station. To apply the common
concepts of probability to find the overall reliability of
Hydro power station.
II. MATERIAL AND METHODOLOGY
The most important reliability indices are found
namely failure rate (λ), repair rate (μ), MTTR, MTBF,
MTTF Through data collection and analysis. An
evaluation of Markov models used to obtain unit
reliability and availability the operational data of these
stations for period 2007 – 2012. The data of each year
and for each unit is time scheduled. After tabulating all
the data, we classified for each unit the different type
of failure taking into account the various sub units and
systems. According to the classification we defined
Markov states. Failure rate repair rate, MTTR, MTTF,
MTBF of all state are found from the classified data.
The determination of availability and reliability from
their definition is completed.
A. Modeling
Hydro-Unit Model: To drive the Markov model of a
Hydro-unit we assume: The failure and repair rates are
exponentially distributed. There are no transition
between the scheduled and force outages. The unit
after repairing is immediately returning to up state.
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From the above definition a developed Markov model is driven as follows:

We classify events of Hydro-unit and it’s down state into:
1. Reserve, Preventive maintenance, and overhaul.
2. Generator.
3. Turbine (inlet gate, penstock, spiral case, butter fly valve, turbine bearing and runner)
4. Excitation system (thyristor, cooling system, equipped transformer, etc…..)
5. Governor system (servo motors, wicket gate, speed governor, etc……)
6. Main Unit Transformer.
7. Main Unit Circuit Breaker.
8. External Effects.
More developed model is driven as follows:

Plant Modeling: To Model PHPS the three units should be studied together. The number of failure rates and repair
rates of a unit for five year and for all the units are taken to determine the plant availability and reliability. Similarly,
To Model CHPS the number of failure rates and repair rates of a unit for five year and for all the four units are taken
to determine the plant availability and reliability.
The state probabilities are determined by the same ways as for unit modeling. The probability of state 1 is the
probability that the three units (PHPS) are up

Probability of state 8 is the probability that all the units are down
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The frequency of encountering state 1 is, f1 = (λ1 +
λ2+λ3) P1
The frequency of encountering state 8 is, f8 = (μ1 +
μ2+ μ3)/ P8
The transition rate matrix of fig.4 is determined by
the same way as the unit transition rate matrix. The
probability of state 1 is the probability that the four
units (CHPS) are up

Probability of state 16 is the probability that all the
units are down

The frequency of encountering state 1 is f1 = (λ1 +
λ2+λ3+ λ4) P1
The frequency of encountering state 8 is F16 = (μ1 +
μ2+ μ3+ μ4)/ P16
RESULTS
Hydro-Unit Modeling: For PHPS and CHPS, The
failure rate and repair rates for these states and their
probability are shown bellow in table.
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For evaluation of reliability and availability we will
take the unit-I of PHPS,

According to the definition of reliability is considered
as the probability of unit without failure.
Reliability = P0 +P3 = 0.996650
Similarly we calculate all unit of availability and
reliability of PHPS and CHPS, the result is as shown
in Table3 .Failure states are reset into the first repair
state and therefore, the transition probabilities out of
the failure states and out of the first repair state are
identical.
Plant Modeling: PHPS: The maximum number
component of state in a three component ,where each
component can exist in two states, is 23 or 8.This is
shown in fig.3 in λ and μ which represents the failure
rate and repair rates of component and U and D
indicates that the component is up or down
respectively. The states to be combined for system
success and failure are: 2-out-of-3 system - success =
states 1, 2, 3, 4 Failure = states 5, 6,7,8 as shown in
Table 5.
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CHPS: The maximum number component of state in a
four component ,where each component can exist in
two states, is 24 or 16.This is shown in fig.3 in λ and μ
which represents the failure rate and repair rates of
component and U and D indicates that the component is
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up or down respectively. The states to be combined for
system success and failure are:
2-out-of-4system-Success = states
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 Failure = states 12, 13, 14,
15, 16
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Table 3: System Availability and Reliability of (PHPS) 2007-12.

Fig. 3. Availability & Reliability of PHPS.
Table 4: System Availability and Reliability of (CHPS) 2007-12.

Fig.4. Availability & Reliability of CHPS.
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Table 5: PHPS State Probability and Availability, Reliability Determination 2007-12.

2-out-of3 system, State Probability = 0.942681
So, Reliability of PHPS = 0.942681, Availability of PHPS = 0.97012
Table 6: CHPS State Probability and Availability, Reliability Determination 2007-12.

2-out-of 4 system, State Probability = 0.951120,
3-out-of 4 system, State Probability = 0.007377
So, Reliability of CHPS =0.951120 and Availability of CHPS = 0.960530
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DISCUSSION AND CONCLUSION
The weak points that cause poor point reliability and availability for PHPS and CHPS are given in Table 7 & 8.
Table 7: Unit Major Faults That Affect the Reliability Indices for PHPS.

Table 8: Unit Major Faults That Affect the Reliability Indices for CHPS.

Our study of the plant availability and reliability that
the maintenance program and skill of Engineers and
technicians play an important role for improving the
performance of the units and increasing the availability
and reliability of the units and the power plant.
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